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PREFACE

By Avrrep H. BrOOKS -

Before the middle of the nineteenth century Russian explorers
found Mesozoic fossils on the Alaska Peninsula, and these were
indeed the first features of geologic interest definitely recognized
in the Territory. With the progress of areal geologic surveys dur-
ing the last 25 years it has gradually come to be realized that the
Mesozoic rocks, because of their widespread distribution and the
great range in the periods of their deformation and intrusion, afford
the most important clues to the geologic history of Alaska. The
deciphering of the Mesozoic history is not only all-important to an
understanding of the geology but it has.a direct bearing on the
mineral resources of the Territory. The intrusions of Jurassic and
Cretaceous time were accompanied by the most intense metallization
that has occurred in Alaska; the best known oil-bearing formation
is of Mesozoic age; and valuable coal deposits occur in Mesozoic
strata. Therefore, although this volume deals not at all with eco-
nomic geology, the results here set forth have a very 1mpoxtant
bearing on that subject.

George C. Martin began his work on Alaska Mesozoic geology on
his first trip to the Territory, in 1903, when his purpose was a
preliminary study of the coal and petroleum resources of its Pacific
seaboard. In the succeeding years he has done field work in Alaska
during 17 seasons, most of it in Mesozoic areas, and has therefore
acquired an intimate personal knowledge of the field occurrences of
the rocks of this era. His field studies of the Mesozoic rocks have
taken him through southeastern Alaska, the Chitina Valley of the
Copper River Basin, Kenai and Alaska Peninsulas, the Iliamna Lake
region, Matanuska Valley, Yukon Valley, and parts of the upper
Kuskokwim River Basin. The wide distribution of the Mesozoic
rocks of course makes it impossible for any one individual to study
personally all the occurrences; moreover, Mr. Martin’s field work on
his chosen problem was much interrupted by incursions into other
geologic fields, notably the subject of mineral fuels, and by impor-
tant administrative duties. Therefore, in spite of the fact that he

has established the present standard section of the Mesozoic forma-
: X1



XII PREFACE

tions in the regions which he has investigated, were he summarizing
only his own observations this volume would be very incomplete.
As is shown in the following pages, however, he has drawn very
extensively on the work of others. Since Mr. Martin’s work was
started, more than 20 years ago, two score geologists have mapped
and investigated areas of Mesozoic rocks in Alaska. Their results
are summarized in this volume.

Necessarily, the results here set forth are in a large measure based
on the work of paleontologists—Ilargely on that of T. W. Stanton,
who himself devoted a season to Alaska field work. Mesozoic fossil
studies by F. H. Knowlton and J. B. Reeside, jr., are also cited.

This volume was first planned about 15 years ago, and Mr. Martin
has given such time to its preparation as other important duties
permitted. It is part of a large plan to prepare a summary volume
on the geology of Alaska, the facts about which are now widely
scattered through many publications. This summary will be more
serviceable when the geologic map of Alaska, now in preparation,
becomes available.



THE MESOZOIC STRATIGRAPHY OF ALASKA

By GEORGE C. MarTIN

SCOPE AND _PU'RPOSE

One of the most valuable results of the investigations made by the
Geological Survey in Alaska has been the discovery of thick sec-
tions of marine Mesozoic strata in many parts of the Territory.
These strata are of extreme interest, not only because they occupy
so large a part both of the area and of the stratigraphic section of
Alaska that an intimate knowledge of them is essential for a full
understanding of the local geologic features, but because they show
significant relations with the known sections in other regions and
because they will, when thoroughly studied, undoubtedly be found
to constitute one of the most extensive and complete sections of
much of the Mesozoic, especially of the Jurassic and Upper Triassic
rocks, in North America, if not in the world. They will fill out the
American stratigraphic column at points where it is very deficient
in many other parts of the continent.

It has become evident that the rocks of Alaska offer very valuable
contributions not only to mineral wealth but to pure science. In
the acquisition of Alaska we received a European and Asiatic in-
heritance, both historically and geologically, for much of Alaska is
essentially Russian in its geologic as well as in its human history.
It is not a mere accident that the most elaborate publication on
Alaskan fossils deals with faunas from the shores of both the Cas-
pian Sea and the Alaska Peninsula. It is perhaps a fortunate cir-
cumstance that the best of the early collections of Alagskan Jurassic
ammonites are in Europe, where they are accessible for comparison
with the closely related European and Asiatic forms. The lately
terminated Russian dominion on the eastern shore of the North
Pacific followed most fittingly the often-repeated submergence of
parts of both Alaska and Russia beneath a common sea in Permian,
Triassic, Jurassic, and Cretaceous time.

Although no intensive stratigraphic and paleontologic studies of
Alaskan Mesozoic rocks have yet been undertaken, except for Hol-
lick’s monograph of the Upper Cretaceous floras, for the descrip-
tion by J. P. Smith of some of the Upper Triassic fossils, and for

: _ 1



2 MESOZOIC STRATIGRAPHY OF ALASKA

preliminary studies by W. R. Smith on some of the Upper Cretace-
ous invertebrates, nevertheless a large number of important strati-
graphic data have already been accumulated. These data are partly
unpublished and partly scattered through a large number of reports
on regional and economic geology, where they are not so accessible
as they should be, nor is their volume and significance fully ap-
preciated.

There is need for a general preliminary discussion of these rocks
in order to call attention to the available information and thus render
it more accessible, and also, so. far as possible, to coordinate the
known facts, present some important conclusions, and set forth some
of the problems which further studies of the Alaskan rocks may help
to solve or for the solution of which additional facts from other
regions are necessary. With this purpose the writer presented to the
Geological Society of America in December, 1911, the outline* of a
paper entitled “The Mesozoic stratigraphy of Alaska.” The work
begun at that time has developed into a rather extensive and elabo-
rate treatise on the Mesozoic rocks of Alaska, which, although pri-
marily a summary of existing knowledge, is to a large degree based
on special field investigations the results of which have not hitherto
been published except for general descriptions of the Triassic rocks
and for various conclusions cited in regional reports that have been
written while these studies were under way. The Upper Cretaceous
plant-bearing beds are described in a monograph that has not yet
been sent to press.?

The general scheme of the work includes a division of the volume
into three sections—on -the Triassic, Jurassic, and Cretaceous.
Each section includes general discussions of the areal occurrence,
stratigraphic sequence, correlation, and geologic history and detailed
descriptions of local sections by regions arranged approximately in
geographic sequence, beginning with the region in which the rocks
of the particular system are best developed or best known. In each
detailed regional description there is a general discussion followed
by an account of each formation. The description of each formation
includes a historical review in which all previous descriptions are
cited and briefly summarized; a stratigraphic descrlptlon, which may
include a summary or quotatmn of some previous description or a
new description based on the writer’s field observations; and a dis-
cussion of age and correlation, which includes lists of fossils, many
of them not hitherto published, abstracts or quotations of published

3 Geol. Soc. America Bull,, vol. 23, pp. 724725, 1912,

2 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull., vol. 27, pp. 685-718,
1916.

3 Martin, G. C., The Upper Cretaceous plant bearing beds of Alaska (in Hollick, Arthur,
The Upper Cretaceous floras of Alaska) : U. S. Geol. Survey Mon. — (in preparation).



TRIASSIC SYSTEM 3

or unpublished discussions by paleontologists, and the writer’s own
conclusions concerning the stratigraphic position and correlation of
. the formation. Some rocks of possible Mesozoic age which can not
be referred definitely to-the Triassic, Jurassic, or Cretaceous are de-
scribed briefly in a final section.
"~ Acknowledgments should be made to the many geologists, cited
below, who made the field observations that are the basis of the
descriptions here given, and also to the paleontologists whose deter-
minations of the fossils are the substantial basis of the conclusions
here presented. It should be remembered that these field observa-
tions have been rgathered, for the most part,in the course of pioneer
reconnaissance investigations and necessarily are scanty and gener-
alized. It should be remembered also that the fossils have not yet
been exhaustively studied. The determinations of genera and species
can be accepted as definite, except where a doubt is expressed; but
no attempt has yet been made to list all the species, many of which
are undescribed, or to determine the precise relations of the faunas
to those of other regions. The writer has based his interregional
correlations of the Triassic rocks largely on the published results of
Prof. J. P. Smith’s elaborate studies and correlations of the Triassic
rocks of California, Nevada, and Oregon. Professor Smith should
not, however, be held responsible for the correlations of the Alaska
and British Columbia rocks except where he is directly cited.

. TRIASSIC SYSTEM
OCCURRENCE AND GENERAL CHARACTER

Triassic rocks are widely distributed in Alaska, being now known
at many localities (see fig. 1) in nearly all parts of the three major
mountain regions, though absolutely restricted to those regions.
The most striking fact regarding the distribution of Triassic rocks
in Alaska is this remarkable agreement between the areas of present
Triassic outerops and the areas of the major mountain regions., In
this respect conditions in Alaska are in accord with those in many
other parts of the world. The marine Triassic is, with good reason,
called the alpine Trias, for in Alaska, as in the Alps, in the Hima-
layas, and in the western part of the United States and of Canada
it is generally if not invariably restricted to_mountain regions of
the alpine (structural) type. The general world-wide geooraphlc
accordance of the present areas of marine Triassic rocks with moun-
tains of alpine form, structure, and date has previously been recog-
nized and has been stated by Frech 4 as follows:

¢ Frech, Fritz, Riickblick anf die Trias: Lethaea geognostica, Teil II, Band 1, Lief, 4,
pp. 510, 518, 1908. .



4 MESOZOIC STRATIGRAPHY OF ALASKA

Scarcely in any period of the earth’s history is the connection between the
distribution of mountain zones and later sedimentation so clearly expressed as
in the Trias. . )

1. The provinces of the late Paleozoic folding correspond to the continental
development of the Trias. ’ :

&y

v 7
33 Vy:

41', ﬁ

EXPLANATION
[8)

Upper Triassic
™M

. Middle Triassic
. . v 0y

. Triassic or Permian
volcanic rocks

130°

\
140°

140°

FI1GURE 1.—Map of Alaska showing principal Triassic localities
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2. The great Mediterranean Sea of Eurasia and the margin of the Pacific
Trias-ocean coincide with the zones of the Tertiary high mountains. Only the
eastern margin of the Cordilleras (that is, the Rocky Mountains of North
America, in a strict sense) contain a continental development of the Trias.

3. The flat-lying Arctic Trias (Spitzbergen, North Siberia, Arctic (extra-
Pacific) North America), where neither late Paleozoic nor Tertiary mountain
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building is encountered, can not be regarded as an exception to the above rule
but belongs, in a tectonic sense, to an indifferent province.

The dependence of the distribution of the oceanic Trias on the later Alpine—
that is to say, Eurasian and circum-Pacifie—folding has been repeatedly em-
phasized and means essentially that the accumulation of thick masses of sedi-
ments in the geosynclines determines the later folding. From northern Spain,
the Balearics, Sicily, the Alps, and Dinaries to the Himalayas and Sumatra
the same uniform law holds that also governs on the circumference of the
Pacific Ocean. Here we see also from Alaska, Kamchatka, and Japan to New
Caledonia, New Zealand, California, Mexico, Colombia, and Peru the oceaniec
Trias constantly appearing in the provinces of Tertiary mountain building,
which, without exception, are coincident with a great thickness of sediments.

The Alaskan Triassic is noteworthy not only because it affords an
additional example of the law stated by Frech but because the law
holds there in such remarkable detail.

All the Triassic rocks of Alaska that are now known belong in the
Upper Triassic, except for a single area of Middle Triassic rocks
on Seward Peninsula. It is probable that the Lower Triassic and
much of the Middle Triassic are not represented in the Alaska rocks,
except possibly by terrestrial volcanic rocks or by some metamor-
phosed strata of very doubtful age.

CHARACTER OF THE PRE-TRIASSIC BASEMENT

Permian (?) strata—The youngest rocks of known age that
underlie the Triassic beds of Alaska are early Permian (%) lime-
stones. These limestones carry a fauna closely related to that of the
Artinskian of Russia, which is regarded by some as pre-Permian
but which is more generally considered as the lowest division of the
Permian. These limestones are very widely distributed in Alaska,
occurring in nearly all the larger geographic regions, and show that
toward the end of the Paleozoic era (at about the beginning of
Permian time) limestone-forming seas extended over the larger part
if not all of the area that is now Alaska. Marine Permian deposits
younger than the Artinskian are not known and probably are not
present in Alaska.

Pre-Triassic (?) slate of undetermined age—Throughout most of
the mountains on the Pacific coast of Alaska are large areas of slaty
rocks of very uncertain age. The evidence on the age of these rocks
is scanty and conflicting, and all that can be safely said concerning
it is that they may be as old as early Paleozoic or as young as Upper
Cretaceous. It is practically certain that these rocks are, at least
in part, older than Upper Triassic, and the writer believes that they
are, at least for the most part, Paleozoic. They clearly underlie the
lavas that are beneath the Upper Triassic limestones and tuffs of
the Kenai Peninsula. (See pp. 45, 481-487.)
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Early Triassic (?) wolcanic nocks~—~The Upper Triassic sedi-
mentary rocks described below are underlain in many places
throughout the Pacific Mountain belt by volcanic rocks that include
both lavas and tuffs and that have in some places been described as
greenstones. These rocks include the Nikolai greenstone of the
Chitina Valley, the basic lavas and tuffs of the upper Susitna
Valley, the ellipsoidal lavas of Kenai Penensula and Kodiak Island,
some of the greenstones of the Iliamna-Clark Lake district, and the el-
lipsoidal lavas of Hamilton Bay, in southeastern Alaska. In all
these districts they clearly underlie the marine Upper Triassic
strata without recognizable unconformity. It is only in the Chitina
Valley that the basal contact of these rocks with underlying beds
of known age has been observed. Here they rest on Carboniferous
tuffs, cherts, and slates. In the Kenai Peninsula, on Kodiak Island,
and probably on the west shore of Cook Inlet they overlie the slaty
rocks of unknown age that are described above. On Hamilton Bay
they are probably underlain by lower Permian (?) limestones.
These volcanic rocks may include also the greenstone associated with
the Orca group of Prince William Sound, as well as part of the
greenstones of southeastern Alaska. They may possibly be corre-
lated with the lavas and tuffs beneath the Permian (?) limestone
of White River, but it is more probable that they are either Permian
or early Triassic. ’

LOCAL SECTIONS

CHITINA VALLEY

GENERAL FEATURES

The most complete known section of Triassic rocks in Alaska is
in the Chitina Valley, where there are several thousand feet of
marine Upper Triassic strata, mostly shale and limestone, resting
with apparent conformity on a thick series of lava beds (Nikolai
greenstone) whose precise age has not been determined but which
are probably either Triassic or late Paleozoic (Permian?). The
Triassic strata are overlain unconformably by Jurassic and Creta-
ceous rocks, which are described farther on.

There are notable differences between the sections exposed in dif-
ferent parts of the Chitina Valley, as is shown by the two following
sections, which are characteristic of the east and west ends:

General section of Triassic rocks in the Nizina Valley

Upper Triassic: Feet
McCarthy formation: Black shale, with a few
thin beds of limestone and with much thin-
bedded black chert at the base. Contains

Pseudomonotis subcircularis . ___________ 1, 500-2, 500
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Upper Triassic—Continued. Feet
Conformity(?).
Nizina limestone: Thin-bedded limestone, be-
coming shaly toward the top. No fossils yet
found 1, 000-1, 200
Conformity.
Chitistone  limestone: Massive = bluish-gray
limestone, with Halobia cf. H. superba, Tere-
bratula, Spiriferina, Tropites, Juvavites (f),

Arcestes, and Atractites - _____ 1, 800-2, 000
Conformity ( ?).
Triassic or Permian:
Nikolai greenstone: Basaltic lava flows_______ 4, 000-5, 000

Basal contact and underlying rocks not exposed.

teneral section of Triassic rocks in the Kotsinag and Kuskulane valleys

Upper Triassic: Teet

Kuskulana formation: Black shales, with a
few thin beds of limestone. Contains Pseu-
domonotis subcircularis : . — 2,000 ?

Unconformity( ?). »

‘ Thin-bedded limestone, with some intercalated

! shale, including Nizina limestone. Contains
Orbiculoidea?, Halobia cf. H. superba, Myo-
phoria?, Pecten, Tropites, Juvavites?, Cera-
tites?, and Arcestes? 500-3, 000 ?

Conformity(?).

Chitistone limestone: Massive gray limestone,
with Terebratula, Spiriferina, Avicula, Halo-
bia cf. H. superba, Gryphaea?, Myophoria,
Pecten, Hinnites?, Pleuromya, Tropites?, and
Arcestes :

Conformity(?).

Triassic or Permian:

Nikolai greenstone: Basaltic lava flows_______ 6, 500

Underlain conformably (?) by early Carbonifer-
ous beds.

75~700 +

NIKOLAI GREENSTONE (PERMIAN OR TRIASSIC)

. Historical review.~—The Nikolai grecenstone was named and first
described by Oscar Rohn,® who made an exploratory journey through
the Chitina Valley in 1899. Rohn recognized the fact that the Nik-
olai greenstone is older than the Chitistone limestone, which was
then considered Devonian or Carboniferous, and consequently as-
signed it to the Silurian. The “bedded volcanics” at the head of
Kotsina River, which Rohn described ¢ as distinet from the Nikolai
greenstone, were considered by some later writers part of it, but they

L4 : 5 Rohn, Oscar, A reconnaissance of the Chitina River and the Skolai Mountains,
Alaskg : U. S. Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 425, 426, 431, 433, 1900.
»- ¢ Idem, pp. 420—421." , .
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have recently been separated as the Strelna formation, which is now
known to be early Carboniferous. :

The Nikolai greenstone was described in considerable detail by
Schrader and Spencer,” who made a geologic reconnaissance of the
Chitina Valley in 1900. They referred this formation to the Devo-
nian and described it as including not only the original Nikolai
greenstone of Rohn but also the underlying tuffaceous beds that were
not included in the original description and that are now known to
be Carboniferous. It was described by Mendenhall and Schrader ®
on the basis of a brief examination of the ore deposits of the Kotsina
Valley by Mendenhall in 1902. They regarded it as of Carboniferous
age and assigned to it the same limits as Schrader and Spencer. A
later description, based on the same field work, was given by Men-
denhall,’ who discussed at length the problem of age, concluding that
it is either Carboniferous or else “ early Triassic or late Permian.”

The account of the Nikolai greenstone by Moffit and Maddren **
includes a general description, mostly quoted from Schrader and
Spencer, and a large amount of local detail scattered through the
“description of properties.” The investigations upon which this
account were based had as their primary object the study of the
copper deposits, and no attempt was made to revise either the geo-
logic map or the geologic descriptions of Schrader and Spencer, except
*as such work could be done incidentally to the examination of the
ore deposits. The most important contribution by Moftit and Mad-
dren to our knowledge of these rocks is their description** of the
tuff, chert, and slate and their suggestion that these beds should be
separated from the rest of the formation. This would be practically
a return to Rohn’s original usage. It should be noted that this
suggestion has subsequently been carried out (see p. 9) and that
these beds have been found to contain early Carboniferous (Missis-
sippian) fossils.

The character of the Nikolai greenstone in the Nizina Valley has
been described in detail by Moffit and Capps.** The area covered
in their report includes the type locality of the formation, and in
this area the tuffaceous beds that underlie the lavas of the original
Nikolai greenstone are not exposed. Consequently the use of the for-

7 Schrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion

of the Copper River district, Alaska (U. 8. Geol. Survey special pub.), pp. 33, 4043,
1901,

8 Mendenhall, W. C., and Schrader, F. C., The mineral resources of the Mount Wran-
gell district, Alaska : U S. Geol. Survey Prof Paper 15, p. 14, 1903.

9 Mendenhall, W. C., Geology of the central Copper River region, Alagka: U. S. Geol
Survey Prof. Paper 41, pp. 26, 39, 50-51, 1905.

10 Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Kuskulana region,
Alaska: U. S. Geol. Survey Bull. 374, pp. 21, 23-25, 54-92, 1909,

1 Idem, p. 24.

12 Mofiit, F. H., and Capps, S. R., Geology and mineral resources of the Nizina district,
Alaska: U. S. Geol. Survey Bull. 448, pp. 60-63, 1911,
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mation name by Moffit and Capps is identical with the original usage
by Rohn.

The Nikolai greenstone and the underlying tuffaceous rocks of
the upper Chitina Valley have been described briefly by Moffit *#
as “Triassic (?) and Carboniferous greenstones” and in greater
detqil by Overbeck* as “tuffs and flows of Carboniferous and
Triassic (%) age.” The lavas that were correlated with the typical
Nikolai greenstone were not mapped separately from the under-
lying and presumably early Carboniferous tuffs, but the distinction
was recognized in the description. '

A detailed account of the character and occurrence of the Nikolai
greenstone in the Kotsina and Kuskulana Valleys has been given by
Moffit and Mertie,’® who have restricted the term Nikolai green-
stone to the lavas that overlie the early Carboniferous tuff, lava,
chert, limestone, and shale described as the Strelna formation. This
is practically a return to the original usage of Rohn and also of
Moffit and Capps. A detailed description of the petrographic char-
acter and a discussion of the age of the Nikolai greenstone were
given by Mertie.’®

Character—The Nikolai greenstone is made up of a succession of
well-bedded lava flows aggregating at least 4,000 feet, and possibly
5,000 feet, in thickness in the Nizina Valley and about 6,500 feet in
the Kotsina and Kuskulana Valleys. The rock is a typical diabase,
in a well-advanced and general degree of alteration. Interbedded
tuffaceous or sedimentary strata have not been observed in the
Nikolai greenstone proper, although they occur in the underlying
beds that some authors have included in it.

In the Chitina Valley it occurs on the southern slope of the
Wrangell Mountains, or in that part of the valley lying north of
the river. It is believed to be generally present throughout this area,
although buried by younger rocks over considerable tracts. Its areal
distribution at the surface is indicated on several published maps
accompanying the reports cited above.

Age.—The basal contact of the Nikolai greenstone is not known,
and there is consequently no evidence of its relations to any Paleozoic
rocks, except in the Kotsina and Kuskulana Valleys, where it rests
upon early Carboniferous tuff, chert, and slate. It is overlain by
the Chitistone limestone, described below, without evidence of un-
conformity. It has hitherto been correlated with lava and tuff beds -

13 Moffit, F. H., The upper Chitina Valley, Alaska: U. S. Geol. Survey, Bull. 675, pp.
17, 18, 68-69, pl. 3, 1918.

1 Qverbeck, R. M., Igneous rocks [of the upper Chitina Valley]: U. S. Geol. Survey
Bull. 675, pp. 62-64 1918. )

B Moffit, . H., and Mertie, J. B., jr.,, The Kotsina-Kuskulana district, Alaska: U. S.
Geol. Survey Bull. 745, pp. 18, 19, pl. 3, 1923.
3% Mertie, J. B,, jr., Igneous rocks [of the.Kotsina-Kuskulana district]: U. 8. Geol.
Burvey Bull. 745, pp. 58-67, 1923.

v
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which are exposed in the valley of Skolai Creek and at the head
of White River and which appear to rest conformably upon an upper
Carboniferous limestone, but as shown on page 35 this correla-
tion must be rejected. It is possible, however, that the Nikolai
greenstone represents the lava and tuff below the upper Carbonifer-
ous limestone of White River.. The most definite conclusion that
can be made at present is that the Nikolai greenstone is probably
either Permian or early Triassic.

CHITISTONE LIMESTONE

Historical review—The Chitistone limestone was named by
Rohn,'" who sometimes called it the “ Nizina limestone,” but the use
of the latter name was evidently unintentional. The original do-
scription is very general, the formation being defined as “a massive
bed of limestone 500 or more feet thick.” No section or stratigraphic
details were given, and the limits of the formation were not defined,
except by the statements that it overlies the Nikolai greenstone and
is overlain by “ a series of soft black, highly fissile shales and slates.”
Rohn referred the limestone tentatively to the Carboniferous or
Devonian. , :

. The Chitistone limestone was mapped and described in greater
detail by Schrader and Spencer,® who assigned it to the Carbon-
iferous on the basisof a correlation with the Carboniferous limestone
of Skolai Pass and White River. They described it as “ composed of
very massive limestones without any important intercalations of
shale ” and as having a thickness, in the type area, of about 2,000
feet. It is shown below (p. 13) that this estimate of the thickness
is approximately correct. The position of the boundary between
the Chitistone limestone and the overlying formation was discussed
as follows: : _ .

Studies * * * have not been sufficiently detailed to afford evidence as
to where the line between these two formations should be drawn. Above the
massive basal series of limestones there is a series of thin-bedded limestones
with shaly partings, which is apparently in perfect conformity with the under-
lying beds and which passes by gradation into the black shales above. These
black shales contain the fossils by means of which the Triassic age of the
formation has been determined, The provisional and arbitrary line between
the two formations has been placed at the top of the massive limestone series.

Schrader and Spencer were consistent in their attitude on this
point and defined the overlying formation as including a basal mem-
ber, 1,000 feet thick, which rests conformably upon the Chitistone lime-

17 Rohn, Oscar, A reconnaissance of the Chitina River and the Skolai Mountains,
Alaska: U. S. Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 425, 426, 427, 431, 433,
434-435, 1900.

18 Schrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion
of the Copper Rwer district, Alaska (U. 8. Geol. Survey special publication), pp. 32, 33,
4446, 1901, .
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stone and which consists of “a series of thin-bedded limestones, in
strata from a few inches to a foot or more in thickness, separated
by thin partings of black shale.” These beds were included by
Moffit and Capps in the Chitistone limestone. (See p. 12.)

The description of the Chitistone limestone by Mendenhall and
Schrader *® is very. brief and contains no new data, except in the
descriptions of the mineral deposits, with which their report is
chiefly concerned.

The account by Mendenhall,*® who correlated the Chitistone lime-
stone provisionally with the upper Carboniferous (Pennsylvanian
and Permian) Mankomen limestone of the Alaska Range and de-
scribed and mapped it under the name Mankomen, contains very
little new descriptive matter relative to the Chitistone limestone.
Mendenhall discussed the age and correlation of this formation in
great detail, pointing out that there were strong reasons in favor
of its assignment to the Triassic.

The Chitistone limestone was first referred definitely to its proper
position in the Triassic by Moffit and Maddren.?* Their general de-
scription of the formation is quoted from the account by Schrader
and Spencer, but the discussion of its age, with the accompanying
lists of fossils, is new, as is also considerable information given
under the “ description of properties.”

The Chitistone limestone of the Nizina Valley has been mapped
and described in detail by Moffit and Capps,?> who extended its
upper limit to include the thin-bedded limestone which Schrader
and Spencer regarded as the lower member of the overlying for-
mation. :

A general account of the Chitistone limestone, based chiefly on the
descriptions by previous observers, but presenting some new infor-
mation, including lists of fossils, has been given by Martin,*® who
restricted the formation to the massive limestone.

The Chitistone limestone of the upper Chitina Valley was de-
scribed briefly by Moffit.2*

A detailed account of the occurrence of the Chitistone limestone
in the Kuskulana and Kotsina Valleys has been given by Moffit

- -

19 Mendenhall, W. C., and Schrader, F. C.,, The mineral resources of the Mount
Wrangell district, Alagka: U, S. Geol. Survey Prof, Paper 15, pp. 14-15, 18-23, 1903.

20 Mendenhall, W, C., Geology of the central Copper River region, Alaska: U. 8. Geol
Survey Prof. Paper 41, pp. 26, 47, 48-51, 1905.

2t Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitina region,
Alaska : U. 8. Geol. Survey Bull. 374, pp. 25-28, 54-92, 1909.

22 Moffit, F. H., and Capps, S. R., Geology and mineral resources of the Nizina district,
Alaska : U. S, Geol, Survey Bull. 448, pp. 21-28, 1911,

2 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull.,, vol. 27, pp. 690—693,
1916.

2 Moffit, F’. H., The upper Chitina Valley, Alaska: U. 8, Geol. Survey Bull. 675, pp. 25—~
26, pl. 3, 1918.
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and Mertie,?® who restricted the formation to the massive limestone,
which is 75 to 700 feet thick in that district. They thus brought
the limits of the formation back to approximately the position as-
signed by Schrader and Spencer and the other early observers.
The description by Moffit and Mertie includes detailed information
concerning the distribution, character, thickness, structure, age, and
correlation, with a table showing the occurrence of fossils.

Stratigraphic description.—The Chitistone limestone crops out in
many discontinous areas throughout the south front of the Wrangell
Mountains from Chitistone River to Cheshnina River or throughout
the part of the Chitina Valley that lies north of Chitina River. It
has not been recognized south of the river.

The stratigraphic position of this limestone relative to the other
formations of this district is clearly defined, for it rests everywhere
with apparent conformity upon the Nikolai greenstone and is over-
lain at most places by the Nizina limestone and the supposedly
equivalent thin-bedded limestones in the lower part of the Kusku-
lana formation. The contact of the Chitistone limestone with the
Nizina limestone and its supposed equivalents is everywhere ap-
parently conformable. In many places the rocks overlying the
Chitistone limestone are Jurassic or Cretaceous and rest with a very
pronounced unconformity upon not only the Chitistone limestone
but also upon the other Triassic formations.

The Chitistone limestone of the type area was described by Moffit
and Capps?® as being about 3,000 feet thick, but this thickness and
their description quoted below include the thin-bedded Nizina lime-
stone.

In the Nizina district the lower part of the Chitistone formation is made up
of thick, massive beds of a dark-gray or bluish-gray color, but weathering to a
lighter gray on the surface. The upper part, on the other hand, is made up of
thinner beds, and this thinness increases toward the top. A slight difference
in chemical composition between the upper and the lower parts of the Chiti-
stone limestone is indicated by the brownish-yellow weathering of the upper
part. Changing conditions of sedimentation are indicated, too, in a more
noticeable way by the appearance of thin shale beds at the top of the forma-
tion. This limestone is the oldest of the sedimentary formations exposed
within the mapped area and lies on the Nikolai greenstone conformably, ex- .
actly as if both were sedimentary formations deposited in the same sea and
the limestone had been laid down on the greenstone before any movement or
disturbance had taken place in the greenstone. This conformable relation
holds true wherever the contact has been examined, although in many places it
is found that there has been movement of the two formations along this con-
tact surface. In several places a bed of red and green shale with a maximum
thickness of about 5 feet was found to intervene between the limestone and the -

% Moffit, . H., and Mertie, J. B. jr., The Kotsina-Kuskulana district, Alaska: U. 8.
Geol. Survey Bull. 745, pp. 29-34, 1923.

2 Moffit, F. H., and Capps, S. R., Geology and mineral resources of the Nizina district,
Alaska: U. S. Geol. Survey Bull. 448, pp. 21-23, 1911,
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greenstone, but it is not known whether the shale is widely distributed or not,
since the limestone-greenstone contact is nearly everywhere covered with talus.
The shale is present in the vicinity of Bonanza mine and on Kennicott Glacier.

Excellent sections of the Chitistone limestone are seen on the west side of
Nizina River, opposite the mouth of Chitistone River, and on McCarthy Creek.
On McCarthy Creek the lower part of the formation, which dips about 30° NE.,
consists of massive beds of bluish-gray limestone, making up approximately
three-fifths of the total thickness. Above this lower massive portion is a sue-
cession of more thinly bedded limestone strata weathering a rusty-yellow color
and making up the remaining two-fifths of the formation. The thickness of
individual beds decreases from the base toward the top, as bas been stated, and
near the top thin beds of black shale make their appearance. Then comes an
indefinite thickness, approximately 300 feet, of thin-bedded limestone and
shale,” overlain in turn by a great thickness of black shale, which Rohn called
the McCarthy Creek shale. It is thus seen that there is a transition from the
bedded limestones below through interbedded thin limestones and shales to
shale above, and it is readily understood that difficulty arises in choosing a
definite dividing plane between these two formations.

The thickness of the Chitistone limestone as restricted above is
approximately 2,000 feet on Nikolai Creek. The thickness on Me-
Carthy Creek was estimated by Moffit and Capps at about 1,800 feet.
In the hills between Kennicott Glacier and Fohlin Creek the thick-
ness is at least 1,500 feet and may be 2,000 feet or more. On the
tributaries of Kuskulana and Kotsina Rivers, in the western part
of the Chitina Valley, the Chitistone limestone seems to be reduced
to a single massive plate which is, in general; not more than 75 to
700 feet thick. The Chitistone limestone thus apparently thins
toward the west, whereas the overlying Nizina limestone grows
thicker. The exposures in the intervening district have not been
studied in detail, so it is unfortunately not known whether there
is a gradual change from the one section to the other. It is possible
that the apparent westward thinning of the Chitistone limestone
"may be due to the cutting out of parts of the formation, in some
places by faults and in other places by unconformity, and the ap-
parent westward thickening of the overlying Nizina limestone may
be caused by structural repetition of the beds. If the apparent west-
ward thinning of the Chitistone limestone exists as a purely strati-
graphic feature, it may be due to the variation in the volume of the
original sediments, the limestone having been deposited in the form
of a wedge-shaped plate thinning westward; or it may be due to
variation in the character of the original sediments, the massive lime-
stone beds of the eastern area grading westward into thin-bedded
limestone and shale; or may be due to subsequent erosion.

. Age and correlation.—The fauna of the Chitistone limestone, as
shown in the following table, consists wholly of marine inverte-
brates.

2 Moffit and Capps did not intend to include these beds in the Chitistone limestone
and mapped thems as part of the overlying McCarthy shale.~-G. C. M.

’
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6319. South side of Chitistone River, east side of lowest large tributary,
about 4 miles above Nizina River. Near base of Chitistone limestone. F. H.
Moffit, 1909.

6320. South side of Chitistone River, west side of lowest large tributary,
about 4 miles above Nizina River. Near base of Chitistone limestone. F. H.
Moffit, 1909.

6333. South side of Chitistone River, at Potter’s mine, about 4% miles above
Nizina River. Near base of Chitistone limestone. S. R. Capps, 1909. '

4810. South side of Chitistone River. Talus slide near Houghton-Alaska Co.'s
prospect. TF. H. Moffit, 1907.

6321. Mountain north of Texas Creek, Copper Creek valley. Probably well
up in the formation. F. H. Moffit, 1909.

8885. Valley of Nikolai Creek, about a quarter of a mile east of Nikolai
mine. About 500 feet above base of Chitistone limestone. G. C. Martin, 1914.

8884. Valley of Nikolai Creek, about 0.3 mile N. 70° E. of Nikolai mine,
About 800 feet above base of Chitistone limestone. G. C. Martin, 1914.

8882, Valley of Nikolai Creek, about two-thirds mile east of Nikolai mine.
About 1,000 feet above base of Chitistone limestone. G. C. Martin, 1914. o

8883. Valley of Nikolai Creek, about two-thirds mile east of Nikolai mine,
200 or 300 yards northwest of 8882. From about 1,200 feet above base of Chiti-
stone limestone. G. C. Martin, 1914.

6306. Valley of Nikolai Creek, about two-thirds mile northeast of Nikolai
mine. About 2,000 feet above base of Chitistone limestone. F. H. Moffit, 1909.

6312, Valley of Nikolai Creek, northeast of Nikolai mine. F. H. Moffit, 1909.
This lot was apparently obtained either from approximately the same locality
as 6306 or from a locality about a quarter of a mile north of it. The writer
believes that the material in this lot is probably mixed, the cephalopods coming
~from the Chitistone limestone at or near locality 6306 and the Pseudomonotis
coming from the McCarthy shale at a locality about a quarter of a mile
farther north.

8886. Valley of Nikolai Creek, small oulch 0.56 mile N, 50° E. from Nikolai
mine. Boulder probably near the hor.zon of lot 6306. G. C. Martin, 1914.

8887. Valley of Nikolai Creek, about 0.6 mile N, 48° B. from Nikolai mine,
Boulder probably from about the same horizon as 6306. G. C. Martin, 1914.

6303. Nikolai Creek. Boulder in bed of creek. F. H. Moffit, 1909.

6330. McCarthy Creek. Said to be 10 feet above base of Chitistone limestone.
Given to F. H. Mofit, 1909.

11384(23). Upper part of Chitistone limestone on ridge between McCarthy
Creek and East Fork. Elevation 5,000 feet. F. H. Moffit, 1922.

11385(24). Ridge between McCarthy Creek and Bast Fork. FBlevation 5,100
feet. F. H. Moffit, 1922, ‘

11386 (24a). Same locality as 11385, in float that could not have traveled
more than 50 feet. F. H. Moffit, 1922,

6300. Jumbo Creek, on spur 0.4 mile southwest of Bonanza Peak Base of
Chitistone limestone. F. H. Moffit, 1909.

4808. Near the Bonanza mine and Bonanza Creek. Talus material probably
from the lower 1,000 or 1,500 feet of the Chitistone limestone. F. H. Moffit,
1907,

4809. Jumbo Creek near the Bonanza mine. Talus material, probably from
lower 1,000 or 1,500 feet of the Chitistone limestone. F. H. Moffit, 1907.

2209. East side of Lakina Glacier. Limestone mapped as Chitistone. A. C.
Spencer, 1900.

11366 (3). Top of ridge between west headwater branch of Gilahena River
and west fork of Lakina River. F. H. Moffit, 1922,
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9960 (F 42). Chokosna River. Chitistone limestone bluff, three-quarters of a
mile southeast by east from mouth of creek flowing from Kuskulana Pass.
Massive limestone. F. H. Moffit, 1916.

10251-10254. Berg Creek. F. H. Moffit, 1919.

9946 (F 28). Gulch tributary to Dry Creek from’east at elevation 8,400 feet.
Chitistone limestone in gulch at elevation about 3,700 feet. F. H. Moffit, 1916.

9948 (F 30). Locality 33. North fork of creek between Squaw and Clear
Creeks ; elevation, 2,900 feet. Float near base of cliffs of massive limestone.
F. H. Moffit, 1916.

9919 (F1). At bench mark 3664, on north fork of Strelna Creek. Thin,
vertical limestone beds, in places shaly, 150 feet north of base of Chitistone
limestone. F. H. Moffit, 1916.

9927 (F 9). East branch of east fork of Strelna Creek, 300 feet north of F 8,
100 feet higher on hill. Black thin-bedded limestone. F. H. Moffit, 1916.

' 9929 (F 11). North branch of east fork of Strelna Creek, 1,300 feet east-

northeast of locality 10 (on north branch of east fork of Strelna Creek, at

elevation of 4,250 feet, about 4,700 feet southwest of bench mark 6270). . H.
- Moffit, 1916.

8925. 8,200 feet S. 67° W. from forks of east fork of Strelna Creek; eleva-
tion, 4,500 feet. F. H. Moffit, 1914.

8148. North fork of Strelna Creek on east side of first large creek near its
mouth. Upper part of Chitistone limestone (?). F. H. Moffit, 1912.

8946. South fork of Rock Creek, on trail leading to west fork of Strelna
Creek ; elevation, 4,800 feet. Probably thin plate of Chitistone limestone. G. C.

" Martin, 1914,

2194, Near pass between head of Pass Creek and Rock Creek. Talus just
-under reef of heavy-bedded limestone. F. C. Schrader, 1900.

8938. About 11,800 feet S. 801%° E. from Alice Peak; elevation, 4,800 feet.
F. H. Moffit, 1914.
© 4805 (3-6). Talus from lower 200 feet of Chitistone hmestone on Copper
Creek. Moffit and Maddren, 1907,

4805 (2,23). Hoodoo or Mullen claim on Copper Creek. About 200 feet
above base of Chitistone limestone. Moffit and Maddren, 1907.

8152. Clear Creek. Blue limestone above roadhouse. Theodore Chapin, 1912.

8164. Clear Creek. Theodore Chapin, 1912.

8159. Clear Creek. Talus slope below the Ch1t1stone and the ovexlymg thin-
bedded limestone. Theodore Chapin, 1912,

8931, About 6,600 feet N. 44° B. of Dixie Pass; elevation, 5,500 feet. F. H.
Moffit, 1914.

.8923. West side of Lime Creek valley; elevation, 4,900 feet. Moffit and
Mertie, 1914.

8932. About 5,850 feet N. 31° W. from Ammann s cabin on Kluvesna River.
F. H. Mofiit, 1914.

8165. Nugget Creek near forks. Fault block of Chitistone 'limestone. Theo-
dore Chapin, 1912, ‘ i '

8167. Divide between Nugget and Roaring creeks. Theodore Chapin, 1912,

8166. Divide between Nugget and Roaring creeks. Theodore Chapin, 1912.
© 4806. Crawford’s Skyscraper claim on Roaring Creek. Lower 100 feet of
Chitistone limestone. Moffit and Maddren, 1907.

The table represents provisional identifications of 50 small col-
lections from as many localities, distributed through practically the
entire thickness of the formation. This list does not adequately
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represent the complete fauna, for the collecting has been very far
from exhaustive, and no attempt has been made to enumerate all the
species, many of which are probably undescribed.

The list is sufficient to show the general aspect of the fauna, that
it is certainly Upper Triassic, and that it probably belongs in the
middle or Karnic stage of the Upper Triassic, being the equivalent
of at least part of the Hosselkus limestone of California. Although
most of the identified genera of brachiopods and pelecypods have a
long range, yet both the character of many of the individual forms
and the general aspect of the assemblage are unmistakably Triassic.
The ammonites are all highly characteristic Upper Triassic genera
and point strongly toward a horizon in the Karnic, as does also the
pelecypod identified as Halobia cf. H. superba Mojsisovics, which
is identical with the Californian species known by that name and is
very closely related to Halobia superba of Europe, even though it
may not be the same species. The Chitistone fauna belongs to the
Mediterranean type of Triassic faunas and is indicative of warm-
water conditions.

NIZINA LIMESTONE

Historical review.—The Nizina limestone comprises the rocks that
were described by Schrader and Spencer?® as the lower unnamed
member of the “ Triassic series ” or “ Triassic shales and limestones.”
Schrader and Spencer clearly recognized the fact that the rocks
which they grouped as “Triassic shales and limestones” do not
form a lithologic unit when they said* that “the Triassic series
has not been called by the name proposed by Rohn, because it seems
so complex that it will be eventually divided into several forma-
tions.” They also indicated the proper basis for the main subdi-
vision in the following statement :**'

In the lower part, and resting conformably upon the “Carboniferous”
[Chitistone] limestone, is a series of thin-bedded limestones, in strata from
a few inches to a foot or more in thickness, separated by thin partings of black
shale. The thickness of this member is approximately 1,000 feet, and the
limestone, so far as observed, did not contain fossil remains.

The Nizina limestone is part of the “Triassic shales and lime-
stones ” described by Mendenhall and Schrader.®* Their account
is very brief and general, the Nizina limestone being covered by the

2 Schrader, F. C., and Spencer, A. C., The geology and mineral resources of a portion
of the Copper River dlstnct Alaska (U. S. Geol. Survey special publication), pp, 32, 33,
46~47, 1901,

2 Jdem, p. 82. !

8 Idem, p, 46.

# Mendenhall, W. C., and Schrader, F. C The mineral resources of the Mount Wran-
gell district, Alaska : U S. Geol, Survey Prof Paper 15, p. 15, 1903.
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statement that “the thin limestone beds are abundant near the
base of the section, but toward the top they die out.”

These beds were also included under the general designation
“ Triassic shales and limestones ” by Mendenhall,*> who gave a very
brief description in which he indicated a twofold division of the
rocks identical with that suggested by Schrader and Spencer.

A description of these rocks is also to be found under the heading
“Triassic limestones and shales” in the account of the mineral
resources of the Chitina Valley by Moffit and Maddren.®* This ac-
count was quoted in full from the description by Schrader-and Spen-
cer, the reexamination of the ore deposits by Moffit and Maddren
not having included a detailed examination of this formation, in
which no prospects had been discovered. :

The Nizina limestone, as the term is here used, includes part of
the rocks described as the Chitistone limestone by Moiﬁt and Capps.+
It has already been shown on pages 11-12 that Moffit and Capps in
describing the rocks of the Nizina district extended the Chitistone
limestone to include thin-bedded limestone that was regarded by
Schrader and Spencer as the lower member of the overlying forma-
tion. These beds were described by Moffit and Capps as follows:

The upper part [of the Chitistone limestone],' on the other hand, is made
up of thinner beds, and this thinness ipcreases toward the top. A slight
difference in chemical composition between the upper and the lower parts of
the Chitistone limestone is indicated by the brownish-yellow weathering of the
upper part. Changing conditions of sedimentation are indicated, too, in a
more noticeable way by the appearance of thin shale peds at the top of the
formation. * * *

Above this lower massive portion [of the Chitistone limestone] is a.succes-
sion of more thinly bedded limestone strata weathering a rusty-yellow color
and making up the remaining two-fifths of the formation. The thickness of
individual beds decreases from the base toward the top, as has been stated,
and near the top thin beds of black shale make their appearance. Then
comes an indefinite thickness, approximately 300 feet, of thin-bedded limestone
and shale,® overlain in turn by a great thickness of black shale, which
Rohn called the McCarthy Creek shale. 1t is thus seen that there is a transi-
tion from the bedded limestones below through interbedded thin limestones:
and shales to shale above, and it is readily understood that difficulty arises.
in choosing a definite dividing plane between these two formations.

The Nizina limestone was first described under that name by
Martin,*® who included in it the rocks described by Schrader and

& Mendenhall, W, C., Geology of the central Copper River region, Alaska: U, 8. Geol.
Survey Prof. Paper 41, pp. 26, 52, 1905.

8 Moffit, F. H., and Maddren, A. G., Mineral resources of the Kotsina-Chitina region,.
Alaska: U. S. Geol. Survey Bull. 374, pp. 28-29, 1909.

% Moffit, F. H., and Capps, S. R., Geology and mineral resources of the Nizina district,.
Alasgka: U. S. Geol Survey Bull. 448 pp. 21-27, 1911,

8 It was the intention of the authors to refer these beds to the overlying formation.—
G. C. M.

8 Martin, G. C., The Triassic rocks of Alaska: Geol. Soc. America-Bull., vol. 37, pp. 690,
6923694, 1918
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Spencer as the unnamed lower member of the * Triassic series” or
“Triassic shales and limestones,” and the rocks were described by
Moffit and Capps as the upper part of the Chitistone limestone.
The name Nizina limestone had previously been used a few times in
Rohn’s account of the geology of the Chitina Valley, being applied
to the same beds that Rohn formally described as the Chitistone
limestone. This previous use of Nizina limestone, however, appears
only incidentally in the descriptions of other formations and of the
structure and obviously was unintentional. The writer’s account of
the Nizina limestone includes a brief definition and description of
the formation based chiefly on the work of earlier observers.

The description of the Chitistone limestone of the upper Chitina
Valley by Moffit ** contains a brief discussion of the Nizina lime-
stone, which was included in the rocks represented as the Chitistone
limestone on the map.

The western extension of the Nizina limestone in the Kotsina and
Kuskulana Valleys is presumably represented by part of the rocks
mapped by Rohn?® as the Kuskulana shales and also part of the
rocks represented on the same map as “unclassified sediments.”
Most of the rocks included under Rohn’s description *° of the Kusku-
lana shales carry the fauna of the McCarthy shale (see pp. 26, 29)
and belong above the Nizina limestone.

The equivalent of the Nizina limestone in the Kotsina and Kusku-
lana Valleys is also believed to be represented in the rocks that
Moftit and Mertie*® described as the Kuskulana formation. The
Kuskulana formation probably contains the lateral equivalent not
only of the Nizina limestone but of part or all of the overlying Mec-
Carthy shale and possibly of some of the underlying Chitistone lime-
stone. The description of the Kuskulana formation contains de-
tailed accounts of the distribution, character, thickness, structure,
age, and correlation of the rocks, with tables showing the occurrence
of fossils. The relation of the Nizina limestone to the Kuskulana
‘formation is discussed. &

Stratigraphic description.—The Nizina limestone consists of a suc-
cession of thin-bedded limestones with a minor amount of inter-
stratified shale. Massive limestone beds occur rarely throughout the
formation, and a few thick beds of shale may be seen. There is a
more or less gradual progressive change in the character of the for-
mation from the base toward the top, the number and thickness of

8 Moffit, F. H., The upper Chitina Valley, Alaska: U. S. Geol. Survey Bull. 675, pp.
25-26, pl. 3, 1918,

3 Rohn, Oscar, A reconnaissance of the Chitina River and the Skolai Mountains,
Alaska: U. 8. Geol. Survey Twenty-first Ann. Rept., pt. 2, pl. 52, 1900,

® Idem, pp. 423, 424, 425, 431-432, 433.

4 Moffit, F. H., and Mertie, J. B., jr., The Kotsina-Kuskulana district, Alaska: U. S.
Geol. Survey Bull. 745 pp. 18, 19-20, 35-44, pl. 3, 1923.
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the limestone beds decreasing upward. The lower part of the for-
mation consists at many places of practically all limestone, broken
only by very thin shaly partings. The greater part of the formation
consists of a fairly regular alternation of limestone and shale beds in
about the proportion of 5 or 10 parts of limestone to 1 of shale; the
limestone beds are from 4 to 18 inches thick and the shale beds from
1 to 3 inches thick. Toward the top of the formation the proportion
of shale increases still more, there being a more or less gradual
transition into the shales and thin limestones of the overlying Me-
Carthy formation. The thickness of the beds here described as the
Nizina limestone was estimated by Schrader and Spencer as approxi-
mately 1,000 feet, and by Moffit and Capps as about 1,200 feet. The
latter estimate is approximately correct. The type section is in the
cliffs on the west side of Nizina River opposite the mouth of Chiti-
stone River. At this place the Chitistone limestone forms the lower
vertical cliffs, which are about 2,000 feet high; the Nizina limestone
forms the upper more sloping and uneven cliffs, which are partly
covered by talus slopes, and the McCarthy formation forms the
smooth slopes above the highest cliffs. The Nizina limestone rests on
the Chitistone limestone with apparent conformity and is overlain by
the McCarthy formation. The contact with the McCarthy also is
apparently conformable in the type section, although there is evi-
dence (see p. 124) of a marked unconformity at other localities. No
determinate fossils have yet been obtained from the type section of
the Nizina limestone.

In parts of the Kotsina-Kuskulana district, notably in the valley
cf Elliott Creek and in the hills between Rock and Copper Creeks,
the strata occupying the normal position of the Nizina limestone
consist of shale that has both the lithologic and the faunal char-
acter of the McCarthy shale. This circumstance apparently indi-
cates abrupt variations in the thickness or character of the forma-
tion and may be explained either by undetected faults, by rapid
changes along the bedding in both lithologic and faunal character,
or by a surface of unconformity separating the Nizina limestone
from the overlying McCarthy shale. Moffit considers that there is
a lateral gradation in the character of the sediments, and that some
of these shale beds are the equivalent of the Nizina limestone. The
writer believes that so sharp a change from calcareous to argillaceous
sediments, affecting a thickness of at least many hundred and pos-
sibly several thousand feet of strata and taking place within a hori-
zontal distance of not more than 3 or 4 miles without any evidence
of progressive lateral change, is inherently improbable. He finds
it easier to believe that these shale beds are the McCarthy shale

49448—26——3 :
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brought down into the position of the Nizina limestone by either a
fault or an unconformity.

Age and correlation.—The only fossils that have been obtained
in the Nizina limestone of the type area consist of one small lot con-
cerning which J. B. Reeside, jr., has submitted the following state-
ment:

11387 (22 F 25). Ridge between McCarthy Creek and East Fork, elevation
about 5,900 feet. Near top of Nizina limestone. F. H. Moffit, 1922. Unde-
termined gastropod.

Inasmuch as these fossils are not characteristic, the determination
of the age of the Nizina limestone must be based on its relation to
the underlying and overlying formations and on its relations to the
rocks of neighboring districts. The Nizina limestone is underlain
with apparent conformity by the Chitistone limestone, which is cer-
tainly Upper Triassic and probably belongs in the middle or Karnic
stage of the Upper Triassic. It is overlain with apparent conform-
ity, but possibly with an actual unconformity, by the McCarthy
shale, which is also Upper Triassic and probably belongs in the
Upper Noric, near the top of the Upper Triassic.

The Nizina limestone is believed to be represented in the Kotsina
and Kuskulana valleys by at least part of the thin-bedded fossilifer-.
ous limestone in the lower part of the Kuskulana formation. The
known fauna of the lower calcareous portion of the Kuskulana
formation, as represented in the following table, was identified from
31 small collections of fossils from localities mostly in the Kusku-
lana and Kotsina valleys. The complex structure of the Kotsina-
Kuskulana district makes it impossible to identify the exact hori-
zons represented by these collections. The fauna appears to be essen-
tially the same as that of the Chitistone limestone. The writer is by
no means convinced that some of these collections were not obtained
from the Chitistone limestone. A striking difference between this
fauna and that of the Chitistone limestone consists in the presence
of Ceratites? in three collections from the Kuskulana formation.
This is probably not a true Ceratites, for that genus is supposed to
be characteristic of the Middle Triassic.
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9956 (F 38). Chokosna River. On ridge northeast of F 37; elevation about
5,200 feet. Dark bluish-gray or black thin-bedded limestone, Triassic. F. H.
Moffit, 1916.

8169. Divide between Nugget and Roaring Creeks. Thin-bedded shale.
Theodore Chapin, 1912,

8153. Clear Creek. Theodore Chapin, 1912.

8154. Ridge south of Clear Creek. Theodore Chapin, 1912,

8157. First creek south of Clear Creek. Gray limestone. Theodore Chapin,
1912, ’

8158. Clear Creek. Thin-bedded limestone and shale. Theodore Chapin,
1912,

8928. North fork of Strelna Creek, elevation 3,000 feet. F. H. Moffit, 1914.

8149, North fork of Strelna Creek. Shale area 600 feet south of first large
branch on east. F. H. Moffit, 1912,

8930. Left branch of north fork of Strelna Creek, mouth of gulch about 1,400
feet above forks. F. H. Moffit, 1914.

8150, North fork of Strelna Creek, 2,000 feet north of first large branch on
east. F. H. Moffit, 1912,

8151. First branch of north fork of Strelna Creek near its mouth. Float.
F. H. Moffit, 1912.

8929, 4,700 feet N. 57° E. from forks of north fork of Strelna Creek, éleva-
tion 4,000 feet. F. H. Moffit, 1914.

8147. 300 feet above canyon of upper Strelna Creek. F. H. Moffit, 1912.

9921 (F 3). North fork of Strelna Creek, 235 feet upstream from F 2
(where trail to Rock Creek leaves Strelna Creek). Thin-bedded black lime-
stone, dipping about 25° W. About 50 feet stratigraphically below I 2.
F. H. Moffit, 1916. .

9922 (F 4). North fork of Strelna Creek, 400 feet upstream from F 2. Thin
limestone beds, dipping under beds at ¥ 2. F. H. Moffit, 1916.

9923 (F 5). Locality 8, east branch of east fork of Strelna Creek at eleva-
tion 4,200 feet. Black shale, argillite, impure limestone, folded and faulted,
about 100 feet stratigraphically above exposure of Chitistone limestone. F. H.
Moffit, 1916.

9924 (F 6). Bast branch of east fork of Strelna Creek, upstream from
F 5, at elevation 4,300 feet. Calcareous argillite with shale beds. F. H.
Moffit, 1916.

9925 (F 7). East branch of east fork of Strelna Creek. Talus between F 8
and F 9. F. H. Moffit, 1916. '

9928 (F 10). North branch of east fork of Strelna Creek, elevation 4,250
feet; 4,700 feet southwest of bench mark 6270. Alternating beds of shale and
calcareous shale. F. H. Moffit, 1916.

9930 (F 12). On ridge between Dixie Pass branch of Strelna Creek and Clear
Creek, 1,500 feet south-southwest of bench mark 6270. Thin shaly limestone.
F. H. Moffit, 1916.

9932 (F 14). South brow of round-topped hill on ridge between the east
branch of the east fork of Strelna Creek and the small creek between Squaw
and Clear Creeks; elevation, 5,500 feet. Black shale and limestone, Triassic.
F. H. Moffit, 1916.

9945 (F 27). Dixie Pass branch of Strelna Creek, elevation 4,000 feet. Thin
dark limestone. F. H. Moffit, 1916.

9934 (F 16). Locality 566 (1914). West branch of Rock Creek, 2,500 feet.
East-northeast of hill 5,350 (map) ; elevation 4,700 feet. Massive gray shaly
limestone 100 feet above exposure of Chitistone; Triassic. F. H. Moffit, 1916.
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9935 (F 17). Locality 14. On top of ridge between forks of Rock Creek, 1,500
feet southeast of northwest end of ridge. Limestone beds with shaly partings;
Triassic. F. H. Moffit, 1916.

9941 (F 23). Float at base of limestone (Chitistone cliffs) above ¥ 22, which
is 3,000 feet northwest by north of Dixie Pass, elevatlon 4,600 feet. F. H.
Moffit, 1916.

9943 (F 25). Locality 22. Gulch tributary to Rock Creek (east fork) from
north side, 7,000 feet above forks; elevation 4,500 feet. Thin-bedded limestone
and shale. F. H. Moffit, 1916.

8933. Creek entering Kotsina River from north at junction of Kotsina and
Kluvesna Rivers, elevation 3,400 feet. F. H. Moffit, 1914.

8943. OQutcrop by side of trail at gulch on north side of Kotsina River about
114 miles below Kluvesna Bridge. G. C. Martin, 1914,

8942. About 10 feet above trail at same locahty as 8943, leestone a few feet
above 8943. G. C. Martin, 1914.

8941. About 100 feet above trail at same locality as 8943. Limestone above
8943 and 8942. G. C. Martin, 1914, ’

8944, Float from same locality as 8943. G. C. Martin, 1914.

CHERT OF FOHLIN CREEK

Chert beds, which have not been described in any of the earlier
accounts of this region except for brief mention by Martin ** and by
Moffit and Mertie,** are well exposed in the canyon of Fohlin Creek
a little over a mile above the mouth of Bear Creek. The outcrops at
this point consist of a highly folded and apparently conformable
series of beds of chert, limestone, and shale, occurring immediately
north of and apparently just below some Upper Jurassic strata. The
chert, which is the predominating rock, occurs in the beds 4 to 8
inches thick, separated by very thin strata of shale and by minute
partings of indeterminate lithologic character which are probably
also shale. The limestone was seen only in a few thm, irregularly
distributed strata.

The rocks exposed on the north fork of Fourth of July Creek,
from the fork leading to Fourth of July Pass to the greenstone area
near the head of the creek, are mostly cherty beds similar to those
seen on Fohlin Creek.

No fossils have been found in these chert beds, nor has their rela- .
tion to the other rocks of the district been determined. They bear a
close resemblance to the chert beds in the lower part of the McCar-’
thy formation on Nikolai Creek, as described on page 28, and the
writer believes that they are the approximate equivalent of those
beds. Beds of shaly limestone containing (see lot 8881, p. 30)
Pseudomonotis subcircularis (Gabb), the characteristic fossil of the
McCarthy shale, crop out on the mountain north of Fourth of July
Pass and seem to be in contact with if not interbedded with the

< Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull., vol. 27, p. 690, 1916.
«© Moffit, F. H., and Mertie, J. B,, jr., The Kotsina-Kuskulana dxstnct Alaska: U. 8.
Geol. Survey Bull. 745, p. 35, 1923.
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chert. The same fossil was found (lot 8874, p. 30) in float material
on the bank of Fohlin Creek a short distance below the chert out-
crops. There is little doubt that the chert beds belong approximately
at the horizon of Pseudomonotis subcircularis. They bear a striking
resemblance to the Kamishak chert of Cook Inlet, described on pages
85-57, the upper part of which is characterized by this same fossil.

In regard to the precise position and relation of these chert beds
in the local stratigraphic column there seems to be three plausible
interpretations. They may be a distinct local formation occurring
between the Nizina limestone and the McCarthy shale, they may be
a local sedimentary facies of the lower beds of the McCarthy shale,
or they may be the local alteration product of limestone beds.
Under either of the first two interpretations their stratigraphic posi-
tion is clear. Under the third they probably represent thin-bedded
limestones which are likely to belong at various horizons in both the
McCarthy shale and the Nizina limestone, and probably in the latter
formation to a greater extent than in the former, for limestones were
originally more abundant there.

The writer believes that beds of chert will probably be found to
have a wide distribution in the Chitina Valley. Those here de-
scribed have hitherto not merely remained unvisited—they have*
been overlooked, and this may also have occurred at other places.
The photographs* of crumpled, “thin-bedded limestone” in the
Gilahina Valley show a type of folding which is characteristic of the
Triassic cherts of Cook Inlet.

McCARTHY FORMATION

Historical review—The formation named the “McCarthy Creek
shales” by Rohn* was described as “a series of soft black, highly
fissile shales and slates, typically exposed on McCarthy Creek.”
Most of the rocks which Rohn described ** as the Kuskulana shales
and part of those which he mapped as “unclassified sediments”
west of Gilahina River (not those esst of it) also belong in this
- formation. ‘

The McCarthy formation constitutes part of the unnamed upper
member of the “ Triassic series” or  Triassic shales and limestones ”
as described by Shrader and Spencer.®® The rocks thus described

4 Schrader, F. C.,, and Spencer, A. C., The geology and mineral resources of a- portion
of the Copper River district, Alaska (U. 8. Geol. Suery special publication), pl. 7, 1901.
Moffit, I, H., and@ Maddren, A, G., Mineral resouces of the Kotsina-Chitina region,
Alaska: U. S. Geol. Survey Bull. 874, pl. 4, 4, 1909.

4 Rohn, Oscar, A reconnaissance of the Chiting River and the Skolai Mountains,
Alaska : U. S. Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 426-427, 431433, 439-440,
pl. 52, 1900.

& Idem, pp. 423, 424, 425, 431432,

_ 48 Schrader, F. C., and Spencer, A. C.,, The geology and mineral resources of a portion
of the Copper River district, Alaska (U. S. Geol. Survey special publication), pp. 33, 46,
47, 1901,
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include, however, a great thickness of strata which have recently
been determined (see pp. 360-369) as of Upper Cretaceous age. The
rocks here referred to the McCarthy formation were described by
Schrader and Spencer as follows:

Above the thin-bedded limestones and sharply defined from them are black
shales containing occasional bands of impure limestone, locally affording
fossils from which the age of the formation has been determined. The thick-
ness of the upper member of the Triassic is very great, possibly more than 3,000
feet, but no opportunity was afforded for its direct measurement, since its
occurrence as the surface formation beneath strata lying unconformably upon
it, together with the attitude which it has assumed as the result of folding and
faulting, renders its relations complicated and obscure. A few thin flows of

" greenstone, similar to that of the Nikolai series, were observed here and there

interbedded with the black shales of the Triassic. The Triassic series may be
easily recognized from its general homogeneous nature and the fine-grained
character of its black carbonaceous shales.

Brief mention of these beds under the designation  Triassic shales
and limestones ” was made by Mendenhall and Schrader #* and also
by Mendenhall.® These authors did not attempt to describe this
formation in detail, because of the lack of valuable mineral deposits
in it. .

These rocks were included by Moffit and Maddren * as an un-
differentiated part of the “ Triassic limestones and shales,” and as
their investigations yielded no new information concerning these
beds they quoted in full the description by Schrader and Spencer.

The beds of this formation in the Nizina Valley were mapped and
described in detail by Moffit and Capps,* who called it the McCarthy
shale, restricting the term approximately to Rohn’s original usage.

A brief description of the McCarthy formation, chiefly summar-
ized from descriptions by previous observers, was given by Martin.5

The occurrence of the McCarthy shale in the upper Chitina Val-
ley has been described briefly by Moffit.52

The McCarthy shale is undoubtedly represented in the upper part
of the Kuskulana formation of the Kotsina and Kuskulana valleys.
The Kuskulana formation was described in detail by Moffit and

47 Mendenhall, W. C., and Schrader, F. C., The mineral resources of the Mount Wrangell
district, Alaska: U. 8. Geol. Survey Prof. Paper 15, p. 15, 1903.

48 Mendenhall, W. C., Geology of the central Copper River region, Alaska: U. 8. Geol.
Survey Prof. Paper 41, pp. 26, 52, 1905.

9 Moffit, F. H,, and Maddren, A. G., Mineral resources of the Kotsina-Chitina region,
Alaska: U. 8. Geol. Survey Bull. 374, pp. 28-29, 1909.

5 Moffit, . H., and Capps, S. R., Geology and mineral resources of the Nizina district,
Alaska : U. 8. Geol. Survey Bull. 448, pp. 28-30, 1911.

5 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull., vol. 27, pp. 690,
€95-696, 712, 1916.

52 Moffit, F, H., The upper Chitina Valley, Alaska: U. S. Geol. Survey Bull. 675, pp.
26-27, pl. 8, 1918,
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Mertie,”® who did not differentiate the McCarthy shale from the
underlying thin-bedded limestone.

Stratigraphic description.—The McCarthy formation consists of
a conformable succession of shale, chert, and limestone, which over-
-lie the Nizina limestone. It was described by Moffit and Capps as
follows: :

The formation as it is exposed in the Nizina district is essentially a shale
formation, although at its base are numerous thin limestone beds forming
part of the transition zone at the top of the Chitistone limestone or the base
of the shale. Thin beds of limestone are found interstratified with the shales
wherever they are exposed within the mapped area but are not abundant and
form only a small proportion of the whole. The top of the McCarthy shale
has not been recognized. Bedding is easily distinguished in most places, either
by the presence of the thin limestones or of thin limy shale beds with surfaces
highly colored by weathering. Some of the smooth bare hilltops about the
eastern tributaries of East Fork are marked with exceedingly intricate pat-
terns produced by the colored beds, for the McCarthy shale is found to be
intensely folded wherever it has been examined, and if the folds are cut by
planes or curved surfaces making slight angles with their axes the patterns
appear. )

A thickness of about 1,500 feet of Triassic shale overlies the limestone on
the west side of Nizina River. The shales near the center of the broad
syncline in this locality have a horizontal position and are probably less dis-
torted by folding than they are to the northwest. This measurement is con-
sidered the minimum and probably much less than the true thickness, for
some of the shale has certainly been removed by erosion.

The mountains about the head of the East Fork of McCarthy Creek are
made up of the black Triassic shales. They reach an altitude of 6,960 feet
above sea level or 3,000 feet above the limestone-shale boundary at the creek
on the southwest. The shales are much folded about the upper part of the
East Fork valley, and measurements are consequently uncertain, but it is
probable that the thickness of the formation is at least 2,500 feet in this
vicinity. No measurements of value were obtained in the Copper Creek
section, for, as previoﬁsly stated, only a part of the formation is present there.

Although the McCarthy formation has hitherto beerr described
as consisting of shales and limestone, it contains a very considerable
amount of black chert, which was not mentioned in most of the
earlier descriptions. The position of the chert beds and the general
character of the formation on the headwaters of Nikolai Creek are
shown in the following section: :

Section of part of McCarthy formation on Nikolai Creek

. Feet
Black shale with some chert beds (the fossils of lot 8889 were

obtained near the top) 500

Thin-bedded black chert__ 800

Shale and thin-bedded shaly limestone, with Pseudomonotis__ 200
Concealed to contact with Nizina limestone.

8 Moffit, . H., and Mertie, J. B., jr.,, The Kotsina-Kuskulana district, Alaska: U. S.
Geol. Survey Bull. 745, pp. 35-44, pl. 3, 1923.
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Age and correlation.~The fauna of the McCarthy formation is
small in species but large in numhers. It consists chiefly of Pseu-
domonotis subcircularis (Gabb), which occurs in vast multitudes,
making up practically the whole of -many beds. Almost no other
fossils occur in association with the Pseudomonotis, and great thick-
nesses of strata appear to contain no fossils. Pseudomonotis sub-
circularis is characteristic. of the highest beds in the Triassic of
California and Nevada. It is very closely related to if not identi-
cal with Pseudomonotis ochotica, which is the characteristic fossil
of the boreal facies of the Noric of Europe and Asia. ’

The ammonite provisionally identified as Arniotites? which was
found at three localities high up in the McCarthy formation, does
not yield any conclusive evidence on the position of the strata. It
may not be an Arniotites, and the stratigraphic and biologic po-
sition of that genus are none too well established. The genus as
originally described was based on forms from British Columbia
now believed to be of Upper Triassic (Noric) age, but it possibly
includes also a species from the supposed Noric of Japan.

Fossils from the McCarty formation ¢

9482/6323/6335/6317| 13 [8889|3800]8391/0311/6314/11379|11381{11382{113882200] 7 | 8 [s881

Pseudomonotis sub-
circularis (Gabb)..| 8 | 8 | 8 |oeojoeo]ocac]oandfoaas)eaad) 8 ool feaooield D Jan ]
Pseudomonotis sub-
circularis?___.___.. RO RURVRT R Y PR (U SR BRI (RSN ORI, SR SRS SN IO FORION RO PRI S
Pseudomonouis. .
Pseudomonotis?
Halobia-.

Arniotites?._.______. RO VR VR FRSN NN (S (W - PRRSON FSOR ASRO) SR PO PN JRORR S B
Undetermined am-
monites........... JRRUOR SRR PR Ut URPRU PRSROION FSOIRon HOIn (W SR SN JLo T P P [RURUON (PR JRRN SR

006819974{8874|6813(8979/11367|11368|2207|2199(9961 9962]9964 11365(9953(9958/0950f 1 | 2

Stems and leaves...... - (RPN [ T R O O SRR PRI SN PO USROS N (R
Pseudomonotis sub- :
circularis (Gabb)...] b | b bib|b|ea]-aaa
a

Pseudomonotis.. PR .
Hinnites? _...__...... P P
Undetermined am-
monites..._..._....] - P PO PO JESRON RSN IR PR (RN
2202|9947(8156{2206|8160]8162(9931/9926/9920/9936|0937|9938/9939/9940|9944 894514804
Coral?_ . aecaeaa JSVRUOR PRI N PN PRSI BRSPS B —_—- R RSP PRPRRN SN I
bi...lajala|blb{b|b]|b bjaja
.- JRSUOR NSO ORI (- ) FOUI ON FO IR R RN PR BN
Lima (Plagiostoma) . - ... JER o RO B JRUI S B
Undetermined small pele-
JN - S RN PR A R PR F
RO RN SO ——- | J0 O S
) 0 PO S

o a, Identified by T. W. Stanton; b, identified by J. B. Reeside, jr.; ¢, identified by F. H. Knowlton.
49448—26—4
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9482. Streams entering Chitina River at camp 12, about 3 miles above mouth
of Canyon Creek, elevation 2,365 feet. Thin-bedded shale and limestone.
F. H. Moffit, 1915.

6323. Idaho Gulch near junction with Copper Creek. TI. H. Moffit, 1909.

6335. Idaho Gulch about one-third mile above mouth. 8. R. Capps, 1909.

6317. Dan Creek about 115 miles below mouth of Copper Creek. F. H.
Moffit, 1909. )

13. Boulder on flood plain of Nizina R!ver. Oscar Rohn, 1899,

8889. About 100 feet southwest of summit of 6,550-foot peak north of head-
waters of Nikolai Creek. Probably 1,500 or 2,000 feet above base of Mc-
Carthy formation. G. C. Martin, 1914.

8890. About 0.3 mile southeast of summit of 6,550-foot peak north of head-
waters of N.kolai Creek. Nearly the same horizon as 8889. G. C. Martin,
1914.

8891. About 0.2 mile south-southwest of summit of 6,550-foot peak north of
headwaters of Nikolai Creek. From nearly the same horizon as 8889. G. C.
Martin, 1914.

6311. Mountain north of headwaters of Nikolai Creek, about 124 miles N.
20° E. of Nikolai mine, elevation 6,000 feet. Near the locality and horizon
of 8889. F. H. Mofit, 1909.

6314. McCarthy Creek, forks N. 33° E. of Bonanza Peak, elevation 3,850 feet.
F. H. Moffit, 1909. : T .

11379 (22 F 18). McCarthy Creek, mouth of third tributary below glacier,
on east side. F. H. Moffit, 1922.

11381 (22 F 20). McCarthy Creek, eastern tributary 6 miles north of mouth
of East Fork, or 2 miles above Diamond Creek, near mouth of creek. F. H.
Moffit, 1922.

11382 (22 F 21). McCarthy Creek, eastern tributary 6 miles north of mouth
of East Fork, or about 114 miles north of Mother Lode camp, south of and
500 feet higher than 22 F 20. F. H. Moffit, 1922,

11388 (22 F 26). Ridge between McCarthy Creek and East Fork, 100 yards
north of 22 F 25 and only a short distance above it stratigraphically. F. H.
Moffit, 1922,

2200. Float along edge of Kennicott Glacier, 7 miles above Pot Hole.
Schrader and Spencer, 1900.

7. West lateral moraine of Kennicott Glacier. Oscar Rohn, 1899.

8. Kennicott Glacier. Oscar Rohn, 1899.

8881. Mountain north of Fourth of July Pass, elevation 4,300 feet, on south-
east side. Thin-bedded shaly limestone. G. C. Martin, 1914.

9968 (I 51). Falls of Bear Creek tributary to Fohlin Creek, elevation 3,200
feet. (Float.) F. H. Moffit, 1916.

9974 (F 57). Bear Creek, a quarter of a mile west of Fourth of July Pass
and 200 feet higher. Thin-bedded limestone. F. H. Moffit, 1916.

8874. Fohlin Creek about 1 mile above mouth of Bear Creek. Float from
east bank of creek. G. C. Martin, 1914.

6813. Fohlin Creek about 1 mile above mouth of Bear Creek. Float from
same locality as 8874. G. C. Martin, 1914.

9979 (F 62). Fohlin Creek 12,200 feet north of mouth of Bear Creek. Talus
below cliff of thin shale and limy argillite. F. H. Moffit, 1916.

11367 (22 F 4). South side of Lakina River 8. 50° W. from mouth of Fohlin
Creek, 1,000 feet above Lakina River. F. H. Moffit, 1922.

11368 (22 F 5). South s.de of Lakina River 8. 50° W. from mouth of Fohlin
Creek, 1,600 feet above Lakina River. F. H. Moffit, 1922.
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2207. West slope of ridge on west side of north fork of Lachina. River.
Schrader and Spencer, 1900.

2199. Ridge west of north branch of Lachina River, north of triangulation
station 75. Schrader and Spencer, 1900.

9961 (F 43). Float in gulch below cliff on Mill Creek at locality F 44 F, H.
Mofiit, 1916. -

9962 (¥ 44). Mill Creek, tributary to Lakina River on west side. Shale and
thin limestone near forks of creek, 214 miles from Lakina River. F. H. Moffit,
1916. :

9964 (F 46). Mill Creek, north fork, 1 mile north of mouth. F. H. Moffit, 1916.

11365 (22 F 2). Ridge south of west branch of Lakina River, 800 feet higher
than little lake south of trail. F. H. Moffit, 1922,

9953 (F 36). One mile south of mouth of creek that comes down from Kusku-
lana Pass into Chokosna River. Thin shale and limestone. F. H. Moffit, 1916.

9958 (F 40). Chokosna River, 1 mile southeast of mouth of creek flowing from
Kuskulana Pass. Shale and thin limestone. F. H. Moffit, 1916.

9959 (F 41). Chokosna River, about 11 miles southeast of mouth of creek
flowing from Kuskulana Pass. Thin-bedded shale and limestone. F. H. Moffit,
1916.

1. West side of Kuskulana River. Oscar Rohn, 1899.

2. West side of Kuskulana River, a short distance north of No. 1. Oscar
Rohn, 1899.

2202. Creek on north side of Kuskulana River, near camp 16. A. C. Spencer,
1900. .

9947 (F 29). Squaw Creek, elevation 3,100 feet. Dark limestone in beds as
much as 2 feet thick. F. H. Moffit, 1916.

8156. First creek south of Clear Creek. Black calcareous shale. Theodore
Chapin, 1912. '

2206. Head of Rock Creek. Black slaty limestone in thm-bedded limestone
and slate series. F. C. Schrader, 1900.

8160. Divide between Clear Creek and Rock Creek, ridge east of Dixie Pabs,
elevation 6,100 feet. Theodore Chapin, 1912.

8162. Divide between Clear Creek and Rock Creek, trail on ridge south of
6,270-foot peak, elevation 6,100 feet. Theodore Chapin, 1912,

9931 (F 13). Ridge 200 feet north of F 12 (on ridge between Dixie Pass
branch of Strelna Creek and Clear Creek, 1500 feet south-southwest of bench’
mark 3270). F. H. Moffit, 1916.

9926 (F 8). Locality 9. East branch of east fork of Strelna Creek; elevation
5,200 feet ; 5,000 feet south of bench mark 6270. Alternating beds of soft shale
and calcareous limestone. F. H. Moffit, 1916.

9920 (F 2). North fork of Strelna Creek where trail to Rock Creek leaves
Strelna Creek. Thin shale and limestone dipping about 20° W F. H. Moffit,
1916.

9936 (¥ 18). Gulch leading from west branch of Rock Creek to saddle
between Rock Creek and East Fork-of Copper Creek. Pseudomonotis common
in float of this gulech up to elevation 5,200 feet, above Wthh talus is all very
fine. F. H. Moffit, 1916.

9937 (F 19). Highest point of ridge between East Fork of Copper Creek,
Pass Creek, and Rock Creek. Zone of shaly limestone, 8 to 10 feet thick,
with abundant Pseudomonotis. F. H. Mofiit, 1916.

9938 (F 20). Locality 18, on west branch of Rock Creek, 2,200 feet from
forks, 150 feet northeast of exposure of Chitistone limestone. - Alternating
shale and calcareous shale or argillite. F. H. Moffit, 19186, :
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9939. (F 21). West branch of Rock Creek, 400 feet from mouth. Alternating
shale and hard argillite beds. F. H. Moffit, 1916.

9940 (F 22). Locality 19, 3,000 feet northwest by north of Dixie Pass, ele- ~
vation 4,600 feet; 200 feet below outcrops of Chitistone limestone. Hard
brown-weafhering limestone or ecalcareous shale. F. H. Moffit, 1916.

9944 (F 26). Gulch tributary to east branch of Rock Creek from north
side, 200 feet from east branch. Thin shale and limestone or calcareous
shale. F. H. Moffit, 1916.

8945. Rock Creek, elevation 3,475 feet. G. C. Martin, 1914.

4804. Magpie Creek, 1 mile above junction with Elliott Creek. F. H. Moffit,
1907.

NABESNA-WHITE RIVER DISTRICT
GENERAL FEATURES

A well-defined although probably discontinuous belt of Triassic
rocks extends through the southern foothills of the Nutzotin and
" Alaska ranges from the vicinity of the Canadian boundary to the
headwaters of Susitna River. The eastern part of this belt, which
is known as the Nabesna-White River district, lies north of the
Chitina Valley and is separated from it by the Wrangell Mountains,
in which the Quaternary and late Tertiary lavas and the existing
glaciers conceal the underlying Mesozoic strata. Because of this
lack of continuity and because of differences in the character of
the sediments, the rocks in the two districts are somewhat difficult
of correlation. The probable sequence of strata in the Nabesna-
White River district has been indicated by Moffit and Knopf * in the
following table:

Gravels, till, and other unconsoli-
dated deposits.

Volcanie rocks.

Lignite-bearing formation, includ-
ing shales, sandstones, lignite
beds, ete.

Shales of Jacksina Creek.

Jurassico - ___________________! Shales, slates, and graywackes of
the Nutzotin Mountains.

Thin-bedded limestone of Cooper
Creek. .

. . ) Lavas and pyroclastic beds—tuffs,

Carboniferous or later_..._.______________ voleanic breccias, ete.

Shales of Skolai Pass.

Massive limestone.

Shales with some tuffs and lava
flows.

Basic lavas and pyroclastic beds,
with some shale and limestone
beds.

Quaternary._ . __________ ..

Tertiary . _ e

Carboniferous___ . ___________ ________.

5+ Mofit, F. H., and Knopf, Adolph, Mineral resources of fhe Nabesna-White River dis-
trict, Alagka: U. 8. Geol. Survey Bull. 417, p. 16, 1910.
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SHALE AND VOLCANIC ROCKS

Historical review.—The “shales of Skolai Pass” and the “lavas
and pyroclastic beds,” both of which are classed in the above table
s “Carboniferous or later,” are at least in part of Triassic age.
They include part of the rocks seen by Hayes®® at Skolai Pass and
described by him as including “red sandstone and jasper and a
great thickness of black shale.” They include part of the rocks
mapped by Brooks® as the “ Nutzotin series” and as the “effusive
series,” but the parts of these aggregates that are now known to be
of Triassic age were not described specifically. These rocks also
include a portion of the rocks described and mapped by Rohn® as
the “Skolai volcanics.” They comprise an apparently large part
of the “Diabasic series” described by Mendenhall and Schrader *®
from the field observations of Schrader.

These rocks were described by Moffit and Knopf % under the head-
ing “Carboniferous,” with the qualification that this assignment
was provisional, and they were represented on the geologic map,*
together with the shales and volcanic beds beneath the Carboniferous
limestone, as “undifferentiated Carboniferous rocks, possibly also
including some rocks of Mesozoic age.” The failure to separate the
Triassic and Carboniferous rocks was due partly to the lithologic
similarity of the Triassic shale, lava, and tuff to the sedimentary
and volcanic beds beneath the Carboniferous limestone, partly to the
scarcity of fossils, and partly to the complex structure.

These rocks are also an undifferentiated part of those which
Capps ** described and mapped as “ mainly Carboniferous lava flows,
tuffs, and agglomerates.” Capps did not specifically describe any
rocks that are known to be Triassic; but he stated that “ within the
areas composed predominantly of Carboniferous rocks there are
minor amounts of beds of both older and younger formations.” He
also mentioned °? the occurrence on the Middle Fork of White River
(see p. 35) of Triassic fossils which he erroneously referred to as
“ Jurassic.”

5 Hayes, C. W., An expedition through the Yukon district: Nat. Geog. Mag., vol. 4,
p. 140, 1892,

5 Brooks, A. H.,, A reconnaissance from Pyramid Harbor to Eagle City, Alaska, includ-
ing a description of the copper deposits of the upper White and Tanana rivers: U. S.
Geol. Survey Twenty-first Ann. Rept., pt. 2, pp. 359-360, 362-363, pl. 47, 1900.

57 Rohn, Oscar, A reconnaissance of the Chitina River and the Skolai Mountains,
Alaska: U. 8. Geol. Survey. Twenty-first Ann. Rept., pt. 2, pp. 429-430, pl. 52, 1900.

58 Mendenhall, W. C., and Schrader, F. C., The mineral resources of the Mount 'Wrangell
district, Alaska: U. 8. Geol. Survey Prof. Paper 15, pp. 35-36, 1903.

5 Moffit, . H., and Knopf, Adolph, Mineral resources of the Nabesna-White Rlven
district, Alaska: U. 8. Geol. Survey Bull. 417, pp. 17-27, 1910.

 Idem, pl. 2.

6 Capps, S. R., The Chisana-White River district, Alaska: U. S. Geol. Survey Bull. 630,
pp. 30, 3347, pl. 2, 1916.

62 Jdem, p. 34.
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The writer believes that the “lavas and pyroclastic beds with
some shales” which constitute the upper member of the Carbon-
"iferous section of Capps® may prove to be post-Carboniferous, as
was suggested by Moflit and Knopf.** Evidence in favor of the
assignment of these rocks to the Triassic is given by the Triassic
fossils from the volcanic breccia on the Middle Fork of White
River. The “distorted argillites and cherts” which Capps® men-
tions as occurring near the mouth of Beaver Creek, and which he
“ provisionally included with the Carboniferous,” are suggestive of
some of the Triassic rocks of other regions.

Stratigraphic description—The massive Carboniferous limestone
of Skolai Pass and vicinity is overlain by shale, above which is a
great thickness of lava, tuff, and breccia. These beds, because of
their association and apparent conformity with the Carboniferous
limestone, were provisionally assigned to the Carboniferous by
Moftit and Knopf. The shales which immediately overlie the lime-
stone in Skolai Pass were described by Moffit and Knopf®® as being
nearly 300 feet thick, as containing interbedded tuffs in their upper.
part, and as being barren of fossils. Characteristic Upper Triassic
fossils were, however, found at this locality by Hayes,*” who de-
scribed the occurrence as follows:

In the walls of Skolai Pass, by which the range is crossed, its stratigraphy
and structure are magnificently displayed. The rocks are comparatively re-
cent, for the most part Carboniferous, Triassic, and Cretaceous. A bed of
limestone about 500 feet thick contains many crinoids and corals, probably
of Carboniferous age. Above it are red sandstone and jasper and a great
thickness of black shale. Collections of fossils from the limestone and the
black shale were made, but before reaching the coast they unfortunately were
lost, with the exception of a single small piece of shale; this, however, con-
tained several tolerably perfect impressions and was submitted to Prof.
Alpheus Hyatt for identification. He says: “The fossils in the shale are
clearly the remains of a Monotis [Pseudomonotis] of a Triassic type, allied to
M. subcircularis, Gabb, a characteristic Triassic form in California. This one
seems to be distinet specifically, but is evidently of the same age.

Age and correlation.—The presence of Pseudomonotis subcircu-
laris in the shales of Skolai Pass indicates that these rocks are to be
assigned to the same general position as the McCarthy formation
of the Chitina Valley. The pyroclastic beds of the north front of

% Capps, S. R., The Chisana-White River district, Alaska: U. S. Geol. Survey Bull.
630, p. 39, 1916.

% Moffit, F. H.{ and Knopf, Adolph, op. cit.,, p. 16.

% Capps, S. R., op. cit., pp. 35-86.

% Moffit, ¥, H., and Knopf, Adolph, op. cit.; p. 17.

%7 Hayes, C. W., An expedition through the Yukon district: Nat. Geog. Mag., vol. 4, p.
140, 1892,
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the Wrangell Mountains, which probably overlie the shale of Skolai
Pass, have also yielded Upper Triassic fossils as listed below. These
fossils were collected by A. Neustaedter and are said to have been
obtained from a volcanic breccia, but the locality has never been
visited by a geologist, so it is impossible to describe the occurrence
in detail. They were identified as follows by T. W. Stanton, accord-
ing to whom the Clionites “is a characteristic Upper Triassic type
of ammonite.”

8479. About 3 miles from foot of glacier on Middle Fork of White River, in
a southerly direction and about 800 feet above the river:

Pseudomonotis subcircularis (Gabb) ?
Clionites (Shastites) sp. ‘

The correlation of the Upper Triassic shale, tuff, and lava of the
Nabesna-White River district with the rocks of other districts in-
volves serious difficulties. These rocks carry the fauna of the
McCarthy formation of the Chitina Valley, but that formation con-
tains no volcanic material. A correlation of these beds with the
Nikolai greenstone of the Chitina Valley has been suggested by
Moffit and Maddren,® by Moffit and Knopf,* and by Moffit and
Capps.™ This correlation seemed highly probable as long as there
were grounds for believing that both formations belong in the in-
terval between the Carboniferous limestone of White River and the
Chitistone limestone of the Chitina Valley. The Nikolai greenstone
is, however, certainly older than the Chitistone limestone, which it
clearly underlies, and is probably older than Upper Triassic, pos-
sibly being upper Carboniferous, whereas the Triassic shale, tuff,
and lava of White River and Skolai Pass include beds that carry
a fauna younger than that of the Chitistone limestone. It is conse-
quently clear that these volcanic rocks can not be correlated with the
Nikolai greenstone.

The apparent absence of any Triassic rocks in the Nabesna-White
River district that can be correlated with either the Nikolai green-
stone or the Chitistone limestone indicates that there is profound
unconformity between the Carboniferous limestone and the over-
lying Upper Triassic Pseudomonotis-bearing beds. No physical evi-
dence of this unconformity has yet been found, but the absence of
detailed stratigraphic data and the known complexity of the struc-
ture make it impossible to say that because the unconformity has

% Moffit, ¥. H., and Maddren, A. G. Mineral resources of the Kotsina-Chitina region,
Alaska : U. 8. Geol. Survey Bull. 374, p. 24, 1909., -

@ Moffit, F. H., and Knopf, Adolph, Mineral resources of the Nabesna-White River dis-
trict, Alaska: U. S. Geol. Survey Bull. 417, p.’ 26, 1910.

7 Moffit, F. H., and Capps, S. R., Geology and mineral resources of the Nizina district,
Alaska : U. 8. Geol. Survey Bull. 448, p. 63, 1911,
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not been seen it probably does not exist. The irregular distribution
of the upper Carboniferous limestone beds is in itself a possible
indication of a post-Carboniferous unconformity. The writer
believes that extreme lenticularity in a limestone bed is inherently a
highly improbable original feature, and he is consequently inclined
to assert that the irregular distribution of the upper Carboniferous
limestone is almost certain proof that the original continuity of the
limestone has been destroyed either by erosion or by structural
disturbances.

There is evidence that an unconformity may be present (see p.
124) at the base of the McCarthy formation in the western part of
the Chitina Valley. This unconformity agrees in stratigraphic posi-
tion with the hypothetical unconformity now being considered.

LIMESTONE AND SHALE OF COOPER PASS

Historical review.—The Triassic rocks in the vicinity of Cooper
Pass, on the south front of the Nutzotin Mountains between Chisana
and Nabesna Rivers, were first recognized by Schrader and were
mentioned briefly by Mendenhall and Schrader,’ in a report on the
mineral resources of this district, as part of the “ Mesozoic series.”
Mendenhall 2 also made brief mention of these rocks in a discussion
of the age of the Chitistone limestone. A brief account of the
occurrence and character of the Triassic limestone of Cooper Pass
was given by Moffit and Knopf.”* The occurrence and correlation of
this limestone have been discussed briefly by Capps™ and by
Martin.™ '

Stratigraphic description—The Triassic rocks of Cooper Pass
were described by Moffit and Knopf " as consisting of a single lime-
stone formation that occurs in close geographic and structural asso-
ciation with a massive Carboniferous limestone. The Triassic and
Carboniferous limestones are not easily distinguished, except by
their faunas. The Triassic limestone is more thinly bedded than the
Carboniferous limestone. It has been so much faulted and cut by
dikes that neither its thickness nor its relations to the associated
formations have been determined, but its thickness is apparently

7™ Mendenhall, W. C., and Schrader, F. C., The mineral resources of the Mount Wran-
gell district, Alaska : U. S. Geol. Survey Prof. Paper 15, pp. 86-37, 1903.

72Mendenhall, W. C., Geology of the central Copper River region, Alaska: U. S. Geol.
Survey Prof. Paper 41, pp. 49-50, 1905.

7 Moffit, F. H., and Knopf, Adolph, Mineral resources of the Nabesna-White River dis-
trict, Alaska: U. S. Geol. Survey Bull. 417, pp. 27-32, 1910.

% Capps, S. R., The Chisana-White River district, Alaska: U. S. Geol. Survey RBull.
630, pp. 29, 30, 47-53, 1916.

7 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull, vol. 27, p. 696,
1916.

% Moffit, F. H., and Knopf, Adolph, op. cit.,, pp. 27-28,
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much less than that of the Carboniferous limestone. Mendenhall
described the Triassic rocks of Cooper Pass, from Schrader’s obser-
vations, as “consisting of black shales and dark limestones closely
resembling the thin-bedded dark limestones that are above the
Chitistone limestone in the Chitina Valley.””

Age and correlation.—The fauna of the Triassic rocks of Cooper
Pass, as now known, is represented by the fossils from the localities
listed below, identified by T. W. Stanton. Fossils were seen also at
the mouth of Wilson Creek, but no collections were made at that
locality, for the fossils show only on the weathered surface of the
rocks and it is difficult to procure good specimens. The age of the
iimestone on Wilson Creek, consequently, is more or less doubtful.

1454 Round Mountain, northeast of Cooper Pass. Triangulation station
No. 27. F. C. Schrader, 1902. Psendomonotis.

5721. Limestone between the forks of Cooper Creek. Moffit and Knopf,
1910. Pseudomonotis subcircularis (Gabb).

5724. Cooper Pass. Moffit and Knopf, 1910. Pseudomonotis subcircularis
(Gabb).

The Upper Triassic limestone of Cooper Pass bears some resem-
blance to the Chitistone limestone, with which Moffit and Knopf sug-
gested a correlation. It differs from the Chitistone limestone in
being far thinner, in being more thinly bedded, and in carrying a
younger fauna. In its lithologic character it bears closer resem-
blance to the limestone at the base of the McCarthy formation, and as
it carries the fauna of the McCarthy formation it may be assigned to
that horizon.

UPPER SUSITNA VALLEY
GENERAL FEATURES

A belt of Triassic rocks extends through the foothills south of the
Alaska Range from the headwaters of Gulkana River to a point west
of Susitna River. This belt lies in a geographic and structural posi-
tion similar to that of the Triassic rocks south of the Nutzotin Moun-
tains and should probably be regarded as their western discontinu-
ous extension. The Triassic rocks south of the Alaska Range include
fossiliferous Upper Triassic limestone and a group of slate, tuff,
arkose, calcareous sandstone, and limestone that are closely asso-
ciated with and probably overlie the fossiliferous limestone. The
latter is underlain by basic lava and tuff that seem to rest on a .
Carboniferous (?¢) limestone and that consequently correspond in

71 Mendenhall, W. C., op. cit., p. 50.
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stratigraphic position, as well as in lithologic character, to the
Nikolai greenstone of the Chitina Valley and should probably be
assigned to the Permian or early Triassic.

The Triassic beds and the rocks most intimately associated with
them in the belt between Gulkana and Susitna Rivers were de-
scribed by Moffit 7 as including (@) Carboniferous or Triassic lavas;
(&) fossiliferous Upper Triassic limestone; (¢) slate, tuff, arkose,
calcareous sandstone, and limestone, all closely associated with and
probably overlying the fossiliferous Upper Triassic limestone; and
(2) highly metamorphosed schist that may be the altered repre-
sentative of the Triassic rocks. The extension of this belt west of
the Susitna River was described by Moffit 7 as including “ Triassic
or Carboniferous (?) basic lava flows with tuff beds [the extension
of @ above]; Upper Triassic (?) slate, with intercalated beds of
graywacke, arkose, etc. [the extension of ¢ and part of d}; and
undifferentiated Mesozoic (?) slates, argillites, graywacke, and thin-
bedded limestone [the extension of & in part].” A further south-
_ west extension of this belt was mapped by Chapin,*® who described

“Triassic (%) lavas and tuffs” and “ Upper Triassic (?) slate, gray-
wacke, limestone, and schist,” and by Capps,®* who described some
“possibly Triassic” limestone, marble, shale, slate, and quartzite in
the western Talkeetna Mountains. The possible northeast exten-
sion of this belt into the Chistochina district is suggested by an am-
monite which is said to have been found on Slate Creek.

BASIC LAVAS AND TUFFS

Historical review—The Upper Triassic limestone of the upper
Susitna Valley, described below, is apparently underlain by Triassic
or Carboniferous volcanic rocks that cover large areas in the south-
ern foothills of the Alaska Range. :

These rocks were first observed on the headwaters of Gulkana
River, in the vicinity of Tangle Lakes, by W. C. Mendenhall in
1898. Mendenhall was making a rapid exploratory journey and
had no opportunity to study or describe the rocks in detail. These
rocks apparently constitute the “acid effusives and associated
rocks” and possibly also part of the “greenstone series” as de-
scribed by Mendenhall.®* :

78 Moffit, F, H., Headwater regions of Gulkana and Susitna rivers, Alaska: U. S. Geol.
Survey Bull. 498, pp. 22, 29-33, pl. 2, 1912, :

7 Moffit, . H., The Broad Pass region, Alaska: U. S. Geol. Survey Bull. 608, 1915,
pp. 24, 26-31, pl. 2.

% Chapin, Theodore, The Nelchina-Susitna region, Alaska: U. S. Geol. Survey Bull.
668, pp. 21, 26-28, pl. 2, 1918.

8 Capps, S. R., Mineral resources of the western Talkeetna Mountains: U. 8. Geol.
Survey Bull, 692, p. 195, 1919,

82 Mendenhall, W. C., A reconnaissance from Resurrection Bay to the Tanana River,
Alaska, in 1898 : U. S. Geol. Survey Twentieth Ann. Rept., pt. 7, pp. 311-313, 1900.
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The occurrence of these volcanic beds in the area between Gulkana
and Susitna rivers has been noted by Moffit, these rocks constituting
th “basic lavas and tuffs” as described in the text®: and the

“amygdaloidal lava flows with intercalated tuffaceous and shaly
beds ” as represented on the map.* Moffit considered these beds prob-
ably either late Carboniferous or early or Middle Triassic, and
probably approximately synchronous with the Nikolai greenstone.
The western extensions of these rocks in the hills west of Susitna
River were described by Moffit® as “Triassic (?) lavas” and by
Chapin ® as “Triassic (?) lavas and tuffs.”

Character and age—The lava and tuff of the area between Gul-
kana and Susitna Rivers were described by Moffit as follows:

These rocks consist largely of diabase and locally are amygdaloidal, showing

that in part, at least, they are surface lava flows. They are associated with
argillites, tuffs, and tuffaceous conglomerates in a number: of places and are
intruded by diabases and by dikes of less basic, Iight-col_ored porphyritic rock.

The extension of these rocks west of Susitna River was described
by Moffit as consisting principally of basaltic lava flows with asso-
ciated andesitic flows and water-laid tuffaceous beds. The estimated
thickness is 8,500 feet.

The volcanic rocks of the upper Sus1tna Valley apparently under-
lie the Upper Triassic limestone and are believed to rest upon an
upper Carboniferous limestone. They thus correspond approxi-
mately in stratigraphic position, as well as in lithologic character,
with some of the late Carboniferous voleanic rocks of the Nabesna-
White River district, or with the Nikolai greenstone.

LIMESTONE

Fossiliferous Triassic limestone occurs in several small areas in
the foothills of the Alaska Range between Maclaren and Susitna
Rivers. This limestone constitutes an undifferentiated part of the
“Triassic rocks” as described by Moffit,*” and is the “ Triassic lime-
stone ” as represented on his geologxc map.®®

This limestone crops out in a series of small detached areas lying
in a belt between Maclaren and Susitna Rivers but mostly in the val-

83 Moffit, . H., Headwater regions of Gulkana and Susitna rivers, Alaska: U. S. Geol.
Survey Bull. 498, pp. 22, 29-30, 1912, .

8 Jdem, pl. 2.

8 Moffit, . H., The Broad Pass region, Alaska: U. S. Geol. Survey Bull. 608, pp. 24,
26-28, 1915.

8 Chapin, Theodore, The Nelchina-Susitna region, Alaska: U, 8. Geol. Survey Bull.
668, pp. 21, 26-27, 1918.

8 Moffit, F'. H., Headwater regions of Gulkana and Susitna rivers, Alagka: U. S. Geol.
Survey Bull. 498, pp. 22, 31, 33, 1912,

8 Idem, pl. 2.

-
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ley of Clearwater Creek. The discontinuity of the outcrops is prob-
ably due to structural disturbances rather than to original lenticu-
larity. Several of these limestone masses rest directly upon the
amygdaloidal lava flows described on pages 38-39, and all of them
are not far from the main area of the volcanic rocks. The lime-
stone, which apparently can not be more than a few hundred feet
thick, is overlain by the Upper Triassic slate, tuff, arkose, and cal-
careous beds described on pages 40-42.

The fauna of this limestone, as at present known, is represented
by the fossils enumerated in the following list, which were identified
by T. W. Stanton. These fossils were obtained from bluish-gray
limestone beds that rest upon the volcanic rocks.

6570. Limestone area on a small western trib_utary of Clearwater Creek:

Halobia sp. related to H. superba Mojsisovics.
Tropites sp.-

Discotropites? sp.

Arcestes sp.

This fauna appears to be essentially identical with that of the
Chitistone limestone of the Chitina Valley. The equivalence of this
limestone with part of the Chitistone limestone is also indicated by
the facts that it rests directly upon the volcanic rocks and that, like
the Chitistone limestone, it is apparently overlain by beds carrying
Pseudomonotis subcircularis (Gabb). It consequently is presumably
low in the local Upper Triassic sequence.

SLATE, TUFF, ARKOSE, AND CALCAREOTUS BEDS

Historical review.—The Triassic slate, tuff, arkose, and calcare-
ous beds of the upper Susitna Valley occur in a belt that extends
through the southern foothills of the Alaska Range from Maclaren
Glacier into the hills west of Susitna River. The limestone described
on pages 39-40 occurs along the southern border of these rocks and -
presumably underlies them. 4

The rocks of the eastern part of this belt, from Maclaren Glacier
to Susitna River, were mapped by Moffit # ds “ Upper Triassic slates,
tuffs, arkose, calcareous sandstones, and limestones, with some diorite
and diabase intrusives,” and were described in his text ®° as “ Triassic
rocks ”; that heading included also the Upper Triassic limestone
that is discussed on pages 39-40 and some highly metamorphosed
schist that may be the altered representative of the Triassic rocks,
but was mapped as distinct from them.

8 Moffit, F. H., Headwater regions of Gulkana and Susitna Rivers, Alaska: U. S. Geol.
Survey Bull. 498, pl. 2, 1912. '
% Jdem, pp. 22, 31-33.
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The rocks of that part of the belt lying west of Susitna River were
discussed by Moffit °* under the heading “ Triassic sediments.” They
apparently include only the rocks here under consideration, the lime-
stone being absent, and the metamorphic rocks being mapped and
described separately

There is a possible extension of these rocks farther southwestA
on the west side of Tsisi Creek between Susitna and Talkeetna
Rivers, where Chapin® noted some “Upper Triassic (?) slate,
argillite, and graywacke with some thin beds of limestone,” and in
the valleys of Iron Creek and Sheep River in the western Talkeetna
Mountains, where Capps®® noted some “limestone, marble, shale,
slate, and quartzite ” that are possibly Triassic. A

Stratigraphic description—The Upper Triassic slate, tuff, arkose,
and calcareous. beds of the belt that extends northeastward from
Susitna River between Valdez and Windy Creeks to Maclaren
Glacier were described by Moffit as being but little metamorphosed
and as including banded slate, black slate, red-weathering slate or
shale, graywacke or fin tuff, tuffaceous conglomerates, diabase flows
or intrusions, shaly limestone, and calcareous sandstone. The thick-
ness has not been determined but is probably many hundred if not
several thousand feet.

The rocks of the extension of this belt to the west of Susitna
River were described by Moffit as including dark-blue and black
slate, with interstratified beds of arkose and graywacke, probably
several thousand feet thick. These rocks are closely folded and show
a varying degree of metamorphism that has locally changed the
argillite and arkose to phyllite and schist.

The “undifferentiated Mesozoic (?)” slate, argillite, graywacke,
and thin-bedded limestone on the headwaters of Susitna River may
or may not include Triassic rocks. They were described by Moffit
as comprising “a complex of beds that could not be differentiated
in the time available.” Moffit said of them:

.The age of these sediments is unknown. It is perhaps possible but does
not appear probable that they may correspond in part with some of the
Devonian formations. On the other hand it seems much more likely that
they are of Mesozoic age and are to be correlated with the Triassic slates
and limestones of the Valdez Creek district or with the Jurassic (?) sedi-
ments of Jack River. It may even be that they include beds belonging to
both of these groups. .

The supposed Triassic rocks between Susitna and Talkeetna rivers
were described by Chapin as consisting of limestone, slate, argil-

o Moffit, F. H., The Broad Pass region, Alaska: U. 8. Geol. Survey Bull. 608, pp. 24,
29-31, 1915.

92 Chapin, Theodore, The Nelchina-Susitna region, Alaska: U. 8. Geol. Survey Bull
668, pp. 27-28, pl. 2, 1918.

% Capps, S. R., Mineral resources of the western Talkeetna Mountains: U, S. Geol.
Survey Bull. 692, p. 195, 1919.
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lite, and related coarser sediments as well as dioritic and other intru-
sive rocks. .The most prominent members are dark-blue and black
slate and argillite and greenish-gray graywacke. Thin beds of
crystalline limestone are intercalated with the other sediments. A
section on a tributary of Tsisi Creek indicates that the thickness is at
least 2,000 feet and may be much greater, for neither top or bottom
was seen. These rocks have yielded no fossils. Chapin referred
them tentatively to the Triassic because they lie on the strike of the
Triassic rocks southeast of Valdez Creek and bear some resemblance
to those rocks. .

The supposed Triassic rocks of the western Talkeetna Mountains
were described by Capps as including a massive limestone at least
600 feet thick, in some places overlain by a considerable thickness of
shale slate, and quartzite. These rocks have yielded no fossils. They
are apparently overlain by volcanic rocks that are believed to be
Lower Jurassic. ‘

Age and correlation.—The slate, tuff, arkose, and calcareous beds
of the upper Susitna Valley apparently overlie the limestone just
described. They contain Pseudomonotis subcircularis (Gabb),
which, together with the position of the rocks relative to the under-
lying limestone, indicates that they belong in the same general posi-
tion as the McCarthy formation. The rocks associated with the fos-
silferous beds, however, are strikingly unlike those of the McCarthy
formation, which consist of shale, chert, and limestone, with.no beds
of tuff or arkose. The formation as a whole, both in its lithologic
and in its faunal character, bears a strong resemblance to the Upper
Triassic limestones and tuffs of Port Graham, described on pagés
49-51, and to the Triassic volcanic beds of Skolai Pass, described on
pages 33-36, both of which contain this same fossil.

The fossils obtained at the localities listed below were identified
by T. W. Stanton.

6571. Coal Creek, a tributary of Clearwater Creek, 15 miles east of Susitna
River. Exposure showing several hundred feet of thin-bedded shaly limestone
‘and calcareous sandstone. Their position within the formation has not been
determined but is probably considerably above the base. F. H. Moffit, 1910.
Pseudomonotis subcircularis (Gabb).

6572. West of Clearwater Creek, about 2 miles northwest of the locality from
which No. 5670 was taken. Limestone bed of indeterminate position. F. H.
Moffit, 1910. Serpula.

CHULITNA VALLEY

GENERAL FEATURES .

Upper Triassic rocks are known in two areas in the- Chulitna
Valley. One of these areas lies in the foothills of the Alaska Range
on several of the western tributaries of the West Fork of the Chu-
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litna. The other area lies on eastern tributaries of the East Fork of
the Chulitna. The two areas are not parts of the same structural
belt but occur in two distinct and apparently parallel belts that are
10 miles or more apart at the nearest place and are separated by
areas of pre-Triassic igneous and metamorphic rocks and by the
alluvial filling of the main Chulitna Valley.

The Triassic rocks west of Chulitna River consist chiefly of tuff
limestone, shale, and lava. They rest unconformably on greenstones
. and metamorphic sedimentary rocks that are believed to be pre-
Triassic. They are apparently overlain by argillite, slate, and gray-
wacke that may be Jurassic or Cretaceous. They contain a fauna
that certainly is Triassic but is different from most of the Upper
Triassic faunas of Alaska, though it has some resemblance to the
Triassic fauna of Gravina Island.

The Triassic rocks east of Chulitna River consist chiefly of thin-
bedded limestone and shale. The character and relations of the
underlying and overlying rocks are not known. They carry the
well-known Pseudomonotis fauna.

TUFF, LIMESTONE, SHALE, AND LAVA OF WEST FORK

Stratigraphic description—The Triassic tuff, limestone, shale, and
lava of the West Fork of Chulitna River were described by Capps **
substantially as follows:

Triassic tuff, limestone, shale, and basic lava flows, with minor
amounts of conglomerate and graywacke, apparently lie uncon-
formably upon the underlying greenstone, tuff, slate, and chert. On
Ohio Creek an excellent section is exhibited. There the older group
of tuff, slate, and chert appears to lie unconformably beneath a heavy
bed of conspicuous red tuff and agglomerate. This red tuff is the
basal member of a group of rocks that has an aggregate thickness of
several thousand feet and includes tuff, agglomerate, conglomerate,
amygdaloidal greenstone flows, and massive limestone beds. The
tuffs range in texture from fine-grained rocks that resemble red
sandstone to coarse agglomerates containing fragments of volcanic
débris several inches across. They range in color from vivid red,
in which the composing fragments are chiefly jaspilite, through
green and purple shades. In some of the tuffs the fragments all
appear to be sharply angular; in others partly rounded. These tuffs
grade into conglomerates. On upper Ohio Creek there are five mas-
sive limestones. One of these yielded fossils of Triassic age, and
other fossils from boulders in Copeland Creek appear to be of the
same age. The tuff beds so abundant in the lower rocks give place

° Capps, S. R., Mineral resources of the upper Chulitna region: U. 8. Geol. Survey
Bull. 692, pp. 216-217, 1919.
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higher up to amygdaloidal lava flows, and on Ohio Creek a con-
siderable thickness of lava appears above the uppermost limestone.
The section on West Fork of Chulitna River, though presenting
certain features in common with that on Ohio Creek, is greatly
different in detail. The red and green tuffs are present at the base.
The abundant intrusive dikes and sills have altered the surround-
ing rocks, and as a result the limestone, here inconspicuous, is gen-
erally changed to marble, and white, cream-colored, and bluish cherts
appear. The amygdaloidal greenstone so abundant on Ohio Creek is
relatively scarce on West Fork of Chulitna River, where the group
is overlain by a heavy body of black argillite, slate, and graywacke.
Age and correlation—The Triassic rocks of the West Fork of
Chulitna River differ both in their stratigraphic sequence and in
their fauna from most of the other Triassic rocks of Alaska. The
fauna does not include any of the common fossils such as Halobia,
Pseudomonotis, or the ammonites which are characteristic of the
well-known horizons in the Upper Triassic of Alaska. T. W. Stan-
ton, who determined the fossils listed in the following table, stated
that the presence of Cassianella in these collections suggests the
Triassic fauna of Gravina Island, in southeastern Alaska.”

Fossils from West Fork of Chulitna River®

10090 | 10091 | 10092 | 10093 | 10094

Terebratula. - . i aieeiei e
Avicula..._...
Cassianella_..____
Myophoria??_.._.
Aviculipecten?. __
Pecten._._....
Pecten?.___
Li

Loxonema (Anoptychia)?.
Loxonema?. . ..-cecoooeeeo--
L0112 151770 11T SRR

Identified by T. W. Stanton.

10090-10093 (Nos. 1-4). Stream bar of Copeland Creek.. §. R. Capps, 1917.
10094 (No. 5). Talus below limestone outcrop on Ohio Creek 1% miles
above mouth of Christy Creek. S. R. Capps, 1917.

LIMESTONE AND SHALE OF EAST FORK

The Upper Triassic limestone and shale of the East Fork of Chu-
litna River were discovered by R. M. Overbeck in 1919 but have
not yet been described. They consist, according to Overbeck’s
field notes, of rather thin bedded, much crushed and folded bluish
slate and limestone. He mentions the presence of graywacke and
chert near the localities that yielded the Triassic fossils but does
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not state their relation to the fossiliferous beds. No information is
available concerning the thickness of the Triassic rocks or the
character and relations of the underlying and overlying beds.

The fossils that have been found in the Upper Triassic limestone
and shale of the East Fork of Chulitna River were identified by
T. W. Stanton and are listed below. The presence of Pseudomonotis
subcircularis as well as the character of the rocks indicates a correla-
tion with the McCarthy shale and with the Pseudomonotis-bearing
beds of other Alaskan districts. Concerning the coral Heterastri-
dium, which has been found elsewhere in Alaska only in the lime-
stone of Iliamna Lake (see p. 60), Stanton said: “ This genus of
hydroid coral is characteristic of the Upper Triassic in the Alps
and in India.”

10241 (F 4). Bast Fork of Chulitna River, south side, 114 miles below
camp 9. R. M. Overbeck, 1919. Heterastridium.

10242 (F 2). Creek entering East Fork below camp 9, upper Chulitna
Valley. R. M. Overbeck, 1919. Pseudomonotis subcircularis (Gabb).

10243 (F 3). Same locality as F 2. R. M. Overbeck, 1919. Heterastri-
dium.

KENAI PENINSULA

GENERAL FEATURES

The Triassic rocks of the east coast of Cook Inlet occur at the
southwest end of Kenai Peninsula, in a belt that extends northeast-
ward from Port, Graham parallel to the south shore of Kachemak
Bay. They include limestone and tuff with Upper Triassic fossils,
apparently underlain by contorted chert which has yielded no char-
acteristic fossils but which the writer believes to be Upper Triassic.
Beneath the chert is ellipsoidal lava, which is underlain by slate
and graywacke. The Upper Triassic limestone and tuff are over-
lain, probably unconformably, by Lower Jurassic tuff and agglom-
erate. The probable sequence of formations is indicated in the fol-
lowing table: :

General section of Mesozoic rocks in Kenai Peninsula

Lower Jurassic.: Tuff and agglomerate with Lower Jurassic fossils.
Upper Triassic:
Limestone and tuff with Upper Triassic fossils.
Contorted chert.
Triassic or Carboniferous: Ellipsoidal lava.
Paleozoic (7?): Slate and graywacke.

ELLIPSOIDAL LAVA

Historical review.—The first published description of the ellip-
soidal lava of the Kenai Peninsula was a brief note on the spheroidal
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diabase of Halibut Cove by Emerson.®® A more complete descrip-
tion of the lava observed at different places along the coast from
Seldovia Bay to Aurora was given by Moffit,¢ who described the
rocks as pre-Jurassic diabase. Brief mention of the occurrence of
ellipsoidal greenstone was made by Grant and Higgins®? in their
preliminary report on the ore deposits of this district, but they did
not attempt to describe the rocks in detail. The lava of the entire
belt has been described and mapped by Martin * as “ Triassic (?)
ellipsoidal lavas.”

Character, stratigraphic position, and age—Ellipsoidal lava is
widely distributed in the parts of Kenai Peninsula that border on
the south shore of Kachemak Bay and on the extreme southern part
of Cook Inlet. Exposures are abundant along a probably discon-
tinuous series of belts extending from Port Graham at least as far
northeastward as Aurora, but the best exposures are on Port Graham,
Seldovia Bay, Hesketh and Yukon Islands, and Halibut Cove.

The ellipsoidal lava of Kenai Peninsula consists predominantly of
green scoriaceous and ellipsoidal lava, interbedded with a small
amount of tuff. At a few places, notably on Hesketh and Yukon
Islands, the color is dark red rather than green. The lava is well
displayed in the cliffs on the east shore of Seldovia Bay, where the
exposures begin at a point almost 2 miles below the head of the bay
and extend as far north as the end of the cape just above the can-
nery. These exposures consist of greenish ellipsoidal and scoria-
ceous basalt containing veins and irregular masses of epidote. A
little chert is interbedded with the lava. The thickness of these
rocks, as computed from the width of the belt and the average dip
on the shores of Seldovia Bay, on the assumption that there is no
repetition by faulting, is about 3,000 feet.

The stratigraphic relations of the lava to the underlying and
overlying rocks are shown most clearly on Seldovia Bay. The excel-
lent exposures on the east shore of the bay show that the lava is un-
derlain by slate, graywacke, crumpled chert, and some volcanic rocks.
aggregating over 5,000 feet in thickness. The dip of the slate and
other rocks places them beneath the lava, but there is no conclusive
evidence as to whether or not the contact is conformable. The lava
is, however, considerably less altered than the volcanic members of
the slate and graywacke series, and it is consequently assumed to be
considerably younger.

% Emerson, B. K., General geology: Alaska, vol. 4, p. 26, Harriman Alaska Expedi
tion, 1904.

% Moffit, F. H., Gold fields of the Turnagain Arm region: U. S. Geol. Survey Bull.
277, p. 23, 1906.

# Grant, U. S., and Higgins, D. F., Preliminary report on the mineral resources of the
gouthern part of Kenai Peninsula: U. S. Geol. Survey Bull. 442, p. 167, 1910.

98 Martin, G. C., The western part of Kenai Peninsula: U. 8. Geol. Survey Bull. 587,
pp. 52-55, pl. 3, 1915.
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The ellipsoidal lava is overlain by the Triassic chert described on
pages 47-49, but there is no evidence as to the presence or absence
of a stratlcrraphlc break between them. Most of the contacts are not
exposed in detail or are faults. The lava is comparatively un-
altered and appears to be not very much older than the chert. It
may reasonably be assigned either to the Triassic or to the latest
Paleozoic. It appears to correspond closely in stratigraphic posi-
tion and in litholggic character to the Nikolai greenstone of the

Chitina Valley.
CHERT

Historical . review.—The chert of Kenai Peninsula was first de-
scribed by Emerson,” who briefly noted the occurrence at Halibut Cove
of “an interesting section of green and red radiolarian cherts” which
he tentatively correlated, on the basis of lithologic similarity, with
the Jurassic or Cretaceous radiolarian chert of the Franciscan for-
mation of California. The occurrence of similar chert at Seldovia
was noted by Stanton and Martin,* who correlated it with the Upper
‘Triassic chert of the west coast of Cook Inl:t on the basis of litho-
logic similarity and assigned it to the Upper Triassic on the basis
of this correlation and of its relation to the Lower Jurassic tuff of
Seldovia Bay. A more complete discussion of this chert has been
given by Moffit,* who concluded that it is certainly pre-Jurassic and
probably Triassic. The chert was discussed briefly by Grant and
‘Higgins,* whose description includes also an account of the under-
lying ellipsoidal lava, together with a description of the chert asso-
ciated with th> presumably older slate and graywacke. The writer
believes that at least part of the last-mentioned chert is not the same
as the contorted chert of Seldovia Bay. A rather full discussion of
this chert has been given by Martin,* who assigned it tentatively to
‘the Upper Triassic and from whose description the following account
is taken. The age and correlation of the chert of Kenai Pemnsula
‘have also been discussed by Martin.’
 Stratigraphic description.—Contorted chert occurs in the south-
‘western part of Kenal Peninsula, along the south shore of Kachemak
Bay. The best exposures are on Bear Cove, Halibut Cove, Chinaput
Bay, £ldred Passage, Seldovia Bay, and Port Graham..

? Emerson, B. K., General geology : Alaska, vol. 4, pp. 26-27, Harriman Alaska Expe-
dition, 1904.

! Stanton, T. W., and Martin, G. C., Mesozoic section on Cook Inlet and Alaska Penin-
sula: Geol. Soc. America Bull., vol. 16, p. 393, 1905.

2 Moffit, F. H., Gold fields of the Turnagain Arm region, Alaska: U. S. Geol. Survey
Bull. 277, pp. 16, 17, 19-20, 1906.

2Grant, U. 8., and Higgins, D. F., Preliminary report on the mineral resources of the
southern part of Kenai Peninsula: U. 8. Geol. Survey Bull. 442, pp. 167-168, 1910.

¢Martin, G. C., The western part of Kenai Peninsula: U. S. Geol. Survey Bull. 587,
pp. 60-63, pl. 3, 1915.

5 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull., vol. 27, p. 699, 1916.
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The chert consists of thinly and evenly bedded rocks made up of
hard siliceous layers, from half an inch to 2 inches thick, separated
~ by thin films of softer material. The siliceous layers are of fairly
uniform appearance except in color. They are of very fine grain,
being uniformly of almost glassy texture, and do not contain any
recognizable detrital fragments. The material between the hard
beds was not definitely determined, but it is probably argillaceous.
The color of the chert at most places is green, gray, or black, but a
few occurrences of brown or red chert were noted.

The chert is intensely deformed, minute crumpling being general
and faulting being common, so that no estimate of the thickness of
the formation can be made nor can the top and bottom of a local sec-
tion be determined with certainty. On the east shore of Seldovia
Bay, just above the cannery, the chert apparently rests upon ellip-
soidal lava. This is assumed to be the base of the formation, but
there may be a fault or an overturn at this point. Within the area.
of the chert at several places are masses of ellipsoidal lava, which
may be either interbedded or structurally included. There is ap-
parent interbedding of thin strata of lava and chert at some locali-
ties, but at others there are wider alternate bands of chert and lava
that suggest structural repetition. Probably each main mass of
chert or lava contains thin interbedded strata of the other rock, and
masses of each kind of rock have been included by folding and
faulting within the main areas of the other. The.only fossils that.
have been recognized in these rocks are poorly preserved Radiolaria.

Age and correlation.—The contorted chert of Kenai Peninsula has
yielded no characteristic fossils, and its age is somewhat doubtful.
The local field relations indicate that the chert lies immediately
above the ellipsoidal lava and beneath the limestone and tuff, which
seem to occur directly beneath the Lower Jurassic beds and to be the
youngest Triassic rocks in the local section. This sequence accords.
well with the relations of similar beds in other regions, provided that
the Halobia belongs to a species whose range is such that the lime-
stone and tuff can be correlated with the McCarthy formation and
with the upper part of the Kamishak chert, and that the chert can be
correlated with the chert at the base of the McCarthy and Kamishak
formations. ‘But if the Halobia is a strictly Karnic species which is
restricted to the horizon of the Chitistone limestone and of the lower
part of the Hosselkus limestone, the lower part of the limestone and
tuff must be correlated with rocks occurring beneath the chert at the
base of the McCarthy and Kamishak formations, and the chert can
not be considered as occurring beneath the limestone and tuff of Port
Graham and be correlated with any of the Triassic cherts known in
other Alaskan districts. The writer believes that this Halobia is
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probably not an exclusively Karnic (lower Hosselkus) species, and
that the chert of Kenai Peninsula should be regarded as occurring
beneath the limestone and tuff and above the ellipsoidal lava and
should be correlated with the chert at the base of the McCarthy
formation and with the lower part of the Kamishak chert.

LIMESTONE AND TUFF

Historical review.—The occurrence of Upper Triassic limestone
and tuff in the Kenai Peninsula was first noted by Grant and Hig-
gins,® who described them briefly as “a series of cherts and black
limestones near the base of this [Lower Jurassic] tuff formation.”
The exposures on Port Graham were subsequently discussed more
fully by Martin,” who described and mapped these rocks as Upper

- Triassic limestone and tuff. The southern extension of the belt from
Port Graham to Koyuktolik Bay has been mapped and briefly
described by Grant.! The character, position, and age of the Upper
Triassic limestone and tuff of Kenai Peninsula were discussed by -
Martin.? -

Stratigraphic description.—The. Upper Triassic limestone and
tuff of Kenai Peninsula are known only in the vicinity of Port
Graham and Koyuktolik Bay. The exposures in- these two locali-
ties are parts of one continuous belt that extends northward from
Koyuktolik Bay, forming the shores of Port Graham for 214 to
3 miles on each side of the bay, and terminates in the hills between
Port Graham and Seldovia Bay.

These rocks consist of limestone with considerable amounts of
chert and fine-grained volcanic material, which is mostly tuffaceous.
Their thickness is not known, and their stratigraphic relations to
the beds that underlie and overlie them have not yet been de-
“termined with certainty.

The exposures on the north shore of Port Graham consist of
limestone, both cherty and noncherty; rather massive black chert;
and volcanic rocks that include tuff, tuffaceous conglomerate, and
breccia.. The exposures are fairly continuous, but folding and fault-
ing and concealed intervals at critical points make it impossible to
measure a complete stratigraphic section or to estimate the total
thickness of the beds.

The beds exposed. on the south shore of Port Graham seem to
correspond to part of those seen on the north shore and include also

¢ Grant, U. 8., and Higgins, D. F., Preliminary report on the mineral resources of the
southern part of Kenai Peninsula: U. 8. Geol. Survey Bull. 442, p. 168, 1910.
' 7Martin, G. C., The western part of Kenai Peninsula : U. 8. Geol. Survey Bull. 587, pp.
55-59, pl. 3, 1915, '

8 Grant, U. 8., The southeastern coast of Kenai Peninsula: U. S. Geol. Survey Bull.
587, pp. 210-211, 227, 1915.

9 Martin, G. C., Triassic rocks of Alaska : Geol. Soc. America Bull,, vol. 27, pp. 698-699,
1916.
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beds that were not recognized fcross the bay, notably those that carry
Pseudomonotis subcircularis (Gabb). The thickness of the beds
exposed on the south shore exceeds 1,000 feet.

Age and. correlation—The fossiliferous Upper Triassic rocks of
the Kenai Peninsula, as exposed on Port Graham, are composed of
limestone, chert, and tuff at least 1,000 feet thick. Pseudomonotis
subcircularis (Gabb) occurs near the top of the sequence, and lower
down a species of Halobiz has been found. The former species
indicates that at least part of the succession is of Upper Noric age
and is to be correlated approximately with the McCarthy formation
and with the banded chert and calcareous shale in the upper part
of the Kamishak chert. If the Halobiu is identical with the Alaskan
and Californian species usually referred to Halobia superba Mojsiso-
vics, it possibly indicates that the lower part of the sequence is of
Karnic age and is to be correlated approximately with at least part
of the Chitistone limestone of the Chitina Valley and of the Hossel-
kus limestone of California. The writer would suggest, however,
that this Halobia and possibly also the one that has been obtained
from the west coast of Cook Inlet may belong to the species which
Stanton *° has noted in the lower. part, of the Brock shale of Cali-
fornia or possibly to one of the species 1! that occur in the Lower
Noric beds of Oregon. If this is the case, the occurrence of Halobia
in these beds does hot necessarily indicate that they are the equiva-
lent of the Chitistone limestone or that they are older than the sup-
posed Noric strata of California.

Fosgils from U-~ner Triassic limestone of Kenai Peninsula ®

6380 | 6381 | 6383 | 6382 { 6573 | 7452 | 7235 | 7234 | 10546

Astrocoenia? ... ..o ool
Nucula?. . oiao.
Pseudomonotis subcircularis (Gabb) ..o |- oo |ooooo|oomooo oo et X X X

Halobia cf. H. superba Mojsisovies. ......... X b G P X b, SO R PN (R S,

a Identified by T. W. Stanton.

6380. North side of Port Graham, latitude 59° 21’ 8’’, longitude 151° 48’.
U. S. Grant, 1909.

6381. South side of Port Graham, latitude 59° 20’ 42’’, longitude 151° 49’
45'’. U. 8. Grant, 1909,

6383. South side of Port Graham, latitude 59° 20’ 46,”’ Iongltude 151° 49’
57’’. TU. S. Grant, 1909.

6382. South side of Port Graham, latitude 59° 21’ 2’*, longitude 151° 50’ 24",
U. S. Grant, 1909.

1 Stanton, T. W., cited by Diller, J. S ‘U. S. Geol. Survey Geol. Atlas, Redding folio
(No. 138), p. 5, 1906.

1 Smith, J. P., The occurrence of coral reefs in the Triassic of North America: Am.
Jour. Sci., 4th ser., vol. 83, p. 95, 1912,
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6573. South shore of Port Graham about a quarter of a mile northwest of
the wharf (same locality as 6382). G. C. Martin, 1910.

7452. South shore of Port Graham 1 mile below the wharf. G. C. Martin,
1911.

\
7235. South shore of Port Graham 11 miles below wharf. G. C. Martin,
1911,

7234. South shore of Port Graham 1% miles below wharf. G. C. Martin,
1911,

10546. North shore of Port Graham near mouth of small stream northeast of
cannery. A. C. Gill, 1918.

WEST COAST OF COOK INLET

GENERAL FEATURES

The undoubted Triassic rocks of the west coast of Cook Inlet
“include two fossiliferous Upper Triassic formations, the Kamishak
chert and an older unnamed limestone. The local section also in-
cludes greenstone which is older than the fossiliferous Triassic rocks
and which probably belongs in the Triassic. Beneath the green-
stone is slate which is probably Paleozoic, and above the Triassic
rocks are porphyry and tuff that are probably Lower Jurassic. The
local sequence is indicated in the following table:

General section of Triassic and associated rocks on west coast of Cook Inlet

Lower Jurassic (?) : Porphyry and tuff.
Upper Triassic:
Kamishak chert.
Limestone.
Triassic (?): Greenstone.
. Paleozoic (?): Slate.

GREENSTONE

The greenstone of the west coast of Cook Inlet, as described by
Martin and Katz,'? includes basic igneous rocks, chiefly of volcanic
origin, that are considerably altered at most places. These rocks
are probably of general occurrence in association with the Triassic
sedimentary formations of the west coast of Cook Inlet, but only
those in the vicinity of Iliamna Bay and Ursus Cove have been
described in detail.

The greenstone on Cottonwood Bay is in contact with slate, which
apparently rests upon the greenstone. The slate is nevertheless
believed to be older than the greenstone, as it is more metamor-
phosed, and the local attitude of the rocks is probably due to a
fault or an overturned fold.

2 Martin, G. C., and Katz, F. J., A geologic reconnaissance of the Iliamna region,
Alaska: U. S. Geol. Survey Bull. 485, pp. 38-41, 1912,
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The contacts of greenstone and granite were seen at many places
on Iliamna and Cottonwood Bays, where it is clearly evident that
the contacts are intrusive, the granite being the younger. The
granite 1s probably of Lower Jurassic ag/e, so the greenstone 1s
probably Triassic or older.

The sedimentary Upper Triassic rocks of Ursus Cove, which are
described on pages 52-54, contain much associated igneous material,
some of which closely resembles the greenstone on Cottonwood Bay.
This igneous material is most abundant in the lower part of the
Ursus Cove section, the relations suggesting that the Upper Triassic
sediments grade downward into the greenstone and that the latter
possibly belongs within the Triassic.

The greenstone of the west coast of Cook Inlet seems to corre-
spond in position, at least approximately, with the Nikolai green-
stone of the Chitina Valley. The local section differs, however,
from the section in the Chitina Valley, in that the greenstone of
Cook Inlet is apparently overlain by chert beds, whereas the Nikolai
greenstone is directly overlain by a massive limestone. This ap-
parent difference may, however, be due to structural disturbances.
The greenstone of this district resembles the ellipsoidal lava or
greenstone of Seldovia Bay, which is described on pages 4547, and
which, like the greenstone of this district, is underlain by slaty
rocks and apparently overlain by contorted chert.

LIMESTONE

Historical review—The Upper Triassic limestone of the west
coast of Cook Inlet forms part of the Upper Triassic rocks of
Cook Inlet as described by Stanton and Martin.!* It includes
the Upper Triassic limestone of Iliamna Bay, described by Martin
and Katz,* and also probably includes at least part of the limestone
tentatively referred to the Kamishak chert by the same authors.?®
A brief description and discussion of the age and correlation of this-
limestone has been published.*®

Stratigraphic description—The Upper Triassic limestone of the
west coast of Cook Inlet is best exposed on the south shore of Ili-
amna Bay and probably occurs also on Bruin Bay and Ursus Cove.
The limestone on Iliamna Bay occurs in a belt about a mile wide
but is so complexly folded that no estimate of its thickness can be

13 Stanton, T. W., and Martin, G. C.,, Mesozoic section on Cook Inlet and Alaska
Peninsula : Geol. Soc. America Bull., vol. 16, p. 396, 1905.

i Martin, G. C, and Katz, F. J., A geologic reconnaissance of the Iliamna region,
Alaska : U. 8. Geol. Survey Bull, 485, pp. 41, 43, 44, 45, 46, pl. 2, 1912,

18 Idem, pp. 4748.

16 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull., vol. 27, pp. 697~
698, 1916. )



TRIASSIC, WEST COAST OF COOK INLET 53

made. The associated rocks consist of amygdaloidal basaltic tuff,
probably of Lower Jurassic age, on the west side and granitic in-
trusives, younger than the limestone, on the east. The structural
relations of the tuff to the limestone have not been determined. The
granitic rocks are believed to be late Lower Jurassic or Middle
Jurassic and are intrusive into the limestone.

The limestone beds on the north shore of Ursus Cove and on the
south shore of Bruin Bay are intimately associated with the Kami-
shak chiert and have previously been tentatively assigned” to that
formation. They are discussed here because of their lithologic char-
acter and because their fauna apparently indicates a lower horizon
than that of the Pseudomonotis-bearing beds in the upper part of
the Kamishak chert.

" The Upper Triassic rocks of Bruin Bay are described in T. W.
Stanton’s unpublished field notes as follows:

About a mile within the entrance to the bay a peninsula on the south shore
projects half a mile or more into the bay. On the west side of this peninsula
there are exposures of a considerable thickness of contorted light-gray and
banded chert, cherty limestone, and shale cut by several dikes of greenish
igneous rock. In the cherty limestone a few fossils were found that seem to
be a small slender Gryphaea (3094). This cherty limestone is identical in ap-
pearance with that which occurs on the left at the entrance to Seldovia Bay.
I think it is Triassic and probably underlies the Halobia and Pseudomonotis
bearing shale. The limestone of 3094 is essentially a part of the banded cherty
series and is not separable from it.

Farther around at the northeast angle of the peninsula there are beautiful
exposures of folded and faulted cherty and slaty beds banded in black and
white so that the structure is very prominent. The most striking feature is
a steeply dipping sharp anticline with small faults and many narrow dikes of
greenish igneous rock. A short distance south of these contorted beds and in
the same -continuous exposure the highly inclined black slaty beds yielded a
few distorted specimens of a small Halobia (3091). These dark and banded
Triassic beds in various portions are continuously exposed along the east side
of the peninsula to the Indian hut about a quarter of a mile north of the south

end of the narrow neck of the peninsula.

It is by no means certain that the limestone beds here described all
represent the same horizon. The doubt concerning their identity and
position is well shown by the various assignments that have been
given to them in the previous descriptions. This doubt probably
can not be removed without further field evidence.

The limestone of Iliamna Bay constitutes a formation that is ob-
viously distinet from the Kamishak chert, although the two forma-
tions have not been seen in contact. The limestone of Bruin Bay is
described above, in Stanton’s field notes, as probably underlying the

17 Martin, G. C.,, and Katz, F. J, A geologic reconnaissance of the Iliamna region,
Alaska : U. S. Geol. Survey Bull. 485, pp. 41, 47-48, 1912,

49448—26—75
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Halobia and Pseudomonotis bearing shale, but it is not certain
whether the statement that they are “ not separable ” implied a belief
in close stratigraphic relationship or a doubt concerning the feasibil-
ity of deciphering the structure. It is doubtful whether the fossils
of lot 8091 should be referred to this limestone, for they are de-
scribed as having been obtained from “black slaty beds.” These
beds are, however, obviously older than the Pseudomonotis-bearing
beds that are described on pages 55-56 as the upper member of the
Kamishak chert. It is possible that these specimens of Halobia
were obtained from the typical lower member of the Kamishak
chert, which otherwise has possibly not yielded any fossils. The
limestone bed on Ursus Cove, from which the fossils of lot 3 were
obtained, has previously been regarded as a member of the Kamishak
chert and may belong in that formation.

Age and correlation—The Upper Triassic limestone of the west
coast of Cook Inlet has been observed only at places of complex
structure and generally in close association with the Kamishak chert.
Its exact relations to that formation are somewhat doubtful, but it
is believed to underlie the chert. It probably contains a species of
Halobia which resembles the Alaskan species that is usually com-
pared with Halobia superba Mojsisovics, and which may indicate
that the limestone corresponds in general position with the Chitistone
limestone and is of Karnic age. The following fossils have been
collected :

Fossils from Upper Triassic limestone of west coast of Cook Inlet o

2 3 | 3001 | 3094

ThecoSmMYla? . .o e ce e mmem e ane
Cora (indeterminate). .. -cecoococcaaamaacana.
Halobia cf. H. superba Mojsisovics
Halobia?..

6 g, Identified by George H. Girty; b, identified by T. W. Stanton.

2. South shore of Iliamna Bay, 1.1 miles S. 75° W. of west end of White
Gull Island. G. C. Martin, 1909.

3. North shore of Ursus Cove, at mouth of creek that heads near Cotton-
wood Bay. G. C. Martin, 1909,

3091. South shore of Bruin Bay, on east side of peninsula 1 mile msuie
entrance to bay. Black slaty beds. T. W. Stanton, 1904.

3094. South shore of Bruin Bay, on west side of peninsula 1 mile 1nside
entrance to bay. Altered limestone. T. W. Stanton, 1904.



TRIASSIC, WEST COAST OF COOK INLET - 55

KAMISHAK CHERT

Historical review.~The Kamishak chert constitutes part of the
Upper Triassic rocks of the west coast of Cook Inlet as described
by Stanton and Martin.*®* This description, although nominally
including all the Upper Triassic rocks of Cook Inlet and Alaska
Peninsula, was based chiefly upon the occurrence of the Kamishak
chert on Ursus Cove and Bruin Bay. '

The Kamishak chert was named by Martin and Katz,*® who de-
scribed all the observed occurrrences on Cook Inlet and mapped its
known distribution. Their description includes some of -the lime-
stone beds which are believed by the writer probably to belong in
an older formation. (See pp. 52-54.) The reference of these lime-
stone beds to the Kamishak chert was stated,* however, to be purely
tentative. A description and discussion of the age and correlation
of the Kamishak chert ?* has been published.

Stratigraphic description.—The Kamishak chert, which is typlca,lly
exposed on the west shore of Kamishak Bay, crops out in a more or
less continuous belt parallel to the west shore of Cook Inlet from
Iliamna Bay to the vicinity of Bruin Bay.  The most char-
acteristic exposures of the formation are on the north shore of
Ursus Cove, where the section includes 2,000 feet or more of dark
chert occurring in fairly massive strata interbedded with thinner
layers of shale, sandstone, and limestone. In the lower part of the
section there is considerable igneous material, probably partly in-
trusive, and also some limestone. The limestone has hitherto 22
been tentatively included in this formation but is now assigned to the
limestone described on pages 52-54. The following description,
which was taken from Stanton’s unpublished field notes, applies to
the upper part of the section exposed on Ursus Cove:

These beds are much disturbed and in some places highly contorted, con-
sisting of dark-colored, somewhat calcareous shale, banded chert, more dark
shale, thin beds of altered limestone, and several hundred feet of greenish
and brownish rocks that appear to be intrusive, as along the contact they in-
clude masses of the altered shale, chert, etc. There are also small dikes cut-
ting the sediments. A

Pseudomonotis was collected in the highest shale exposed near the beach
at the entrance to the cove (locality 3086), though there are apparently strati-
graphically higher beds exposed near the top of the high hill.

The total thickness of Triassic rocks exposed is probably not less than 1,000
feet, including the intrusive masses. Of the sediments less than half may

18 Stanton, T. W., and Martin, G. C., Mesozoic section on Cook Inlet and Alaska Penin-
sula : Geol. Soc. America Bull,, vol, 16, pp. 393-396, 1905.

1 Martin, G. C., and Katz, F., J., A geologic reconnaissance of the Iliamna region,
Alaska: U. 8. Geol. Survey Bull, 485, pp. 47-50, pl. 2, 1912.

20 Idem, pp. 47-48.

& Martin, G. C., Triasslc rocks of Alaska: Geol. Soc. America. Bull,, vol. 27, pp. 697—
698, 1916.

2 Martin, G. C, and Katz, ‘F. J., op. cit.,, p. 48.
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be described as calcareous shale containing Pseudomonotis subcircularis (Gabb)
and the rest are light-colored chert. Some of the banded chert and associated
igneous rocks and limestone are very suggestive of the older series at Seldovia,
though nol: quite so much altered.

The exposures on Bruin Bay also consist largely of chert, much
of which is thin bedded and crumpled. Limestone is present at this
locality also, but it possibly belongs to the older formation described
on pages 52-54, rather than to the Kamishak chert.

The Kamishak chert consists of banded chert, calcareous shale, and
thin limestone in the upper part, grading downward into more mas-
sive beds of dark chert. The total thickness is at least 1,000 feet
and probably exceeds 2,000 feet. The upper shaly and calcareous
part of the formation contains Pseudomonotis subcircularis (Gabb),
but the lower, more massive chert has thus far yielded no fossils.

Age and correlation.—The fossils represented in the accompany-
ing table were obtained from beds included in the uppermost 1,000
feet of the Kamishak chert as exposed on Ursus Cove. The fos-
siliferous beds, according to Stanton’s description, as given on page
55, consist largely of calcareous shale. The shale is interstratified
with chert beds and is underlain, with apparent conformity, by
many hundred feet of massive beds of chert that constitute, litho-
logically, the most characteristic part of the formation. These chert
beds have not thus far yielded any fossils, and consequently it is
not safe to assume, as the writer has previously done,? that the
Kamishak chert is characterized by Pseudomonotis subcircularis
(Gabb). This species is characteristic of the uppermost shaly and
calcareous members of the Kamishak chert as that formation was
originally defined and shows that these beds are the equivalent of
at least part of the McCarthy formation of the Chitina Valley and
are probably of Noric age. There is still considerable doubt, how-
ever, concerning the exact age and correlation of the lower and
more cherty members of the Kamishak chert. There is a strong
presumption in favor of correlating them with the chert of the
Chitina Valley, which is described on pages 25-26. That chert, how-
ever, is likewise of somewhat doubtful age and position, although
it apparently belongs near the base of the McCarthy formation and
is closely associated with, even though it. may not include, beds
carrying Pseudomonotis. Chert similar to these occurs on the east
coast of Cook Inlet (see pp. 47—49) where it has yielded no char-
acteristic fossils and has very doubtful relations to the associated
Triassic rocks. Similar chert occurs also on the Alaska Peninsula
(see pp. 60-61) where it has yielded no fossils but underlies shale
and limestone containing Pseudomonotis subcircularis (Gabb).

28 Martin, G. C., The western part of Kenai Peninsula: U. S. Geol. Survey Bull. 587,
~ pp. 59, 62, 1915.
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Each of the localities listed below yielded Pseudomonotis subcir-
cularis (Gabb), and 3089 also Arca. These fossils were identified
by T. W. Stanton.

3086. North shore of Ursus Cove near entrance. T. W. Stanton, 1904.

3088. North shore of Ursus Cove 114 miles west of entrance. T. W. Stanton,
1904.

3089. North shore of Ursus Cove 2 miles west of entrance. T. W. Stanton,
1904.

ILIAMNA LAKE

The Triassic rocks of Iliamna Lake and its tributaries include
Upper Triassic limestone on the north shore of the lake, limestone of
presumably the same age in the mountains east of the lake, and
greenstone at several localities on the shores of both Iliamna and
Clark Lakes, at least part of which is probably Triassic.

GREENSTONE

The greenstone of Iliamna and Clark Lakes, as described by Mar-
tin and Katz,* occurs in six areas of more or less altered and partly
schistose ferromagnesian rocks, chiefly of volcanic origin but prob-
ably including intrusive masses as well as lava and tuff. The evi-
dence concerning the age of these rocks is not strong, and there is
considerable uncertainty both in their assignment to the Triassic and
in the assumption that they are all of the same age. The reasons for
referring them to the Triassic are their general similarity to the sup-
posed Triassic greenstones of other areas, their intrusion by granite
rocks that are presumably Middle or Lower Jurassic, and the local
absence of the Paleozoic sedimentary formations that are agsociated
with the Paleozoic greenstones elsewhere in Alaska.

LIMESTONE

Historical review—Fossiliferous Upper Triassic limestone is
known in a small area on the north shore of Iliamna Lake, and lime-
stone of probably the same age is present in the hills east of the lake.
These occurrences have been described in detail by Martin and Katz,*
who referred the limestone on the shore of the lake to the Upper
Triassic on the basis of statements regarding the character of the
fossils, furnished by G. H. Girty and J. P. Smith, which were
quoted in the description cited. A brief account of this fauna, with

* Martin, G. €., and Katz, F. J., A geologic reconnaissance of the Iliamna region,
Alaska : U. 8. Geol. Survey Bull. 485, pp. 38—41, 1912,
% Idem, pp. 41-47.
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a discussion of its age and significance, has been given by Smith.2¢
Martin ¥ has discussed the age and correlation of this limestone.

Stratigraphic description.—The limestone on the north shore of
Iliamna Lake is exposed in the cliffs about 8 miles west of the mouth
of Chekok River, or just east of Millet’s copper prospects, which are
on the western edge of the limestone. The limestone belt is about
two-thirds of a mile wide and extends from the lake shore north- -
ward over the first ridge and down to the edge of the alluvium-
floored valley beyond. The thickness of the limestone has not been
measured, but is at least several hundred feet.

The stratigraphic relations of the limestone to the ne1ghbormg
rocks are obscure and offer little aid in determining its position.
The adjacent rocks south of the limestone are tuffs, which have at
their base, resting discordantly across the beveled edges of the lime-
stone, a bed of volcanic breccia consisting of angular fragments of
limestone in a matrix of volcanic glass. This is regarded as the local
base of a series of volcanic beds of Tertiary age. The rocks in con-
tact with the limestone on the east and west sides are basic igneous
masses, which have been tentatively correlated on lithologic evi-
dence with other volcanic rocks that are believed to be Lower
Jurassic. The relations of the limestone to these supposed Jurassic
volcanic rocks have not been determined.

The limestone east of Iliamna Lake, which has yielded no fossils,
is in contact with schist of unknown age and with basic igneous
masses, in part tuffaceous, now altered to greenstone. This green-
stone is certainly older than the Lower or Middle Jurassic granite,
which is intrusive into it, and consequently is probably Triassic or
older. {See p. 57.) The greenstone appears to be younger than
the limestone, although the exact relations have not been positively
established. The doubtful point is whether certain rocks that are
known to be intrusive into the limestone are an integral part of the
main greenstone mass or are younger. Upon this point depends the
determination of the age of the limestone. If the greenstone as a
whole is younger than the limestone, then the limestone is pre-
Triassic. If, however, the basic rocks that cut the limestone are not
part of the main greenstone mass, then there is no local proof as to
the relative age of the limestone and greenstone, and they can be
correlated, as the lithologic evidence seems to warrant, with the simi-
lar rocks on Iliamna Lake. This interpretation is accordingly
adopted, even though it can not be regarded as positively established.

28 Smith, J. P., The occurrence of coral reefs in the Triassic of North America: Am.
Jour, Sci., 4th ser., vol. 33, pp. 92-96, 1912,

27 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull.,, vol. 27, pp. 700,
709, 1916.
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Age and correlation.—The limestone is of interest because it has
yielded a fauna of different type from any found elsewhere in
Alaska. The only fossils obtained from this limestone were col-
lected at a single locality on the north shore of Iliamna Lake, 3
miles west of the mouth of Chekok River. This collection was re-
ferred to George H. Girty, who determined the fossils to be of
Triassic age and described them ™ as follows:

The dominant types of this fauna are the corals, to which I shall refer
later. There are in addition an echinoid spine, a large number of fragmen-
tary and ill-preserved pelecypods, a smaller number of gastropods, which are"
likewise and for the same reason undeterminable, and two species of brachio-
pods. There are evidently several types among the gastropods and also among
the pelecypods. One of the latter is marked by radiating ribs and has the gen-
eral appearance of Pecten, Lima, Pseudomonotis, etc. There may be two species
of this sort. Omne of the brachiopods, represented by several fragments, is
probably a terebratuloid, but its generic affinities are doubtful. The other
species is fairly abundant, and it is provisionally referred to Bittnerula. This
is a rather small plicated shell with ribs also on the fold and sinus. The
ventral valve is high and conical, with a high area marked by longitudinal
striae, which give the hinge a crenulated appearance. - The shell substance
is punctate. ¥ragments of the spiral arms can be seen on the inside. There
are also short dental plates which converge and unite with the septum, as in
Cyrtina and Bittnerula. All the Cyrtinas have a simple fold and sinus.

* * * * * * *

A comparison of the corals with those described by Frech® from the
Alpine Trias reveals a striking resemblance between the Alaskan forms and
those from the Alps. This is true of the astraeid corals and is especially
significant in the case of the spongiomorphine and tubularian forms. In
view, therefore, of the fact that this fauna is completely unlike not only any
Paleozoic faunas known from Alaska but any known from North America,
and that the corals are in the main of types unknown in the Paleozoic and
show on the contrary marked affinities with Triassic corals, I am strongly of
the opinion that the geologic age of this fauna is Triassic, in spite of the fact
that it is unlike any of the known Triassic faunas of Alaska. If this opinion
is correct, the occurrence in Alaska of this coral fauna of the Alpine Trias,
and especially the development there of the singular group of spongiomorphine
corals, is new and important. .

This collection was subsequently referred to J. P. Smith, who
submitted the following preliminary discussion:®°

The coral fauna is certainly Upper Triassic, of the lower Noric horizon.
The species are closely allied to the Zlambach coral fauna of the Fischer-
wiese locality in the Alps, which is the best Noric coral fauna known. Some
of the species are probably identical with forms I have collected in the Upper
Triassie, Noric horizon, of Shasta County, Calif, and are represented by
kindred forms in the Blue Mountains of Oregon.

B Girty, G. H,, cited by Martin, G. C., and Katz, F. J., op. cit.,, p. 45,

2 Frech, Fritz, Die Korallenfauna der Trias: Palaeontographica, vol. 37, pp. 1-116,
ple. 1-21, 1890.

® Smith, J. P., cited by Martin, G. C., and Katz, F. J., op. cit., pp. 45-46.
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These forms will have to be sectioned and studied with the microscope
- before positive identifications can be made, but the forms capable of more
definite determination, and their probable affinities, are listed below:

Preliminary list of fossils from the limestone on Iliamna Lake

Thecosmilia cf. fenestrata Reuss (also in Shasta County, Calif.).

Isastraea cf. profunda Reuss (also in Shasta County, Calif.).

Phyllocoenia cf, incrassata Frech. '

Phyllocoenia cf. decussata Reuss.

Stylophyllopsis cf. mojsvari Frech (also in Shasta County).

Astrocoenia cf. waltheri Frech (probably same as in the Noric of
Nevada).

Stylophyllopsis cf. zitteli Frech.

Heterastridium sp.? (probably the same as in Oregon).

Spongiomorpha sp.? (probably the same as in Oregon).

A slightly different list of fossils from this locality has been
published by Smith,** who pointed out that these corals are reef
builders and are related to forms that now live only in warm water.

Professor Smith correlated this fauna with that of the coral reef
zone in the Upper Triassic of Shasta County, Calif., and of Baker
County, Oreg. In Shasta County this fauna occurs at the base of
the beds that have been correlated with the Noric of Europe.?? Its
position, relative to that of the other Triassic faunas that have been
recognized in Alaska is below the beds containing Pseudomonotis
subcircularis, which belong at the top of the Noric, and above the
beds containing Halobia cf. H. superba, which belong in the Karnic.
This fauna may be present, although it has not been recognized, in
the upper part of the Chitistone limestone or in the Nizina limestone
of the Chitina Valley, or possibly it occurs in beds that have been
cut out by an unconformity (see p. 124) at the base of the McCarthy
formation. The fauna may also be present on Gravina Island
(p. 70), in the Chulitna Valley (p. 45), and on the west coast of
Cook Inlet (p. 54).

ALASKA PENINSULA

The Upper Triassic rocks of the Alaska Peninsula, which are
known only on Cold and Alinchak bays, include limestone and shale,
700 feet or more in thickness, containing Pseudomonotis subcircu-
laris (Gabb), underlain by contorted chert in which no fossils have
been obtained. The chert is underlain by basic igneous rocks, and
the Pseudomonotis-bearing beds are overlain by shale that may be
either Triassic or Jurassic.

8 Smith, J. P., The occurrence of coral reefs in the Triassic of North Ameriga: Am,
Jour. Sci., 4th ser., vol. 23, pp. 92-96, 1912.
82 Jdem, p. 93.

&
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GREENSTONE

The presence of Triassic (%) greenstone beneath the Upper Trias-
sic sedimentary rocks of the Alaska Peninsula is suggested by the
presence on Alinchak Bay®® of basic igneous rocks that apparently
underlie the contorted chert beneath the shale and limestone that

contain Pseudomonotis.
CHERT

Contorted chert that resembles the Triassic chert of Cook Inlet
is exposed on Alinchak Bay?® and on some of the islands in its
mouth. The chert yielded no fossils, but its Upper Triassic age is
indicated by the fact that it is apparently underlain by the basic
igneous rocks described above and overlain by shale and limestone
carrying Pseudomonotis subcircularis. (See pp. 61-64.)

SHALE AND LIMESTONE OF COLD AND ALINCHAK BAYS

Historical review—Triassic rocks crop out in the Alaska Penin-
sula, as far as is now known, only in an area extending along the
south coast from Cold Bay to Alinchak Bay. The Triassic rocks of
this area were discovered by Pinart,*® who collected fossils at Cape
Kekurnoi (“ Nounakalkhak ), whlch is at the southeast entrance to
Cold Bay. A brief account™ of the fossils collected by Pinart was
given by Fischer, who afterward republished the same description
with illustrations.®” The Triassic fossils from this locality, accord-
ing to Fischer, consist of a single species, which he described as
Monotis salinaria Bronn but which has more recently been consid-
ered as being Pseudomonotis subcircularis (Gabb) or Pseudomonotis
ochotica (Keyserling). The occurrence of Triassic fossils at this
locality has been referred to briefly by Teller,*® who pointed out that
they represented a species of Pseudomonotis related to Pseudomo-
notis ochotica (Keyserling). Mojsisovics *® enumerated this as one of
the known occurrences in what he described as the “Arctic-Pacific
Trias province.” The occurrence of Triassic rocks at this locality was

38 Martin, G. C., Preliminary report on petroleum in Alaska: U. S. Geol. Survey Bull.
719, p. 58, 1921,

3 Tdem, p. 58.

3% Pinart, A. L., Voyage 4 la cote nord-ouest d’Amérique d’Ounalashka 4 Kadiak: Soc.
géog. (Paris) Bul] 6th ser., vol. 6, pp. 561-580, 1873.

38 Fischer, P., Sur quelques fossiles de 1’Alaska, rapportés par. M, A. Pinart: Compt.
Rend., vol. 75, pp. 17841786, 1872.

*7 Figcher, P., Sur quelques fossiles de I’Alaska: Voyages & la cOte nord-ouest de
YAmérique, pt. 1, pp. 33-36, pl. A, 1875.

8 Teller, Friedrich, Die Pelecypod-Fauna von Werchojansk in Ostsibexden:.Acad. imp.
sci. St.-Petersbourg Mém., 7th ser., vol. 33, No. 6, pp. 110, 113, 115, 1886.

® Mojsisovics, Edmund von, Arktische Triasfaunen: Acad. imp. sci. St. Petersbourg
Mém., 7th ser. vol. 33, No. 6, p. 147, 1886.

49448—26——6
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mentloned briefly by Dall*® and by Martin.#* The Triassic fauna of
Cold Bay has been discussed by Frech % who reexamined the fossils
collected by Pinart and identified them as including both the typical
form of Pseudomonotis ockotica (Keyserling) and also Pseudomo-
notis ochotica var. sparicostata Teller, the latter being figured. All
the accounts mentioned above were based upon the field observatlons
and the collections of Pinart.

The Triassic outcrops on Cold and Alinchak Bays were examined
in 1904 by Stanton and Martin, who briefly described them.*® Their
description, however, applies to this occurrence only in a general
way, being based chiefly upon the Cook Inlet exposures. This de-
scription was repeated by Atwood # in his summary of the geology
of the Alaska Peninsula. A more complete description, based chiefly
on unpublished information obtained by Stanton and Martin in 1904,
has recently been published.** Additional information, obtained by
investigations made in 1921 and 1922, has been given by Capps*® and
by Smith and Baker.*

Stratigraphic description—Triassic rocks form the northeast
shore of Cold Bay for at least half a mile inside Cape Kekurnoi and
probably extend continuously northeastward along the shore of
Shelikof Strait to Alinchak Bay, where they crop out for at least
a quarter of a mile along the southwest shore of the bay and on some
of the islands in its mouth.

The exposures at Cape Kekurnoi consist of crumpled limestone
and calcareous shale cut by dikes and sills of basalt. Within the bay
the dlp becomes uniformly westward at angles of about 20°, the cliffs
exposing a thickness of about 700 feet of limestone and shale simi-
lar to those at the cape. Fossils consisting exclusively of Pseudo-
monotis subcircularis (Gabb) are distributed through the upper half
of the strata and were collected at several localities (3107) from a
quarter to half a mile northwest of the cape. Similar calcareous beds
about 100 feet above the highest noted occurrence of Pseudomonotis
yielded a small collection (3108) of ammonites. A gradual change

4 Dall, W. H.,, Report on coal and lignite of Alaska: U. S, Geol. Survey Seventeenth
Ann. Rept,, pt. 1, pp. 865-866, 870, 1896,

4 Martin, G. C., The petroleum flelds of Alaska, with an account of the Bering River
coal deposits: U. 8. Geol. Survey Bull. 250, p. 51, 1905.

4 Frech, Fritz, Die zircumpacifische Trias: Léthaea geognostica, Teil 2, Das Mesozoi-
cum ; Band 1, Trias, p. 489, pl. 68, figs. 3a, b, 1908.

43 Stanton, T. W., and Martin, G. C., Mesozoic section on Cook Inlet and Alaska Penin-
sula: Geol. Soc. America Bull,, vol. 16, pp. 393-396, 1905,

4 Atwood, W. W., Geology and mineral resources of parts of the Alaska Peninsula:
U. S. Geol. Survey Bull. 467, pp. 30-31, 1911.

46 Martin, G. C., Preliminary report on petroleum in Alaska: U. S. Geol. Survey Bull,
719, pp. 57-58, 1921.

4 Capps, S. R.,, The Cold Bay district: U. 8. Geol. Survey Bull, 739, pp. 91, 92-98,
1923.

47 Smith, W. R., and Baker, A. A., The Cold Bay-Chignik district: U. S. Geol. Survey
Buil, 755, pp. 171-172, 1924,
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in the lithologic character of the beds, the rocks becoming less cal-
careous, begins a short distance northwest of and stratigraphically
above this locality. The beginning of this change is regarded as
marking the top of the undoubted Triassic rocks. The overlying
beds may also belong partly or wholly in the Triassic, but as there
are reasons for believing that they may be at-least in part Jurassic,
and as there is no evidence of a break within them, they will be dis-
cussed with the Jurassic rocks on pa'ge 183.

The rocks exposed on Alinchak Bay, named in order of age, are
basic igneous rocks, contorted chert, and shale and limestone that
contain Pseudomonotis (3129). The beds that yield Pseudomonotis
crop out for about 500 feet along the shore. They differ in dip from
place to place, but they are nearly everywhere steeply inclined and
at some places reach an angle of 45°. The next exposures are a
quarter of a mile farther up the shore and consist of Jurassic or
possibly Triassic rocks. (See p. 184.) -

Some additional information was given by Capps* in the follow-
ing description:, _

This formation includes a thickness estimated as well over 1,000 feet of
hard, dense thin-bedded limestone and limy shale, cut by dikes and sills of
basalt. There is evidence that some of the bodies of basalt are lava flows in-
terbedded with the sediments, but this was not proved conclusively. Near Cape
Kekurnoi the beds are locally much distorted and folded in several directions,
and the included basaltic intrusives are metamorphosed and reticulated with
a network of calcite veinlets. Farther northwest, along the shores of Cold
Bay, the structure is less intricate, and the beds have a general northeasterly
strike and dip 10°-20° NW. Calcite veinlets are abundant in the limestone.

Many layers of the limestone abound in fossil shells which consist almost
exclusively of the single form Pseudomonotis. * * *

In proceeding northwestward along the shore of Cold Bay, and so “getting
higher in the stratigraphic section and above the Pseudomonotis-bearing beds,
the observer notes that the zone of limestone and calcareous shale gradually
gives place to less calcareous and more sandy beds, and some distance farther
northwest the sandy beds contain fossils of Jurassic age. The Upper Triassic
beds are therefore considered to end at the point where the sandy phase begins
to appear, but there is apparently perfect conformity -between the Triassic
and Jurassic beds, the transition having been marked by continuous deposi-
tion but a gradual change in the character of the material deposited.

Age and. correlation.—The known fauna of the Upper Triassic
rocks of Alaska Peninsula consists practically of a single species,
Pseudomonotis subcircularis (Gabb), which may be the same as
Pseudomonotis ochotica (Keyserling), of the Triassic rocks of
Europe and Asia. This species is characteristic of at least part of
the McCarthy formation of the Chitina Valley and has been recog-
nized at many other localities in Alaska. It indicates a horizon

4 Capps, 8. R., op. cit., pp. 92-93.
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corresponding to the uppermost Triassic of California and to the
Noric of Europe. ’

This species has been found on the Alaska Peninsula only in lime-
stone and shale, which are underlain, on Alinchak Bay, by contorted
chert in which no fossils have thus far been found. The strati-
graphic conditions are possibly similar to those on the west coast of
Cook Inlet, where this same species is abundant in the uppermost
shaly and calcareous members of the beds that have been referred
to the Kamishak chert, but not in the more massive chert beds below.

Upper Triassic fossils from Alaske Peninsula ¢

3107 | 3108 { 3129 {10821

Stoliczkaria cf. 8. granulata (Stoliczka)_. ... . .. X
Pseudomonotis subcircularis (Gabb) . o ..o X feeoens X X
Ammonites (undetermined). ... iiiiiaaias X feecce]emeaa

o Identified by T. W. Stanton.

3107. Northeast shore of Cold Bay, one-fourth to one-half mile northwest of
Cape Kekurnoi. TUpper half of 700 feet of limestone and calecareous shale.
T. W. Stanton, 1904.

3108. Northeast shore of Cold Bay, about half a mile northwest of Cape
Kekurnoi, Calcareous beds about 100 feet above 3107. T. W. Stanton, 1904.

3129. West shore of Alinchak Bay. Shale and limestone overlying contorted
chert. Lawrence Martin, 1904.

10821(1-128). North shore of Cold Bay, half a mile northwest of mouth of
bay. 8. R. Capps, 1921,

KODIAK ISLAND

CHERT AND LAVA

Some chert and lava that are probably Triassic crop out on the
southwest coast of Kodiak Island just west of Uyak. They have
never been described, except for brief mention in descriptions of the
associated schist by Martin # and by Maddren.5

The supposed Triassic rocks of Kodiak Island include contorted
chert and ellipsoidal lava, which are identical in character with
the chert and lava of Seldovia, described on pages 45-49. They
resemble the rocks at Seldovia in that the chert and lava are inti-
mately but obscurely associated with each other, and also in occurring
between a belt of quartzitic schist, crystalline limestone, and chlo-
ritic schist and a belt of slate and graywacke.®* The chert at Uyak
has yielded no fossils but can nevertheless be confidently correlated

4 Martin, G. C., Mineral deposits of Kodiak and the neighboring islands: U. S. Geol.
Survey Bull, 542, p. 128, 1913. )

5 Maddren, A. G., The beach placers of the west coast of Kodiak Island: U. 8. Geol.
Survey Bull. 692, p. 301, 1919.

st Martin, G, C., The western part of Kenai Peninsula: U. S. Geol. Survey Bull. 587-
pp. 44, 60-63, pl. 3, 1915,
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with that at Seldovia on the basis of the striking similarity in
lithologic character and sequence. :

SOUTHEASTERN ALASKA
GENERAL FEATURES

Upper Triassic rocks occur in several small widely distributed
areas in southeastern Alaska. They have been recognized at the
south end of Gravina Island; possibly on Prince of Wales, Annette,
and Revillagigedo Islands; on the Screen Islands; at Hamilton Bay
and other neighboring localities on Kupreanof and Kuiu Islands
and Keku Islets, near the north end of Keku Strait; at several locali-
ties on the southeast shore at Admiralty Island; and near Juneau.
At most of these localities the Triassic rocks consist largely of lime-
stone that occurs in close geographic and structural association with
Carboniferous and Devonian limestones. As these Paleozoic lime-
stones are widely distributed in southeastern Alaska, as most of their
known occurrences are at localities where the structure is complex
and the available information is scanty, and as none of the known
occurrences of Triassic rocks were recognized in the earlier recon-
naissance surveys, it is possible that additional Triassic localities will
be found.

The Triassic rocks of southeastern Alaska consist chiefly of lime-
stone having a thickness of apparently only a few hundred feet. A
basal conglomerate has been recognized at several localities. The
underlying rocks are Permian, except on Gravina Island and at some
places on Keku Strait, where they are Devonian, and at Juneau,
where they are of unknown age. On Keku Strait the Triassic lime-
stone is underlain locally by ellipsoidal lava, which bears a close
resemblance to the lava that underlies the Upper Triassic limestone
at many other Alaskan localities. This lava probably overlies Per-
mian limestone. It is possible that much of the greenstone of south--
eastern Alaska belongs in this position.

The Triassic limestone of southeastern Alaska in general yields
faunas containing Halobia cf. H. superba Mojsisovics, and conse-
quently seems to correspond, at least approximately, in position to
the Chitistone limestone, although these faunas contain elements
which are not known in the Chitistone fauna and which may indicate
either a slightly different horizon or another facies of deposits of the
same age. For example, the fossils from Hamilton Bay, near the
north end of Keku Strait, include species related to Spiriferina
borealis Whiteaves and Trachyceras (Dawsonites) canadense
Whiteaves, which are elsewhere known only in the Triassic rocks of
Liard River, British Columbia, and of Bear Island, between Nor-
way and Spitzbergen, and which are believed to be slightly older
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than the Halobia-bearing beds. Some of the limestone on Keku
Strait also contains ammonites that are suggestive of the Middle
Triassic.

The Triassic rocks of the Juneau district contain Halobia cf. H.
superba, but differ from most of the other Halobia-bearing beds of
Alaska in consisting chiefly of volcanic material.

The Triassic rocks of Gravina Island, which contain only a small
proportion of limestone, consisting chiefly of conglomerate and shale,
carry a fauna that, although including a species of Halobia resem-
bling Halobia superba Mojsisovics, is of a somewhat different type
from the other recognized Alaskan Triassic faunas. The abundant
corals in some of the limestone beds on Gravina Island suggest the
Lower Noric coral fauna of Iliamna Lake.

It is only at Hamilton Bay and on Admiralty Island that Pseudo-
monotis subcircularis (Gabb), indicative of the boreal Upper Noric,
has been found. At Hamilton Bay, where the strata are overturned,
the Pseudomonotis zone is separated from the Halobia zone by a
conglomerate that suggests an unconformity corresponding to the
one for which the writer believes there is strong evidence at the base
of the Pseudomonotis zone in the western part of the Chitina Valley
and at Skolai Pass. The beds containing Pseudomonotis near Hamil-
ton Bay, according to Buddington, are intercalated with ellipsoidal
lava.

Other volcanic rocks at localities on Keku Strait near Hamilton
Bay are interbedded with limestone and calcareous sandstone that
contain a Triassic fauna of a very different type from any that has
been found elsewhere in America. The beds that contain this fauna
have not been found in contact with either the «Halobia-bearing or
the Pseudomonotis-bearing rocks. They might be correlated either
with the volcanic rocks that lie beneath the Halobia-bearing beds or
with the lava which Buddington believes is interstratified with the
Pseudomonotis-bearing beds. The evidence from the fossils is not
conclusive but is suggestive of a horizon near the top of the Triassic.

On Admiralty Island there is a contorted chert that is somewhat
similar to the Upper Triassic chert of Cook Inlet. It apparently
overlies the Triassic limestone, but has yielded no fossils and may
not be Triassic.

The top of the Triassic beds of southeastern Alaska has not been
recognized except on Gravina Island, where the Triassic rocks are
overlain by volcanic beds that are believed to be Lower or Middle
Jurassic, and at Juneau, where they are overlain by volcanic beds
that may also be Jurassic, but it is probably marked by a great un-
conformity, for the next younger sedimentary rocks known at most
places are Upper Jurassic or Lower Cretaceous.

AN



TRIASSIC, SOUTHEASTERN ALASKA 67
CONGLOMERATE, LIMESTONE, SANDSTONE, AND SLATE OF GRAVINA ISLAND

Historical review~—The rocks of Gravina Island that are now
known to be of Upper Triassic age were first described by Brooks,
who named them the “ Gravina series ” and at first referred them to
the Cretaceous, on the basis of a correlation with the somewhat simi-
lar rocks of the Queen Charlotte Islands. His later conclusion
was that “ on reviewing the evidence its identity with the Vancouver
series (Triassic) seems equally probable.”

These rocks were mapped by F. E. and C. W. nght % as “un-
differentiated Paleozoic” but were not described except in the state-
ment % that fossils, which were provisionally referred to the early
Carboniferous but which “may represent a Triassic horizon,” were
found in beds of calcareous schist. These authors also quoted a
statement prepared by G. H. Girty giving a list and discussion of
these fossils. Brief mention of the fossiliferous beds 3 miles north
of Dall Head has been made also by C. W. Wright,*® who mapped
these rocks as undifferentiated Paleozoic. -

These rocks were first referred definitely to the Triassic by Smith,
who collected fossils of undoubted Upper Triassic age and who de-
scribed the fossiliferous and associated beds in considerable detail.®
His account of these rocks includes detailed descriptions of the
exposures and lists of fossils determined by Stanton. The rocks on
the east coast of Gravina Island, described by Smith as Triassic,
include the conglomerate, graywacke, and slate that were subse-
quently referred to the Upper Jurassic or Lower Cretaceous.

A description of the Triassic rocks of Gravina Island by Martin >
includes brief mention of the lithology, fauna, and stratigraphic
relations of the beds, based in part on his own field observations and
in part on the description by Smith.

Some Triassic crinoids from the west coast of Gravina Island,
collected by the writer and Theodore Chapm, have been descrlbed
and figured by F. A. Bather.®®

& Brooks, A. H., Preliminary report on the Ketchikan mining district, Alaska, with
an introductory sketch of the geology of southeastern Alaska: U. 8. Geol. Survey Prof.
Paper 1, pp. 25, 40, 45, 52, 69, pl. 2, 1902,

68 Brooks, A. H., The geography and geology of Alaska: U. 8. Geol. Survey Prof., Paper
45, p. 226, 1906,

5 Wright, F. B, and C. W., The Ketchikan and Wrangell mining districts, Alaska:
U. S. Geol. Survey Bull. 347, pls. 1, 2, 1908.

8 Idem, pp. 52-53.

5 Wright, C. W., Geology and ore dgposits of Copper Mountain and Kasaan Peninsula,
Alaska : U. S. Geol. Survey Prof. Paper 87, p. 18, pl. 1, 1915,

& Smith, P. 8., Notes on the geology of Gravina Island, Alaska: U. 8. Geol. Survey,
Prof, Paper 95, pp. 100-104, 1915,

8 Martin, G, C., Triassic rocks of Alaska: Geol. Soc. America Bull, vol. 27, pp.
700-701, tables opp. pp. 687, 716, 1916.

% Bather, F. A, The Triassic crinoids from New Zealand collected by Dr. C. T.
Trechmann : Geol. Soc. London Quart. Jour., vol. 73, pp. 247-256, 1917.
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The description of the Triassic rocks of Gravina Island by
Chapin® includes discussions of the distribution and character,
structure, stratigraphic relations, origin, and age and correlation of
the rocks of Gravina Island that are here referred to the Triassic
and also of some more metamorphosed unfossiliferous rocks on
Revillagigedo Island which Chapin correlated with them on the basis
of lithologic similarity and structural relations. The account con-
tains lists of fossils identified by T. W. Stanton and J. B. Reeside.

Stratigraphic description.—The Mesozoic rocks of Gravina Island
include the Upper Triassic and Jurassic or Cretaceous beds repre-
sented in the following section:

Section of Mesozoic rocks on Qravina Island

Feet
Lower Cretaceous (?): Conglomerate, graywacke, and

black slate with Belemnites. 800
Upper Jurassic (?) : Slate and limestone interbedded with
tuff and containing Awucella____._ 1,200+
Lower or Middle Jurassie (?) : Breccia, tuff, and lava..___
Upper Triassic:
Black slate with thin beds of limestone and sandstone
and some conglomerate
Massive limestone - ___________
Black slate interbedded with some graywacke and
limestone.- - ——
‘Massive conglomerate with limestone lenses__________
Unconformity (Devonian limestone beneath).

1,600%

The Upper Triassic rocks of Gravina Island are underlain un-
conformably by Devonian limestone. They are overlain, with ap-
parent conformity according to Chapin,** but with probable uncon-
formity according to Smith,*? by the breccias, lava, and tuff which
the writer refers tentatively to the Lower or Middle Jurassic. The
breccia, lava, and tuff were referred by Smith ® to the Jurassic or
Cretaceous because of their lithologic resemblance to the supposed
Upper Jurassic or Lower Cretaceous augite melaphyre in the region
north of Juneau. They were referred by Chapin® to the Upper
Triassic and Jurassic because they grade upward with apparent
conformity into tuff interbedded with slate and limestone which
have yielded specimens of Awucella that are “ probably Upper Juras-
sic or possibly Lower Cretaceous” and because he regarded them as

8 Chapin, Theodore, The structure and stratigraphy of Gravina Island, Alaska U. S.
Geol., Survey Prof. Paper 120, pp. 89-95, 1918. [}

6 Chapin, Theodore, The structure and stratigraphy of Gravina and Revillagigedo
Islands, Alaska: U. S. Geol. Survey Prof. Paper 120, pp. 95, 96, 1918.

6 Smith, P. 8., Notes on the geology of Gravina Island, Alaska: U. S. Geol. Survey
Prof. Paper 95, pp. 104-105, 1915. .

6 Jdem, pp. 104-105.

6 Chapin, Theodore, op. cit., pp. 95~97.
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equivalent to the black slate and schistone tuff at Ketchikan, which
he correlated with the Upper Triassic slate and greenstone at Juneau.

The following description of the Upper Triassic rocks of Gravina
Island is chiefly quoted from the description by Chapin.®®

The Upper Triassic rocks on Gravina Island comprise a conformable series
of conglomerates, limestones, sandstones, and slates about 1,600 feet thick.
They are most typically exposed on the southwest coast of the island, where
they occupy a narrow belt that extends from a small cove opposite Dall Bay
northwestward for about 7 miles.

The Upper Triassic rocks fall naturally into three main divisions—one
composed essentially of conglomerate, one essentially of limestone, and one
of interbedded black slate, sandstone, conglomerate, and limestone. These
three conformable terranes are shown by fossils to be probably Upper Triassic.
Overlying the Upper Triassic sediments, with apparent conformity, are vol-
canic agglomerates, breccias, and lavas which are overlain by tuffs, slates,
and limestones containing fossils of Upper Jurassic or Lower Cretaceous age.

The exposed basal member of the series on Gravina Island is a coarse con-
glomerate that extends along the southwest coast of the island from Con-
glomerate Point northwestward to Open Bay and occupies three narrow strips
whose continuity is broken by Fivemile Cove, Thompson Cove, and Threemile
Cove. The conglomerate is a heavily bedded, massive rock. The boulders are
essentially of angular coarse-grained granite resembling the granite of Annette
Island, and the matrix is quartz-feldspar sand presumably derived from the
same source as the boulders. Intercalated with the coarse conglomerate are
thin beds of sandstone, which are composed of the same material as the matrix
of the conglomerate, and gradational beds of grits. Thin beds of fossiliferous
limestone and black slate with pronounced cleavage occur sparingly., The
conglomerate and intercalated sandstone beds are strongly indurated and
break with prominent fractures across the boulders.

On a small cove south of Threemile Cove 68 the conglomerate is finer grained
toward the top and passes upward into grits, sandstone, and slate which are
overlain by a large block of fossiliferous massive limestone. There has been
some movement along this contact, so that the relations are confused, but the
limestone is apparently above the conglomerate and sandstone., On Thompson
Cove the conformable relations of the limestones to the conglomerate, sand-
stone, and slate are more evident, although here also there has been some
faulting.

In the upper part of the conglomerate the beds are thinner and the material
is much finer grained and contains more sandstone, slate, and thin beds of
limestone, which are conformably overlain by the massive limestone.

The limestone varies in appearance from place to place. On Thompson Cove
and Open Bay it is a soft gray fossiliferous rock, corals being especially
abundant. On Threemile Cove it is more closely folded, is considerably
silicified, and weathers out brick red. The limestone here is less fossiliferous,
and the fossils are poorly preserved. The greater amount of deformation of
the limestones on Threemile Cove is probably the result of contact metamorph-

"ism induced by the intrusive rocks of Dall Head.

'~ The massive limestone is conformably overlain by a great thickness of
black slate with iutercalated beds of conglomerate, sandstone, and limestone.

% Chapin, Theodore, op. cit., p. 90. )
% Threemile Cove has appeared in the literature ay ‘““cove 3 miles north of Dall Head.”
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These beds crop out along the coast of Gravina Island for a distance of about
3 miles north of the limestone area and extend to the high hills of Dall Ridge
north of Dall Head. Similar rocks are exposed on Bostwick Inlet and Seal
Cove and extend northwestward in a belt from 2 to 3 miles wide to Vallenar
Bay and North Vallenar Point.

The dominant rocks of this series are black clay slates having a pronounced
cleavage. Intercalated with the slate are thin beds of quartz sandstone,
quartzite, and conglomerate sandstone. The limestone beds are not numerous
but are usually fossiliferous. The interbedded limestone layers are about 20
to 30 feet in thickness but appear to be lenticular.

The black slate and associated sediments are closely folded, especially on
Threemile Cove, where the beds are thrown into sharp contorted folds. The
beds on Vallenar Bay are much more regular and show none of the close
folding.

Age and correlation—~The Upper Triassic rocks of Gravina Island
have yielded the fossils listed in the following table. The complex
structure and the discontinuity of exposures make it impossible to
determine the precise sequence of all the fossil localities, but it is
believed that the localities are arranged in the table approximately
in stratigraphic sequence, the oldest at the left. The fossils. of lot
9899 were obtained from narrow bands of limestone interbedded
with the basal conglomerate. The massive limestone and the beds
between it and the basal conglomerate are believed to have yielded
lots 9535, 8832, 8831, 8830, 9531, and 9536. The thin-bedded lime-
stone and intercalated slate overlying the massive limestone prob-
ably yielded lots 8835, 8834, 8829, 9900, 10097, 112, 9537, 9538, 9524,
121, and 8836. The slate and limestone in the upper part of the
sequence are believed to have yielded lots 9532, 9533, 8704, 8705,
and 124.

The fossils are not well preserved and most of the collections, ex-
cept those containing Halobia cf. H. superba, are not characteristic
even of the Triassic. The fossils suggest, however, that two distinct
faunas may be present. The limestone members contain abundant
corals with a variety of other fossils, including crinoids, brachiopodls,
and mollusks, among which are no species, except the corals, that
have been recognized in any of the other Alaskan Triassic faunas.
The corals apparently belong to the Lower Noric fauna that is found
in the Triassic limestone of Iliamna Lake. (See pp. 59-60.) Con-
cerning the fossils in lot 9900 Reeside® said: “ These forms are

apparently of the Upper Triassic coral fauna referred by J. P.

Smith to the Noric.” Another collection which contains fossils that
are different from those in most of the Triassic rocks of Alaska,
although it includes some characteristic Triassic genera, is lot 8836,
concerning which Stanton® said: “This assemblage suggests the

¢ Reeside, J. B., cited by Chapin, Theodore, The structure and stratigraphy of Gravina
and Revillagigedo islands: U. 8. Geol. Survey Prof. Paper 120, p. 93, 1918,
6 Stanton, T. W., cited by Chapin, Theodore, idem, p. 94.

Bl
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fauna of the lower part of the Modin formation in California, which
was tentatively assigned to the Jurassic.”

The slate that apparently overlies the coral-bearing limestone con-
tains Halobia cf. H. superba Mojsisovics, which suggests an approxi-
mate correlation with the Chitistone limestone and indicates a lower
horizon than the coral fauna. It is possible that the Triassic rocks
of Gravina Island are inverted or that some of the species have a
different range in Alaska from that which has been recognized in
other regions.

Upper Triassic fossils from Gravina Island @

7}
I~ ~ ~ ~
L I R AR BEEHEBEHBEHEREEEER
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Hydrozoan
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_ oa, Identified by T. W. Stanton; b, identifled by J. B. Reegide; c, identifled by F. A. Bather.
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9899 (16 ACh 136). Threemile Cove, north shore, just west of low gap lead-
ing northward to Thompson Cove. Limestone lenses in massive conglomerate.
Theodore Chapin, 1916, '

9535 (15 ACh 123). Thompson Cove, north shore. Black slate interbedded

with graywacke and limestone and overlying the massive conglomerate exposed
at the mouth of the cove. Theodore Chapin, 1915.

8832 (4). Near south foreland on south arm of Threemile Cove. Near con-
tact with conglomerate. G. C. Martin, 1914.

8831 (3). South arm of Threemile Cove, on shore east of wooded island.
Large limestone nodule in conglomerate. G. C. Martin, 1914.

8830 (2). South arm of Threemile Cove. Massive limestone outcrop near
anchorage behind wooded island, apparently at least 100 or 200 feet above
8834. @G. C. Martin, 1914. '

9531 (15 ACh 111). Inlét 234 miles north of Dall Head. Massive gray lime-
stone beds near the head of the inlet. At the mouth of the inlet is massive
conglomerate, which passes up into sandstone and slate. The limestone over-
lies the slate apparently conformably, although the slate is crumpled, and the
relations are not evident. Theodore Chapin, 1915,

9536 (15 ACh 129). Open Bay, 5 miles north of Dall Head. Thin bedded
limestone apparently overlying the massive conglomerate exposed along the
west coast of Gravina Island. The limestone is blue and weathers brown.
Interbedded with it is black slate. Theodore Chapin, 1915.

8835 (7). Reef west of cabin on north arm of Threemile Cove. Thin-bedded
limestone interstratified with shale, about 20 or 30 feet below 8834. G. C.
Martin, 1914.

8834 (6). North arm of Threemile Cove. Massive limestone in reef west of -

cabin, 20 or 30 feet above 8835. G. C. Martin, 1914.

8829 (1). North arm of Threemile Cove. Float on outcrop of shale and thin
limestone beds of localities 8834 and 8835. G. C. Martin, 1914.

9900 (16 ACh 137). Threemile Cove, east shore, 200 yards north of low pass
leading to east coast of island. Lenses of limestone interbedded with black
slates. Theodore Chapin, 1916.

10097. Threemile Cove. Lenticular limestone interbedded with slate. Edwin
Kirk, 1917.

(EMK). “Cove 3 miles north of Dall Head.” Exact locality not known.
E. M. Kindle (7), 1906. C

—— (15 ACh 112). Threemile Cove, 300 yards north of 15 ACh 111. Thin
beds of limestone interbedded with conglomeratic sandstone and slate. These
beds are believed to overlie the massive gray limestone (15 ACh 111). Their
relations, however, are conceéaled. Theodore Chapin, 1915.

9537 (15 ACh 130). Open Bay, 5 miles north of Dall Head. From same
locality but from beds overlying those of 9536 conformably. Theodore Chapin,
1915. ’ .

9538 (15 ACh 132). Open Bay, 5 miles north vf Dall Head, immediately north
of 15 ACh 130. Overlying the beds at 15 ACh 130 a conglomerate occurs
which grades into an impure gritty limestone with quartz and limestone pebbles
and many fossils at 15 ACh 132. These conglomeratic beds pass upward into
black slate. Theodore Chapin, 1915.

9534 (15 ACh 122). Northeast shore of Thompson Cove. Small fault block
adjoining that of 15 ACh 121. Theodore Chapin, 1915. .

—— (15 ACh 121). Northeast shore of Thompson Cove. Small fault block
of limestone. Theodore Chapin, 1915.

8836 (8). West shore of Bostwick Inlet near entrance. Angular nodules in
a brecciated (?) nodular limestone. G. C. Martin, 1914.

N



TRIASSIC, SOUTHEASTERN ALASKA- 73

9532 (15 ACh 113). Threemile Cove, 300 yards southeast of north end of cove
and about 700 yards north of 15 ACh 112. Black slate and limestone, appar-
ently overlying the rocks of 15 ACh 111 and 112 and the red-weathering gritty
limestone. Theodore Chapin, 1915.

9533 (15 ACh 115). Thompson Cove. Halobig slate similar to that at 15
ACh 113. At this locality it occupies a fault block on the south arm of the
cove and lies between conglomerate and nodular limestone. Theodore Chapin,
1915.

8704. Threemile Cove, “north of the center of the small bay on the northern
limb of the appressed pitching syncline.” Probably about 100 feet above 8834.
P. 8. Smith, 1913.

8705. Open Bay. P. S. Smith, 1913.

—— (15 ACh 124). Dall Ridge, one-fourth mile northeast of Thompson Cove.
Thin beds of limestone apparently interbedded with sandstone and slate.
Theodore Chapin, 1915.

TRIASSIC (}) ROCKS OF PRINCE OF WALES, ANNETTE, AND REVILLAGIGEDO
ISLANDS

The presence of Triassic rocks is suspected but not definitely es-
tablished at various localities in the Ketchikan district, notably on
Prince of Wales, Annette, and Revillagigedo Islands. The follow-
ing information concerning these localities is taken from a manu-
seript report by Chapin : ®

Conglomerate, sandstone, and slate on Annette Island are probably the
equivalent of the Gravina Island sedimentary formamons and may include both
Triassic and Upper Jurassic or Cretaceous.

Small areas of conglomerate, sandstone, and black slate that occur on Hot-
spur Island are believed to be Upper Triassic. They unconformably overlie
the Middle Devonian limestone and greenstone and occupy the flanks of a
very closely compressed anticline with the Middle Devonian beds exposed along
the crest of the fold. The only fossils which these sediments yielded are
some Favosites in the limestone boulders included in the conglomerate. On
lithologic similarity, these sediments are regarded as Upper Triassic and cor-
related with similar rocks on Gravina Island.

A small area of conglomerate, sandstone, and black slate that occurs on
Hunter Bay resembles the Triassic rocks of Gravina Island. These sediments
unconformably overlie the Middle Devonian greenstone but are very closely
folded with Paleozoic rocks, from which they were not differentiated in the
mapping. The only fossils found in these beds were boulders of Devonian lime-
stone, found in the conglomerate. Other rocks regarded as possibly Triassic
are some shales infolded with Middle Devonian limestone on Clover Bay on
Prince of Wales Island. These beds contain fossils determined as * possibly
Triassic or later.”

Clover Bay is a small indentation 4 or 5 miles north of the mouth of Chol-
mondeley Sound on Prince of Wales Island. A small mass of fossiliferous
limestone and other sediments too small to map occurs near the head of the
bay inclosed within a mass of intrusive quartz diorite. These rocks comprise
beds of conglomerate, graywacke, argillite, and limestone, which strike N. 60°
W. and stand at a steep angle. The following sequence of rocks is exposed:

% Chapin, Theodore, The Ketchikan district : U. 8. Geol. Survey Bull. — (in preparation).
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Apparent section on Clover Bay, Prince of Wales Island

Quartz diorite. . Feet
. Limestone with Middle Devonian fossils 15
Conglomerate graywacke with fossils, probably Triassic?
(lot 152) —— 12
Concealed — —— 25
CArgillite - 20
Limestone with Middle Devonian fossils —— -~ 10
Argillite - 10
Graywacke ______ S 30
Concealed - 43
Graywacke with fossils, probably Triassic (lot 9539) _._______ 10
Limestone with Middle Devonian fossils... 22
Graywacke _.__ ' - 17
Argillites with dikes of quartz diorite ——— —— 43

Quartz diorite.

In the field this section was regarded as consisting of interbedded limestone
and graywacke, but upon the fossil evidence it appears that the limestone is
Middle Devonian and that the graywacke is probably Mesozoic and therefore
younger. * * * The beds are closely folded and overturned. The Middle
Devonian limestone comes to the surface along the crests of the anticlines and
is overlain by the younger sediments which occupy the synclines. )

On the east side of the mouth of Klakas Inlet extending from Klinkwan
Village to Tah Bay is an unmapped area of conglomerate and black slate with
a little sandstone, which unconformably overlie the Middle Devonian green-
stone and tuff. The base of the formation is conglomerate carrying limestone
boulders that contain Middle Devonian fossils, and overlying the conglomerate
are black slate and sandstone.” The age of these rocks is not clear. They may
possibly be correlated with sediments that occur in the upper part of the Mid-
die Devonian, or they may be younger rocks. If Middle Devonian they mark
an unconformity which was not recognized elsewhere. In general appearance
they resemble ‘the Triassic rocks of Gravina Island more than they do any
known Middle Devonian rocks, and they may be Triassic. On the map these
rocks were not differentiated from the Devonian sediments which they overlie.

Greenstone which Chapin described as “schistose green tuff ”” and
referred to the “ Upper Triassic or Jurassic ” is present on Revilla-
gigedo Island near Ketchikan and on the opposite shores of Tongass
Narrows. This schistose green tuff was called “ greenstone schist ”
by Brooks ?° and the “ green schist near Ketchikan ” by Smith ™ and
was regarded by both as Paleozoic. According to Chapin’s interpre-
tation of the structure of Gravina and Revillagigedo islands the
tuff stratigraphically overlies the massive igneous rocks that carry
Jurassic fossils and occupies a position near the top of the formation.
Its schistose nature he believed to be due to contact metamorphism
induced by the intrusive masses of Revillagigedo Island, as indi-

7 Brooks, A. H., Preliminary report on the Ketchikan mining district, Alaska: U. S.
Geol. Survey Prof. Paper 1, p. 48, 1902.
“'m Smith, P. 8., Notes on the geology of Gravina Island, Alaska: U. S. Geol. Survey
Prof. Paper 95, p. 100, 1915. ’ :

"
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cated by the increase of schistosity toward the igneous rocks on the
northeast. Chapin " described these rocks as follows:

The black slates and green bedded tuffs are best developed along the north
shore of Tongass Narrows from Ketchikan to Mountain Point. The black
slates are in places considerably metamorphosed and schistose and might more
correctly be called phyllites. They are closely interbedded with and grade into
fissile green tuffs, both of which are interbedded with more massive tuffs.
The green tuffs are also schistose and in places completely recrystallized. The
greater part of the town of Ketchikan stands on rocks of this character, and
excavations for street building show both the blocky and fissile types. The
most schistose types are completely recrystallized and consist of secondary‘
quartz, feldspar, calcite, epidote, and chloritic material. The massive types
consist essentially of secondary epidote, hornblende, chlorite, sericite, and
calcite, with pyroxene and plagioclase feldspar crystals almost entirely replaced
by secondary minerals.

The greenstone of Tongass Narrows was referred to the Mesozoic
by Chapin on the basis of an assumption concerning its structural
relations to the Mesozoic rocks of the west and south coasts of
Gravina Island and on the basis of a correlation with the Mesozoic
greenstones near Juneau. The evidence for its assignment to the
Mesozoic, in the writer’s opinion, is weak, and it may with equal
confidence be referred to the Carboniferous or Devonian.

The supposed Mesozoic rocks of Annette and Hotspur islands
have yielded no conclusive evidence as to their age, but there is no
special reason to doubt that they are Mesozoic.

The supposed Triassic rocks of Prince of Wales Island have
yielded a few fossils concerning which T. W. Stanton has submitted
the following statement: )

9539 (15 ACh 154). Head of Clover Bay, Prince of Wales Island. Small
block of limestone inclosed in granite:
Rhynchonella? sp.
Pelecypod fragments.
. Possibly Triassic or later. Fossils not dlagnostic ]

9540 (15 ACh 199). Klakas Inlet, west coast of Prince of Wales Island, op-
posite Max Cove: .

No determinable fossils.

9541 (15 ACh 202). Max Cove, Klakas Inlet, west coast of Prince of Wales
Island :

Several obscure undetermined corals.
Triassic or older.

9542 (15 ACh 206). Bast shore of Keete Inlet, west coast of Prince of Wales
Island, 1% miles from head of inlet. Limestone interbedded with green slate
and andesite: ]

Fragments and obscure imprints of pelecypods, mostly Aviculidae.
Triassic or older.

7 Chapin, Theodore, The structure and stratigraphy of Gravina and Revillagigedo
islands, Alaska: U, S. Geol. Survey Prof. -Paper 120, pp. 95-96, 1918.
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TRIASSIC (?) LIMESTONE OF SCREEN ISLANDS

Historical review—The occurrence of Triassic limestone on the
Screen Islands, which are situated in Clarence Strait near the west
coast of Etolin Island, was first suggested by F. E. and C. W.
Wright,® who enumerated this as one of the localities of Triassic
“gray argillaceous limestone, fossiliferous calcareous sandstone, con-
glomerate.” A brief description of the rocks at this locality has
been given by A. F. Buddington.™

Stratigraphic description—Thick-bedded limestone and conglom-
erate, in a highly disturbed condition, form the Screen Islands, off
the west coast of Etolin Island, in Clarence Strait. These beds
comprise two limestone formations separated by a thick and mas-
sive conglomerate; the upper limestone and the conglomerate are
probably Triassic, and the lower limestone may be Carboniferous.
On the northernmost island, according to Buddington, beds about
900 feet thick are exposed, comprising limestone with intercalated
beds of coarse conglomerate and conglomeratic and sandy lime-
stone about 200 feet thick. The cobbles and pebbles in the con-
glomerate are predominantly chert and limestone, with some rhyo-
lite porphyry and greenstone.

The section exposed on the Screen Islands, according to the un-
‘published field notes of E. M. Kindle, is as follows:

Section of Triassic (?) and Carboniferous (?) rocks on Screen Islands

Feet
1. Conglomerate bands in much wider bands of blue-gray
limestone..._. 50
2. Dark-gray hard limestone, Fossils (lot 22G) from lower
35 feet - 400
3. Covered e —_— 50
4. Black, rather soft shale - : 50
5. Dark-gray to blackish limestone; few small pebbles
(partly covered) 110
6. Conglomerate, containing large limestone pebbles full of
Carboniferous fossils (lot 22C) and other pebbles, in-
terbedded with bands of hard blue limestone 1 to 3
feet thick________ —- — 140
7. Dark-gray to buff limestone, with large Spirifer at base.-.. 50
8. Black argillaceous limestone, with fossils (lot 22A) __._.___ 160

Age and correlation.—The lower limestone, which is exposed .on
the more northerly islands, yielded the Carboniferous (?) fossils
collected by the writer in 1914, of which G. H. Girty says:

8 Wright, F. E. and C. W.,, The Ketchikan and Wrangell mining districts, Alaska:
U. S. Geol. Survey Bull. 347, p. 34, 1908.

7 Buddington, A. F., Mineral deposits of the Wrangell district, southeastern Alaska :
U. S. Geol. Survey Bull. 739, p. 53, 1922,
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Intrinsically they might be Carboniferous, but they are so unlike the usual
run of Alaskan Carboniferous faunas that I am disposed to think that they
may be Triassic. I have provisionally identified the following species:

Lot 12, Next to the northernmost of Screen Islands:

Pseudomonotis sp.
Aviculopecten? aff. A. fascmulatus
Pleurotomaria? sp.

Kindle also obtained from the lower limestone (bed 8 of the sec-
tion on p. 76) some fossils concerning which Girty submitted the
following statement:

Lot 22A. Screen Islands:

Tegulifera? sp.
Pseudomonotis? sp.

These [lots 22A and 22G] differ from any other Alaskan Carboniferous fauna
known to me. Intrinsically, while they contain types that are unusual and
interesting, they seem to be without anything which is diagnostic. I am at
present unable to say either that they are Carboniferous or that they are not,
and as there seems to be a certain amount of extrinsic evidence for supposing
that they do represent that period, I have accepted them, though only very
provisionally.

The conglomerate that forms bed 6 of the section on page 76 con-
tains fossiliferous pebbles from which several collections have been
made. The fossils of 1dt 22C, which were collected by Kindle, have
been determined by Girty as upper Carboniferous. As these fossils
"were obtained, according to Kindle’s notes, from “large limestone
pebbles” in a conglomerate, they prove the age of the rock from
which the pebbles were derived, rather than the age of the conglom-
erate that now contains them. The fossils in the pebbles are not only
upper Carboniferous but represent the youngest Carboniferous fauna
known in Alaska. They consequently indicate that the conglomerate
in which they are now contained is probably “post-Carboniferous.
Fossils obtained by Buddington from limestone cobblés in con-
glomerate on the largest island were identified as of Carboniferous
age, from which Buddington concluded that the conglomerate prob-
ably overlies the lower limestone unconformably.

The ‘upper limestone, which crops out only on the southernmost
island, yielded the Triassic (?) fossils represented in the following
table
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Fossils from upper limestone on Screen Islands ¢

8830 | 8838 |(22G) [11075[ 11076 ) | 3) | (@)

Crinoidal fragments
Archaeocidaris? sp
Burrows._......__
Dielasma sp...
Terebratula?.__
Cyrtiasp._...
Spiriferina?__ ...
Aviculopecten sp

Pelecypods. ...
Pleurotomaria Sp..oecocoaeea-
Murchisonia? Sp.-cceeeacnc-
Tuberculopleura? Sp........

Several undetermined forms..
Ammonite

‘e g, Identified by T. W. Stanton; b, identified by G. H. Girty.

8839. Near. south end of the southernmost of Screen Islands, 100 or 200 feet

below 8838. G. C. Martin, 1914.

8838. South end of the southernmost of Screen Islands. Nearly the highest
beds exposed on this island. G. C. Martin, 1914. :

(22G). Screen Islands. Bed 2 in section on p. 76. E. M. Kindle, 1905.

11075. South tip of southernmost of Screen Islands. A. F. Buddington, 1921.
" 11076. Southwest side of longest of Screen Islands. A. F. Buddington, 1921.

(2). Screen Islands. G. H. Girty, 1918.

(3). Near north end of northernmost of Screen Islands. G. H. Girty, 1918.

(4). Screen Islands. G. H. Girty, 1918,
TRYASSIC ROCKS OF KEKU STRAIT AND VICINITY

Hiistorical review—The Upper Triassic rocks at Hamilton Bay,
which were the first Triassic rocks to be recognized in southeastern
Alaska, became known through the discovery by E. M. Kindle, in
1905, of a loose fragment of fossiliferous limestone at the head of the
bay. Kindle did not describe his discovery, but the occurrence was
mentioned briefly by F. E. and C. W. Wright ’® in a general account
of the geology of southeastern Alaska. The locality was revisited in
1907 by Atwood,” who found the Triassic rocks in place and who
has given a brief account of the occurrence, to which Stanton con-
tributed lists of the fossils and a discussion of their age and signifi-
cance. Additional collections from the north shore of Hamilton Bay
were made in 1914 by Martin,” who has briefly discussed the rocks
and their faunas. More detailed investigations of these rocks were
made in 1922 and 1923 by A. F. Buddington, who has contributed,
from his field notes and manuscript report, much of the information
presented below.

7% Wright, F. E. and C. W., The Ketchikan and Wrangell mining districts, Alaska:
U. S. Geol. Survey Bull. 347, pp. 34, 57, 1908.

78 Atwood, W. W., Some Triassic fossilg from southeastern Alaska : Jour. Geology, vol.
20, pp. 653-655, 1912,

7 Martin, G. C., Triassic rocks of Alaska : Geol. Soc. America Bull., vol. 27, pp. 700-701,

708, 1916.
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Stratigraphic description.—The Triassic rocks exposed on Hamil-
ton Bay and elsewhere on the shores and islands at the north end
of Keku Strait comprise both sedimentary and volcanic beds. The
sedimentary rocks include conglomeratic limestone or calcareous
conglomerate, calcareous sandstone or sandy limestone, black shale,
and limestone. Most of the limestones are fine-grained gray rocks
with some black slaty layers. The conglomerate and sandstone are
restricted to the basal sedimentary beds. The volcanic rocks include
green andesitic lava, breccia, and tuff, with local intercalated sedi-
mentary beds. The lava predominantly shows a pillow structure
and is in part amygdaloidal. Some of the breccia has a limestone
matrix.

No complete section of the Triassic rocks on Keku Strait has been
found, begause the continuity of the exposures is interrupted in so
many places by structural disturbances or by areas of water. The
evidence on the stratigraphic relations of the rocks, obtained by the
several observers at different localities, is conflicting.

The Triassic rocks observed by Atwood are on the north shore and
adjacent islands of Hamilton Bay about halfway between Kake and
the head of the bay. They include a bed of limestone conglomerate,
which Atwood * described as
a peculiar formation in that there are huge angular blocks of limestone in it
associated with boulders ranging from 1 to 3 feet in diameter. The con-
glomerate formation is at least 100 feet thick and may represent an important
structural division line in the Mesozoic section.

-According to Atwood’s field notes, this conglomerate is underlain
by “dark-red brittle, much jointed argillite” containing Pseudo-
‘monotis subcircularis (Gabb) (lot 4819) and is overlain by.the beds
containing Halobia superba Mojsisovics? (lot 4823). It hasbeen sug-
gested by Stanton " that, as the limestone conglomerate occurs between
the horizons of lots 4819 and 4823, both of which are definitely deter-
mined to be Triassic, “ Nos. 4821 and 4822 may have come from con-
cretions rather than boulders.” It should be noted that the beds at
this locality are apparently not in their normal sequence, the Pseu-
domonotis indicating a higher horizon than the Halobia. It is pos-
sible, therefore, that the beds are locally overturned. In that case
the conglomerate may mark an unconformity corresponding to the
one that possibly occurs in the Chitina Valley (see p. 124) be-
tween .the beds containing Halobia and those containing Pseudo-
monotis. It is also possible that the “limestone conglomerate ” that
Atwood described as containing “angular blocks of limestone” is
in reahty a coarse fault breccia, the fault having produced the local
inversion of the strata.

{“Atwood W. W., op. cit., p. 654.
™ Stanton, T. W., cited by Atwood, W. W,, idem, pp. 654-655.
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The writer, in studying the section on the north shore of Hamil-
ton Bay east of the localities visited by Atwood, found that ellip-
soidal lava is exposed from the head of the bay to the islands that.
fringe the lower part of the northern shore, except for an interval
of about half a mjle about 2 miles below the head of the bay. The
lava dips southeast and thus apparently overlies the Permian lime- .
stone exposed on the creek entering the head of the bay, although
the contact was not seen. It is apparently overlain by Upper
Triassic dark cherty limestone, which is exposed on the north shore
from a point 2 miles below the head of the bay to the mouth of the
creek half a mile farther down the shore. This limestone was
observed practically in contact with the underlying ellipsoidal lava.
As there is a considerable discordance in strike and dip between
the limestone and the lava, the contact is either an unconformity or
a fault. The thickness of the limestone exposed along this part of
the shore does not exceed a few hundred feet and may be less than
100 feet. Halobia was obtained near the base of the limestone (lot
8843) and Pseudomonotis from somewhat higher beds (lot 8844).
The writer believes that the exposures at this locality are not com-
plete, the presence of Upper Triassic beds older than the Halobia-
bearing beds being indicated by fossils found in float collected along
the shore (lots 8842 and 8845).%¢

The Triassic rocks of the localities at the north end of Keku Strait
are regarded by A. F. Buddington as probably including three for-
mations—a formation, exposed chiefly on Kuiu Island, that lies un-
conformably on Permian and Devonian rocks and is made up chiefly
of basaltic and andesitic lavas, breccia, and tuff interbedded with
some sedimentary rocks including a basal conglomerate and some
limestone containing fossils that are believed to be Upper Triassic;
a formation that lies, in most places, unconformably on Permian and
Devonian rocks, is composed wholly of sedimentary rocks, mostly
conglomerate, limestone, and sandstone, and contains fossils that
are chiefly characteristic Upper Triassic forms such as Halobia cf. H.
superba and its customarily associated ammonites; and a formation
tl:iat is believed to lie unconformably on the sedimentary formation
just described and is composed chiefly of lava and tuff with some
intercalated slate, quartzite, and limestone containing Pseudomonotis.

The following notes on the undoubted Upper Triassic sedimentary
rocks seen at various localities at the north end of Keku Strait were
submitted by Mr. Buddington:

On the north side of the Cornwallis Peninsula about a mile southeast of

Point Cornwallis the contact between the Upper Triassic and the Permian beds
is exposed. The Upper Triassic limestone is very gently folded and extends

8 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull,, vol. 27, pp. 700,
706, 1916.
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along the shore, with local interruptions, for 214 miles. At the northern con-
tact the Triassic beds are gently folded and rest on Permian limestone with
white chert layers. The basal beds of the Triassic limestone contain pebbles
of white chert. At the southern contact the Triassic limestone lies uncon-
formably on volcanic rocks that are probably Permian. The limestones are
locally fossiliferous (11931 and 11932). ‘

About 4 miles from the head of Hamilton Bay is a small elongate island
north of which the following section was measured :

Section of Upper Triassic rocks behind island 4 miles below head of Hamilton

Bay

Volcanic rocks. Feet
Quartzite and limestone with Pseudomonotis (lot 11437)___ 25=*
Bluish-gray and black limestone with fossils (lots 11243,

11241, 11242, 11240) — 100
Calcareous sandstone and limestone______ - 125
Calcareous sandstone and sandy limestone_.._____.._______ 50
Coarse conglomerate with calcareous matrix_____.__.____.. 100

Unconformity (Permian limestone beneath).

Several hundred feet of limestone, black calcareous shale, and chert is ex-
posed on the west side of the narrow neck joining the two portions of the large
island several miles south of Kake. Conglomerate, sandstone, and black slate
about 125 feet thick apparently overlie these beds. The conglomerate is over-
lain by volcanic rocks with intercalated fossiliferous slate beds containing
Pseudomonotis (11246).

At the northwest end of the large island south of Kake the basal Upper
Triassic conglomerate rests directly on Devonian chert and tuff. The pebbles
in the conglomerate are mostly chert, with some green tuff like that in the
underlying Devonian beds. The conglomerate contains fossiliferous limestone
nodules (11237). The Upper Triassic rocks here consists of about 100 feet ot
conglomerate, thin-bedded limestone, calcareous sandstone, and slate, overlain
by limestone of unknown thickness, above which is a most extraordinary ap-
pearing volcanic agglomerate.

Mr. Buddington has submitted the following statement concern-

ing the supposed uppermost volcanic formation :

The Pseudomonotis-bearing volcanic rocks of Hamilton Bay lie, probably
unconformably, upon the calcareous sedimentary Upper Triassic rocks.

Along the southwest limb and at the southeast nose of the Kake anticline
a conglomerate bed, in part of volcanic origin and 150 to 200 feet or more thick,
lies at the base of the volcanic rocks. This bed was not found elsewhere. On
the west side of the narrow neck in the long island south of Kake several hun-
dred feet of the limestone, black calcareous shale, and somewhat crumpled
chert, which belong in the older beds described above, are overlain by about
125 feet of conglomerate, sandstone, and black slate. These beds are believed
to represent the base of the volcanic series. The conglomerate has a greenish
hue on the fresh surface but weathers with a reddish glazed appearance. It
is composed of fragments of chert, in part carrying Permian fossils, andesite,
and black slate. Many of the fragments are angular, and those of sedimentary
rock are from Paleozoic formations, but the volcanic fragments are similar to
the Upper Triassic lava. The beds are overlain by andesitic lava with asso-
ciated thin beds of black slate, calcareous quartzite, and limestone. Fossils
were obtained (11246) from layers between pillow lava.
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Northwest of the large island south of Kake are two small islands formed
in part of volcanic breccia and in part of beds that may be either breccia or
conglomerate. The rocks are much sintered and consequently weather with
a glazed surface. There are about 200 feet of these beds consisting of very
coarse conglomerate at the base and medium-grained conglomerate above.
The fragments comprise black slate, andesite, andesite porphyry, chert, green
tuff, calcareous quartzite, and limestone. Some of the chert is fossilliferous
and is presumably upper Carboniferous, whereas the green tuff is doubtless
Upper Devonian. Many of the fragments are sharply angular; others are
rounded. One 2-foot boulder of andesite porphyry had a 2-inch chill zone sur-
rounding it. In thin section fragments of andesite show similar chill zones
completely surrounding them. Fragments of unmistakable perlite were seen;
vesicular and amygdaloidal volcanic rocks are abundant, and feldspar frag-
ments very common. These phenomena suggest that volcanic material and
perhaps fragments of underlying sedimentary beds were showered by volcanic
explosions into waters where normal conglomerate was accumulating. Hence
the beds are correlated with the volcanic series.

The volcanic rocks are exposed along the southwest limb of the Kake anti-
cline, as on the southwest side of the long island south of Kake. They here
comprise pillow lava from 5 to 20 feet thick, massive and polygonal jointed
flows from 10 to 30 feet thick, and sedimentary beds from 1 inch to 10 feet
thick. The sedimentary beds consist of black slate, quartzite, and limestone.
On the extreme northwest headland of this island the sedimentary beds are
broken to fragments and included in a glassy andesitic matrix. Each indi-
vidual fragment is usually inclosed in a ball of glass, so that on weathering
the appearance is that of a very coarse agglomerate. The diameter of most
of the fragments is about 9 inches, but blocks as large as 18 by 300 feet were
seen. The upper beds are finer, the fragments ranging from the size of a
hickory not to that of an apple. The breccia beds stand about vertical and are
about 150 feet across the strike. At the south end the contact between the
breccia and the sedimentary beds is at an angle to the strike of the sediments.

The volcanic rocks are again exposed within the Cape Bendel syncline, along
the north side of Hamilton Bay, where they consist of amygdular and pillow
lava, in part variolitic, with intercalated sedimentary beds. The interstices
between the pillows are filled with limestone and the pillows show a radial
jointing and an outer vesicular crust. A peculiar feature of some of the more
massive flows is a pseudo-breccia structure in which the fragments have not
been displaced more than an inch at the maximum but still maintain their
relative positions and are separated by a limestone filling. The intercalated
sedimentary beds consist of black calcareous slate, gray quartzite, and thin
limestone bands. Many of the layers are highly fossiliferous (11245).

The following notes on the supposed Upper Triassic volcanic
rocks of Kuiu Island and on some beds that are their possible equiva-
lents were submitted by Mr. Buddington:

Near the point west of Hound Island, where the shore turns southward, the
Permian beds are overlain by sandstone with conglomeratic layers followed by
interbedded limestone and green andesitic tuff with a few layers of conglomer-
ate, About three-fifths of a mile south of the point the limestone is fossiliferous
(11406). These beds are overlain by basaltic and andesitic lava, breccia, and
tuff with interbedded limestone containing a few andesite pebbles.

The entire peninsula between Six and a Quarter Fathom Cove and the cove
south of it is composed of coarse agglomerate and pillow lava. The agglomer-
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ate predominates in the western half of the peninsula, and the flows with inter-
bedded agglomerate in the eastern half. Here also the pillow lava with inter-
stitial limestone is seen to grade upward into breccia with a limestone matrix.
At a point on the east side of the peninsula, west of Pup Island, there is a
conspicuous pillow lava with layers of limestone 12 inches or less thick molded
to the surfaces of the ellipsoids. The limestone is baked to a pinkish-brown
hornstone at the contact with the lava. Some of the limestone pockets are ex-
traordinarily rich in well-preserved fossils (11407 and 11962). Hound Island
and several islets northwest of it consist of green andesitic breccia with a
limestone matrix, which is interbedded with a little dense buff-weathering or
agglomeratic limestone.

Turnabout Island, off the northwest end of Kupreanof Island, consists of
andesite and andesite porphyry lava and breccia with intercalated tuff and a
50-foot bed of gray sandstone. The flows are in part amygdular and in part
have pillow structure. The sandstone lies on the east side of a bight on the
south side of the island and contains thin layers of calcareous sandstone and
conglomerate, some of which are richly fossiliferous (11405). Traces of car-
bonized plant stems are also common,

In the northern part of the cove just south of Cape Bendel the basal Upper
Triassic beds consist of interbedded conglomerate and lava having a thickness
of 100 feet or more. Green Devonian tuff lies west of the Triassiec rocks. The
cobbles of the conglomerate consist of limestone, chert, and green Devonian
‘tuff. Some beds are composed almost wholly of fragments of red shale. On
the east side of the syncline the base of the formation consists of about 100
feet of conglomerate interbedded with lava and sandy fossiliferous limestone
(11933). The beds here overlie the Permian. Overlying these basal beds
comes a series of volcanic rocks which comprise predominantly green andesitic
lava, chiefly with pillow structure but in part amygdaloidal. The lava, includ-
ing the conglomerate at the base, was estimated to be approximately 1,400 feet
thick. About 114 miles northeast of Cape Bendel, on the east headland of a
cove due south of Pinta Rocks, a zone of sedimentary beds about 225 feet thick
is intercalated within the andesitic lava. These beds consist of about 50 feet
of conglomerate which grades upward into sandstone and is overlain by
isoclinally folded thin-bedded limestone. Many of the limestone layers are
highly fossiliferous (11934). These beds are overlain and underlain by pillow
lava.

Age and correlation—The apparent stratigraphic succession and
the character of the Triassic faunas on Keku Strait are somewhat
different from anything that has been found elsewhere in Alagka.
The fossils from the limestone and associated sedimentary rocks that
are regarded by Buddington as forming the basal portion of the
Triassic rocks of this locality and the fossils from sedimentary
beds that he regards as intercalated in the overlying volcanic forma-
tion are listed in the following table. Most of these collections in-
clude well-known Upper Triassic species that are characteristic of
the Triassic rocks of other Alaskan localities, such as Pseudomonotis
subcircularis (Gabb) and Halobia cf. H. superba Mojsisovics, as
well as some of the ammonites that are customarily associated with

the Halobia.
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11931 (No. 910). Kuiu Island, about 3 miles southeast of Point Cornwallis,
on Keku Strait side. Gently folded limestones. A. F. Buddington, 1923.

11932 (No. 961). Kuiu Island, opposite round island about 4 miles southeast
of Point Cornwallis. Limestone apparently overlying felsite breccia and tuff.
A. F. Buddington, 1923.

11933 (No. 980). Kupreanof Island, about 2 miles northeast of Cape Bendel.
Brown sandy limestone between the white Permian limestone and the con-
glomerate. May be either basal portion of Upper Triassic or upper part of
Permian. A. F. Buddington, 1923.

4822 (7). North side of Hamilton Bay near south end of large island south-
east of Kake. Boulder in limestone conglomerate. W. W. Atwood, 1907.

4821 (6). North side of Hamilton Bay near south end of large island south-
east of Kake. Another boulder in the limestone conglomerate. W. W.
Atwood, 1907.

8842 (16). North shore of Hamilton Bay, about 2 miles below head of bay.
Float. G. C. Martin, 1914.

8845 (19). North shore of Hamilton Bay, about 3 miles below head of bay.
Float. G. C. Martin, 1914.

8846 (20). North shore of Hamilton Bay, about 3 m’les below head of bay.
Float. G. C. Martin, 1914.

8841 (15). Hamilton Bay, about three-fourths of a mile up the northernmost
creek entering the head of the bay. Gray limestone that appears to underlie
the white Carboniferous limestone at the falls near the mouth of the creek.
R. M. Overbeck, 1914.

11934 (No. 979). 114 miles northeast of Cape Bendel, Kupreanof Island, on
east headland of cove due south of Pinta Rocks. Near top of limestone.
A. F. Buddington, 1923.

11237 (39). About 2 miles south of Kake, on northwest point of large island.
Limestone nodules in calcareous conglomerate beds intercalated in limestone
at top of conglomerate series (basal conglomerates). A. F. Buddington, 1923.

11238 (92). Extreme southeast tip of large island south of Kake. Limestone
overlying basal (?) conglomerate series. A. F. Buddington, 1923.

11239 (91). Limestone overlying that of 92; many interlayers of slate.
A. ¥. Buddington, 1923. '

11240 (62). 7 miles southeast of Kake, on Kupreanof Island. Limestone
overlying conglomerate and sandstone. A. ¥. Buddington, 1923.

11241 (67). Limestone beds a trfle above those of 11240 and about 350 feet
above base of conglomerate series. The underlying buff-weathering Carbon-
iferous (?) limestone with chert layers is exposed beneath the conglomerate.
A. F. Buddington, 1923.

11242 (66). Limestone beds at abuvut same horizon as 11241, on islet just
South of 11241.” On nose of anticline pitching southeast. A. F. Buddington,
1923.

11243 (68). Same locality as 11240, about 275 feet above base of conglomerate
series. Limestone. A. F. Buddington, 1923,

8843 (17). North shore of Hamilton Bay, 2 miles below head of bay. Near
base of cherty limestone that overlies ellipsoidal lava. G. C. Martin, 1914.

4823 (8). North side of Hamilton Bay, near south end of large island south-
east of Kake. Beds that seem to overlie the limestone conglomerate that
yielded lots 4821 and 4822. W. W. Atwood, 1907.

9543. Islet in Freder.ck Sound, one-fourth mile southwest of Kake. Mrs.
‘Theodore Chapin, 1915.

10196. South end of northernmost large island of Keku Islets. G. H. Girty,
1918. ’

49448—26——7
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-10197. Near middle of north shore of small island southeast of northernmost
large island of Keku group. G. H. Girty, 1918.

11408 (211 Bu). Northeast end of large island southeast of northernmost
large island of Keku group. Black calcareous shale adjacent to limestone
with white chert beds. Shale probably same formation as 215 and 205. A. F.
Buddington, 1922.

11436 (205 Bu). Southwest side of northernmost large Keku Islet. Same
formation (?) as 215 but more sheared. A. F. Budd.ngton, 1922.

11245 (56 Bu). North shore of Hamilton Bay, about 2 miles below head of
bay. From thin-bedded slate, quartzite, and limestone intercalated with
pillow lava. These beds overlie the limestone beds of 66 and 67. A. F. Bud-
dington, 1922.

‘11246 (68). West shore of large 1sland southeast of Kake From similar
beds to 56 intercalated in pillow lava overlying limestone of 91. A. F. Bud-
dington, 1922.

11437 (65 Bu). Kupreanof Island, southwest of Kake. From interbedded
quartzite and limestone overlying the limestone of 67. A. F. Buddington, 1922.

4820 (2). North side of Hamilton Bay near south end of large island south-
east of Kake. Beds that seem to underlie the limestone conglomerate that
yielded lots 4821 and 4822. W. W. Atwood, 1907.

4819 (1). North side of Hamilton Bay near south end of large island south-
east of Kake. Same series of beds that yielded lot 4820, apparently a few
feet lower. W. W. Atwood, 1907.

8844 (18). North shore of Hamilton Bay, 2 miles below head of bay. About
40 or 50 feet above lot 8843. G. C. Martin, 1914.

(16 B). Near head of Hamilton Bay. Float. E. M. Kindle, 1905.

The fossils of lots 11245 to 16B are indicative of the Upper
Noric Pseudomonotis-bearing beds that constitute the upper
most known Triassic rocks of other Alaskan regions. The fossils of
lots 11934 to 11436, all of which contain Halobia, most of which
contain Halobia cf. H. superbe, and some of which contain several
of the ammonites that are generally associated with Halobia cf.
H. superba, are indicative of the Middle or Upper Karnic Halobia-
bearing beds that generally underlie the Pseudomonotis-bearing
beds of other regions.

The fossils of lots 11931 to 8841, in which both Pseudomonotis and
Halobia are absent, call for special consideration. The fossils of
lot 11931 include. an ammonite which Stanton has identified as
Ceratites. This ammonite, if correctly identified, is suggestive of the
Middle Triassic. Lots 11932 and 11933 contain only a few fossils
that are not of any special significance. Lots 4822 to 8841, from
boulders in the Upper Triassic conglomerate, from float of unknown
origin, and from beds that apparently underlie the Permian rocks at
an isolated locality on the creek that enters the head of Hamilton Bay,
differ from the faunas at the other localities not only in the absence
of Pseudomonotis, of Halobia, and of the ammonites that are gen-
erally associated with Halobia, but in the presence of ZTrachyceras
and of abundant brachiopods. The float material of lots 8842, 8845,
and 8846 was noted in the field as having come “from beds that
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were not recognized in the observed .outcrops.” The fossils at
localities 8842 and 8845 include species related to Spiriferina
borealis Whiteaves and T'rachyceras (Dawsonites) canadense Whit-
eaves, which have not been found elsewhere in Alaska or at any
American localities except in the Triassic rocks of Liard River, in
the eastern foothills of the Rocky Mountains of British Columbia.
. The Triassic rocks of Liard River, according to McConnell #* ¢ con-
sist of dark shales, usually rather coarsely laminated, and passing
into calcareous shales interstratified with sandstones and shaly and
massive limestones.” The fossils, which have been described by
‘Whiteaves,?? include 11 species, among which are Spiriferina borealis
Whiteaves and Dawsonites canadense Whiteaves, which have been:
doubtfully identified from Hamilton Bay. Mojsisovics * has pointed
out that some of these fossils are indicative of Karnic age. Three
of the Liard River species (Dawsonites canadense, Nathorstites
meconmelli, and Nathorstites lenticularis), one of which occurs at:
Hamilton Bay, have been found, according to Béhm,* in the Upper
Triassic rocks of Bear Island, between Norway and Spitzbergen..
The Triassic rocks of Bear Island are generally regarded as of’
Karnic (possibly Lower Karnic) age, and an assignment of the:
beds on Liard River to the same position has been made by Frech 5%
on the basis of the presence of the above-mentioned species, which
are common to the two regions. ‘

The Hamilton Bay fauna may also be tentatively correlated with:
that from Bear Island and referred to the Karnic. This fauna
possibly represents a boreal facies of the Karnic which has not been
recognized farther south in North America.

The fauna of the limestone and calcareous sandstone interbedded
with the lava and tuff of Kuiu Island is very different from any of
the previously known Triassic faunas of America. Concerning this
fauna, which is represented in the table given below, T. W. Stantom
has furnished the following statement: '

Although this small collection [lof 11407] contains an unusually large
number of species of fairly well preserved fossils which are apparently of
Mesozoic types, there seems to be nothing in it strictly comparable with any

known Mesozoic fauna in Alaska or indeed in America. Several of the species:
do not show important characters that are necessary for positive generic as-~

‘8 McConnell, R. G., Report on an exploration in the Yukon and Mackenzie basins,.
Northwest Territory: Canada Geol. Survey Ann. Rept., new ser., vol. 4, pp. 19D, 49D,
1890.

& Whiteaves, J. F., On some fossils from the Triassic rocks of British Columbia :
Contr. Canadian Paleontology, vol. 1, pt. 2, No. 3, pp. 127-149, pls. 17, 18, 1889.

8 Mojsisovics, Edmund von, Beitriige zur Kenntniss der obertriadischen Cephalopo@en-
Faunen des Himalaya : K. Akad. Wiss. Wien.Denkschr., Band 63, p. 697, 1896.

8 Bohm, Johannes, Ueber dic obertriadische Fauna der Biireninsel: K. svenska Veten~
skaps-Akad. Handlingar, Band 37, No. 3, pp. 56-58, 61-64, 73-76, 1903.

8 Frech, Fritz, Die zircumpacifische Trias: Lethaea geognostica, Teil 2, Das Meso-
zoicum, Band 1, Trias, pp. 488-491, 508, 1908.
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signment, and this fact weakens the determination of the age of the fauna.
It is reasonably certain, however, that this fauna belongs to the Triassic and
probably to the Upper Triassic, as determined by comparison with European
Triassic faunas.

Fossils from Upper Triassic (?) limestone and calcareous sandstone associated
with lave and tuff on Keku Strait ¢

11407 | 11962 | 11406 | 11405

Wood fragments . e —mmmmeccoen
5] 610000 RN
Pentacrinus_ ... oo ——--
Cidaris? and other echinoids (spines)...._..........

Rhynchonella_. ... .. .
Rhynchonella (Austriella?) ... ..o
Merebratula. .. aiaiaaas
Terebratula?. e
Spirifering. e
Spiriferina? . - s
Macrodon. oo oo e eeeeaaaan e

Pteria?. oo acmemeeemmedemam—eaas
QOstrea? (small plicate form) ..o
Gryphaea? . e eeaaeaeaas
Myophoria?. . ameieiiaceieaas
Pecten (with strong concentrie ribs)....._.__....__.__
Pecten (slender radiating ribs and coarse internal lirae)
PeCtOn - oo e mecmiceieccecaes
Pecten (Propeamusium) . ..o coooooomomamiaaonanas
Lima (with fine sculpture) . oo ccoceomcmiooaaae
Lima (coarse-ribbed form) .. .ococooeeomaeaiaaaan.
Lima (rotund form with fize sculpture).
Lima (small form with strong ribs)..........__....
Lima? (another ribbed form). ..o oooooemooaaas

Mytilus. oo e
ASEATEe? e ecmmam e cemaeaean
Cardita? . e
GQonodon?._ . iaeeecccaeaaann
Protocardia? . .. ...l
Undetermined pelecypods.---.oeomemomenaaon
Seurrial. . oo e
PletrotOmari8. . oeem e e e
Pleutotomaria?. ... e eiaaaaan
‘Worthenia? (several species) - - ceocoeeemmenaa oo
Buomphalus. .-l
Euomphalus?. .. i
Coelocentrus?. . oo ecccccemcmamemm—aae
ProChUS. oo aceccmmm e —e——n e
Trochus? (a sinistral specimen)....._..__........
NIt OPSIS. - oo oo cim e
Pseudomelania? oo ciciiccicianaa
Anoptychia? i iemiaaaen
Bustylus? .
Promathilda? . . eeeeaaane

Spirocyelina?_ .o
Undetermined gastropods. .. o ocoamamaaaaoo
Arapadites? . . amcieemameaaaas
ATIMODILE - o o o e e e e emeceeme e mmmamac e e mm e e e mmmmeammmam————

& Identified by T. W. Stanton.

11407 (256 Bu). Kuiu Island, 3 miles a little north of west of Point Camden,
on west side of 93;-fathom cove about halfway between 93, mark and north
point. Conspicuous pillow lava involved, with thick layers of limestone molded
to the pillows. One pockef of limestone extraordinarily rich in well-preserved
fossils. The limestone for several inches adjacent to pillow is baked to a
pinkish-brown hornstone. Fossils are all from this pocket. A. F. Buddington,
1922,
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11962- (256 Bu). Same locality as 11407, but on different pocket. Kuiu
Island, 3 miles a little north of west of Point Camden, on west side of
93, -fathom cove. A. F. Buddington, 1923.

11406 (244 Bu). Kuiu Island, west side of Keku Strait, 7 miles northwest
of Pup Island, just north of first creek shown on chart south of point where
shore line changes from east-west to north-south. Interbedded argillaceous
limestone and andesitic tuff, with rare thin conglomerate beds and inter-
calated sandstone. Many layers of the limestone are richly fossiliferous.
Traces of leaf impressions poorly preserved are present in same layers with
shells ; and carbonized plant stems are common in the limestone and abundant
in the sandstone. A. F. Buddington, 1922,

11405 (145 Bu). Turnabout Island, Frederick Sound. East side of the bight,
on the south side of the island, where the house stands. Basalt and basalt
porphyry flows and breccia with intercalated tuff and a 50-foot bed of gray
sandstone. The sandstone contains intercalated layers of calcareous sand-
stone and conglomerate 1 inch to several inches thick, some of which are
richly fossiliferous. Traces of carbonized plant stems also noted in the
sandstone. A. F. Buddington, 1922,

An assignment of the volcanic beds containing these fossils to a
position beneath Halobia-bearing limestone would accord with the
occurrence of volcanic rocks immediately beneath the Halobia-
bearing limestone in other parts of Alaska, notably in the Chitina
' Valley (pp. 6-10) and on Cook Inlet (pp. 45-49). There are diffi-
culties, however, in the assignment of the rocks to this position.
The Halobia-bearing beds at near-by localities rest unconformably
upon Devonian and Permian rocks. If the beds that contain the
fauna in question belong under the Halobia-bearing beds they are
separated from the Halobia-bearing beds by an unconformity and
consequently are considerably older. The fossils themselves, ac-
cording to an oral statement by T. W. Stanton, are suggestive of a
horizon above that of Halobia or even above that of Pseudomonotis
rather than of a horizon below that of Halobia cf. H. superba. The
writer believes, therefore, that the volcanic rocks containing this
fauna are to be correlated with the lava and tuff which Buddington
regards as interbedded with the rocks that contain Pseudomonotis,
or may even be assigned to some horizon even higher in the Noric
or in the Rhaetic. The volcanic beds that overlie the Triassic rocks
of Gravina Island, which the writer has referred tentatively to the
Lower or Middle Jurassic, may possibly belong at the same horizon.

TRIASSIC LIMESTONE OF ADMIRALTY ISLAND

Historical review—Upper Triassic rocks are exposed at several
localities near the south end of Admiralty Island. The rocks at
these localities were considered Carboniferous by C. W. Wright,?®
who obtained upper Carboniferous fossils near by, and have never

8 Wright, C. W., A reconnaissance of Admiralty Island: U. 8. Geol. Survey Bull. 287,
pp. 142-143, pl. 33, 1906.
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been described as Triassic, except for a brief mention " of the rocks
near Herring Bay. Edwin Kirk has contributed additional infor-
mation concerning some of ‘these localities but has not published any
description of them.

Stratigraphic description—The Triassic rocks of Admiralty
Island consist chiefly of limestone. The section at Herring Bay
includes 278 feet of limestone and shale, which are faulted upon
Lower Cretaceous shale and are overlain by unfossiliferous chert,
shale, and conglomerate that may also be Triassic. The Triassic
fossils from Pybus Bay were obtained from limestone, possibly only
40 or 50 feet thick, which rests upon Permian (?) conglomerate and
is overlain by Lower Cretaceous shale. The Triassic fossils near
Carroll Island were obtained from argillite and sandstone. No
information is available concerning the character of the Triassic
rocks on Mole Harbor and between Gambier Bay and Point Pybus.

The following section was measured by the writer on the south
side near the extremity of the cape between Chapin and Herring
Bays. Most of the outcrops are low reefs, covered by the highest
tides and consisting of steeply dipping rocks, which do not furnish
conclusive evidence as to which are the lower and which the upper
beds. The sequence indicated in the following section is based on an
assumption that the strata are not overturned and that the contact
with the apparently underlying Lower Cretaceous shale is a bedding
fault rather than an unconformity.

Section of Upper Triassic rocks on point at north enirance to Herring Bay,
Admiralty Island

Feet
1. Green shale and chert . ________________________ 20
2. Conglomerate - - -~ 38
3. Thin-bedded limestone e e 18
4. Fossiliferous thin-bedded limestone (lot 8849) ____________ 2
5. Thin-bedded contorted limestone N e 40
6. Limestone and gray shale________________________________ 40
7. Massive limestone - 47
8. Limestone and gray shale e 24
9. Fossiliferous limestone (lot 8848) - _______ 3
10. Limestone and gray shale__ S I 28
11. Fossiliferous limestone (lot 8847) - 1
12. Gray shale and limestone_ ... _______________________ 70

Fault (Lower Cretaceous shales beneath).

North of these exposures, or just around the cape toward Chapin
Bay, are outcrops of black contorted chert and shale. These beds
are apparently higher than those of the section just described and
were regarded in the field as probably Triassic. It is possible, how-

& Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull.,, vol. 27, p. 701,
inset opp. p. 687, 1916.

3
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ever, that the entire section is overturned. In that case the con-
glomerate that constitutes bed No. 2 of the preceding section should
probably be regarded as the basal member of the Triassic rocks, and
the shale and chert are probably the source of the upper Carbonif-
erous fossils that were collected at or near this locality by Wright.®

The following section was measured by E. M. Kindle at or near
the same locality as the section given above. The writer believes
that bed No. 2 of Kindle’s section is probably the same as bed No.
2 of the preceding section.

Section on point off Chapin Bay

. Feet
1. Grayish-white massive chert conglomerate______________ 250
2. Coarse conglomerate with large and small pebbles of
green and gray chert. Thin fossiliferous calcareous
bands at top (lot 9917).___ 20-25
3. Hard black slate with oecasional thin bands of dark
limestone___ - _— 150

Triassic rocks were discovered by Kirk near Carroll Island, on
Pybus Bay, between Gambier Bay and the small cove south of False
Point Pybus, and on Mole Harbor. Fossils from these localities
are listed in the table below, and the available information concern-
ing their occurrence is given in the accompanying description of
localities.

Age and correlation—The Triassic rocks of Admiralty Island
have yielded the fossils listed in the following table:

Triassic fossils from Admiralty Island

10195 | 8847 | 8848 | 8849 | 9117 | 10180 | 10172 | 10194 | 10171 | 10196 | 10168

Pseudomonotis subeircu- ,

ENSCI(CF:1+) ) JSR I S PRI NN S EPVRRIIN F SO (N X X
Halobia c¢f. H. superba

Mojsisovies.
Halobia. ..o ...
Gryphaea. . coocooooeoooo.
Myophoria......___._._.__
Undetermined pelecypods.
Undetermined gastropod. _|..
Discotropites. .
Juvavites...__.
Juvavites 7.

Undetermined ammonites_|..
Undetermined spherical
bodies. -cceeeueoanamaaaas

@ Identified by T. W. Stanton.

10195. South of Carroll Island. Argillite and sandstone. Edwin Kirk,
1918,

8847. Point at north entrance to Herring Bay, Admiralty Island. Bed No.
11 of section on page 90. Martin and Overbeck, 1914.

8 Wright, C. W., op. cit,, p. 143.
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8848. Point at north entrance to Herring Bay, Admiralty Island. Bed No. 9
of section on page 90. Martin and Overbeck, 1914.

8849. Point at north entrance to Herring Bay, Admiralty Island. Bed No. 4
of section on page 90. Martin and Overbeck, 1914.

9117. 1 mile east of Herring Bay, Admiralty Island. “ Thin fossiliferous
calcareous bands at top of a coarse conglomerate.” E. M. Kindle, 1905.

10180, Point between Chapin Bay and Herring Bay. REdwin Kirk, 1918.

10172. South point of V-shaped bay just south of False Point Pybus. Edwin
Kirk, 1918,

10194. About half a mile north of False Point FPybus. Edwin Kirk, 1918.

10171. East side of Church Point south of Gambier Bay. Edwin Kirk, 1918.

10196. North shore of east arm of Pybus Bay. Limestone overlying Car-
boniferous (?) conglomerate. Edwin Kirk, 1918.

10168. West side of Mole Harbor. Edwin Kirk, 1918.

These fossils indicate, for most of the localities, the well-known
Karnic fauna with Halobia cf. H. superba and its characteristic
ammonites. The younger Pseudomonotis horizon of the Noric is
indicated at two localities. It is noteworthy that one of these (No.
10196, on Pybus Bay) is very close to the base of the local Triassic
section, which may be a further indication of an unconformity at
the base of the Pseudomonotis-bearing beds. No information con-
cerning the occurrence of Pseudomonotis at Mole Harbor is available.

GASTINEAU VOLCANIC GROUP OF THE JUNEAU DISTRICT

Historical review—The andesitic Gastineau volcanic group of
Eakin and Spencer * is the lower volcanic part of the “slate-green-
stone band ” earlier described and mapped by Spencer® and part
of the rocks which he mapped as “ greenstone.”®* Spencer’s early
description of these rocks includes a brief general account of the
character and occurrence of the “slate-greenstone band ” with more
specific description of some of the constituent rock types. He re-
ferred the “slate-greenstone band” to the Carboniferous on the
basis of a correlation of some of its limestone with the fossiliferous
Carboniferous limestone of Taku Harbor. The Gastineau vol-
canic group forms part of the rocks within the Juneau district
which Knopf® mapped as “greenstones” but which he did not
differentiate from the other volcanic rocks of the region and which
he did not describe. It may possibly be represented in the “al-
tered amygdaloidal basalts,” near Berners Bay, which Knopf® de-
scribed.

% Pakin, H. M., and Spencer, A, C., Geology and ore deposits of Juneau, Alaska:

U. S. Geol. Survey Bull. — (in preparation).

% Spencer, A, C., The Juneau gold belt, Alaska : U, 8. Geol. Survey Bull. 287, pp. 16-18,
pl. 37, 1906.

o1 Jdem, pl. 4.

92 Knopf, Adolph, The Eagle River region, southeastern Alaska: U. S. Geol. Survey
Bull. 502, pl. 5, 1912.

"9 Knopf, Adolph, Geology of the Berners Bay region, Alaska: U. S. Geol. Survey Bull.
446, pp, 13, 19-21, pl, 2, 1911.
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Eakin and Spencer’s description of the Gastineau volcanic group **
includes a general account of the character of the rocks and a dis-
cussion of their age, with lists of Triassic fossils identified by Ree-
side from material collected by Eakin and Spencer. The geologic
map shows the distribution of the beds represented in the section
below, but these beds are not described individually in the text.

Stratigraphic description.—The general sequence of rocks in the
Juneau district, according to Eakin and Spencer, is represented in
the following table, in which the age assignments are those of the
writer: :

Stratigrapliic section near Juneau

Upper Jurassic (?):
Douglas Island volcanic group (melaphyre flows, tuff, and ag-
glomerate).
Treadwell slate (black clay slate with some conglomerate and con-
siderable graywacke).
Lower or Middle Jurassic (?):
Thane volcanic group:
Melaphyre tuft,
Limestone.
Tuff and slate.
Upper Triassic:
Gastineau volcanic group:
Slate.
Andesitic tuff,
Calcareous slate with Upper Triassic fossils.
Andesitic lava, with local lenses of slate.
Triassi¢ or older:
Perseverance slate (clay slate).
Paleozoic, with poss'bly some infolded Triassic:
Clark Peak schist (schistose rocks derived from slate, sandstone,
limestone, and conglomerate).

This section represents the present sequence of rocks from a
point near the crest of Douglas Island (top of section) to the west-
ern margin of the granite mass of the Coast Range east of Juneau
(base of section). It has been assumed that the present sequence of
the rocks from west to east is their normal stratigraphic sequence
from top to base—that is, the rocks now lie in their original strati-
graphic sequence with no structural disturbance except for minor
crumpling and faulting, which have not affected the sequence of
the beds, and for a general overturn of the entire section. It is
entirely possible, in the writer’s opinion, that there may be unde-
~ tected faults and close folds which have caused gaps, repetitions,
and local overturns within this section. No indication of any such

% Bakin, H. M., and Spencer, A. C., op. cit.
49448—26——S8 :
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disturbances has been found, but if such disturbances were present-
they would be very difficult to detect.

There is no conclusive evidence on the age of any of the rocks at
Juneau, except for the slate in the Gastineau volcanic group, which
has yielded characteristic Upper Triassic fossils. The other beds
have yielded no fossils, and there is only indirect and inconclusive
evidence on their age.

The Gastineau volcanic group is composed of andesitic lava and
tuff interbedded with calcareous slate that contains Upper Triassic
fossils. It is overlain by the Thane volcanic group, which is com-
posed largely of melaphyre tuff interbedded with'slate and lime-
stone. The Thane group has yielded no fossils, but in its lithologic
character and stratigraphic relations it seems to correspond to some
of the early Jurassic rocks of other regions. It will accordingly be
described (pp. 251-252) as probably Lower or Middle Jurassic.

The Gastineau volcanic group consists of andesitic lava at the
base with local lenses of slate, overlain by calcareous slate con-
taining marine Upper Triassic fossils, above which is andesitic tuff
overlain by slate. The thickness of this group is possibly about
5,000 feet. ‘

Beneath the Gastineau volcanic group is the Perseverance slate,
consisting of unfossiliferous clay slate, possibly 3,000 feet thick.
The Perseverance slate may perhaps be Triassic and was regarded
by Eakin and Spencer as probably Triassic because it is apparently
conformable with the overlying (astineau volcanic group. As it
does not appear to correspond in character and position with any of
the known Triassic rocks of other parts of Alaska, however, the
writer doubts its Triassic age. The Clark Peak schist, which under-
lies the Perseverance slate was also regarded by Eakin and Spencer
as probably Triassic, but as it does not bear a notable resemblance
to any known Triassic rocks and as it lies on the strike of the Car-
boniferous rocks of Taku Harbor and other localities south of Taku
Inlet, the writer believes that it belongs in the Paleozoic, where it
was formerly placed by Spencer.”® It may, however 1nclude some
infolded Triassic beds.

Age and correlation—The Upper Triassic age of the Gastineau
volcanic group is shown by the fossils listed on page 95. The presence
of Halobia cf. H. superba indicates a position approximately equiv-
alent to that of most of the other Triassic rocks of southeastern
Alaska.

% Spencer, A, C., The Juneau gold belt, Alaska: U. 8. Geol. Survey Bull. 287, 1908,
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Fossils from the Gestineaw volcanic group ¢

Halobia cf. H. superba Mojsisovies

Arcestes or ParaganideS- ... ocooooooamoaiooo..
Trachyceras (Protrachyceras) lecontei Hyatt and Sm
Atractites cf. A. phillippi Hyatt and Smith.._____
Undetermined ammonite. ... ieeiaeameeen

& Identified by J. B. Reeside, jr.

9844, Middle. Peak on Sheep Creek-Grindstone divide. H. M. Bakin, 1916.
9845. Head of Sheep Creek near Goldstein divide. A. C. Spencer, 1916.
9846. Sheep Creek basin, head of west tributary. A. C. Spencer, 1916.

YUKON VALLEY

The only known Triassic rocks in the Yukon Valley are near the
mouth of Nation River, not far below the Canadian boundary, and
possibly in the Kantishna district.

LIMESTONE NEAR NATION RIVER

Historical review—The presence of Triassic rocks on Yukon
River was first noted by Brooks and Kindle,”® who gave a brief de-
scription of the occurrence of fossiliferous Triassic beds near the
mouth of Nation River, together with a general discussion of the
other Triassic occurrences in Alaska and Yukon Territory. This
description of the Nation River occurrence was in part quoted by
Prindle,”” who added no new data, the occurrence being outside of
the area that he described. The Triassic localities near Nation
River were visited in 1914 and 1919 by the writer, who has given
a brief description of the rocks with a stratigraphic section and a
discussion of the faunas.’® .

Stratigraphic description—The Upper Triassic rocks near Nation
River consist of thin-bedded limestone and calcareous shale at least
400 feet thick, resting with probable unconformity though without
marked discordance of bedding upon upper Carboniferous limestone.
The top of the Triassic rocks has not been observed, but as the next
younger rocks known in this region are Lower Cretaceous the upper
contact is probably marked by a profound unconformity. The
Cretaceous and the Triassic rocks, so far as known, however, do not
crop out in contact.

These Triassic rocks are exposed on the south or left bank of the
Y ukon about a mile above the mouth of Nation River. The Triassic

% Brooks, A. H., and Kindle, E, M. Paleozoic and associated rocks on the upper Yukon,
Alaska.: Geol. Soc. America Bull, vol. 19, pp. 262, 297, 304-305, 313, 1908.
. ¥ Prindle, L. M., A geologic reconnaissance of the Circle quadrangle, Alaska: U. S.
Geol. Survey Bull, 538, p. 30, 1913.

% Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America- Bull.,, vol. 27, pp. 701—
702, 708, 1916,
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exposures consist of small discontinuous outcrops on the river bank
just north of a series of cliffs containing upper Carboniferous lime-
stone. Both the Triassic and the Carboniferous rocks dip north-
ward, or downstream, with approximately parallel bedding. The
highest of the recognized Carboniferous strata is a bed of yellowish
subcerystalline limestone with Productus and other brachiopods and
corals, indicating a very high Carboniferous fauna corresponding to
the Artinskian of Europe.

Section of Upper Triassic strata on south bank of Yukon River
’ 1 mile above Nation River
Feet
Calcareous shale and shaly limestone with Pseudomonotis sub-
circularis (Gabb), Rhynchonella? sp., and Terebratula sp-- 20+
Calcareous shale and shaly limestone with Halobia cf. H. su-
perba Mojsisovies, Pleurotomaria? sp., and Clionites? sp___ 320
Limestone with Rhynchonelle sp., Terebratula sp., Spiriferina
sp., Halobia sp., Aviculipecten sp., Pecten sp., Pleurophorus?
sp., Natica? sp., Orthoceras sp., Nautilus sp., Popanoceras
(Parapopanoceras) ? sp., Monophyllites? sp., Placites? sp.,
and Trachyceras (Protrachyceras)? cf. T. lecontei Hyatt
and Smith _____________________ - - 60
Underlain unconformably (?) by lower Permian (?) limestone
with an Artinskian fauna.

About 50 feet above the uppermost exposed bed of Carboniferous
limestone and separated from it by a concealed interval is a 10-foot
bed of dark noncrystalline limestone which is probably Triassic.
The bedding of this stratum is approximately parallel to that of the
~underlying Carboniferous limestone. .The difference in degree of
crystallinity is a possible indication of an unconformity, although
this difference may be due to a difference in composition or to local
deformation or local water channels. This bed of limestone yielded
the fossils contained in lot 8895. These fossils have been-examined
by T. W. Stanton, who decided that they are *probably Triassic”
and identified the genera listed in the table on page 98.

The succeeding section, exposed farther down the river bank, is
incomplete but apparently consists chiefly of calcareous shale and
shaly limestone. These beds contain characteristic Upper Triassic
fossils, of which lot 8896 was obtained about 30 feet above the some-
what doubtful bed that yielded lot 8895, and lot 8897 was olftained
about 10 feet still higher. These two lots contain Halobia cf. H.
superba Mojsisovics and consequently indicate a horizon correspond-
ing approximately to that of part of the Chitistone limestone. The
northernmost of the observed Triassic exposures, which is about 300
feet still higher, or about 400 feet above the highest recognized
Carboniferous bed, yielded lot 8899, which contains Pseudomonotis
subcircularis (Gabb). It consequently indicates a horizon corre-
sponding approximately to that of the McCarthy formation, which
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is the equivalent of the highest recognized marine Triassic horizon
of America.

The Triassic rocks described by Brooks and Kindle are exposed
on the hill slope about a quarter of a mile northeast of Nation River,
on the north or right side of the Yukon. They consist, according
to Kindle’s field notes, of .

heavy and thin bedded dark-gray limestone, shaly at the top, of which 15
or 20 feet is exposed. Sandy shale is seen at the top of the limestone, and
the interval between this limestone and locality No. 15 [upper Carboniferous]
is covered but is probably mostly shale. The interval is about 500 or 600 feet.

According to the published description, *

This fauna occurs in a limestone exposing about 15 feet at the outcrop.
The limestone apparently belongs in a shale and sandstone series immedi-
ately following the upper Carboniferous limestone, which is but slightly ex-
posed where the collection was made. Our very limited knowledge of this
terrain makes it impossible to offer any estimate of the thickness of the
beds which should be assigned to it.

The fossils from this locality are included in lot 4054, which, ac-
cording to Stanton,
contains many specimens of Halobia cf. H. superbe Mojsisovics, and on the
evidence of this species it was referred to the Triassic. The lot also con-
tains, in limestone of somewhat different texture, many other small fossils
among which Girty made the following tentative generic reference. [See lot
4054a, p. 99.] This fauna is practically duplicated in 8895, which was col-
lected by Martin in the same neighborhood. The natural inference from
Kindle’s collection is that this fauna occurs in a bed intercalated among those
containing Halobia, while Martin’s collection indicates that it comes from
beds lower than the Halobie horizon. The question of age must still be left
open. . .

I)'_I‘he Rhynchonella [of lot 8895] is the same as Pugnaz of Girty’s tentative
list based on Kindle's collection (4054), and the Terebratule is the same as
the Diclasma? of the same list. Leffingwell got similar, possibly identical
brachiopods at his locality 17 on Canning River. :

Upper Triassic rocks were seen also on Trout Creek, which enters
the Yukon about 2 miles below the old Montauk roadhouse, or about
6 miles above Nation River. The Triassic rocks are exposed about 3
miles above the mouth of the creek. They consist of thin-bedded
shaly limestone, possibly several hundred feet thick, which is ap-
parently underlain by Carboniferous limestone and is apparently
overlain by gravel that is believed to be derived from decayed Upper
Cretaceous or Tertiary conglomerate. :

Age and correlation.—Three more or less distinct faunal zones are
indicated by the fossils from the Triassic rocks near Nation River.
The fauna of the lower limestone differs strikingly from any of the
Triassic faunas recognized in the southern part of Alaska. Its
Upper Triassic age is indicated by the ammonites doubtfully identi-

 Brooks, A. H., and Kindle, E. M., op. cit,, p. 304.
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fied as Monophyllites, Placites, and Trachyceras (Protrachyceras)
lecontei. The ammonite doubtfully identified as Popanoceras (Pam—
popanoceras)- sp. is suggestive of the Middle Triassic, but as it is
an immature Specimen its evidence is inconclusive and is overbal-
anced by that of the other fossils. The fauna differs strikingly from
that of the Chitistone limestone and supposedly equivalent beds of
the southern part of Alaska in the absence of such characteristic
fossils as Tropites, Juvavites, Arcestes, and Haolobia cf. H. superba
and in the abundance of brachiopods and nautiloids. Its nearest rela-
tions among known Alaskan faunas are a fauna found on Canning
River, with which it has several species in common, and possibly some
of the collections from Hamilton Bay on Kupreanof Island.

The calcareous shale and shaly limestone, with Halobia cf. H.
superba, Pleurotomaria?, and Clionites?, which overlie the lime-
stone just discussed and make up the greater part of the section
exposed at this locality, are to be correlated. approximately with
the Chitistone limestone, although their fauna also differs from
those of southern ‘Alaska and resembles that of Canning River in the
absence of the common ammonites of the southern region and in the
probable presence of (lionites. The beds at the top of the section,
containing Pseudomonotis subcircularis (Gabb), represent the boreal
Upper Noric horizon of the McCarthy formation.

Fossils from Triassic limestone near Nation River®

| 8895
9384
9385

| 9321

Coral? (doubtfully organic)...................
Rhynchonella...__..___...
Rhynchonella?. _
Camarophoria?
Martinia?_.___:
Terebratula. ..
Spiriferina____.
Nucula -
Pseudomonotis subcircularis (Gabb)______.__. -
Pseudomonotis (apparently distinet from sub-
eirerlaris) . oo iiicciiaas
Halobia cf. H. superba Mo i
Halobia
Halobia?__._..
Aviculipeeten. - . ... . _......_
Aviculipeeten? . - ...
Pecten. oo
Modiomorpha?..___...._.
. Pleurophorus?......_.....
Plagioglypta?. _......____.
Pleurotomaria?

Orthoceras. _
Noutilus.
Popanoceras (Parapopanoceras) ?

specimen) ...
Monophylhtes"

’I‘rachyceras (Protrachyceras) ? cf. T. lecontei
Hyatt and Smith________________.______.___ JRR 0 O S

Undetermined ammonite.

Bone (fragment) ... oo RV U N B J

s g, Identified by T. W. Stanton; b, identified by G. H. Girty.
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8895. South bank of Yukon River, about 1 mile above Nation River. Ten-
foot bed of dark noncrystalline limestone which is probably not more.than
50 feet (unconformably?) above the crystalline Carboniferous limestone.
Martin and Overbeck, 1914.

9384. South bank of Yukon River, about 1 mile above Nation River. Same
locality and bed as 8895. Eliot Blackwelder, 1915,

9385. Hillside about one-third of a mile northeast of the mouth of Nation
River. Probably same bed as 9384 and apparently near the same locality and
bed as 5054. Eliot Blackwelder, 1915.

9386. Hillside about one-third of a mile northeast of the mouth of Nation
River. Same locality as 9385, but top of 25-foot limestone (upper part of same
bed). Eliot Blackwelder, 1915.

4054a. Mountain north of Yukon River, about a quarter of a mile northeast
of the mouth of Nation River. Fifteen-foot bed of limestone in a shale and
sandstone series. B. M. Kindle, 1906.

4054b. Same locality as 4054a, but limestone of somewhat different texture.
E. ‘M. Kindle, 1906.

9387. Hillside about one-third of a mile northeast of the mouth of Nation
River. Shale about 25 feet above 9385. Bliot Blackwelder, 1915.

9388. Hillside about one-third of a mile northeast of the mouth of Nation
River. Black shaly limestone about 15 feet above 9387. Eliot Blackwelder,
1915.

8896. South bank of Yukon River, about 1 mile above Nation River, a short
distance downstream from 8895. About 30 feet above 8895, in’a series of
calcareous shale and shaly limestone. Martin and Overbeck, 1914.

8897. South bank of Yukon River, about 1 mile above Nation River. About
10 feet above 8896. Martin and Overbeck, 1914.

8898. South bank of Yukon River, about 1 mile above Nation River. Float
from river bank between 8897 and 8899. Martin and Overbeck, 1914,

9383. South bank of Yukon River, about 1 mile above Nation River. Cal-
careous shale and shaly limestone about 260 feet above 9384. Eliot Black-
welder, 1915,

8899. South bank of Yukon River, about 1 mile above Nation River, down-
stream from S8897. About 300 feet (stratigraphically) above 8897. Martin
and Overbeck, 1914.

9382. South bank of Yukon River, about 1 mile above Nation River. Cal-
careous shale and shaly limestone about 350 feet above 93834. Eliot Black-
welder, 1915,

10266. Trout Creek, tributary to Yukon River from the south about 2 miles
below old Montauk roadhouse, about 3 miles above mouth of creek. Shaly
limestone. G. C. Martin, 1919,

10267. Same locality as 10266. G. C. Martin, 1919,

9321. Trout Creek, about 4 miles from mouth. Probably same locality as
10266. Preston J. Hilliard, 1915.

TRIASSIC (?}) LIMESTONE OF THE KANTISHNA DISTRICT

The supposed Triassic rocks of the Kantishna district were de-
scribed by Capps?! as consisting of black siliceous limestone that
contains imperfectly preserved corals. The limestone occurs near
the headwaters of Sushana River in close association with the slates

1 Capps, S. R., The Kantishna region, Alaska: U. 8. Geol. Survey Bull. 687, pp. 32, 33,
37, 1919.
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and phyllites of the Tonzona group which were considered by both
Capps and by Brooks? as probably Silurian or Devonian. Capps
believes that the limestone is not a member of the Tonzona group
but that it has been folded or faulted into its present position. It is
possible, however, that the Tonzona group may itself be Mesozoic.
No other Mesozoic rocks have been found in or near the Kantishna
district. The following statement was made by Stanton?® concern-
ing the fossils collected by Capps in 1916:

10031 (No. 2). At extreme head of Sushana River. This lot contains &
few imperfectly preserved corals which seem to be of Mesozoic types, though
it has not been possible to identify them even generically. They are s milar
to corals obtained in Triassic limestones in other ‘Alaskan areas, and it is
most probable that these are of that age. Messrs. Kirk and Girty, who have
examined the corals, both are of the opinion that they are not Paleozolc
forms. N

ARCTIC SLOPE
GENERAL FEATURES

The Upper Triassic rocks of the Arctic slope of Alaska are known
in two districts—in the Firth Valley, near the international bound-
ary, and in the vicinity of Canning River, about 130 miles west of
the boundary. The Triassic rocks of these two districts are very
much alike in lithologic character, consisting mostly of limestone
and shale, and are probably alike also in their relation to the under-
lying and overlying formations. The Triassic beds of Firth River
are underlain by upper Carboniferous limestone. The Triassic beds
of Canning River are clearly underlain by upper Carboniferous sand-
stone and overlain by lower Jurassic shale. In the Firth Valley the
top of the Triassic rocks has not been recognized because of complex
structure. The presence of a lower Jurassic fauna similar to that
of Canning River is indicated by fossils that have been found in
this district, and consequently there is little doubt that the Upper
Triassic rocks of Firth River resemble those of Canning River in
being overlain by Middle or Lower Jurassic strata. It is also highly
probable that the Triassic rocks of these two districts occur in the
same structural belt, and it is possible that the Triassic rocks are
exposed continuously from one section to the other.

SHALE AND LIMESTONE OF FIRTH'RIVER

Historical review—Upper Triassic rocks were discovered by A. G.
Maddren in the Firth Valley near the international boundary. These

2 Brooks, A. H., The Mount McKinley region, Alaska: U. S. Geol. Survey Prof. Paper
70, pp. 73~76, 1911.
8 Stanton, T. W., cited by Capps, S. R,, op. cit., p. 33.
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occurrences have been briefly described by Maddren.t A brief ac-
_count of these rocks has also been given by Martin.®

Stratigraphic description—The Upper Triassic rocks of the Firth
Valley consist of impure limestone and sandy shale having a thick-
ness of at least several hundred and possibly a thousand feet or more.
They are closely associated with upper Carboniferous limestone,
which is in places folded or faulted over them. On account of the
structural conditions the character of the basal contact of the Trias-
sic beds is not known, nor has the thickness been determined with
certainty. The top of the Triassic rocks has also, for the same rea-
son, not been recognized. It is probable, however, that the succeed-
ing formation is a Middle or Lower Jurassic limestone, which is
now complexly infolded with the Triassic beds so that it has not been
differentiated, although its presence (see pp. 264—265) has been recog-
nized from fossils.

The Triassic shale and limestone of Firth River have been de-
scribed by Maddren ¢ as follows:

Several miles south of the northern border of the Carboniferous rocks just
described and about 8 miles west of the 141st meridian marine fossils of Upper
Triassic age occur in a formation that is made up largely of black shales and
impure thin-bedded shaly limestones but possibly contains some massive lime-
stones. This formation appears to be involved by profound folding and pos-
sibly faulting with the intimately associated Carboniferous limestones in such
a manner that its position is now apparently beneath the older formations. At
least, this is the tentative view now held as a result of the preliminary examina-
tion made in 1911.

Similar Upper Triassic rocks are situated approximately 1 mile west of the
141st meridian about 5 miles south of the upper Firth River basin or Valley
of Three Rivers. These are likewise associated with the massive Carboniferous
limestone series and in the field examination of 1911 were considered possibly
to underlie them. The outcrops from which the Triassic fossils were obtained
are poorly exposed beds of impure flaggy limestone interbedded with sandy
shales, which have not been observed in contact with the older series. They
lie in the wide valley head of one of the extreme northern headwaters of Old
Crow River. These rocks were not recognized elsewhere in this basin by fos-
sils, but some black limy shales of somewhat similar appearance occur along
the foot of the eastern slopes of the basin several miles to the southwest.

Age and correlation—Two faunal zones are indicated by the fos-
sils that have been collected from these rocks. The older zone con-
tains Halobia cf. H. superba Mojsisovics and other pelecypods,
which have been found in beds of flaggy limestone interbedded with
sandy shale on the international boundary about 80 miles north

4 Maddren, A. G., Geologic investigations along the Canada-Alaska boundary: U. S,
Geol, Survey Bull. 520, pp. 300, 312-313, 1912. .
6 Martin, G. C., Triassic rocks of Alaska : Geol. Soc. America Bull,, vol. 27, pp. 702-703,
1916. :

6 Madden, A. G., op. cit,, pp. 312-313.
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of Porcupine River (lots 7380 and 7881, below). A younger zone
is indieated by the presence (lot 7382) of Pseudomonotis sub-
circularis (Gabb) in limestone beds west of the boundary and about
28 miles farther north. The relation of the beds at these two lo-
calities to each other is not known. The Pseudomonotis-bearing
beds occur on the contact with upper Carboniferous rocks which are
apparently folded or faulted over them. Another collection (lot
8207) contains both Halobia and Pseudomonotis. As this lot,
when received, included some crinoids that are probably Lower
Jurassic (see p. 265), as well as some upper Carboniferous fossils
contained in limestone which, according to Stanton, “differs in
color and other characters from the limestone containing the Trias-
sic fossils,” and as according to Maddren’s field notes, “about 1,000
feet of Triassic beds appear to be involved in the exposure, but much
of this is composed of dark shale too much crumpled to be deci-
phered with satisfaction at this locality,” it is obvious that this col-
lection does not prove that the Halobia and the Pseudomontis lived
in the same sea.

It may be that in parts of the Alaskan Triassic seas Halobw
superba and Pseudomonotis subcircularis had a different range and
distribution from that which their kindred species are supposed to
have had in the European and Californian Triassic, where the Halo-
bia is supposed to be a warm-water Karnic species and the Pseudo-
monotis a cold-water Noric species, but this occurrence does not
prove that such is the case. It is possible that here, as at some of the
other Alaskan localities where these forms seem to be in the same
beds, the apparent facts may be explained by mixed collections, by
structural conditions, or by unrecognized specific differences.

Upper Triassic fossils from Firth River ¢

Rhynchonella_ . ... oo e e aeem e am
Avieula. o ieceees

Pseudomonotis subcircularis (Gabb) :
Halobia cf. H. superba Mojsisovics.
Ostrea?_ __
Pecten._ ...
Pecten?._ .

¢ Identified by T. W, Stanton.

7380. About a mile west of heliograph station T, on international boundary
80 miles north of Porcupine River. Impure flaggy limestone interbedded with
the sandy shale that yielded lot 7381. A. G. Maddren, 1911.

7381. Same locality as 7380. Sandy beds: “A. G. Maddren, 1911.

7382. About 114 miles up a gulch southwest of west camp on West Fork
of Firth River, about 6% miles west of international boundary and 108 miles
north of Porcupine River. Ferruginous limestones apparently near base of the
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limestone that forms the mdge along the south side of the West Fork. The
Carboniferous is apparently folded _over the Tnassic at this point.. A. G.
Maddrén, 1911,

8207. About 100 to 500 feet above mouth of a south-side gulch, tributary to
Overthrust Creek, 1% miles above its mouth. About 8 miles west of the inter-
national boundary, in latitude 68° 56’ 10’ N. Thin dark brittle limestone
alternating with crumpled dark calcareous and ferruginous sandy shale. A. G.
Maddren, 1912,

SHUBLIK FORMATION

Historical review.—Upper Triassic rocks are well exposed in the
vicinity of Canning River on the Arctic slope about 130 miles west
of the international boundary. This occurrence was discovered and
has been investigated in detail by E. de K. Leffingwell in the course
of his extensive explorations of the north coast and Arctic slope of
Alaska. These Triassic rocks were described by Leffingwell” as
the Shublik formation, and his account included a detalled descrip-
tion of the formation with lists of fossils as determined by T. W.
Stanton. The fauna of the Shublik formation has been discussed
by Martin.®

Stratigraphic description.—The Shublik formation, as described
by Leflingwell, is exposed along the northern front of the Franklin
Mountains on the tributaries of Canning and the neighboring rivers.
The type locality is at Shublik Island, in Canning River. This for-
mation consists of dark limestone, shale, and sandstone and is proba-
bly about 500 feet thick. It includes at least three characteristic
members—a lower member, about 30 feet thick, composed of calcareous
sandstone; a middle member, about 100 feet thick, composed of lime-
stone with some interbedded shale; and an upper member, about 100 -
feet thick, composed of black shale. Between these recognized
members are concealed intervals of unknown character and extent.
The Shublik formation overlies the upper Carboniferous (Pennsyl-
vanian) rocks of the Sadlerochit formation, and is overlain by the
‘Middle or Lower Jurassic Kingak shale, which is described on
page 263. Neither the lower nor the upper contact had been observed
in detail, but both contacts are apparently conformable.

Age and correlation—The fauna of the Shublik formation, as
represented in the following table, includes fossils from all three of
the characteristic members described above. The lower sandstone
member is represented by 10294; the middle limestone member by
10297, 10300, 10302, 10303, 10305, and 10310; and the upper shale
member by 10299 and 10301. The remaining collections came from
unknown beds. The brachiopods of 10297, according to T. W. Stan-

7 Leffingwell, E. de K., The Canning River region, northern Alaska.: U. 8. Geol. Survey
Prof. Paper 109, pp. 103, 115-118, pl. 2, 1919.

8 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull, vol. 27, p.
703, 1916.
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ton, “suggest a fauna closely related to ‘the somewhat doubtful
Triassic fauna collected near the mouth of Nation River on the
Yukon.” (See lots 4054 and 8895, p. 98.)

Fogsils from the Shublik formation ¢

10294
10297
10300
10302
10303
10304
10305
10310
10295
10296
10298
10313
10314
10315
10316
102

10301

Rhynchonella_ ... .o .-
Rhynchonella (2 species) . -ccoeeoomeaeona .-
Rhynchonella?._.....__
Terebratula,
Terebratula (2 species;

Spiriferina____._......
Spiriferina? . ___
Nueula?. .o eeeeee -

1 % | 103011

'
'
.
'
'
i
]
'
'
i
)
'
'
'
'
'
[l
'

'
'

X

X
%
Vo X
T X
X

X

X

X

'
'
'
'
]
’
'
'

N
X
X

Gervillia? (very small specimen) __...
Avieula. oo o...
Pseudomonotis subcircularis (Gabb)
Pseudomonotis subcircularis? . ...
Pseudomonotis... ...
Pseudomonotis? . ..ooeoomcceoaaaccaaas --
Halobia cf. H. superba Mojsisovics..------ -
Halobia. oo --
Gryphaea?
Gryphaca?. ..
Megalodon?._.
Aviculipecten

s
H
¢
'
)
'
\
H
\
!
)
\
|
s
'
'
H
X1
.

e
v
|
.
H
f
.
H

VXD XX XX

)
'
'
'
'
'
'
'
‘
'
'
'
'
'
i
'
'
i
'
'
.

X1 X

[
B
P
H
H
H
H

Lima? (large form) .o .. ... -
Lima? (small fragments) .
Cardium?._._._

X1 X

Undetermined gastropods (small) ___._.... O [ I
Clionites? .o iicaaan JRORE (SN [P
Atractites? oo icccccceees R I N
Bone fragments. . acecoeccoooomocoaaaas H S R B D 4 I

o Identified by T. W. Stanton.

10294 (6). Canning River, near top of Red Hill at camp 146. Isolated out-
crop of dark sandstone, of which 10 feet is exposed. Lower sandstone mem-
ber of formation. E. de K. Leffingwell, 1908.

10297 (17). Canning River, cut half a mile above camp 152, on north side
of Ikiakpaurak Creek. Top of anticline, within 1 or 2 feet of a single bed,
in hard dark limestone, of which 50 feet is exposed. HB. de K. Leffingwell,
1908.

10300 (22A). Canning River, half a mile east of No. 21, on the south side
of the river. Top of a 35-foot bed of dark limestone which is overlain by
100 feet of soft black shale. E. de K. Leffingwell, 1908.

10302 (30). Canning River. Cut on creek about half a mile above camp
149. About 100 feet of dark limestone exposed. E. de K. Leffingwell, 1908.

10303 (30A). Canning River, same locality as No. 30 but top of exposure.
E. de K. Leffingwell, 1908. '

10304 (30B). Canning River, talus below 30A. E. de K. Leffingwell, 1908.

10305 (30C). Canning River, same locality as No. 30 but bottom of exposure.
E. de K. Leflingwell, 1908.

10310 (115B). Sadlerochit River, Camp 263 Creek, near the mountains. Out-
crop of 12 feet of dark limestone, probably about 80 feet below the top of the
limestone member of the formation. E. de K. Leffingwell, 1910-1912,
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10295 (13). Canning River. Float from creek near camp 149. E. de K.
Leffingwell, 1908. )

10296 (15). Canning River. Outcrop across creek from camp 150. E. de K.
Leffingwell, 1908.

10298 (18). Canning River. Isolated outcrop at base of hogback 2 miles
east of camp 152, on north side of creek. E. de K. Leffingwell, 1908.

10313. Hulahula River, fishing place at edge of mountains. Collected in
winter from scattered outcrops along the river. IE. de K. Leffingwell, 1910-1912.

10314. Shublik Falls, Canning River. Collected in winter from scattered out-
crops along the river. E. de K. Leffingwell, 1910-1912. :

10315. Sagavanirktok River. Slab collected by natives. E. de K. Leffing-
well, 1910-1912,

10316. Black Island, Canning River, near Shublik Falls. E. de K. Leffing-
well, 1910-1912. ’

10299 (21). Canning River, cut on south side of Ikiakpaurak Valley 1 mile
above camp 152. Bottom of exposure of 100 feet of fissile black shale.
E. de K. Leffingwell, 1908. )

10301 (22C). Gamiing River, same locality as 22A, but from 1 to 3 feet of
black shale 30 feet above 22A. About the same horizon as No. 21. E. de K.
Leffingwell, 1908. )

10301’ (22C’). Canning River, same locality as 22C, but from a talus block
immediately below 22C. E. de K. Leffingwell, 1908,

The fauna of these rocks is certainly Upper Triassic, as is shown
by the presence of Clionites and Halobia cf. H. superba Mojsisovics.
The presence of the Halobia suggests a position in the middle or
Karnic stage of the Upper Triassic, corresponding approximately to
the horizon of the Chitistone limestone. The association of such
genera as Megalodon? and Aviculipecten, which are not known from
rocks younger than the Triassic, with such genera as Gervillia,
Gryphaea, Cardium, Natica, and Atractites, which are not known
from rocks older than the Triassic, would in itself indicate the
Triassic age of this fauna. This fauna differs from the better-
known Triassic faunas of the southern part of Alaska in the entire
absence of the corals and of such pelecypods as Myophoria and
Pleuromya and in the practical absence of the ammonites, especially
such ammonite genera as Tropites, Juvavites, and Arcestes, which
are very abundant in most of the Triassic areas of southern Alaska.
It differs also from the other known Alaskan Triassic faunas in the
preponderance of the brachiopods and in the presence of Gervillia
and Megalodon?, and it differs from most of the others in the pres-
ence of Clionites. The Alaskan fauna most closely related to this
occurs in the lowest bed of the Triassic limestone near Nation River.

The presence of Pseudomonotis subcircularis (Gabb) in talus and
float material at several localities in the Canning River district indi-
cates the presence of beds corresponding to those of the McCarthy
formation. The Pseudomonotis zone from which this material was
derived may occur either in the uppermost part of this formation or
in a thin overlying formation that has not been recognized.



.

106 MESOZOIC STRATIGRAPHY OF ALASKA

NOATAK VALLEY

CHERTY LIMESTONE FLOAT

The presence of Upper Triassic rocks in the Noatak Valley is
indicated by a boulder containing well-preserved specimens of Pscu-
domonotis subcircularis (Gabb) in the gravel of Noatak River.
The fossils, according to Philip S. Smith,* who found them, occur in
masses of black chert contained in dark thin-bedded limestone. The
rocks that crop out in the vicinity consist of dark limestone that is
practically indistinguishable in lithologic character from the Trias-
sic boulders but has been considered a member of the Noatak sand-
stone, of lower Carboniferous (Mississippian) age. It was the
opinion of Smith that the Triassic boulders had probably not been
transported far, but that they might possibly have come from a con-
siderable distance. The river gravel contains boulders with Car-
boniferous fossils and also some that are possibly Devonian. It
seems possible that there may be a large area of Triassic rocks where
the fossils were found, the neighboring outcrops consisting of Trias-
sic limestone rather than being members of the Noatak sandstone,
as Smith considered them, and the Carboniferous float being brought
down from the hills to the north. It is also possible that all the
neighboring rocks are Carboniferous and that the Triassic float was
brought in from a distance. A third possibility is that the Car-
boniferous and the Triassic rocks are both present near this locality,
but that they occur in such intimate stratigraphic or obscure struc-
tural relations that they have not been differentiated. A

The age of the fossiliferous cherty limestone was determined by
T. W. Stanton, who states:

7244. No. 11 AS44; Noatak River at first stream from south, west of the
camp of August 8, approximately latitude 68° N., longitude 159° W.:

Pseudomonotis subcircularis (Gabb).
Upper Triassic. - The collection contains only a single species, but it is repre-

sented by a number of well-preserved specimens and is a widely distributed
and very characteristic form found thus far only in the Upper Triassic.

NORTHWESTERN ALASKA

GENERAL FEATURES

The known Triassic rocks of the extreme northwestern part of
Alaska include chert, shale, and thin-bedded limestone exposed in
several areas near Cape Lisburne and in an area about 55 miles
farther south, near Cape Thompson. The Triassic rocks of Cape
Lisburne and Cape Thompson not only are practically identical in

® Smith, P. 8., The Noatak-Kobuk region, Alaska: U. 8. Geol. Survey Bull. 536, pp.
79-80, 1913.
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lithologic and faunal character but apparently occur in very similar
stratigraphic relations to the associated formations.

The general character, sequence, and relations of the rocks in the
vicinity of Cape Lisburne were represented by Collier ** as follows:"

Tabular statement of stratigraphy, Cape Lisburne region, Alaska

Thick-

Contact Dess Lithologic character

Age Formation relations Pve

Recent. Unconformity. 50+ | Sands, gravels, etc.

Gravels, silts, talus, and:ground

Pleistocene. .. Unconformity. - 80+ 1 e,

Calcareous and carbonaceous
shales with sandstones and
UpperJumssie. | Corwin. | Unconformity, | 15,000+ | gopslomerateg . infiaquent
Jurassic plants. No marine
fauna.

(e) Massive limestones inter-
stratified with white cherts.
Extensive coral and bryozoan
fauna.

(b) Thinly bedded shales, slates,
. cherts, and limestones. Fauna
Lower Carboniferous Conformity. 1,0004 | includes brachiopods, trilo-
(Mississippian). Fites, cﬁphalopoas, and lamel-

: ibranchs. ¢

Lisburne. Conformity. 3, 0004

(c) Thinly bedded black shales,

X | slates, and limestones. . Sev-
Conformity (?). 500+ ; eral coal beds. Lower Carbon-
iferous flora. Brachiopod and
coral fauna. b

2,000+ i Calcareous  sandstonmes  and

Devonian (7). slates. No fossils found.

¢ The brachiopods, trilobites, and cephalopods were obtained at only two localities (4 AC 15 and 4 AC
17, which possibly do not belong in this formation.
% In one possible instance.

The preceding table shows that the rocks south and southeast of
Cape Lisburne were divided by Collier into three supposed lower
Carboniferous formations. The fossils of the upper and lower for-
mations prove beyond doubt that they are of lower Carboniferous
age. Collier considered that the three formations were in conform-
able sequence, and as the fossils of the “middle formation” were
regarded as of rather indefinite character, the Carboniferous age of
the entire sequence was not doubted. It should be pointed out that
the structure in this district is very complex, overturned folds and
thrust faults being numerous and all the less rigid beds being
minutely crumpled. It should also be remembered that Collier, in
addition to measuring stratigraphic sections and collecting fossils,
obtained sections and samples from a large number of coal beds and
carried topographic and geologic mapping along 100 miles of un-

0 Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska:
U. 8. Geol. Survey Bull. 278, p. 16, 1906.
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sheltered ocean coast, doing all this traveling in an open boat during
a single month in which “there were not more than 10 calm days.”
It is consequently not surprising that the sequence as given above
is not altogether correct, a reexamination of the fossils having shown
that the fauna at some of the localities referred to the “middle for-
mation ” is Upper Triassic.** This conclusion makes it necessary to
reconsider the evidence concerning the age of this formation and its
stratigraphic and structural relations to the Lisburne limestone and
to the lower coal-bearing formation. On reconsidering the evidence
in full (see pp. 109-112) the writer concludes that the entire “ middle
formation ” is Upper Triassic, its contacts with the lower Carbonifer-
ous rocks of the Lisburne limestone being thrust faults. The general
sequence near Cape Lisburne is probably about the same as at Cape
Thompson, where the section described by Kindle > may be repre-
sented as follows:

General section of Mesozoic and Paleozoic rocks near Cape Thompson

Peet
Jurassic or Cretaceous (?): Soft black shale____________ 5004
Upper Triassic: Chert, shale, and thin-bedded limestone. 625
Carboniferous (?) : Light-gray cherty hmestone __________ 2,000+
Lower Carboniferous:
Light-gray limestone with abundant lower Carbonif-
erous fossils, chiefly corals and brachiopods________ 3,000+
Shale and sandstone, with lower Carboniferous fossil
plants___ e 400

SHALE, CHERT, AND LIMESTONE NEAR CAPE LISBURNE

Historical review.—The Upper Triassic rocks near Cape Lisburne
were first described by Collier ** as the “middle formation” of the
local Carboniferous section, and were assigned to the lower Carbon-
iferous because of their apparent position beneath the Lisburne
limestone and above the “lower formation,” both of which contain
lower Carboniferous fossils.

The same publication includes a short general discussion of the
fauna of these beds by G. H. Girty,* with lists of the fossils that
Collier collected. The fossils from the beds that are now regarded
as Triassic were discussed briefly, with a statement that they are
different from the characteristic lower Carboniferous faunas of the
other formations and seem to include no diagnostic forms, and were
assigned tentatively to the lower Carboniferous on the basis of an

1t Kindle, E. M., The section at Cape Thompson, Alaska: Am. Jour. Sci., 4th ser.,
vol, 28, pp. 527-528, 1909.

1 Idem, pp. $520-528.

13 Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska:
U. S. Geol. Survey Bull. 287, pp. 16, 18, 19-21, pl, 1, 1906.

14 Jdem, pp. 22-26.
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assumption that the strata from which they were obtained are inter-
bedded with the known Carboniferous rocks.

The presence of Upper Triassic rocks near Cape Lisburne was
first pointed out by Kindle ** on the basis of the following statement
by Stanton :

Among the collections obtained by Mr. Collier in the Cape Lisburne region
some years ago there are several small lots consisting mainly of a form that
seems to be identical with Pseudomonotis subcircularis and probably comes
from about the same horizon as this Cape Thompson locality. These fossils
were at that time identified as Aviculopecten and referred to the Carbonifer-
ous, chiefly because of the stratigraphic relations they were supposed to hold
with well-characterized Carboniferous faunas.

Kindle added a brief statement indicating which of the collections
previously regarded as Carboniferous were to be considered prob-
ably Triassic.

The Triassic rocks at Cape Lisburne were described briefly, on the
basis of Collier’s description, by Martin,*® who pointed out that the
entire “ middle formation ” of Collier is probably Triassic.

Stratigraphic description—The Triassic rocks near Cape Lis-
burne, which have a thickness of over 1,000 feet and contain Pseu-
domonotis subcircularis (Gabb), constitute the “ middle formation ”
of the Carboniferous as described by Collier. Neither base nor top -
of these beds has been recognized, all the observed contacts being
faults. The next older rocks known in the vicinity are the lower
Carboniferous (Mississippian) beds of the Lisburne limestone, and
the next younger are the Corwin formation, of Cretaceous or Juras-
sic age. Collier’s description?” of the “middle formation” is as
follows:

The middle formation of the Carboniferous series has also been identified
at three localities along the coast. It consists of thinly bedded black slates,
shales, cherts, and cherty limestones and is distinguished from the lower forma-
tion, which it resembles in general appearance, by the absence of coal beds or
fossil flora of any kind, and from the upper formation of the series, first by
its lithologic character and second by its fauna, which consists principally of
brachiopods and mollusks, while that of the upper consists principally of corals.
In general the formation is harder than the coal-bearing formation, and for
this reason the topography produced by it is more rugged. Like the coal-
bearing formation it is rather intensely folded, and faulting has usually oc-
curred along its contacts with the massive limestones which overlie it.

The “middle formation” has been recognized in three or four
areas in the Lisburne region. The area that yielded most of the
Triassic fossils (lots 4 AC 15,4 AC 18,4 AC 21,4 AC 81,4 AW 33,

15 Kindle, E. M., The section at Cape Thompson, Alaska: Am. Jour. Sci.,, 4th ser., vol.
28, pp. 527-528, 1909.

18 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull, vol. 27, pp.
703-704, 1916. ’

1 Collier, A. J., op. cit,, pp. 19-20.
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4 AW 34) is a belt about 2 miles wide which extends southeastward
from a point on the coast near Wevok, about 8 miles east of Cape
Lisburne, between an area of supposed Cretaceous rocks on the north-
east and an area of the Lisburne limestone on the southwest. The
contact of the “middle formation” with the supposed Cretaceous
rocks, as indicated in Figure 2, was regarded by Collier as probably
an overthrust fault.

The relation between the “middle formation” and the Lisburne
limestone is not so clear, it being stated that the Lisburne limestone

Cretaceous(?) sandstone Triassic shales, slates, lime-
. and shale stones, and cherts. Solid
lines represent beds whose
outerops have been actually
traced on the ground

FIGURE 2.—Ground plan of outcrops adjoining the probable fault contact between the
Triassic and Cretaceous (?) formations 3 imiles east of Cape Lisburne. (After A. J.
Collier) ’

seems to overlie the cherty rocks of the “middle formation” but

that— ‘

along the poorly exposed contact there is brecciation and other evidences of

faulting. The slate and chert area here is marked by low hills and valleys,

above which the massive limestone mountains rise abruptly to an elevation of
about 1,000 feet. The base of this mountain extends in a nearly straight
line, which suggests a fault escarpment. In this area the sinuous outcrops of
the cherty beds (see fig. 2), which can be traced for considerable distances,
indicate that the formation is intensely crumpled and probably closely folded.

In view of this suggestion of faulting, together with the testimony
of the fossils to the effect that the apparently underlying beds are
the younger, an overthrust fault may reasonably be assumed along
the southwestern as well as the northeastern boundary of the cherty.
rocks of this area. ' '

The same Triassic fauna has been collected about 3 miles north of
Cape Lewis (4 AW 38), from chert beds 450 or 500 feet thick. These
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‘cherts seem to be both overlain and underlain conformably by lime-
stone. The underlying limestone contains Carboniferous.- fossils
(4 AW 39), but no fossils were collected from the overlying beds.

Chert beds which are similar to those containing the Triassic
fauna but from which, no fossils have been obtained occur also about
a mile south of Cape Lewis. Collier says of the “ middle formation”
of this locality: “It seems to rest conformably on the coal-bearing
formation and to be overlain conformably by the massive limestone
[Lisburne], as shown in Figure 3. Its thickness here is estimated at
about 1,000 feet.” The notes taken by Chester Washburne at this
locality read:

In the sketch [fig. 3] the underlying limestone on the right is thin bedded,

black, and in places somewhat sandy. It contains many brachiopods and corals,
of which 4 AW 35 is a sample collection. This limestone is about 200 feet

500 ft.

50 ft.

—_Sea level
287559797 ey i,
Lisburne iimestone Shales, slates, cherts,and limestones  Coal-bearing shales.clays.and
(coral fauna) (brachiopods, pectenoids,and corals) limestones (Paleozoic plants)

FI1cURE 3.—Sketch showing stratigraphic relations of the Triassic and Carboniferous for-
mations south: of Cape Lewis. (After A. J. Collier)

thick. Overlying it is a thin-bedded varicolored chert, mostly black, about
250 feet thick and somewhat contorted. Overlying the chert, probably con-
formably, is another thin-bedded limestone, purer than the first and with an
exposed thickness in the next hill north (Cape Dyer) of [several] thousand
feet. The basal 500 feet of this limestone contains considerable interstratified
nodular and broken chert and numerous fossils (4 AW 36). Above 500 feet
from the base, chert fragments are comparatively rare.

As the fossils in lots 4 AW 35 and 4 AW 36 are clearly Garbon-
iferous, it is evident either that the cherty beds at this locality are
not Triassic or that there is a fault between the cherty rocks and the
apparently overlying limestone. The latter alternative is the more
probable, for the basal contact of the upper limestone as represented
in Figure 3 and more especially as drawn in the original field sketch
is not parallel to the bedding of the underlying cherty beds and
might be either an unconformity or a thrust fault.

The “middle formation” is also represented on the map as occur-
ring at a locality 4 miles south of Cape Lisburne. No fossils have
been collected at this locality, nor have the local relations been
described.

A ge and correlation.—The Triassic shale, chert, and limestone near
Cape Lisburne have yielded the fossils listed in the following table.
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The presence of Pseudomonotis subcircularis indicates a correlation
with the Pseudomonotis-bearing beds at the tip of the Upper Tri-
assic. No trace of the older Triassic faunas has been found near
Cape Lisburne.

Fossils from Upper Triassic shale, chert, and limestone near Cape Lisburne®

4AC15
4ACI18
4AC21
4AC3S1
4 AW 33
4 AW 34
4 AW 38
4 AW 45

)

Sponge?. .
Pararca?.
Nucula?..
Pseudomonotis subcircularis
(Gabb)_ ... b b b b b b b b b

a g, Identified by George H. Girty; b, identified by T. W. Stanton.

4 AC 15. 1% miles southeast of Wevok. Chert, cherty limestone, and shale.
A. J. Collier, 1904.

4 AC 18. 3% miles southeast of Wevok. A. J. Collier, 1904.

4 AC 21. 3 miles east-southeast of Wevok. A. J. Collier, 1904.

4 AC 81. 4 miles southeast of Wevok. A. J. Collier, 1904.

4 AW 33. About 2 to 3% miles southeast of Wevok. Chert. C. W. Wash-
burne, 1904.

4 AW 34. About half a mile southeast of camp near Wevok. Chert. C. W.
Washburne, 1904.

4 AW 38. 3% miles north of Cape Lewis. Chert 450 or 500 feet thick, which
is conformably underlain ang overlain by fossiliferous limestone. From the
underlying limestone the fossils of lot 4 AW 39 were obtained. €. W. Wash-
burne, 1904.

4 AW 45. Cobblestone on beach at south side of Point Hope. C. W. Wash-
burne, 1904.

(?) Southeast of Wevok, Collier and Washburne, 1904.

CHERT AND LIMESTONE NEAR CAPE THOMPSON

Historical review.—The presence of Upper Triassic rocks near
Cape *Thompson was first indicated by Hyatt® in the following
statement : “A slab from Cape Thompson, Arctic coast, has numerous
specimens of Halobia, or Daonella, and is probably Triassic.”

Cape Thompson was not actually visited by Collier, but he made a
sketch showing the geologic section exposed in the cliffs as seen from
the deck of the steamship Corwin at a distance of about 3 miles.?®
This sketch is shown in Figure 4. The arch in the center, which is
called “Agate Rock,” is shown in greater detail in a photographz®

18 Hyatt, Alpheus, Report on the Mesozoic fossils: U. S. Geol. ‘Survey Seventeenth Ann,
Rept., pt. 1, p. 907, 1896.

1 Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska: U. S.
Geol. Survey Bull. 278, p. 21, fig. 7, 1906,

2 Idem, pl. 4, 4.
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which Collier obtained from Doctor Call, surgeon of the United
States revenue cutter 7 Aetis.

The fossils from Cape Thompson that were identified by Hyatt
as probably Triassic were discussed briefly by G. H. Girty,** who
stated that they resemble and occur in a matrix similar to that con-
taining the doubtful fossils from Cape Lisburne that are now re-
garded (see p. 108) as Triassic.

The occurrence of Upper Triassic rocks near Cape Thompson was
described by Kindle,** who gave a stratigraphic section showing the
position of the fossiliferous Triassic beds and discussed their rela-
tion to the underlying and overlying rocks in some detail.

The Triassic rocks near Cape Thompson have been briefly de-
scribed by Martin.*® _

Stratigraphic description.—The Triassic rocks near Cape Thomp-
son consist of chert, argillite, and thin-bedded limestone aggregating
625 feet in thickness. They rest with apparent conformity on un-
fossiliferous limestone which overlies a Mississippian (lower Car-

" "' A "/" >
ST B,

e
4 2 3

Fioure 4.—Sketch of the section exposed in the cliffs at Cape Thompson. (After A. J.
. Collier)

boniferous) limestone and which is supposed to be of Carboniferous

age. They are overlain with apparent conformity by shale that is

possibly Jurassic or Cretaceous. Pseudomonotis subcircularis =

(Gabb) has been obtained near the top of the strata referred to the

Triassic.

The Triassic rocks; according to Kindle, are exposed in a belt 114
to 2 miles wide, bounded on both sides by Carboniferous limestone.
The Triassic rocks lie in a syncline whose axis trends north of north-
west and reaches the coast about 2 miles southeast of the northwest-
erly outcrops near Cape Thompson. The Triassic and overlying
beds are apparently included in No. 4 in the accompanying sketch
by Collier.2* (See fig. 4.) It should be noted, however, that, accord-
ing to Kindle, the structure is not altogether correctly represented
in this sketch. The character and occurrence of the Triassic and
assoclated rocks near Cape Thompson were described by Kindle %
as follows:

21 Collier, A. J., op. cit.,.p. 25.

2 Kindle, E. M., The section at Cape Thompson, Alaska: Am. Jour., Sci., 4th ser., vol.
28, pp. 521-522, 526-528, 1909.

28 Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull, vol. 27, pp. 703~
704, 1916.

% Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska: U. S.
Geol, Survey Bull. 278, p. 21, 1906.

2 Kindle, E. M., op. cit., 526,
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‘ The higher beds of the Cape Thompson section are brought in contact with

the beds already described in the midst of a zone of rather local but complicated

folding and possibly of faulting, which renders it impossible to give even an

approximate estimate of their thickness as seen from the top of the south-

eastern portion of the Cape Thompson cliffs; but between the second and the

fourth deep ravines separating the high ridges just southeast of the cape along.

the coast the exposures are continuous for 2 miles, exposing a section of
northerly dipping beds in which the dip decreases from 35° to 0 near the
middle of the synclinal. We find in the series of cliffs which face the sea to the
southeast of the second ravine below Cape Thompson a section which passes
without structural complications from the fossiliferous Carboniferous lime-
stones to the top of the hlghest beds exposed in this v1cm1ty This section is
as follows: . :

Section 15, 2 miles southeast of Cape Tho'mpsim‘

Feet
e. Soft black shales________._. S 500+
d. Dark cherts and thin-bedded cherty limestones with some
greenish bands —— 25
c. Argillites with bands of black, green and dull red cherts. 600

b. Light-gray limestone weathering buff, with some bands of

dark chert. Apparently barren of fossils..___._____ 2, 0004
Light-gray limestone similar to the above but with less

chert and containing numerous fossils, in which corals

are conspicuous - -~ 3,000+

The lowest member (a) of this section contams a characteristic
lower Carboniferous fauna. No fossils were obtained from the next
higher member (b), which consequently may be either Carbonifer-
- ous or Triassic. According to Kindle,*® however,

P

The close physical resemblance of the second division (b) of the limestone
series to the lower leaves little doubt that it is also of Carboniferous age.
It may represent the upper Carboniferous, which has not been recognized
anywhere on the northwestern coast of Alaska, though known on the Yukon
and in southeastern Alaska.

The contact between the Triassic and the Carboniferous rocks,

according to Kindle, is probably at the base of bed ¢, and the highest

black shale (e) was believed to be possibly the equivalent of the
Cretaceous or Jurassic Corwin formation. (See p. 457.) XKindle
described the supposed Triassic members of this section as follows:

The lithologic change at the top of this limestone series is abrupt. The
beds included in ¢ and d are essentially similar and represent the same
formation, although there is less of the calcareous element in the lower beds.
Fossils were found, however, only in the upper beds marked d in the section.
They occur in great abundance in certain strata in this portion of the seetion.
About 7 feet near the top are composed almost exclusively of shells which
have been largely altered to chert.

Age and correlation—The only fossils that have been obtained
from the Triassic rocks near Cape Thompson are the collection de-

2 Kindle, E, M., op. cit., p. 527.

<z
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scribed by Hyatt and the collection obtained by Kindle, described
on pages 113-114 and listed below. Concerning the fossils collected
by Kindle (lot 15d) Stanton ** said: ’

This collection consists of lmestone fragments with numerous specimens of
aviculoid shells referable to Pseudomonotis subcircularis (Gabb) or to a
closely related species. No. other recognizable species are associated with it.
This species occurs in an Upper Triassic horizon in California, and it has
been acceptéd as sufficient evidence for the Triassic age of rocks containing

: it at Cold Bay and in the Copper River region of Alaska. In my opinion
. the horizon which y.elded it at Cape Thompson is also Upper Triassic.

The localities are as follQWs:

; 15d. Mouth of creek 2 miles southeast of Cape Thompson. Uppermost 7
K feet of bed d in section on page 114. E. M. Kindle, 1908. Pseudomonotis cf.
P. subcircularis (Gabb).
‘ (—). Near Cape Thompson. Exact bed and collector not known. Halobie
or Daonella. (Identified by Alpheus Hyatt.)

8T. LAWRENCE ISLAND

TRIASSIC- (1) FLOAT

It is possible that Upper Triassic rocks are present on St. Law-
rence Island, where Collier ?* found a boulder of uncertain derivation
which he described as follows:

On St. Lawrence Island Carboniferous rocks of the formation immediately
below the Lisburne are probably represented, since drift material containing
fossils of this horizon has been obtained by the writer on the island at somé >
distance from the sea, though the rocks in place have not yet been located.

The fossils in this boulder were referred by Girty? to the Car-
boniferous on account of their identity with the supposed Carbonif-
erous (Triassic) fossils of the “middle formation ” at Cape Lisburne,
described on pages 109-112, it being stated that
# ®* x gnd a specimen from St. Lawrence Island (4 AC 53), though rather
scanty evidence, as they show what apparently is the same species in the same
sort of matrix, can with a good degree of probability be correlated with the
beds about Cape Lisburne.

If these fossils are identical with the supposed “Awiculopecten”
from the “middle formation” near Cape Lisburne, described on
pages 109-112, they are obviously of Triassic age. This does not,
however, prove that Triassic rocks crop out on this island, for there is
a possibility that the fossiliferous boulder was transported by ice
from the mainland. It may have been derived from outcrops on the

i shore near Cape Lisburne.

’ 27 Stanton, T. W., cited by Kindle, E. M., op. cit., p. 527.
g # Collier, A. J., Geology and coal resources of the Cape Lisburne region, Alaska:
U. 8. Geol. Survey Bull, 278, p. 26, 1906.
# Idem, pp. 28, 25.
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4 AC 53. 15 miles southeast of Cape Chibukak, St. Lawrence Island. Drift
pebble. Aviculopecten sp. (same as-at 4 AC 18) =Pseudomonotis sibcircularis
(Gabb)? A. J. Collier, 1904.

SEWARD PENINSULA
MIDDLE TRIASSIC ROCKS OF BROOXKS MOUNTAIN

The presence of Triassic rocks on Seward Peninsula is indicated
by a small collection of fossils of Middle Triassic age, which are re-
ported by Kindle * to have been collected from black slate, between
1,000 and 2,000 feet above sea level, on the southeast slope of Brooks
Mountain, in the western part of Seward Peninsula. The occur-
rence and age of these fossils have been discussed by Martin.**

As the field occurrence of these fossils has never been studied by
a geologist it is impossible to affirm positively just what beds con-
tain them. They were probably, however, derived from the area of
slate that forms a large part of Brooks Mountain. This slate was
described by Collier 2 as probably part of the Kuzitrin “series” and
as probably unconformably underlying the supposed Ordovician
beds of the Port Clarence limestone. In a later account by Collier
they were described as “slates in the York region ” and were mapped
as “chiefly dark phyllites and slates” of “ undetermined Paleozoic”
age. They were described by Knopf* as “slates near York” and
were considered as underlying the Port Clarence limestone conform-
ably. It was pointed out by Kindle ®* that the slates of the Brooks
Mountain area “have been correlated without any conclusive evi-

~dence of their identity ” with the slates of the main area west of the
York Mountains. Kindle did not state any conclusion regarding the
relation of these slates to the Port Clarence limestone, but showed
that the Port Clarence includes rocks “ranging in age from Upper
Cambrian to Devonian or Carboniferous” and that “the determina-
tion of the thickness and relationships of the several terranes
¥ % * must await the completion of much detailed work on the
stratigraphy and faunas of the region.”

The geology of Brooks Mountain has been studied by Steidtmann
and Cathcart, who were unable to find any rocks that they regarded
as of Triassic age. They described the rocks on Brooks Mountain
as follows %:

% Kindle, B. M., The faunal succession in the Port Clarence limestone, Alaska: Am.
Jour. Sci., 4th ser., vol. 32, p. 339, 1911.

3t Martin, G. C., Triassic rocks of Alaska: Geol. Soc. America Bull., ‘'vol. 27, pp. 690,
704-705, 1916.

2 Collier, A. J., A reconnaissance of the northwestern portion of Seward Peninsula,
Alaska : U. S. Geol. Survey Prof. Paper 2, pp. 17, 19, 21, pl. 3, 1902.

3 Collier, A. J., Geography and geology, in the gold placers of parts of Seward Penin-
sula, Alaska: U. S. Geol. Survey Bull. 328, pp. 79-80, pl. 11, 1908.

3 Knopf, Adolph, Geology of the Seward Peninsula tin deposits, Alaska: U. S. Geol.
Survey Bull. 358, pp. 10-12, 13, 1908.

s Kindle, E. M., op. cit., p. 339.

3 Steidtmann, Edward, and Cathcart, S. H., Geology of the York tin deposits: U. S.
Geol. Survey Bull. 733, p. 83, 1922.
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The rocks at Brooks Mountain include an unknown thickness of black slate
overlain by at least 1,000 feet of limestone. The contact between the slate and
limestone is not exposed, hence it is _not certain whether the slate was eroded
before the limestone was laid down upon it. The lower 100 feet of the lime-
stone consists of black slaty layers a fraction of an inch in thickness, inter-
bedded with thin layers of gray fine-grained limestone. From this fact it
would appear that there igs a gradation from slate to limestone. The slates,
however, are more intensely folded than the basal limestone beds. In position
and character they are like the slates of other parts of the York region. Out-
side of the Brooks Mountain area the evidence is strong that the slates lie
unconformably below the limestones, hence it is probable that they bear the
same relation here.

The limestone was assigned by Steidtmann and Cathcart to the
Ordovician and Silurian and the slate to the Cambrian or pre-
Cambrian. A statement by Kirk® on the fossils is quoted, in which
the presence of Carboniferous corals from the north side of Brooks
Mountain is mentioned.

The failure of any of the geologists, especially of Steidtmann and
Cathcart, to find Triassic fossils on Brooks Mountain casts serious
doubt on the supposed occurrence of Triassic rocks at that locality.
It is possible that the fossils given to Kindle were brought from
some other region, but the writer does not believe that this was done.
It is entirely possible, in the writer’s opinion, that unrecognized
masses of Triassic rocks may be structurally included in the early
Paleozoic limestone or that the slate which apparently underlies the
limestone may be Triassic slate on which the limestone has been
overthrust.

The following statement regarding the Triassic fossils that are
supposed to have come from Brooks Mountam was made by T. W.
Stanton :

5654. Southeast slope of Brooks Mountain, between 1,000 and 2,000 feet
above sea level. From black slates. Collected by Peter Esch, of Nome, 1908

Daonella cf. D. lommeli Wissmann. .
Ceratites (Gymnotoceras) sp.

These are characteristic Triassic fossils and probably came from the Middle
Triassic. The collection is interesting from the fact that it affords the first
evidence of the existence of Triassic rocks in that part of Alaska.

It should be noted also that these are the only Middle Triassic

fossils known from Alaska.
GENERAL CHARACTER AND CORRELATION

MIDDLE TRIASSIC

The only known Middle Triassic rocks in Alaska are the slates of
Brooks Mountain, Seward Peninsula. It has already been shown
that these rocks occur in a region where no other Triassic rocks are

8 Steidtmann, Edward, and Cathcart, S. H., op. cit,, pp. 27-28.
49448—26——9
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known, and that Middle Triassic rocks that can be correlated with
them do not occur in other Alaskan regions.
The fossils in this locality include a species of Daonella that is
" closely related to though probably not identical with the species
from Nevada and California which has been referred to Daonella
lommeli Wissman, and an undetermined species of Ceratites (Gym-
notoceras). Daonella lommeli Wissman is a European species which
is considered characteristic of beds that are generally referred to
the Ladinic and, according to most writers, are regarded as repre-
senting the uppermost division of the Muschelkalk, or Middle Trias-
sic, although they are sometimes regarded as constituting the lowest
division of the Upper Triassic. The fossils from Nevada that have
sometimes been considered identical with Daonella lommeli are re-
garded by J. P. Smith *® as constituting a distinct species, Daonella
dubia Gabb, and as belonging near the middle of the Middle Trias-
sic. Gymmnotoceras is an ammonite which is supposed to be highly
characteristic of the Arctic type of Middle Triassic faunas. All
- known American species of Gymnotoceras are characteristic of the
Daonella dubia zone of the Middle Triassic of Nevada. The Alaskan
fossils are presumably to be regarded as belonging in approximately
the same position.

The same horizon is probably represented by part of the Nicola
series of the Interior Plateau region of British Columbia. The
Nicola series®® is a thick succession of volcanic rocks with some
interbedded limestone and argillite containing Pentacrinus aster-
weus, Terebratula humboldtensis, Spiriferina or Cyrtina, Myacites
cf. M. humboldtensis, Daonella cf. D. lommeli, Trigonodus, Cardita,
and Panopea cf. remondi.®® The Nicola series has been supposed to
contain Pseudomonotis subcircularis, but this fossil does not occur
in association with the others, having been obtained from an outly-
ing area of argillite resting on volcanic beds that were correlated
with those of the Nicola series.*

It should be noted that Daonella lommeli has been reported from
many other localities in British Columbia. As in most of these
reports more or less doubt has been expressed concerning the identi-
fication; as the Canadian fossil doubtfully referred to this species

s Smith, J. P.,, The Middle Triassic marine invertebrate faunas of North America:
U. S. Geol. Survey Prof. Paper 83, pp. 143-144, 1914.

®» Dawson, G. M., Report on the area of the Kamloops map-sheet, British Columbia :
Canada Geol, Survey Ann. Rept., new ser., vol. 7, pp. 49B-62B, 112B-146B, 1896.

4 Jdem, pp. 50B-51B. (The crinoid and brachiopods were identified by Whiteaves,
the pelecypods by Hyatt.) .

4 Dawson, G. M., Preliminary report on the physical and geological features of the
southern portion of the interior of British Columbia: Canada Geol. Survey Rept. Progress
for 1877-78, pp. 66B-67B.
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has never been described or figured; and as in nearly all the reports
the fossil has been listed as occurring in close association with char-
acteristic Upper Triassic forms, the writer believes that the species
may have been incorrectly identified and that it is probably an
Upper Triassic species of Halobia. There is as yet no proof that
Middle Triassic rocks are present in British Columbia, except in the
Kamloops district. (See p. 126.)

UPPER TRIASSIC

General distribution—Upper Triassic rocks are widely dis-
tributed throughout those parts of Alaska occupied by the Pacific,
Rocky, and Arctic Mountain systems, which are the three major
mountain regions of the Territory. The Triassic deposits in each of
these regions constitute a section which, in its general stratigraphic
and faunal character, is more or less typical of that entire region
but which differs in greater or less degree from the sections in the
other regions. These resemblances and differences possibly mean
that the present major mountain areas occupy the sites of Triassic
basins of deposition. The most complete local representation of
these rocks is in the Chitina Valley, which must now and probably
will always be regarded as containing the typical and standard
section of the Upper Triassic rocks of Alaska and more especially
of the Pacific Mountain region. The Chitina Valley section is
typical in all its more essential features, both stratigraphic and
faunal, of the Upper Triassic deposits of southern Alaska, al-
though representatives of several horizons known in other Alaskan
districts have not yet been recognized here. The Upper Triassic
rocks of the region south of the Alaska Range are underlain in
most places by volcanic beds that include the Nikolai greenstone of
the Chitina Valley and the similar and probably corresponding
lava or tuff and lava of other districts. Volcanic rocks are not
present in this stratigraphic position north of the Alaska Range,
where the Upper Triassic rocks rest directly on late Paleozoic lime-
stone. ’ '

Dawsonites zone—The occurrence in southeastern Alaska of an
Upper Triassic limestone that is probably older than any Upper
Triassic beds known elsewhere in Alaska is indicated by the pres-
ence, on the shores of Hamilton Bay, Kupreanof Island, of float
containing fossils related to Spiriferina borealis Whiteaves and
Dawsonites canadense Whiteaves. Neither of these species has been
founid elsewhere in Alaska or at any American localities except
in the Triassic rocks of Liard River, in the eastern foothills of the
Rocky Mountains of British Columbia.
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The Triassic rocks of Liard River, according to McConnell,*
“consist of dark shales, usually rather coarsely laminated, and pass-
ing into calcareous shales interstratified with sandstones and shaly
and massive limestones.” The fossils, which have been described
by Whiteaves,*® include 11 species, among which are Spiriferina
borealis Whiteaves and Dawsonites canadense Whiteaves, which
have been doubtfully identified from Hamilton Bay. Mojsisovics ¢
has pointed out that some of these fossils are indicative of Karnic
age. Three of the Liard River species (Dawsonites canadense,
Nathorstites McConnellie, and Nathorstites ‘lenticularis), one of
which occurs at Hamilton Bay, have been found, according to
Bohm,* in the Upper Triassic rocks of Bear Island, between Nor-
way and Spitzbergen. The Triassic rocks of Bear Island, are
generally regarded as of Karnic (possibly Lower Karnic) age, and
an assignment of the beds on Liard River to the same position has
been made by Frech*® on the basis of the presence of the above-
mentioned species, which are common to the two regions.

The Hamilton Bay fauna may also be tentatively correlated with
that from Bear Island and referred to the Karnic. This fauna
possibly represents a boreal facies of the Karnic which has not been
recognized farther south in North America.

Zone of Halobia cf. H. superba—The Chitistone limestone, which
is the basal formation of the Upper Triassic section in Chitina Val-
ley, is represented in other parts of the Pacific Mountain system by
limestones which, although -thinner, are similar to the Chitistone
limestone in their general lithologic character, in their stratigraphic
position between underlying volcanic rocks and overlying shale or
chert with Pseudomonotis, and in the general character of their
fauna. The limestones which should be correlated with the Chiti-
stone limestone include those of the upper Susitna Valley, of Herring
Bay on Admiralty Island, and part of the Triassic limestone of
Hamilton Bay on Kupreanof Island.

The fauna of these limestones includes unidentified species of.
Tropites, Juvavites?, and Arcestes, a species of Halobia closely re-
lated to Halobia superba Mojsisovics, and many other fossils of
lesser significance. These fossils show that the fauna is certainly
TUpper Triassic and that it probably belongs in the middle or Karnic

42 McConnell, R. G., Report.on an exploration in the Yukon and Mackenzie basins,
Northwest Territory : Canada Geol. Survey Ann, Rept, new ser., vol. 4, pp. 19D, 49D,
1890.,

43 Whiteaves, J. F., On some fossils from the Triassic rocks of British Columbia : Contr.
Canadian Paleontology, vol. 1, pt. 2, No. 3, pp. 127-149, pls. 17, 18, 1889.

4 Mojsisovics, Edmund von, Beltriige zur Kenntniss der obertriadischen Cephalopoden-
Faunen des Himalaya: K. Akad. Wissenschaften Wien Demkschr.,, Band 63, p. 697, 1896.

% Bshm, Johannes, Ueber die obertriadische Fauna der Bireninsel: K. svenska Veten-
skaps-Akad. Handlingar, Bandet 37, No. 3, pp. 56-58, 61-64, 73-76, 1903.

48 Frech, Fritz, Die zirkumpacifische Trias: Lethaea geognostica, Teil 2, Das Meso-
zoicum, Band 1, Trias, pp. 488—-491, 508, 1908.
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stage of the Upper Triassic. Although most of the identified genera
of brachiopods and pelecypods have a long range, yet both the
character of many of the individual forms and the general aspect of
the assemblage are unmistakably Triassic. The ammonites all be-
long to highly characteristic Upper Triassic genera and point
strongly toward a horizon in the Karnic, as does also the pelecypod
identified as Halobia cf. H. superba Mojsisovics. The latter, accord-
ing to Stanton, is identical with the species known by that name in
the Triassic rocks of California and is very closely related to Halobia
superba of the Triassic rocks of Europe, even though it may not be
the same. The Chitistone limestone may be regarded as certainly
the equivalent of at least part of the Hosselkus limestone of Cali-
fornia and as probably representing in general the lower part of the
Hosselkus limestone. The Chitistone fauna belongs to the Mediter-
ranean type of Triassic faunas and is believed to be indicative of
warm-water conditions.

On Yukon River and in the eastern part of the Arctic Mountains
(Firth and Canning Valleys) are limestones which seem to corre-
spond in general position to the Chitistone limestone. The fauna of
these limestones is connected with that of the Chitistone limestone
by the presence of Halobia cf. H. superba, although it differs from
it in the absence of the characteristic ammonite genera Zropites,
Juvavites, and Arcestes, of the corals, and of such pelecypods as
Myophoria and Pleuromya. It differs also in the abundance of the
brachiopods and in the presence of Clionites and several other genera
that have not been found in the Chitistone limestone. This fauna
may represent the boréal facies of the Karnic, which is elsewhere not
well developed in America. The writer regards these beds as prob-
ably being approximately synchronous with the Chitistone lime-
stone but as having been deposited in a different basin.

It is highly probable that the equivalent of the Chitistone lime-
stone is present in the Queen Charlotte Islands, British Columbia,
where, according to Dawson,*” a massive limestone at least 400 feet
thick rests on volcanic rocks and is overlain by thin-bedded limestone
and flaggy calcareous argillite containing Pseudomonotis subcircu-
laris. The similarity of this section to that of the Chitina Valley is
striking and suggestive. It is not possible, however, to establish
this correlation definitely on paleontologic evidence, for the pub-
lished lists of fossils*® unfortunately do not indicate which of the
species described by Whiteaves*® were obtained from the massive
limestone. ‘A suggestion that these fossils include Karnic forms

47 Dawson, G. M., Report on the Queen Charlotte Islands: Canada Geol. Survey Rept.
Progress for 1878-79, pp. 48B, 53B, 61B-62B, 63B, 1880.

48 Idem, pp. 49B, 53B. R

4 Whiteaves, J. F., On some fossils from the Triassic rocks of British. Columbia: Contr.
Canadian. Paleontology, vol. 1, pt. 2, No. 3, pp. 133-184, 141-142, 148-149, 1889.
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has been made by Mojsisovics,*® who said: “ The same conclusion
[of Karnic age] holds for Aulacoceras sarlottense, since the genus
Awulacoceras until now has been known only in the Karnic. The
fragment of a coil figured as Acrochordioceras? carlottense may
belong to a Jwwawites.”

The same horizon is possibly present at the north end of Vancouver
Island, where, according to Dawson® the section is very similar to
that in the Queen Charlotte Islands and includes a massive lime-
stone, possibly 1,000 feet thick, underlain by volcanic rocks and
overlain by “flaggy limestones interbedded with calcareous argil-
lites, black flinty argillites, and felsites.” This limestone and also
the supposedly equivalent limestone of the Queen Charlotte Islands
is part of the thick and heterogeneous aggregate of rocks that has
been described as the Vancouver series.

Coral-reef horizon—An Upper Triassic limestone occurring on
Iliamna Lake has yielded a fauna composed chiefly of corals, which
has not been recognized with certainty elsewhere in Alaska and
which, according to J. P. Smith,*? is of Lower Noric age and is to
be correlated with the coral-reef zone in the upper part of the Hos-
selkus limestone of California and in the Blue Mountains of Oregon
and with the Zlambach fauna of the Alps. The position of this lime-
stone in the Chitina Valley section is above the Halobia zone of the
Chitistone limestone and below the Pseudomonotis zone of the
McCarthy formation. It may be represented by the thin-bedded
Nizina limestone or by beds that have been cut out by an uncon-
formity at the base of the: McCarthy formation.

This limestone: may be present also on the west coast of Cook
Inlet and on Gravina Island, in southeastern Alaska, but at neither
of these localities has it been recognized with certainty.

The Lower Noric coral-reef horizon is possibly represented in
British Columbia by the Sutton limestone® of Cowichan Lake,
Vancouver Island. The fauna of the Sutton limestone has been de-
scribed by Clapp and Shimer,* who referred it to the lower part of
the Lower Jurassic on the ground that its species are more primi-
tive than certain species from. the Middle and Upper Jurassic of
England and India, and are less primitive than certain species

6 Mojsisovies! Edmund von, Beitriige zur Kenntniss der obertriadischen Cephalopoden-
Faunen des Himalaya: K. Akad, Wiss. Wien Denkschr., Band 63, p. 697, 1896.

st Dawson, G. M., Report on a geological examination of the northern part of Van-
couver ‘Island and adjacent coasts: Canada Geol. Survey Ann., Rept., new ser., vol. 2, pp.
9B, 60B, 76B, 89B, 91B, 1886.

52 §mith, J. P., The occurrence of coral reefs in the Triassic of North America: Am
Jour. Sci., 4th ser., vol. 33, pp. 92-96, 1912.

% Clapp, C. H., Southern Vancouver Island: Canada Geol. Survey Mem 13 (1121), pp.
36, 61-69, 1912.

5 Clapp, C. H., and Shimer, H. W., The Sutton Jurassic of the Vancouver group, Van-
couver Island: Boston Soc. Nat. Hist. Proc., vol. 34, No. 12, pp. 425-438, pls. 40-42,
1911.
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from the Rhaetic of Europe, and that it does not contain Daonella
lommeli, Halobia superba, or Pseudomonotis subcircularis. They
regarded it as representing a Eurasian type of Liassic fauna which
is rather closely related to certain unspecified Liassic faunas of
Europe and India.

The writer believes that the reasons stated for the reference of
this fauna to the Lower Jurassic are, to say the least, by no
means conclusive. The absence of Daonella lommeli, Halobia
superba, and Pseudomonotis subcircularis does not make its
assignment to the Triassic impossible or even improbable. On
the other hand, the fact that all the five recognized genera
occur abundantly in the Triassic, while two of them (Choris-
toceras and Myophoria) are highly characteristic of the Triassic,
being authentically known, so far as the writer is aware, only in
rocks of that system, makes it appear highly probable that this
fauna is of Triassic age. The superficial resemblance of the corals,
moreover, to those of the Lower Noric reefs of California, Oregon,
Alaska, and the Alps suggests that the Sutton fauna may also be
of Lower Noric age. In this connection it should be pointed out
that the only 1ecognized ammonoid genus, Choristoceras, in the
Sutton fauna occurs also in association with the Zlambach corals of
the Alps.

Chert horizon.—The chert that forms the lower part of the Mc-
Carthy formation of the Chitina Valley is apparently the equivalent
of the more massive lower part of the Kamishak chert of the west
coast of Cook Inlet and of the chert that occurs in a corresponding
stratigraphic position beneath the Pseudomonotis zone of the Alaska
Peninsula. The contorted chert of Kenai Peninsula, of Kodiak
Island, and of Herring Bay on Admiralty Island is probably also to
be assigned to the same position, though on more slender evidence.
The occurrence of these cherts below the Pseudomonotis zone and
above the Halobia zone in the Chitina Valley indicates their general
position, but as they contain no fossils they can not be assigned to a
definite horizon or be correlated with any rocks of other regions.

Zone of Pseudomonotis subcircularis—The highest Upper Triassic
rocks known in Alaska are the Upper Noric Pseudomonotis-bearing
beds, which are widely distributed throughout the three major
mountain regions. This horizon is represented in the Pacific
Mountain belt by the McCarthy formation of the Chitina Valley
and by strata carrying a similar fauna at the head of White River,
at Cooper Pass, in the upper Susitna Valley, on both shores of Cook
Inlet, on the Alaska Peninsula, and on Kupreanof Island in south-
eastern Alaska. In the Rocky Mountain area Pseudomonotis-bear-
ing beds form the upper part of the Triassic section near Nation
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River. Rocks belonging at the same horizon occur at many places
throughout the Arctic Mountains, being known on Firth, Canning,
and Noatak rivers and at Cape Lisburne and Cape Thompson.

These rocks consist in general of shale and flaggy limestone. They
contain chert beds in the Chitina Valley, on both shores of Cook
Inlet, at Cape Lisburne, at Cape Thompson, and in the Noatak Val-
ley. Volcanic material is present at the head of White River, in the
upper Susitna Valley, and on Kenai Peninsula.

The writer believes that there is a marked unconformity at the
base of the Pseudomonotis-bearing beds of Alaska and British
Columbia. The evidence for this unconformity is as follows:

In the western part of the Chitina Valley, notably in the valley
of Elliot Creek and in the hills between Rock and Copper Creeks,
shale having the lithologic and faunal character of that of the Mc-
Carthy formation occurs not far above the top of the Chitistone
limestone, thus apparently occupying the normal stratigraphic posi-
tion of the Nizina limestone, over 1,000 feet thick, which elsewhere
separates these two formations. In the vicinity of Skolai Pass, near
the head of White River, the Pseudomonotis zone immediately over-
lies a Permian (?) limestone. There is consequently a hiatus here
that is represented in the Nizina Valley, about 20 miles distant, by
the Nikolai greenstone, the Chitistone limestone, and the Nizina
limestone, which have an aggregate thickness of at least 7,000 or
8,000 feet. At Hamilton Bay, Kupreanof Island, in southeastern
Alaska, the Pseudomonotis zone is separated from the older Halobia
zone (the strata being inverted) by a conglomerate containing fos-
siliferous boulders of the older limestone. It is evident that the
same unconformity is present on Cumshewa Inlet, Queen Charlotte
Islands, where, according to Dawson,’* the relations are as follows:

On the southeast side of the South Arm flaggy argillites occur. They were
observed to become conglomeratic in one place with fragments of the underlying
[Triassic] limestone, which might be supposed to show that they belong to
the coal-bearing [Cretaceous] series. They hold, however, the characteristic
Triassic Monotis.

Further evidence of an unconformity at the base of the Pseudo-
monotis zone is indicated by the apparent absence at most places of
the coral-bearing strata that belong below the Pscudomonotis zone
and above the Halobia zone. The fact that in both Alaska and
British Columbia the Pseudomonrotis-bearing beds have a far wider
distribution than the older Halobia-bearing beds and that the inter-
vening coral-reef limestone is even more restricted, occurring only
near the present continental margin, also suggests an Upper Noric
transgression following a Lower Noric recession of the sea. The

% Dawson, G. M., Report on the Queen Charlotte Islands: Canada Geol. Survey Rept.
Progress for 1878-79, p. 82B, 1880.
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abrupt change in faunal character from the supposedly warm-water
Halobia zone to the boreal Pseudomonotis zone also suggests a with-
drawal of the Karnic Sea, followed by an Upper Noric transgres-
sion, presumably from the Arctic regions.

The fauna of the McCarthy formation as now known includes
Pseudomonotis subcircularis (Gabb), Halobia sp., Pecten sp., and
Arniotites? sp. The Pseudomonotis-bearing beds of the other Alas-
kan districts are correlated with the McCarthy formation on the
basis of general lithologic similarity and sequence and also on the
basis of the presence of Pseudomonotis subcircularis. This is the
only fossil recognized in these beds at most localities, although a few
fossils have been found associated with the Pseudomonotis at some
places. These include Clionites (Shastites) sp. at the head of White
River, Arca? sp. on the west coast of Cook Inlet, Rhynchonella? sp.
and Z'erebratula sp. near the mouth of Nation River, and some unde-
termined pelecypods near Cape Lisburne.

The presence of Pseudomonotis subcircularis in these beds is suffi-
cient evidence for their approximate correlation with the Brock
shale of Shasta County, Calif., with the Swearinger slate of Plumas
County, Calif., and with the Pseudomonotis-bearing slate and slaty
limestone of the West Humboldt Range, Nev.

In British Columbia and Yukon there is an extensive development
of Pseudomonotis-bearing beds that can be correlated on the basis
of faunal content, as well as of stratigraphic sequence, with those of
Alaska. They occcur in two well-defined belts—a western or coastal
belt that includes Triassic areas in the Queen Charlotte Islands, on
Vancouver and the adjacent islands, and at the north end of the
Cascade Range; and an eastern or interior belt that is situated on
the eastern front of the Rocky Mountains and that includes known
Triassic areas on Pine, Peace, and Stewart Rivers.

The Pseudomonotis-bearing beds of the Queen Charlotte Islands,
according to Dawson,*® consist of flaggy calcareous argillite and thin
limestone more than 1,000 feet thick. These beds are underlain by
massive limestone and are overlain % by feldspathic sandstone, coarse
conglomerate, and agglomeratic rocks which Dawson considered Cre-
taceous but which are now known to be Lower and Middle Jurassic.®®
These rocks have all been included in the Vancouver series. The
contact of the argillite with the underlying limestone, although sup-
posed to be in general conformable, is apparently unconformable in
at least one locality, according to Dawson’s description.®® The fossils

5 Dawson, G. M., Report on the Queen Charlotte Islands: Canada Geol. Survey Rept.
Progress for 1878-79, pp. 48B, 55B, 58B, 59B, 61B, €2B, 63B, 82B, 1880.

§7 Idem, pp. 48B, 59B, 62B. )

8% McKenzie, J. D., South-central Graham- Island, British Columbia: Canada Geol.
Survey Summary Rept. for 1913, pp. 40-42,

% Dawson, G. M., op. cit., p. 82B.
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listed from these beds include Pseudomonotis subcircularis (Gabb)
an “extreme local variety ” of “ Halobiw lommeli?,” and Arniotites
vancouverensis Whiteaves. '
It is probable that the same horizon is present in the Vancouver

series at the north end of Vancouver Island, where, according to
Dawson,® flaggy limestone, calcareous argillite, black flinty argillite,
etc., overlie a massive limestone and are overlain by sandstone, above
which are volcanic beds. The section is closely similar to that of the
Queen Charlotte Islands. The fossils from the flaggy limestones and
argillites were described by Whiteaves ® as including the following
species:

Halobia (Daonella) lommeli? (extreme local variety).

Arcestes gabbi Meek.

Arniotites vancouverensis Whiteaves.

Arniotites sp.

Arniotites or Celtites sp.

It has been generally assumed that these fossils are Middle Trias-
sic which they would undoubtedly be, at least the Daonella and the
Arcestes,’if the species have been correctly determined. It was the
opinion of Frech ¢ that the ammonites described as Arniotites are
also indicative of Middle Triassic age, “Arniotites vancouverensis”
probably being a Celtites, “ Arniotites or Celites sp.” being a Celtites
related to C. epolense Mojsisovics, and “Arniotites sp.” being a Cera-
tites related to C. japonicus Mojsisovics.

The writer doubts whether any of these fossils from Vancouver
Island are Middle Triassic and believes that it is highly probable
that they are all Upper Triassic. The reasons for this belief are as
follows: Whiteaves expressed considerable doubt concerning the
identification of Halobia (Daonella) lommeli and considered that
the Vancouver Island specimens “may possibly represent an ex-
treme local variety of this species.”%® He recognized the same “ ex-

reme local variety ” as occurring in association with Pseudomonotis
subcircularis in the flaggy limestone and argillite of the Queen
Charlotte Islands. This form is probably identical with neither
Daonella lommeli Wissman, of Europe, nor Daonelle dubia Gabb,
of Nevada, but is more likely an Upper Triassic species of Halobia.
The fossils identified by Whiteaves as Arcestes gabbi Meek have been
neither described nor figured and may possibly belong to some of
the Upper Triassic species of Arcestes which had not been recognized

6 Dawson, G. M., Rbport on a geological examination of the northern part of Van-
couver Island and adjacent coasts: Canada Geol. Survey Ann. Rept., new ser., vol. 2,
pp. 9B, 26B, 73B, 76B, 83B, §9B, 1886. ] '

61 Whiteaves, J.. F., On some fossils from the Triassic rocks of British Columbia : Contr.
Canadian Paleontology, vol. 1, pt. 2, No. 3, pp. 134, 141, 146-147, pl. 19, figs. 3, 4, 1889.

% Frech, Fritz, Die zircumpacifische Trias: Lethaea geognostica, Teil 2, Band 1, pp.

490491, 1908.
63 Whiteaves, J. F., op. cit., p. 134,
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in America at the time Whiteaves made his studies. Arniotites van-
couverensis was described by Whiteaves from specimens found in
the argillite of Queen Charlotte Islands that contains Pseudomonotis
subcircularis. This species has been reported ® also as occurring to-
gether with Pseudomonotis subcircularis, in the Parson Bay group
of Harbledown Island. It probably occurs also in the argillite of
the Cultus formation ® on the west slope of the Cascades, where
it is associated with Aulacoceras? cf. A. carlottense Whiteaves. The
genus Awulacoceras, according to Mojsisovics, is known only in the
Upper Triassic. The fossil from Robson Island, described by Whit-
eaves ** as Arniotites sp., is closely related, according to Frech,*” to
Ceratites japonicus Mojsisovics of the Triassic of Japan. Although
that species has been referred to the Ladinic,’® it occurs in beds that
apparently overlie those containing Pseudomonotis ochotica.®® Tt
should also be noted that Arniotites probably occurs in Alaska (see
p- 80) in the upper part of the McCarthy formation.

The Pseudomonotis horizon of Alaska is probably represented on
the islands east of Vancouver Island by the Parson Bay group,’
which consists of “shales, argillites, impure limestones, calcareons
sandstones and quartzites,” which contain Pseudomonotis subcir-
cularis, Halobia, Natica?, and Arniotites vancouverensis, and which
rest on the lava, breccia, and tuff described as the Valdez group.

These rocks may be correlated also with the argillites of the Cultus
formation,™ which is exposed near the western base of the Cascade
Range and which contains Arniotites vancouverensis Whiteaves?
and Awulacoceras? cf. A. carlottense Whiteaves.

The argillite of Whipsaw Creek, near the headwaters of the
Similkameen, on the crest of tlge Cascade Range, which was de-
scribed by Dawson ™ as occurring in a syncline and as underlain
by volcanic rocks that were correlated with those of the Nicola

% Bancroft, J. A., Geology of the coasts and islands between the Strait of Georgia and
Queen Charlotte Sound, British Columbia: Canada Geol. Survey Mem. 23 (No. 1188),
pp. 75-76, pl. 9 (b), 1913.

6 Daly, R. A., Geology of the North American Cordillera at the Forty-ninth parallel:
Canada Geol. Survey Mem. 38, pt. 1, pp. 516-517, 1912,

% Whiteaves, J. F., op. cit., p. 147, pl. 19, fig. 3.

67 Frech, Fritz, Die zircumpacifische Trias: Lethaea geognostica, Teil 2, Band 1, p.
490, 1908. .

% Noetling, Fritz, Die asiatische 'Irias: Lethaea geognostica, Teil 2, Band 1, Lief, 2,
pp. 195-196, 220, 1905.

0 Mojsisovics, Edmund von, Ueber einige japanische Triasfossilien: Beitr. Palaeon-
tologie Osterreich-Ungarns, Band 7, pp. 163-178, 1889.

" Bancroft, J. A., op. cit., pp. 75-77.

7 Daly, R. A., op. cit.,, pp. 516-517. '

% Dawson, G. M., Preliminary report on the physical and geological features of the
southern portion of the interior of British Columbia: Canada Geol. Survey Rept.
Progress for 1877-78, pp. 66B, 67B, 1879.
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series and which contains fossils that Whiteaves ** doubtfully re-r

ferred to Pseudomonotis subcircularis, possibly also belongs at this
horizon. It should, Kowever, not be confused with the Middle
Triassic beds (see p. 118) of Thompson River and of Nicola Lake
(%), with which Dawson "¢ correlated it.

Beds containing Pseudomonotis subcircularis occur in a more or
less continuous belt along the eastern front of the Rocky Mountains
of British Columbia and Yukon. The known localities are on up-
per Pine River;” on Peace River, about 27 miles below the junction
of Finlay and Parsnip Rivers, where the rocks have been described
by Selwyn™ and by McConnell ”* as consisting of calcareous shale
and impure limestone; and near the headwaters of Stewart River,
where, according to Keele,”® the beds include impure limestone,
argillite, and quartzite, with Pseudomonotis subcircularis, “ Halobia
lommeli,” and Arpadites?.

The generally accepted assignment of the Pseudomonotis-bearing
beds of Alaska to the horizon of the Upper Noric of Europe and
Asia is based on the close relationship of the Alaskan fossil identi-
fied as Pseudomonotis subcircularis (Gabb), with Pseudomonotis
ochotica (Keyserling); which is the characteristic fossil of the boreal
Upper Noric beds of Asia. This relationship was long ago shown
by Teller ® and by Mojsisovics.®®  Specimens from Cold Bay, on
the Alaska Peninsula, have more recently been examined by Frech 5
who has identified them as including both the typical form of
Pseudomonotis ochotica (Keyserling) and also Pseudomonotis
ochotica var. sparicostata Teller. Further confirmation of this cor-
relation is found in the general similarity of the Alaskan Upper
Triassic section as a whole to that of California and other regions.

GEOLOGIC HISTORY OF ALASKA IN. TRIASSIC TIME

The youngest known Paleozoic rocks of Alaska consist of the
Permian (?) limestone, which carries a fauna closely allied to that

78 Whiteaves, J. F., op. cit., pp. 127-132.

% Dawson, G. M., Report on the area of the Kamloops map-sheet, British Columbia :
Canada Geol. Survey Ann. Rept., new ser., vol. 2, pp. 50B-137B, 1896.
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