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SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

JURASSIC (BATHONIAN OR EARLY CALLOVIAN) AMMONITES FROM ALASKA AND MONTANA

By Ravea W. ImMLAY

ABSTRACT

Jurassic ammonites of possible late Middle Jurassic (Bathonian)
age occur in western Montana in the upper member of the Saw-
tooth formation and in the Cook Inlet area, Alaska, in the
middle part of the Bowser member of the Tuxedni formation.
They are characterized by Cranocephalites, a subgenus of Arc-
tocephalites. They include, also, Holcophylloceras, Parareineck-
eta, a new genus of the Reineckeiidae, Cobbanites, a new genus of
the Perisphinetidae, and some specimens assigned questionably
to Oecotraustes, Xenocephalites, Arcticoceras, Siemiradzkia, and
Arctocephalites.

Stratigraphically the beds containing these ammonites occupy
the position of the Bathonian stage or the basal part of the
Callovian stage of Europe. In the Iniskin Peninsula, Alaska,
‘they lie unconformably on beds containing late Bajocian am-
monites and grade upward into beds containing early Callovian
ammonites. In the Talkeetna Mountains, Alaska, they lie on
beds of Early Jurassic age and are overlain by beds containing
typical early Callovian ammonites, but are more restricted in
distribution than the Callovian beds. The fact that in many
places the Callovian beds rest directly on Bajocian beds could
mean either that the Cranocephalites beds were never deposited
in those places or that they were eroded before the deposition
of the Callovian beds.

In Montana the Crarocephalites beds seem to grade down-
ward into beds containing middle Bajocian ammonites and are
overlain sharply with possible disconformity by beds character-
ized by the early Callovian ammonite Arcticoceras. As the
Arcticoceras beds are equivalent to at least part of the European
zone of Macrocephalus macrocephalites at the base of the Calio-
vian, the Cranocephalites beds cannot be younger than the
basal part of that zone. A somewhat older age for the Crano-
cephalites beds in Montana would be favored if a disconformity
exists between the Cranocephalites and Arcticoceras beds. Con-
ceivably the Cranocephalites beds could span the entire Batho-
nian as well as the basal Callovian, but such a long time span
for a single ammonite faunule seems unlikely.

Faunally the beds characterized by Cranocephalites cannot be
dated exactly. They do not contain any genera typical of the
Callovian of Europe and only two ammonites that probably
belong to the Bathonian genus Siemiradzkia. A Callovian age
is slightly favored by the presence of the family Reineckeiidae,
by the fact that the new genera Parareineckeia and Cobbanites
range upward into beds containing typical Callovian ammonites,
and by the probability that Cranocephalites gave rise to the Cal-
lovian genera Arcticoceras and Cadoceras. This evidence is not
at all conclusive, but it does indicate that the ammonites in the

Cranocephalites beds are biologically close to ammonites in the
Callovian and are not likely to be older than iate Bathonian.

Considering both stratigraphic and faunal evidence, the Cra-
nocephalites beds are tentatively correlated with the Bathonian
rather than the Callovian stage and with the late rather than
the early Bathonian. If this correlation is valid, the ammonites
of Bathonian time occupied two distinct realms of which one
included central and southern Kurope and the Tethyan region
from Mexico to Indonesia, and the other included the Arctic
region and part of the North Pacific Ocean.

INTRODUCTION

The ammonites described herein have been studied
primarily to determine whether the middle Jurassic
(Bathonian) stage is represented by sedimentary rocks
in Alaska and the western interior of the United States.
The study was prompted at this time in order to test
recent inferences and statements by W. J. Arkell
(1956, p. 609) that a retreat of the Arctic Ocean from
bordering lands began after early Bajocian time,
that the seas retreated from most of the known land
areas of the world about middle Bathonian time,
that the Arctic Ocean was probably isolated from the
other oceans during the Bajocian—-Bathonian regression,
and that Bathonian rocks are absent in North America
north of southern Mexico with the possible exception
of one place in northern Alberta. Evaluation of the
fossil evidence bearing on the presence or absence of
the Bathonian in the United States and Canada should
be interesting to many geologists.

The fossils from the Cook Inlet region, Alaska were
collected by G. C. Martin in 1913, A. A. Baker in 1921,
Helmuth Wedow and L. B. Kellum in 1944, C. E.
Kirschner in 1946, D. J. Miller and R. W. Imlay in
1948, Arthur Grantz in 1951-53, R. D. Hoare in 1952,
L. F. Fay in 1953, and R. L. Detterman in 1958.
The fossils from western Montana were collected by
C. F. Deiss in 1940 and 1941, R. M. Garrels in 1940,
Josiah Bridge in 1941, R. W. Imlay in 1944-58, J. B.
Reeside, Jr. in 1944, W. A. Cobban in 194446, William
Saalfrank in 1945, H. C. Yingling in 1944, M. R. Mudge
in 1958 and 1959, and M. W. Reynolds in 1958 and 1959.
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BIOLOGIC ANALYSIS

The Jurassic ammonites of Bathonian or earliest
Callovian age discussed herein include 84 specimens
from Alaska and 46 from western Montana. Their
distribution by genera, subfamilies, and families is shown
in table 1. The table shows that the Cardioceratidae
is the dominant family and is represented mostly by
Arctocephalites and Cranocephalites. Next in impor-
tance is the family Perisphinctidae which is represented
mainly by the new genus Cobbanites and by two speci-
mens probably belonging to Siemiradzkia. The fami-
lies Phylloceratidae, Oppeliidae, Macrocephalitidae,
and Reineckeiidae are of minor importance.

The biological relationships of Arctocephalites and
Cranocephalites are not settled. Generally, they have
been included in the Macrocephalitidae (Spath, 1932, p.
9, 32; Donovan, 1953, p. 78; Arkell, 1954, p. 117),
but recently they have been included in the Cardio-
ceratidae by Arkell (1957, p. L301), probably because
of the presence of a constricted aperture. Also, they
appear to be the ancestors of the Cardioceratidae and to
have arisen separately from the Macrocephalitidae,
according to Arkell (1956, p. 610; 1958, p. 233, 234).

The genus Arctocephalites as defined by Spath (1928,
p. 174; 1932, p. 32, 33) includes stout to globose in-
volute ammonites in which the ribbing is high and
sharp on the inner whorls, becomes blunt on the
penultimate whorl, and fades on the body whorl, but on
some species may become strong again near the
aperture. The aperture is constricted.

The genus Cranocephalites was based (Spath, 1932, p.
14-16) on some ammonites from East Greenland that
were found only 20 meters stratigraphically below
Arctocephalites. They resemble Arctocephalites in shape
and in the sharpness of ribbing on their inner whorls.
They differ from Arctocephalites by developing a
scaphitoid body chamber, by the ribbing remaining
strong or fairly strong on the body chamber, and by a
tendency of the suture line to simplify. Spath (1932,
p. 14) noted that the two genera are connected by
transition species and that “separation was prompted
chiefly by their difference of horizon.”

TaBLE 1.—Ammonite genera in the Arctocephalites (Cranocepha-

lites) beds in Alaska and Montana showing biological relation-
ships and relative numbers available for study.

Number of

Family Subfemily Genus or Sub- specimens in—
genus Alaske  Monianag
Phylloceratidae... . Calliphylloceratinae. Holcophylloceras. . 7 eieeaan
Oppeliidae......_._. Oppelliinae____ .____ Oecotraustes?_ ____ 1 .
Macrocephalitidae . - __.____.__________ Xenocephalites?.. _.______ 1
Cardioceratidae_____ Cadoceratinae._._.__ Arctocephalites?. __ 6 1
Cranocephalites . __ 47 23
Cranocephalites ?__ 16 .
Arcticoceras ?_ ... ... 1
Reineckeiidae. ... .. .. . Porareineckeio_ .. _ 3 .
Perisphinctidae...__ Zigzagiceratinae. ... Cobbanites_..______ 2 20
Pseudoperisphine- Siemiradzkia? . - _ 2 .

tinae
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Recent studies by Donovan (1953, p. 78, 130, 133)
have shown that Arctocephalites and Cranocephalites
are closely related, that the differences between them
were overstressed by Spath, and that Cranocephalites
is not worthy of more than subgeneric rank under
Arctocephalites. These conclusions have been sup-
ported by Arkell (1956, p. 541; 1957, p. L301).

STRATIGRAPHIC SUMMARY

COOK INLET REGION, ALASKA

INISKIN PENINSULA

The Bowser member of the Tuxedni formation on the
Iniskin Peninsula (Kirschner and Minard, 1949) ranges
from 1,800 to 2,100 feet in thickness and consists of
interbedded claystone, siltstone, sandstone, and con-
glomerate. At the base are 600 feet, or less, of inter-
bedded dark-gray siltstone, sandy siltstone, and
claystone that weathers reddish brown, contains many
ash beds, and locally bears small fossiliferous limestone
concretions. These beds are absent at the south end of
the Iniskin Peninsula, southwest of the pass between
Right Arm and Oil Bay. Above them follows abruptly
about 430 to 730 feet of gray thick-bedded cliff-forming
siltstone and sandstone that are interbedded with
some units of gray sandy siltstone, siltstone, claystone,
and conglomerate. Above follows from 790 to 1,150
feet of gray thick-bedded sandstone that contains many
siltstone interbeds and becomes siltier eastward. In
all sections the upper 100 feet consists of thick-bedded
sandstone.

The Bowser member rests concordantly but abruptly
on the massive sandstone of the Cynthia Falls sand-
stone member of the Tuxedni formation and grades at
its top into shelly beds at the base of the Chinitna
formation. Within the Bowser member the abrupt
contact between the lowest massive siltstone and sand-
stone and the underlying few hundred feet of rusty
weathering siltstone and claystone represents an un-
conformity (written communication, R. L. Detterman,
May 15, 1959).

Concretions from the rusty-weathering beds in the
lower few hundred feet of the Bowser member have
furnished late Bajocian ammonites belonging to the
genera Leptosphinctes, Sphaeroceras?, Oppelia (Ozy-
cerites), Lissoceras, and Polyplectites. From the 430 to
730 feet of sandstone and siltstone in the middle part
of the member have been obtained Arctocephalites
(Cranocephalites), Arctocephalites?, Parareineckeia n.
gen., and a number of pelecypods (table 5). From
the 790 to 1,500 feet of cliff-forming sandstone at the
top of the member have been obtained a varied pele-
cypod fauna and the early Callovian ammonites Gros-
souvria sp., Kheraiceras intermedium Imlay, Kherai-
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ceras parviforme Imlay, K. sp., Xenocephalites hebetus
Imlay, X. vicartus Imlay, X. sp., Kepplerites cf. K.
tychonis (Ravn), Kepplerites sp., Phylloceras bakeri
Imlay, Calliphylloceras freibrocki Imlay, Macrophyllo-
ceras grossicostatum Imlay, and numerous fragments of
macrocephalitid ammonites (table 2).

PENINSULA NORTH OF CHINITNA BAY

The Bowser member northward from Chinitna Bay
becomes finer grained and consists mostly of massive
gray siltstone and sandy siltstone but contains some
sandstone and conglomerate in its upper part. Its
base is not exposed but its top is marked locally by
channel conglomerates. Near Bear Creek the lower
300 feet of the member weathers rusty brown and con-
tains many ash beds, and has furnished specimens of
Sphaeroceras?, Lissoceras, and Oppelia (Oxycerites)
identical with those in the lower few hundred feet of
the Bowser member on the Iniskin Peninsula. The
overlylng 430 feet of massive gray sandy siltstone has
furnished Cranocephalites. Above follows 820 feet of
massive brown to gray siltstone that have furnished
the early Callovian ammonites Xenocephalites hebetus
Imlay and X. vicarius Imlay at places about 350 and 500
feet respectively below the top of the Bowser member

(table 2). Near Hickerson Lake, north of Chinitna
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Bay, the ammonites Cranocephalites, Siemiradzkia?,
and Parareineckeia n. gen., were obtained from gray
siltstone about 1,000 to 1,100 feet below the top of the
Bowser member and about 600 feet above the rusty
weathering beds. From 200 to 400 feet below the top
of the member were obtained specimens of the early
Callovian ammonite Kheraiceras cf. K. intermedium
Imlay. At the very top of the Bowser member at the
north end of Chisik Island was obtained the Callovian
ammonite Kheraiceras intermedium Imlay (table 2).

TALKEETNA MOUNTAINS

In the Talkeetna Mountains the Cranocephalites
beds have been found at three places (table 5). A
small collection (Mesozoic loc. 8573) was made by Mar-
tin (1926, p. 228) near Boulder Creek 3 miles above
the mouth of East Boulder Creek in the Anchorage
(D—4) quadrangle. Arthur Grantz and associates in
1952 and 1953 made several collections (Mesozoic
locs. 24115-24118, 24825) on the north fork of the
upper part of the Little Nelchina River and several
other collections (Mesozoic locs. 24822-24824) on a
small northward-draining tributary of the Little Oshetna
River. Another small collection was made by R. A.
Lyon near the Little Oshetna River (Mesozoic loc.
27515).

TaBLE 2.—Occurrences and stratigraphic positions of the Callovian ammonites from the upper part of the Bowser member of the Tuzedni
formation above the beds containing Arctocephalites (Cranocephalites)

[Data on stratigraphic positions furnished by R. L. Detterman]

Mesozoic Fossil Feet below top of Feet above Collector, year of collection, and description of localities
localities Bowser member Cranocepholites beds
13014 | Kheraiceras intermedium Imlay. __._____.___._____ At top oo 820 L Stanton, T. W., 1904. North end of Chisik Island, 1.25
miles 8. 81° E. of Fossil Point, 1 ft below base of Channel
R conglomerate.
3038 | GrossoubTit SD - o mcmm e oo cmeo Not determinable_.___ Not determinable._.._ Stanton, W. W., and Martin, G. C., 1904. Shore of Iniskin
Bay at entrance to Right Arm, 5.25 miles N. 74° W. of
. . Front Mountain.
11042 | Kheraiceras parviforme Imlay._ __ . ________.____ 600-650-_______..__.___ 180-230- oo ____ Baker, A. A., 1921. Iniskin Peninsula, on Edelman Creek,
. . 1.4 miles N. 15° W, of Front Mountain,
20748 | Xenocephalites sp. jUV_ oo 500-550- - e ceeo 280320 - oo Kirschner, C. E., 1946, Iniskin Peninsula. On Edelman
. . X Creek, 1.2 miles N. 10° W, of Front Mountain.
121272 | Kheraiceras intermedium Imlay. .. _.___._______ At tOD. oo e 820 e Miller, D. J., and Imlay, R, W., 1948. North end of,
i Chisik Island, at same place as Mesozoic loc. 3014,
21311 | Macrophylloceras grossicostatum Imlay, Phyl- | 550-600- - ... ... __._ At least 200-250.______| Imlay, R. W., and Miller, D. J., 1948, Iniskin Peninsula,
%00?08 bakeri Imlay, Calliphylloceras freibrocki 1.92 miles N, 89° E. of dock at mouth of Fitz Creek.
mlay.
21312 | Xenocephalites hebetus Imlay, Kheraiceras inter- | A few feet higher than | At least 200-250_._.__.| Imlay, R. W., and Miller, D, J., 1948. Iniskin Peninsula,
mediym Imlay, Macrophylloceras grossicosta- loe. 21311, 1.9 miles N, 86° E. of dock at mouth of Fitz Creek.
tum Imlay, Calliphylloceras freibrocki Imlay.
121319 | Kepplerites cf. K. tychonis Ravn Imlay, R. W., and Miller, D. J,, 1948. Iniskin Peninsula,
. 3 0.65 miles S. 35° E. of Tonnie Peak.
21320 | Parareineckeia ... ... Imlay, R. W., and Miller, P. J,, 1948, Iniskin Peninsula,
. 4.7 miles 8. 15° E. of Tonnie Peak.
22436 | Macrophylloceras grossicostatum Imlay.. ... Hartsock, J. K., 1950, Iniskin Peninsula, about same posi-
) tion as Mesozoic loc. 21311.
22536 | Kheraiceras Sp v oo - eiiiia s 200-300_ - oo 800-900. .-~ Hill, D. M_, and Juhle, R. W, 1950. Right arm of Iniskin
. Bay, about 4.25 miles N. 58° W. of Front Mountain,
22549 | Kepplerite SP- - v oo oo 200-300_ . ___._______._ 700-800-. .. . .. ___._ Hartsock, J. K., 1950. Iniskin Peninsula, 4.08 miles N,
i 41° E. of Front Mountain on tributary to Brown Creek.
22553 | Kepplerites SP -« - - e 300-400-_______________ 700-800_ o _______ Hill, D, M., 1950. Right arm of Iniskin Bay, about 0.13
L i i mile south of Mesozoic loc. 22536,
22686 | Kepplerites sp., Kheraiceras sp. ... _________ Attop .. ... 820, & . Grantz, Arthur, 1951. Northwest part of Chisik Island 1.2
19 ) i 5 miles southwest of the northern tip.
2699 | Kheraiceras cf, K. intermedium Imlay. ... __.._ 360-380_ . ... 630650 ... ..__.__ Grantz, Arthur, 1951.  Peninsula south of Tuxedni Bay, on
' 3 3 . ridge 1.62 miles N. 51° E, of head of Lake Hickerson.
22700 | Kheraiceras cf. K. intermedium Imlay.- ... 200-230. oo 780-810 oo Grantz, Arthur, 1951, on ridge 1.7 miles N, 51° E. of head of
1 2971 X ) Lake Hickerson.
18 | Xenocephalites hebetus Imlay .. .._._.___..____. 500 . 320 el Grantz, Arthur, 1951, 0.62 mile above mouth of tributary
19 . L entering Bear Creek 2.53 miles from Tuxedni Channel.
2714 | Xenocephalites vicarius Imlay_ . o occeeoe .. 350-370--._____________ 450470 ______________ Grantz, Arthur, 1951. 0.67 miles above mouth of same
tributary described under Mesozoic loc, 22713.

1 Stratigraphic position is well established.
582600 0—61——2
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F1GURE 1.—Index map of the principal areas of Jurassic rocks in the Cook Inlet region, Alaska.

(1. Talkeetana Mountains; 2. Peninsula south of Tuxedni Bay; 3. Iniskin

Peninsula.)

According to Grantz (written communication, Apr. 8,
1959), the ammonite Cranocephalites was found near
the Little Oshetna River in the middle of a sequence
about 650 feet thick (Mesozoic loc. 24822). The se-
quence consists mostly of gray thick-bedded fine- to
coarse-grained sandstone that is locally crossbedded.
It includes lenses of conglomerate and some beds of
siltstone, claystone, and coal. It rests unconformably
on the Lower Jurassic Talkeetna formation and is
overlain with apparent disconformity by a conglom-
eratic sandstone unit about 100 feet thick that also
contains Cranocephalites (Mesozoic loe. 27515). The
overlying Chinitna formation is about 800 feet thick
and has furnished the early Callovian ammonite Para-
cadoceras tonniense Imlay about 100 to 150 feet below
its top. There is no evidence for a disconformity at
the base of the Chinitna formation.

The Cranocephalites beds exposed in the upper part
of the Little Nelchina River valley, according to Grantz,

are about 1,200 feet thick and consist mostly of units
of gray medium- to thick-bedded fine- to coarse-grained
sandstone and siltstone, but include lenses of pebble
and cobble conglomerate in their upper part. The
ammonites Arctocephalites?, Cranocephalites, and Para-
reinecketa n. gen., were found from 400 to 800 feet
below the top. The base of the section is not exposed.
The Cranocephalites beds are overlain concordantly by
100 feet of sandstone and conglomerate that have been
mapped as the basal member of the Chinitna formation
but have not furnished fossils. Above follows about
850 feet of beds whose lower part has furnished the
Callovian ammonites Cadoceras, Cosmoceras, Xenoceph-
alites, and Kheraiceras.

The stratigraphic position of Cranocephalites near
Boulder Creek collected by Martin (1926, p. 228;
Capps, 1927, p. 30) has not been determined, although
Bajocian and Callovian ammonites have been found in
the same area of Jurassic exposures.
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F1GURE 2.—Index map showing occurrences of fossils in the Arctocephalites (Cranocephalites) beds in the Talkeetna Mountains, Alaska.

(Numbers on map refer to those given

in tables 3and 5).

The Cranocephalites beds in Cook Inlet region con-
tain a great variety of pelecypods most of which have
not been studied (table 5). However, the occurrence of
Gryphaea tmpressimarginata (McLearn) (Mesozoic locs.
8573, 24118) is interesting as the species in the western
interior of the United States is generally restricted to
the upper part of the Sawtooth formation that contains
Cranocephalites and to the lower part of the Rierdon
formation that contains Arcticoceras.

WESTERN MONTANA

ROCKY MOUNTAIN FRONT NORTH OF THE SUN RIVER

An ammonite faunule characterized by Arctocephalites
(Cranocephalites) has been found in calcareous siltstone
in the upper part of the Sawtooth formation within the

front ranges of the Rocky Mountains in Montana ex-
tending from the headwaters of the Sun River north-
ward about 60 miles to Glacier Park. The Sawtooth
formation (Cobban, 1945, p. 1270-1277; Imlay and
others, 1948) within this area comprises 3 members of
which the upper 2 are transitional into each other.
The lower member consists mostly of sandstone that is
generally cemented with silica, is pyritic, and attains
15 feet in thickness but is locally absent. It contains
interbeds of dark-gray to black fissile shale and locally
contains more shale than sandstone. Near the Sun River
the lower member is capped at many places by a thin con-
glomerate consisting mostly of chert, quartzite, and
limestone particles but containing some particles de-
rived from the lower number. The middle member
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consists of dark shale that is pyritic and that thickens
northward from 18 feet on the Sun River to nearly
170 feet near Badger Creek. From the Teton River
area northward it includes many lenses of black phos-
phatic pellets that are generally associated with well-
rounded belemnite fragments. The upper member
consists mostly of siltstone, becomes finely sandy up-
ward, and thickens northward from 25 to 60 feet.
Glauconite occurs throughout the formation and some
sandstone beds in the middle member are highly glau-
conitic. Phosphate pellets and waterworn belemnites
are common in the formation as high as the lower part
of the upper member in the area north of the Teton
River. Waterworn belemnites have been found
locally near the top of the formation.

The Sawtooth formation does not exhibit any evi-
dence of a major unconformity during its deposition
except possibly at the top of the lower member in the
area near the Sun River. Minor interruptions in sed-
imentation probably occurred, however, as its litho-
logic and faunal characteristics suggest that it was
deposited slowly in shallow water under reducing con-
ditions (Imlay, 1957, p. 491-493). Such is indicated
in particular by the presence of lenses of phosphatic
pellets and worn belemnites.

The contact of the Sawtooth formation with the
overlying Rierdon formation is sharp but without pos-
itive evidence of an unconformity as exposed in the
Rocky Mountains north of the Sun River. A minor
unconformity is indicated, however, by the presence
of pebbly beds at the top of the Sawtooth formation in
the Sweetgrass Arch area (Cobban, 1945, p. 1273, 1274),
in southern Alberta (Weir, 1949, p. 551), and in the
Drummond area, Montana (Imlay and others, 1948).
In Alberta the pebbles are associated with broken and
worn belemnite guards. An unconformity at such a
position would correspond stratigraphically with a
marked unconformity between the Rierdon and Piper
formations in south-central Montana (Imlay, 1956a,
p. 575) and between the Sundance and Gypsum Spring
formations in northern Wyoming (Imlay, 1956a, p.
579-580) and western South Dakota (Mapel and
Bergendahl, 1956, p. 88-90).

Some of the pelecypods in the lower sandstone mem-
ber of the Sawtooth formation (table 6) are identical
with or closely similar to species described by Warren
(1932) from the Rock Creek member (Warren, 1934)
of the Fernie formation in southeastern British Colum-
bia and western Alberta. As the Rock Creek member
has furnished an ammonite assemblage of middle Bajo-
cian age (McLearn 1928, 1932; Warren, 1947), the
basal sandstone of the Sawtooth formation is probably
likewise of that age.

582600 0—61—3

C-9

The middle shale member of the Sawtooth formation
has furnished the middle Bajocian ammonite Chondro-
ceras 20 feet above the base of the formation and 5
feet above the top of the lower member at Swift Res-
ervoir, Pandera County, Mont. (Imlay, 1948, p. 19,
pl. 5, figs. 1-5). It has furnished, also, at various
localities many species of pelecypods (table 6) which
elsewhere in the western interior region range in age
from middle Bajocian to early Callovian (Imlay, 1956b,
p. 70, 71). A few of the species are identical with
species described by McLearn (1924) from the Corbula
munda and Gryphaea beds on Grassy Mountain near
Blairmore, Alberta; these beds have furnished ammo-
nites of early Callovian age (Frebold, 1957a, p. 21, 23—
25, 76). Lithologically the medial shale member is
similar to the Rock Creek member of the Fernie for-
mation in the broad sense used by Frebold, (1957a, p.
14) and it may be equivalent. The Rock Creek mem-
ber, however, has furnished middle Bajocian ammo-
nites at various levels from top to bottom, whereas the
medial shale member of the Sawtooth formation is
dated as middle Bajocian only near its base at one
locality. At most other fossil localities, the fossil
evidence concerning the age of the middle shale mem-
ber is inconclusive. However, the presence of Gryphaea
impressimarginate McLearn from the highest beds of
the middle shale member at Hannan Gulch, Teton
County, Mont. (written communication, M. R. Mudge,
Nov. 18, 1959) indicates that those beds are only
slightly older than the overlying upper siltstone mem-
ber in which that species is fairly common.

The upper siltsone member of the Sawtooth forma-
tion in the area between Sun River and Glacier Park
has furnished species of ammonites similar to those in
the Arctocephalites (Cranocephalites) beds in Alaska and
Greenland (table 6). It has furnished, also, many
species of pelecypods most of which in the western
interior region range from the middle Bajocian into the
lower Callovian. However, one of the species Gryphaea
impressimarginate McLearn has not been found below
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the transitional beds at the top of the middle shale
member of the Sawtooth formation, nor above the
Avrcticoceras beds in the lower part of the Rierdon
formation (Imlay, 1948, p. 14, 18). In Alberta it has
been found near Blairmore associated with ammonites
of early Callovian age (Frebold, 1957a, p. 19, 73-79).
In Alaska it has been found in the Talkeetna Moun-
tains associated with Arctocephalites (Cranocephalites).

DRUMMOND AREA

In the Drummond area, Montana, the basal 15 to
30 feet of the Sawtooth formation consist of calcareous
yellowish- to reddish-brown siltstone. This is overlain
by 110 to 150 feet of highly calcareous medium-gray
shale that in its upper part contains beds of shaly lime-
stone at intervals of 4 to 10 feet. Above the calcareous
shale are silty to sandy beds identical with the upper
member of the formation in the area north of the Sun
River. This member, as exposed 1 mile west of Mulkey
Gulch just north of the highway, consists mostly of 59
feet of interbedded yellowish-gray siltstone, silty shale,
and silty to sandy limestone, but at its top includes 6
feet of hard gray calcareous pebbly sandstone that
makes g sharp contact with oolitic limestone at the base
of the Rierdon formation. The entire sequence appears
to be perfectly conformable except possibly that part at
the contact with the Rierdon formation (Imlay and
others, 1948).

The basal siltstone of the Sawtooth formation in the
Drummond area contains the aimmmonites Stemmatoceras
aff. 8. palliseri McLearn and Normannites sp. and the
pelecypods  Pleuromya  subcompressa (Meek) and
Trigonia montanaensis Meek, collected by M. E.
Kauffman of Princeton University. The overlying
calcareous shales contain Pleuromya subcompressa
(Meek) and Trigonia montanaensis Meek. The upper
silty member contains Camptonectes platessiformis
White, Pleuromya subcompressa (Meek), Modiolus sp.,
Lopha sp., Ostrea sp., Gryphaea impressimarginata
McLearn, and Arctocephalites? saypoensis Imlay, n.
sp. (table 6). The presence of the last two species
furnishes & correlation with the upper member of the
Sawtooth formation in the area north of the Sun River.

AGE OF THE FAUNAS
EVIDENCE FROM ALASKA

In the Iniskin Peninsula, Alaska, as discussed under
“Stratigraphic summary,” the Cranocephalites beds in
the middle part of the Bowser member of the Tuxedni
formation appear to grade upward into beds of early
Callovian age in the upper part of the Bowser member
but rest abruptly and unconformably on beds of late
Bajocian age in the lower part of the Bowser member
(fig. 7). These relations favor a late Bathonian or very
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early Callovian age for the Cranocephalites beds, pro-
vided that there is really no unconformity between those
beds and the overlying beds containing such typical
Callovian ammonites as Kepplerites, Kheraiceras, and
Grossouvria. (See table 2.)

The possibility of an unconformity being present
between the middle and upper parts of the Bowser
member, although undetected lithologically, is sug-
gested by the fact that not a single example of the
ammonite Arcticoceras has been found in the upper part
of the Bowser member, whereas the genus is common
in the lower part of the Callovian sequences in the
western interior of North America and in the Boreal
region (Imlay 1953a, p. 5; 1953b, p. 53-55). However,
above the Cranocephalites beds in the Bowser member
are at least 200 feet of beds that have not furnished any
Callovian ammonites (see table 2) and that might
correspond to the Arcticoceras beds of other regions.
Also, the absence of Arcticoceras in collections from the
Bowser member might be related to unfavorable
ecological conditions or to insufficient collecting.

Stratigraphically the upper part of the Bowser
member cannot be younger than the lower part of the
Sigaloceras calloviense zone of Europe because it under-
lies the Chinitna formation whose lower third may be
correlated reasonably with that zone (Imlay, 1953b, p.
51-53). It might, however, be as old as the Macro-
cephalites macrocephalus zone. Faunally it has nothing
in common with either of those European zones, but
the fact that all the Callovian species in the Bowser
member range up into the lower third of the Chinitna
formation suggests that the upper part of the Bowser
member may be equivalent to part of the Sigaloceras
calloviense zone. Against this correlation is the fact
that none of the collections from the Bowser member
contain such typical early to middle Callovian am-
monites as Cadoceras, Paracadoceras, Gowericeras, Cos-
moceras, and Lilloettia, which are common in the lower
third of the Chinitna formation. Their absence in the
collections is difficult to explain by unfavorable facies,
considering the number and variety of other Callovian
ammonites that have been found in the upper part of the
Bowser member (table 2), but might be explained if
they were rare or did not exist during the time that the
upper part of the Bowser member was being deposited.
Such a time during the early Callovian would correspond
to the Macrocephalites macrocephalus zone of Europe,
judging by the European ranges of certain Callovian am-
monites reported by Callomon (1955, p. 254, 255).

This dating of the upper part of the Bowser member
of the Tuxedni formation with the Macrocephalites
macrocephalus zone implies that the Cranocephalites
beds in the middle of the Bowser member cannot be
younger than the lower part of that zone even if the
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middle part of the member is gradational into the
upper part as reported by field geologists. Strati-
graphically, a correlation of the Cranocephalites beds
with the upper Bathonian seems just as reasonable.
Faunally the evidence from the Cranocephalites beds
is indecisive, but the absence in those beds of any
ammonite genera typical of the Callovian of Europe
contrasts with the presence of such genera in the
upper part of the Bowser member and suggests a
somewhat older age.

In the Talkeetna Mountains, Alaska, the Crano-
cephalites beds on the Little Oshetna River, as mapped
by Arthur Grantz, of the U.S. Geological Survey,
rest unconformably on beds of Early Jurassic age and
are directly overlain at that locality and near the
Little Nelchina River by beds of early Callovian age.
They are much more restricted in distribution than
the early Callovian beds which at many places rest
directly on beds of late to middle Bajocian age. Tt
is not known whether the absence of the Cranocepha-
lites beds at these places is due to erosion or to non-
deposition. If due to erosion, a Bathonian age for
the Cranocephalites beds would be favored. If due
to nondeposition the beds could be either Bathonian,
or earliest Callovian, or both.

EVIDENCE FROM MONTANA

In western Montana, (ranocephalites has been found
only in yellow calcareous siltstone and fine-grained
sandstone comprising the upper member of the Saw-
tooth formation. This member passes downward
gradationally into gray to black shales, known as the
middle member of the Sawtooth formation. These
shales have furnished the same pelecypod fauna as the
upper member except at Swift Reservoir where the
Bajocian ammonite Chondroceras was found about 5
feet above the basal member. Near Drummond these
gray shales rest on calcareous buff to reddish-brown
siltstone that has furnished the Bajocian ammonites
Stemmatoceras and Normannites. The middle member
is underlain at many places north of the Sun River by
a thin siliceous sandstone or sandy limestone known
as the lower member of the Sawtooth formation. This
member contains Jurassic pelecypods identical with
or closely similar to those in the Bajocian Rock Creek
member of the Fernie formation in Canada. The
top of this siliceous lower member is marked in many
places near the Sun River by a thin bed of pebble to
cobble conglomerate of which some of the fragments
are identical with the matrix of the lower member.
The presence of such a conglomerate suggests that
locally the lower and middle members are separated
by a disconformity. No evidence for such a discon-
formity has been found north of the Sun River area.

SHORTER CONTRIBUTIONS TO GENERAL GEOLOGY

The Cranocephalites beds in western Montana are
overlain abruptly and with possible local unconformity
by beds (Rierdon formation) that contain early
Callovian ammonites such as Arcticoceras and Cadoceras
and that are equivalent at least in part to the Macro-
cephalites macrocephalus zone of Europe. An uncon-
formity at such a position beneath several ammonite
zones of early Callovian age (Imlay, 1953a, p. 5-8)
would favor a Bathonian age for the Cranocephalites
beds and possibly explain the absence of Arctocephalites
in the strict sense from the western interior region.
However, an age not much older than the early Callo-
vian beds is indicated by the fact that the pelecypod
species and the ammonite genus Cobbanites continue
upward from the Cranocephalites beds into the early
Callovian beds and by the fact that one specimen
probably belonging to Arcticoceras has been found in
the highest part of the Cranocephalites beds. (See
pl. 5, fig. 7.)

CALLOVIAN VERSUS BATHONIAN IN GREENLAND

In East Greenland the beds containing Arctocepha-
lites and Cranocephalites were considered by Spath
(1932, p. 138, p. 138-146) as probably uppermost
Bathonian. He correlated the Arctocephalites beds
with the European zone of Macrocephalites macro-
cephalus, which he reclassified as Bathonian; the
immediately underlying Cranocephalites beds with the
European zone of Clydoniceras discus; and the over-
lying Arcticoceras beds with the zone of Proplanulites
koenigi. He thought that these ammonite genera
were closely related to each other faunally and followed
each other closely in time. He noted that Crano-
cephalites occurred only 20 meters below Arctocephalites
(Spath, 1932, p. 14, 133-135) and that the highest
beds containing Arctocephalites also contain immature
specimens of Arcticoceras (1932, p. 135, 143).

His assignment of the Arctocephalites beds to the
upper Bathonian was contested by Donovan (1953,
p. 133) and Arkell (1956, p. 506) on the basis that the
zone of Macrocephalites macrocephalus is early Callovian
according to prevailing usage. Arkell (1954, p. 117)
also assigned the Cranocephalites beds to the Callovian
because in Alaska Cranocephalites was reported to
occur with the Callovian genus Reineckeia (Imlay,
1952, p. 980). This report is in error, however, as
the specimens identified as Reinckeia are herein de-
scribed as a new genus Parareineckeia. Nevertheless,
the Callovian age assighment may be justified by the
fact that the family Reineckeiidae is to date known
only from beds of Callovian age. .

Recent studies in East Greenland by Donovan
(1957, p. 129-136) have not furnished any additional
evidence concerning the ages of the Arctocephalites
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and Cranocephalites beds, although Donovan tentatively
assigns them to the late Bathonian. He suggests that
Cadoceras probably evolved from Arcticoceras or
Arctocephalites in the Boreal region, spread rapidly
from there into North America and Europe, and that
its lowest occurrence in Greenland at the top of the
Avrcticoceras beds (Spath, 1932, p. 131) “would fall at
about the beginning of the range of Cadoceras in
Europe; that is, in the Macrocephalus zone”” (Donovan,
1957, p. 131). He speculates further that “if Crano-
cephalites, Arctocephalites, and Arcticoceras are closely
related and not widely separated in time,” as Spath
thought, then the ‘“Cranocephalites and Arctocephalites
zones would be expected to be upper Bathonian.”
However, he does not rule out the possibility that those
zones may span the entire Bathonian (Donovan,
1957, p. 136), and le emphasizes that his assignment
of those zones to the upper Bathonian is very uncertain.

Still more recent studies in east Greenland have
been made by Callomon (1959, p. 505-513) who cor-
relates the beds characterized by Kepplerites tychonis
with the European zone of Macrocephalites macro-
cephalus on the basis of the presence of identical species
of Kepplerites. He notes that this correlation is
confirmed by the presence in the overlying beds of
ammonites representing the European zone of Siga-
loceras calloviense, such as Pseudocadoceras, Proplanu-
lites, Gowericeras, and Kosmoceras. He considers
that the underlying beds, characterized by the ammo-
nite genera Arcticoceras, Arctocephalites, and Crano-
cephalites, are pre-Callovian and in greater part Ba-
thonian. These correlations supports a Bathonian
age for the Arctocephalites-Cranocephalites beds else-
where and imply that the Boreal Province during
Bathonian time developed a different ammonite
assemblage than the European and Tethyan provinces.

CALLOVIAN VERSUS BATHONIAN IN ALASKA AND
MONTANA

The ammonite genera associated with Cranocepha-
lites in western Montana and in Alaska do not furnish
positive evidence concerning the age of the beds in
which they occur. A Callovian age is favored slightly
by the following facts:

1. One ammonite fragment from the Sawtooth for-
mation of western Montana probably belongs to
the genus Xenocephalites, which has been found
mainly in Callovian beds in Mexico (Burckhardt,
1927, p. 33), Argentina (Stehn, 1924, p. 86-88, 92),
Montana (Imlay, 1953a, p. 18-19), Alaska (Imlay,
1953b, p. 78, 79).

2. One ammonite questionably assigned to Arctico-
ceras occurs with Cranocephalites at the top of its
range in Montana.
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3. The family Reineckeiidae, represented in the Crano-
cephalites beds in Alaska by a new genus, Para-
reineckeia, has not previously been reported
below the Callovian.

4. The new genera Parareineckeia and Cobbanites
range upward from the Cranocephalites beds into
beds containing typical early Callovian ammonites.

5. The Cranocephalites beds do not contain any ammo-
nite genera typical of the Bathonian of northwest
Europe or of the Tethyan region, except two
fragments that probably belong to Siemiradzkia.
The age value of this genus is suspected because
it greatly resembles the Callovian ammonite
Grossouvria.

Against this faunal evidence favoring a Callovian age
may be listed the following:

1. The total ranges of Xenocephalites, Arcticoceras,
Parareineckeia n. gen., and Cobbanites n. gen. are
not known. They could have existed during the
Bathonian as well as during the early Callovian.
In fact, the presence of Xenocephalites and Arc-
ticoceras in Greenland below beds containing the
typical Callovian ammonites Cadoceras and Kep-
plerites (Spath, 1932, 45, 133, 135, 143) might be
interpreted as evidence that they existed before
the Callovian.

2. If the family Reineckeiidae was derived from the
Bathonian Morphoceratidae or Parkinsonidae, as
Arkell (1955, p. 130; 1957, p. L311) suggests, it
may have begun in the Bathonian.

3. Two ammonites from the Cranocephalites beds in
Alaska probably belong to the genus Stemirad-
zkia of Bathonian age, although their preserva-
tion does not permit positive identification.

4. The Cranocephalites beds do not contain any am-
monite genera typical of Callovian beds.

5. The Cranocephalites beds in Montana and Alaska
underlie a succession of beds that contain am-
monite genera of early Callovian age, such as
Cadoceras Paracadoceras, Kepplerites (Seymourites),
Gowericeras, and Kheraiceras. Surely some of these
genera would occur in the Cranocephalites beds, il
those beds were of early Callovian age.

6. Most of the pelecypods in the Cranmocephalites beds
in the western interior be'ong to species that
range from the middle Bajocian into the early
Callovian. This might not hold if the entire
Bathonian was represented by an unconformity
in the western interior.

PALEOGEOGRAPHIC CONSIDERATIONS

The peculiar faunal characteristics of the .Arcto-
cephalites and Cranocephalites beds that make correla-
tions with the European stages difficult are possibly
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related to major epeirogenic movements in the Boreal
region during Middle Jurassic time. Such movements,
according to Arkell (1956, p. 608, 609), are indicated
by an absence in the Arctic region of ammonite faunas
of middle to late Bajocian age and of Bathonian age.
He notes that the Bathonian is missing, also, in many
other parts of the world, or is represented by brackish-
water sediments that lack ammonites. Marine beds
containing Bathonian ammonites have been found
mostly in northwest Europe and the Tethyan region.
(See map in Arkell, 1956, p. 608, fig. 98.) Exceptions
include one small area in southern Mexico (Burck-
hardt, 1927, p. 19, 20, 25, 80, 94, 95; Arkell, 1956,
p. 564) and possibly another area in northern Alberta
(Frebold, 1953, p. 1237; 1957a, p. 18, 54, 55). This
great contraction of the area of ammonite distribution,
as compared with the Bajocian stage, was accompanied,
according to Arkell (1956, p. 3, 4), by a great reduction
in ammonites, both in numbers and in biological
categories, and by evolutionary stagnation.

From these facts, Arkell (1956, p. 609, 610, 641)
deduces that after early Bajocian time a major regres-
sion began in the Boreal region and that about middle
Bathonian time the seas retreated from most parts of
the world that are now land. He infers that during
this Bajocian-Bathonian regression, the Arctic Ocean
was isolated from the other oceans and consequently
that the faunas that lived in the Arctic Ocean devel-
oped special characteristics. He speculates that those
faunas are now buried beneath the present Arctic
Ocean. Establishment of connections with other
oceans early in the Callovian permitted the Boreal
faunas to spread outward from the Arctic Ocean over
the lands now bordering that ocean, into the western
interior of the United States and into Japan. Accord-
ing to Arkell (1956, p. 610) the first Boreal ammonites
to appear were Cranocephalites and Arctocephalites.
These were soon followed in the early Callovian by
Cadoceras, Arcticoceras, and Kepplerites (Seymourites),
which in time gave rise to other genera of the Cardi-
oceratidae and Kosmoceratidae.

Arkell’s explanation for the origin of the dominantly
Boreal ammonite families mentioned above seems
reasonable, but it is not clear why the Arctic Ocean
need have been completely isolated from the Pacific or
Atlantic Ocean during Bathonian time, or why Are-
tocephalites and Cranocephalites are necessarily of Cal-
lovian age. Partial isolation, owing to emergence of
the continents, coupled with differences in temperatures
of the oceans may have been sufficient to bring about
the development of endemic ammonite faunas. Also,
considering that proof is lacking for the Callovian age
of Arctocephalites and Cranocephalites, they could be
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the Boreal and northern Pacific Ocean equivalents of
the Bathonian of Europe and the Tethyan region.

SUMMATION OF THE EVIDENCE

The exact age of the beds characterized by the
ammonite Cranocephalites has not been determined.
Stratigraphically, they could represent all or part of the
Bathonian stage, or the basal part of the Callovian
stage, or could extend from the Bathonian into the
Callovian. Geologists aware of the problem have
found a stratigraphic break in the Cook Inlet region,
Alaska, that might account for the absence of typical
Bathonian ammonites, but in Montana the evidence is
inconclusive and contradictory.

Faunally, the beds in question cannot be definitely
correlated with either the Bathonian or the Callovian.
The ammonites present have little in common on the
generic level with the Bathonian ammonites of Europe
and of the Tethyan region. (See discussion in Arkell,
1956, p. 608, 609.) They show slightly more resem-
blance to ammonites in the Callovian than to those in
the Bathonian, but the evidence is weak. If they are
Callovian age they cannot be younger than the earliest
Callovian zone of Macrocephalites macrocephalus, and
that zone is at least partly represented by the Are-
ticoceras beds in Greenland and in the western interior
of North America. If they are of Bathonian age, they
are probably only slightly older than the Callovian,
considering that the new genera Cobbanites and Para-
reineckeia range up into definite Callovian beds. It
seems improbable that the Arctocephalites and Crano-
cephalites beds of the Arctic region span the entire
Bathonian, as pointed out by Donovan (1957, p. 136),
unless the Bathonian stage represents much less time
than the adjoining stages. Considering all available
evidence, the Cranocephalites beds are herein tentatively
correlated with the upper Bathonian of Europe.

COMPARISONS WITH OTHER FAUNAS
WESTERN INTERIOR OF CANADA

Ammonites identical with those in the upper member
of the Sawtooth formation of Montana have not yet
been found in the Fernie formation in the western
interior of Canada. However, some small ammonites
resembling immature specimens of Arctocephalites
(Cranocephalites) have been found on Grassy Moun-
tain, near Blairmore, Alberta. These were described
by Buckman (1929) under several new generic names,
but Spath (1932, p. 13, 14, 33, 36, 145) decided that the
specimens described by Buckman (1929, pl. 1, figs. 4-7,
pl. 3, figs. 1-11) under the names Metacephalites and
Miccocephalites are immature representatives of his
genus Arctocephalites (1928, p. 174). Warren (1947,
p. 73) suggested that they are closer to Cranocephalites,
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which is now considered to be a subgenus of Arctoceph-
alites (Arkell, 1957, p. L301). Imlay (1948, p. 14, 19,
20) noted their resemblances to species of Arctoceph-
alites (Cranocephalites) in the upper member of the
Sawtooth formation. Frebold (1957a, p. 18, 19, 57)
decided that the ammonites from Grassy Mountain
described by Buckman are not determinable generically
but that they are definitely of Callovian age as they
are associated with Cadoceras (Frebold, 1957a, p. 76).
Such an association suggests, however, that they are not
immature specimens of Arctocephalites or Cranoceph-
alites because in Montana Cadoceras is not associated
with those ammonites.

ARCTIC REGION

Species of Arctocephalites and its subgenus Cranoce-
phalites similar to those in the Cook Inlet region of
Alaska and in western Montana have been found at
many places in the lands bordering the Arctic Ocean.
Arctocephalites (strict sense) has been recorded from
the Richardson Mountains in northern Canada (Fre-
bold, 1953, p. 1240; 1957b, p. 28), from East Greenland
(Spath, 1932, p. 14-32, pls. 1-19 in part; Donovan, 1953,
p. 78-84; Donovan, 1957, p. 32-40, 129-136), from
Franz Josef Land (Newton and Teall, 1897, p. 500,
pl. XL, figs. 1, 1a; Whitfield, 1906, p. 131, pl. 18, fig. 2;
Pompeckj, 1899, p. 70, pl. 2, figs. 12a—c; Spath, 1932,
pl. 13, figs. 6a, b), from King Charles Land (Frebold,
1951, p. 79) from gravels in Novaya Zemlya (Salfeld
and Frebold, 1924, p. 1; Frebold, 1930, p. 71, pl. 23,
figs. 1-3), from the Bureya basin of eastern Siberia
(Krimholz, 1939, p. 59, pl. 2, figs. 5-6), and have been
reported from the Kharaulakh Mountains of north-
eastern Siberia (Nikolaev, 1938, p. 5; Arkell, 1956,
p. 514).

Cranocephalites has been recorded from Prince Patrick
Island, Canada (Frebold, 1957b, p. 8, 9, 25, 26, pl. 7,
figs. la—c, 2, pl. 8, figs. la—¢), from East Greenland
(Spath, 1932, p. 14-32, pls. 1-13 in part), from Novaya
Zemnlya (Frebold, 1930, p. 95;1951, p. 81), and has been
reported from islands near the mouth of the Khatanga
River in northern Asia (Moor, 1937, p. 232, 284 ; Arkell,
1956, p. 513). An ammonite from the basin of the Bureya
River in northern Asia described as Sphaeroceras era
Krimholz (1939, p. 29, 59, pl. 2, figs. 1-3) was referred
by Arkell (1954, p. 117; 1956, p. 516) to Cranocephalites,
but it is not a typical Cranocephalites because it does not
have a scaphitoid body chamber.

Very few other ammonite genera have been found
with Arctocephalites and Cranocephalites in the Boreal
region. The ammonite Xenocephalites (Spath, 1932,
p- 44, 133, 134, pl. 14, figs. 4a—d) was found loose on the
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slope of Mount Hjornefjaeld in East Greenland at the
same altitude as a specimen of Cranocephalites pompeckji
(Madsen). It could bave been derived from a bed con-
taining Cranocephalites at an altitude of 740 meters
(2,400 feet), or from a bed containing Arctocephalites
and Arcticoceras at an altitude of 760 meters (2,450
feet) near the top of the mountain, or it could have come
from a different bed below either main ammonite bed.

The association of Arcticoceras with Arctocephalites
at the top of Mount Hjornefjaeld was considered by
Spath (1932, p. 132, 135, 143) to be in the upper part of
the range of Arctocephalites. He did not consider that
Arctocephalites ranged higher into the beds characterized
by abundant Arcticoceras although he mentioned (1932,
p- 142, pl. 11, fig. 3) one fragment of Arcticoceras from
the Arcticoceras beds that appeared to be transitional
between Arctocephalites and Arcticoceras. Recently
Donovan (1957, p. 133) interpreted one of Spath’s
species, Arcticoceras kochi Spath, to be an Arctoceph-
alites. If this interpretation is valid, the genus Arcto-
cephalites ranges higher than Spath considered and is
associated at the top of its range with the lowest oc-
currence of Cadoceras. The subgenus Cranocephalites,
however, has not yet been found in Greenland with either
Arcticoceras or Cadoceras.

OTHER REGIONS

Arctocephalites and Cranocephalites have not been
found outside of the Arctic region, the Cook Inlet region,
Alaska, and western Montana. This is rather astonish-
ing because their ocurrence in the Cook Inlet area
bordering the North Pacific Ocean suggests that they had
free access to that ocean. Perhaps they will yet be
found in British Columbia, or farther south on the
Pacific coast. The record from Oregon and California
is not encouraging, however. In central Oregon the
writer has collected the Callovian ammonites Lilloettia,
Xenocephalites, and Choffatia in the upper part of the
Snowshoe formation (of Lupher, 1941) within 100 feet
stratigraphically of middle Bajocian ammonites. Like-
wise in the Taylorsville area, California, oceur such
typical Callovian ammonites as Reineckeia, Choffatia,
Pseudocadoceras, and Paracadoceras, but no trace
exists of any Bathonian, or late Bajocian ammonites.

GEOGRAPHIC DISTRIBUTION

The occurrence by area and locality of the fossils
described in this report are indicated in tables 5 and 6
The positions of the areas are shown in figures 1-6.
Detailed descriptions of the individual localities are
shown in tables 3 and 4.
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TaBLE 3.—Localities at which ammoniles of Bathonian or early Callovian age have been collected in the Arctocephalites (Cranocephalites)
beds in the Cook Inlet region, Alaska

Loeality on figs, 2-4

Geol, Survey
Mesozoic
locality

Collector’s field No.

Collector, year of collection, description of locality, and stratigraphic assignment

120 L.

27515

24822

24115

24116

24117
24118

24825

8573

21284

21283

22711

22712

22698

21308

21309

21310

20005

27100

20011

RAL115

53AGz216

52AGz152

52AGz154

52AGz154A
52AGz155

53AFyl14

13AMa22

48A184

48A182

51AGz142

51AGz143

51AG2115

48AI1

48A12
48AI13

44AWW
F-72

58AD1t3

44AWwWT78

Lyon, R. A,, 1959. Talkeetna Mountains (A-2) quad. Lat 62°10’36’’ N.,
long 147°40°09’” W. From 35 to 55 ft below base of Chinitna formation
equivalent in unit of sandstone and conglomerate 100 ft thick. Upper part
of Tuxedni formation.

Grantz, Arthur, and Fay, L. F., 1953. Talkeetna Mountains (A-2) quad.
Lat 62°10721" N,, long 147°42’25"” W. On a small south tributary of the
Little Oshetna River. Near middle of a sandstone unit 650 ft thick at
top of the Tuxedni formation.

Grantz, Arthur, Hoare, R. D., and Imlay, R. W., 1952. Talkeetna Moun-
tains (A-2) quad. Lat 62°07/33’ N., long 147°40’20’’ W., north fork of
upper part of the Little Nelchina River. Upper part of Tuxedni formation
form 400 to 800 ft below base of Chinitna formation.

Grantz, Arthur, Hoare, R. D., and Imlay, R. W., 1952, Talkeetna Moun-
tains (A-2) quad. Lat 62°07’15/ N., long 147°42/02’’ W., north fork
of upper part of the Little Nelchina River. Upper part of Tuxedni
formation 400-800 ft below base of Chinitna formation.

Grantz, Arthur, Hoare, R. D., and Imlay, R. W., 1952. Same deseription
as Mesozoic loc. 24116, except on south side of stream.

Grantz, Arthur, 1952. Talkeetna Mountains (A-2) quad. Same location
as Mesozoic loc. 24116, but 0.18 mile farther upstream. Tuxedni forma-
tion, upper part. 400-800 ft below top.

Fay, L. F., and Grantz, Arthur, 1953. Talkeetna Mountains (A-2) quad.
Lat 62°07’15'7 N., long 147°41’29’ W. North fork of the upper Little
Nelchina River. Upper part of the Tuxedni formation, 400-800 {t below
base of the Chinitna formation.

Martin, G. C., 1918. Talkeetna Mountains. At altitude of 3,400 ft on
north side of knob, 1 mile north of Boulder Creek and about 3 miles above
mouth of East Boulder Creek. In Anchorage D-4 quad. Tuxedni
formation.

Imlay, R. W., and Miller, D. J., 1948. Tuxedni Bay area, near head of
first stream entering Tuxedni Bay southeast of Bear Creek, 4.1 miles S.
12° W. of Fossil Point. Gray siltstone just below sandstone beds marking
top of Bowser member of Tuxedni formation.

Imlay, R. W., and Miller, D. J., 1948. Tuxedni Bay area, from stream
entering Bear Creek from the southeast at first outerop above mouth,
4.2 miles S. 20° W. of Fossil Point. Gray siltstone in upper lower part
of Bowser member of Tuxedni formation, about 1,000-1,100 ft below base
of Chinitna formation.

Grantz, Arthur, 1951. Tuxedni Bay area; 0.38 mile above mouth of tribu-
tary entering Bear Creek from the southeast, 2.53 miles from Tuxedni
Bay, about 1,200 ft below base of Chinitna formation.

Grantz, Arthur, 1951. Tuxedni Bay area; 0.45 mile above mouth of tribu-
tary entering Bear Creek from southeast, 2.53 miles from Tuxedni Bay.
Upper part of Bowser member of the Tuxedni formation, about 1,100 ft
below base of Chinitna formation.

Grantz, Arthur, 1951. Peninsula north of Chinitna Bay. On ridge 1.5
miles N. 39°50’ E. of head of Lake Hickerson. Upper part of Bowser
member of Tuxedni formation, about 1,000~1,100 ft below base of Chinitna
formation.

Imlay, R. W., and Miller, D. J., 1948. Iniskin Peninsula, gulch draining
northward into Ctaikema Creek from peak on axis of Tonnie syncline, 2.3
miles S. 84° W. from dock at mouth of Fitz Creek. From siltstone about
800 ft above base of Bowser member of the Tuxedni formation.

Imlay, R. W., and Miller, D. J., 1948 Iniskin Peninsula. Float in gulch
described under Mesozoic loc. 21308, but about 100 ft lower. Bowser
member of the Tuxedni formation.

Imlay, R. W., and Miller, D. J.,, 1948. On same gulch described under
Mesozoic loe. 21308. About 500 ft above base of Bowser member of the
Tuxedni formation.

Kellum, 1. B., 1944. Iniskin Peninsula. Northeast side of Tonnie Creek
about 700 ft upstream from top of lower cascade and 0.85 mile 8. 56}2° E.
of Tonnie Peak. 400 ft above base of Bowser member of the Tuxedni

formation.

Detterman, R. L., 1958. Iniskin Peninsula. On Tonnie Creek 0.94 mile
N.61° W. of 1. B. A. No. 1 well. Coordinates 9.02, 12.22. Lat 59°45'31"’
N., long 153°15’09” W. From 25-50 ft above lowermost conglomerate in
greenish-gray siltstone and silty shale. Bowser member of the Tuxedni
formation, about 1,750 ft below base of the Chinitna formation.

Wedow, Helmuth, and Kellum, L. B., 1944. Iniskin Peninsula. In Tonnie
Creek, 1.0 mile upstream from trail at mouth of creek just above crest
of third falls and 8. 48.6° E. of Tonnie Peak. Near middle of the Bowser
member of the Tuxedni formation, about 1,000 ft below Chinitna formation.
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TABLE 3.—Localities at which ammonites of Bathonian or early Callovian age have been collected in the Arctocephalites (Cranocephalites)
beds in the Cook Inlet region, Alaska—Continued

Locality on figs, 2-4

Geol. Survey
Mesozoic
locality

Collector’s field No.

Collector, year of collection, description of locality, and stratigraphic assignment

11038

20746

20745

20754

20751

20752

20743

20744

21AB46

46AKr156

46AKr155

46AKr177

46AKr164

46AKr166

46AKr152

46AKr154

Baker, A. A., 1921. Iniskin Peninsula. Near head waters of Bowser Creek
about 1,700 ft southeast of point where creek changes course from northeast
to southeast, about 2.2 miles N. 8° E. of Front Mountain. From upper
middle part of Bowser member of Tuxedni formation, about 700-800 ft
below base of Chinitna formation.

Kirschner, C. E., 1946, Iniskin Peninsula, on Edelman Creek, 1.4 miles N.
17° W. of Front Mountain. Upper part of Bowser member of the Tuxedni
formation, about 800 ft below Chinitna formation.

Kirschner, C. E., 1946, Iniskin Peninsula. On Edelman Creek 1.5 miles N.
22° W. of Front Mountain. Fine-grained sandstone in upper part of
Bowser member of the Tuxedni formation, about 900-1,000 ft below
Chinitna formation,

Kirschner, C. E., 1946, Iniskin Peninsula, 2.0 miles N. 32° W. of Front
Mountain, fine-grained sandstone in lower middle part of Bowser member
of the Tuxedni formation, about 1,800 ft below base of Chinitna formation.

Kirschner, C. E., 1946, Iniskin Peninsula. Tributary of Bowser Creek, 1.5
miles N. 40° W. of Front Mountain. Lower middle part of Bowser member
of the Tuxedni formation, about 1,300-1,400 ft below base of Chinitna
formation.

Kirschner, C. E., 1946. Iniskin Peninsula. Tributary of Bowser Creek, 1.5
miles N. 40° W. of Front Mountain. Lower middle part of Bowser member
of the Tuxedni formation, about 1,300-1,400 ft below base of Chinitna
formation.

Kirschrer, C. E., 1946, Iniskin Peninsula, on Bowser Creek 1.8 miles N. 80°
W. of Front Mountain. Sandy siltstone in lower middle part of Bowser
member of Tuxedni formation, about 1,500~1,600 ft below Chinitna
formation.

Kirschner, C. E., 1946. Iniskin Peninsula on Bowser Creek 2.6 miles west
of Front Mountain. Sandy siltstone in lower middle part of Bowser
member of Tuxedni formation at about same stratigraphic position as loc.
20743.

TaBLE 4.—Localities at which ammonites of Bathonian or early Callovian age have been collected in the upper member of the Sawtooth
formation tn western Montana

Locality on figs. 5 and 6

Geol. Survey
Mesozoic
locality

Collector’s fleld No.

Collector, year of collection, description of locality, and stratigraphic assignment

19183

19185

19186

19192

19195

19609

18718

19601

19604

20355

I145-8-12B

J45-8-11A

145-8-11D

146-7-28C

Imlay, R. W., Reeside, J. B., Jr., and Cobban, W. A., 1944. Swift Reservoir,
north side, sec. 27, T. 28 N., R. 10 W., Pondera County. From 3 ft of
siliceous limestone about 64 ft above base of Sawtooth formation in the
lower member. .

Imlay, R. W., Reeside, J. B., and Cobban, W. A., 1944. Swift Reservoir,
north side, sec. 27, T. 28 N., R. 10 W., Pondera County. From sandy
limestone near top of Sawtooth formation.

Imlay, R. W., and Yingling, H. C., 1944, Same location as Mesozoic loc.
19183. From lower part of the upper siltstone member of the Sawtooth
formation.

Imlay, R. W., and Yingling, H. C., 1944. Same location as Mesozoic loc.
19183. Near base of middle member of Sawtooth formation and 20 ft
above base of formation.

Imlay, R. W., and Yingling, H. C., 1944.
19183, but on south side of Swift Reservoir.
of Sawtooth formation.

Imlay, R. W., and Saalfrank, William, 1945. Retween Middle Fork and
North Fork of Teton River in sec. 21, T. 25 N., R 9 W., Teton County.
From upper 2 ft of siltstone member at top of Sawtooth formation.

Bridge, Josiah, and Deiss, C. F., 1941. Lonesome Ridge, west side of sec.
34, T. 25 N.,, R. 9 W, Saypo quad., Teton County. Upper member of
Sawtooth formation. (Note: Most of collection 18718 was obtained from
the Rierdon formation.)

Imlay, R. W., and Saalfrank, William, 1945. Lonesome Ridge on line of
secs. 33 and 34, T. 25 N., R. 9 W., Saypo quad., Teton County. Upper
2 ft of upper member of Sawtooth formation.

Imlay, R. W., and Saalfrank, William, 1945. Lonesome Ridge on line of
secs. 33 and 34, T. 25 N., R. 9 W., Saypo quad., Teton County. From
lower part of upper member of Sawtooth formation.

Cobban, W. A, and Imlay, R. W., 1946. Lonesome Ridge on line of secs.
33 and 34, T. 25 N., R. 9 W., Saypo quad., Teton County. From upper
silty member of the Sawtooth formation.

Same location as Mesozoic loc.
From basal 2 ft of sandstone
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TaBLE 4.—Localities at which ammonites of Bathonian or early Callovian age have been collected in the upper member of the Sawtooth
formation in western Montana—Continued

Collector’s field No.

Collector, year of collection, description of locality, and stratigraphic assignment

Geol, Survey
Loeaslity on figs. 2-4 Mesozole
locality

28 e 20357
24 .. 18711
24 . 18712
24 .. 18713
24 o __ 18714
24 o .__ 18715
24 . 19184
24 .. 22652
24 . 22653
24 .. 22654
24 .. 22655
25 . 27040
25 . 27043
25 . 27046
26 __ 27506
P 19606
27 el 19608
27 .. 27037
Py 27042
28 . 27039
28 .. 27502
29 ... 27045

146-7-28D

Deiss 5/1

Deiss §/2

Deiss 5/3

5/4

Deiss 5/5

151-8-17A

151-8-17B

151-8-17C

151-8-17D

224

F223

F225

F291

145-8-14B

145-8-14A
F55

P57

F231

F278

F228

Imlay, R. W., 1946. Lonesome Ridge on line of secs. 33 and 34, T. 25 N,
R. 9 W, Saypo quad., Teton County. From lower foot of upper silty
member of the Sawtooth formation.

Deiss, C. F., 1941. Head of Rierdon Gulch at altitude of about 7,550 ft,
8% sec. 23, T. 24 N, R. 9 W,, Saypo quad., Teton County. Zone 1 from
lower part of middle shale member of Sawtooth formation, 12 ft above
base of formation.

Deiss, C. F., 1941. Head of Rierdon Gulch at altitude of 7,560 ft, Sl
sec. 23, T. 24 N., R. 9 W., Saypo quad., Teton County. Zone 2 from
lower part of middle shale member of the Sawtooth formation, about 17
ft above base of formation.

Deiss, C. F., 1941. Same location as Mesozoic loc. 18711. Zone 3, from
36-107 ft above base of Sawtooth formation in middle shale member.

Deiss, C. F., 1941. Head of Rierdon Gulch, S!4 sec. 23, T. 24 N, R.9W,,
Saypo quad., Teton County. Zone 4 from basal 13 ft of upper member
of the Sawtooth formation, or 107-120 ft above base of Ellis group.

Deiss, C. F., 1941. Same location as Mesozoic loc. 18711. Zone 5 from
about 10 ft below the top of the Sawtooth formation in upper siltstone
member.

Imlay, R. W., and Yingling, H. C., Jr., 1944. Head of Rierdon Gulch, S!%
sec. 23, T. 24 N,, R. 9 W., Saypo quad., Teton County. From sandy
limestone in upper 20 ft of upper member of Sawtooth formation.

Imlay, R. W., 1951. About a quarter of a mile north of head of Rierdon
Guleh, north-central part of sec. 23, T. 24 N., R. 9 W., Saypo quad., Teton
County. From 6 to 10 ft above base of upper silty member of Sawtooth
formation.

Imlay, R. W., 1951, One mile north of head of Rierdon Gulch in north-
central part of sec. 23, T. 24 N., R. 9 W,, Teton County. From 15 to 22
ft above base of upper siltstone member of the Sawtooth formation.

Imlay, R. W., 1951. © About half a mile north of head of Rierdon Gulch in
north-central part of sec. 23, T. 24 N., R. 9 W., Saypo quad., Teton County.
From 6 ft below top of upper silty member of Sawtooth formation.

Imlay, R. W., 1951. Half a mile north of head of Rierdon Guleh in central
part of see. 23, T. 24 N., R. 9 W., Teton County. From upper foot of
upper siltstone member of the Sawtooth formation.

Imlay, R. W., 1959. Head of Hannan Gulech, NW¥; sec. 35,T. 23 N., R. 9
W., lat 47°43’ N, long 112°43’ W., Saypo quad., Teton County. 29 ft
below top of upper siltstone member of the Sawtooth formation.

Mudge, M. R., 1958. From head of Hannan Gulch in NW¥{ sec. 35, T. 23
N., R. 9 W,, Saypo quad., Tenton County. From middle shale member
of the Sawtooth formation.

Mudge, M. R., 1958. Head of Hannan Gulch, N'W4 sec. 35, T.23 N, R. 9
W., Teton County. From upper siltstone member of the Sawtooth
formation.

Imlay, R. W., 1959. Head of Green Timber Gulch, lat 47°42'05’ W., long
112°42’00’ W., south-central part of seec. 36, T. 23 N., R. 9 W., Saypo
quad., Teton County. Upper siltstone member of the Sawtooth formation.

Imlay, R. W., and Saalfrank, William, 1945. Wagner basin, north-central
part of sec. 25, T. 21 N., R. 9 W., Saypo quad., Teton County. From
lower sandstone member of the Sawtooth formation about 3 ft above base
of formation.

Imlay, R. W., and Saalfrank, William, 1945. Same location as Mesozoic
loc. 19606. Upper siltstone member of the Sawtooth formation.

Imlay, R. W., Mudge, M. R., and Reynolds, M. W,, 1958. Wagner basin,
in draw at contact of Paleozoic limestone and Jurassic beds, north-central
part of sec. 25, T. 21 N., R. 9 W., Saypo quad., Teton County. From
lower sandstone member of the Sawtooth formation.

Imlay, R. W., Mudge, M. R., and Reynolds, M. W., 1958. Wagner basin,
north-central part of sec. 25, T. 21 N., R. 9 W, lat 47°38’' N, long 112°
42'20'" W., 8aypo quad., Teton County. From upper 12 ft of upper silty
member of the Sawtooth formation.

Imlay, R. W., Mudge, M. R., and Reynolds, M. W., 1958. West side of
Mortimer Guleh on north side of Gibson Reservoir, near center of sec. 4,
T. 21 N., R. 9 W, lat 47°37" N, long 112°46’ W., Saypo quad., Teton
County. From upper silty member of the Sawtooth formation.

Mudge, M. R, and Reynolds, M. W., 1959. West side of Mortimer Gulch
on north shore of Gibson Reservoir, near center sec. 4, T. 21 N., R. 9 W,
lat 47°36703'" N., long 112°45’ W., Saypo quad. Teton County. From
upper member of the Sawtooth formation.

Mudge, M. R., 1958. North shore of Gibson Reservoir on east side of Big
George Gulch, NEY% sec. 5, T. 21 N., R. 9 W., Teton County. From
upper7sil;stone member of the Sawtooth formation 3 ft below Mesozoic
loc. 27047.
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TasBLE 4.—Localities at which ammonites of Bathonian or early Callovian age have been collected in the upper member of the Sawtooth

formation in western Montana—Continued

Geol. Survey

Locality on figs, 2-4 I\{Iesolzoiq Collector’s field No. Collector, year of collection, description of locality, and stratigraphic assignment
ocality
__________________ 27047 | F227 Mudge, M. R., 1958. East side of Big George Gulch on north side of Gibson

Reservoir, NE. cor. of sec. 5, T. 21 N., R. 9 W, lat 47°36’19’’ N., long
112°47/15"" W., Saypo quad., Teton County. From lower part of upper
member of the Sawtooth formation.

__________________ 27501 | F227 Mudge, M. R., 1959. Same as Mesozoic loc. 27047.

__________________ 27044 | F221 Imlay, R. W., Mudge, M. R., and Reynolds, M. W., 1958. Home Gulch,
SW. cor. sec. 36, T. 22 N., R. 9 W, lat 47°31’ N, long 112°42’ W., Lewis
and Clark County. Middle shale member of the Sawtooth formation.
__________________ 27503 | F286 Mudge, M. R., and Reynolds, M. W., 1959. Same location as Mesozoic
loc. 27504, but about 15 ft lower in upper siltstone member of the Saw-
tooth formation.

27504 | F286 Mudge, M. R., and Reynolds, M. W., 1959. Saddle at north end of Sheep
Sheds basin, lat 47°31’45’ N., long 112°47/40"” W., Lewis and Clark
County. From upper member of the Sawtooth formation.

27505 | F287 Mudge, M. R., 1959. Saddle NNW. of north saddle in Sheep Sheds basin,
lat 47°32’ N, long 112°47/47’’ W., Lewis and Clark County. Float in
lower part of upper siltstone member of the Sawtooth formation.
__________________ 18324 | 2/1 Deiss, C. F.,and Garrells, R. M., 1940. Head of Lime Guleh, SW¥ sec. 1,
T. 20 8., R. 9 W., Saypo quad., Lewis and Clark County. From 10 ft of
sandy shale and limestone near base of measured section, upper member
of Sawtooth formation.

27041 | F237 Imlay, R. W., 1958. Head of Lime Gulch, 8W) of see. 1, T. 20 8, R. 9
W., Saypo quad., lat 47°31’ N., long 112°41'30"" W., Lewis and Clark
County.
19623 | 145-7-17B Imlay, R. W., and Saalfrank, William, 1945. About 8 miles northwest of
Drummond just north of highway in sec. 12, T. 11 N., R. 14 W, Granite
County. From yellowish-gray shale and silty nodular limestone in lower
29 ft of upper siltstone member of the Sawtooth formation. Base of silt-
stone member is 166 ft above base of Ellis group.

__________________ 19625 | 145-7-17C Imlay, R. W., and Saalfrank, William, 1945. Same location as Mesozoic
loc 19623.
base is about 73 ft above base of Sawtooth formation and whose top is
about 113 ft below top of formation.

From upper silty member of the Sawtooth formation.

From 44 ft of gray calcareous shale and shaly limestone whose

SUMMARY OF RESULTS

1. The ammonites from Alaska and Montana described

herein include 10 genera and 18 species. Of these,
2 genera, Parareineckeia and Cobbanites, and 5
species are described as new. Arctocephalites
(Cramocephalites) comprises 54 percent, Cob-
banites 17 percent, and Holcophylloceras 5 percent
of the total number of ammonite specimens found.
Some specimens are referred questionably to Oeco-
traustes, Xenocephalites, Arctocephalites, and
Siemiradzkia.

2. Comparable faunules, represented mostly by

Arctocephalites and Cranocephalites, have been
found beneath beds of Callovian age at many
places in the Arctic region. They have not been
found elsewhere in the world, except in Montana
and the Cook Inlet region, Alaska.

3. An ammonite faunule characterized by Arctoceph-

alites (Cranocephalites) occurs on the northwest
side of Cook Inlet, Alaska, in the middle part of
the Bowser member of the Tuxedni formation.
The lower few hundred feet of this member con-
tains ammonites of late Bajocian age, and the
upper 700 to 1,150 feet contains ammonites of
early Callovian age. The Cranocephalites beds

grade upward into the early Callovian beds, rest
abruptly on the late Bajocian beds, and in the
Iniskin Peninsula truncate the late Bajocian beds
from north to south. The presence of an un-
conformity at such a position suggests that the
Cranocephalites beds correspond in position with
the late Bathonian, or earliest Callovian, or both.
4. Another Arctocephalites (Cranocephalites) faunule
occurs in northern Montana in the upper silty
member of the Sawtooth formation. This member
grades downward into dark-gray shales that, near
their base at the Swift Reservoir, have furnished
the middle Bajocian ammonite Chondroceras and
that rests near Drummond, with apparent con-
formity on buff to red siltstone that contains the
middle Bajocian ammonites Stemmatoceras and
Normannites. The upper member is overlain
rather sharply by the Rierdon formation, which
contains a succession of ammonite faunules of
early Callovian age. Locally, the top of the
Sawtooth formation in northwestern Montana
contains pebbles and rounded belemnite fragments
suggestive of a minor disconformity. Similarly a
sedimentary break is indicated by the abrupt
change from the yellowish gray siltstone and
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TaBLE 5.—Geographic distribution of fossils from the Arctocephalites (Cranocephalites) beds in the Cook Inlet region, Alaska

[Numbers 1-19 refer to numbers on figures 2-4. Higher numbers are Geological Survey locality numbers)
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sandstone at the top of the Sawtooth formation
to a massive oolitic limestone at the base of the
Rierdon formation as exposed near Drummond
and generally throughout southwestern Montana.
Such a disconformity would be at the same stra-~
tigraphic position as a well-marked unconformity
in south-central Montana, northern Wyoming,
and western South Dakota. As the Areticoceras
zone at the base of the Rierdon formation cor-
responds at least in part with the earliest Callovian
Macrocephalites macrocephalus zone of Europe,
the presence of a disconformity between the
Rierdon and Sawtooth formations would favor
an age older than Callovian for the upper silty
member of the Sawtooth formation. Strati-
graphically the upper member could be of any
age between late Bajocian and earliest Callovian,
but the evidence favors a Bathonian age.

5. Faunally, the exact age of the Aretocephalites (Crano-

cephalites) beds has not been determined. How-
ever, they cannot be older than the Bathonian
stage, or younger than the earliest Callovian zone
of Macrocephalites macrocephalus, and that zone is
at least partly represented by the Arcticoceras beds
in Greenland and in the western interior of North
America. They do not contain any ammonite
genera typical of the Callovian of Europe and only
two ammonites that probably belong to the
Bathonian genus Siemiradzkia. A Callovian age
is favored slightly by the presence of the ammonite
family Reineckeiidae, by the fact that the new
genera Parareineckeia and Cobbanites range up-
ward into beds containing typical Callovia ammo-
nites, and by the apparent close biological rela-
tions of the dominant ammonite Cranocephalites
with such Callovian genera as Arcticoceras and
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TABLE 6.—Geographic distribution of fossils from the Sawtooth formation in northwestern Montana

[Numbers 20-33 refer to numbers on figures 5 and 6. Higher numbers are Geological Survey Mesozoic locality numbers]
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Cadoceras. This evidence is not conclusive, but
it does indicate that the ammonites in the Crano-
cephalites beds are biologically closer to those in
the Callovian than in the Bajocian and are not
likely to be older than late Bathonian.

6. The Arctocephalites (Cranocephalites) beds in Alaska

and Montana are herein tentatively correlated

with the Bathonian rather than the Callovian

stage. This ocorrelation is based on the following:

(a) in Montana geologists cannot find evidence of

an important unconformity that might acccount

for the absence of Bathonian ammonites typical
582600 0—61— 5

of Europe and the Tethyan region, (b) the lower
Callovian is well represented by a succession of
ammonites in both Alaska and the western in-
terior region, and (c) the ammonites in the Are-
tocephalites (Cranocephalites) beds, although
biologically related to those in the overlying
Callovian beds, do not include any typical Callo-
vian genera. If this correlation is valid, the
ammonites of Bathonian time occupied two dis-
tinct realms of which one included parts of
Europe and the Tethyan region from Mexico to
Indonesia and the other included the Arctic
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region and some of the North Pacific Ocean.
This concept differs somewhat from that of
Arkell (1956, p. 608-610), who correlated the Arcto-
cephalites (Cranocephalites) beds with the earliest
Callovian and inferred that the Arctic Ocean
during Bathonian time was completely isolated
from the other oceans and that the Bathonian
faunas of the Arctic Ocean are now buried be-
neath the present Arctic Ocean. Emergence of
the continents during Bathonian time, discussed
by Arkell, fits either concept.
SYSTEMATIC DESCRIPTIONS
Genus HOLCOPHYLLOCERAS Spath, 1927
Holcophylloceras sp.
Plate 1, figure 1
Seven internal molds of a single species are present
in the Cranocephalites beds. These show the deep
strongly sigmoidal constrictions that are characteristic
of the genus. Traces of fine ribbing are present on
the venter of one specimen. The largest mold is a
fragment of a large body chamber belonging to an
ammonite that was at least 200 mm in diameter. The
suture line has only diphyllic saddles.

Figured specimen: USNM 130754.

Occurrence: Bowser member of the Tuxedni formation at
USGS Mesozoic locs. 22698 and 22712; equivalent beds in the
Talkeetna Mountains at Mesozoic loe, 24117.

Genus OECOTRAUSTES, Waagen, 1869
Subgenus PAROECOTRAUSTES Spath, 1928
Oecotraustes (Paroecotraustes)? sp.
Plate 1, figures 2-4

One small septate compressed ammonite is charac-
terized by having a tiny umbilicus, a low vertical um-
bilical wall, a median raised spiral groove, and low
backwardly arched ribs on the upper parts of the flanks.
The venter is so worn that its characteristics cannot be
determined. There is a suggestion of low broad for-
wardly inclined ribbing on the lower part of the flanks.
The suture line cannot be traced accurately.

The features of this specimen suggest an assignment,
to the Oppeliidae, but do not fit those of any described
genus. The umbilicus is smaller than in Oecotraustes
or Paroecotraustes. The spiral groove is much deeper
than in Oppelia or in Oxycerites. The absence of sec-
ondary ribs likewise excludes Oppelia. The ribs ap-
pear to be broader than on any described species of
Ozycerites, but this appearance is due partly to weather-
ing. The specimen may represent a new genus, but
lack of knowledge of the venter precludes any certain
generic assignment.

Figured specimen: USNM 130747.
Occurrence: Unnamed beds in the Talkeetna Mountains at
Mesozoic loe. 24116.
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Genus XENOCEPHALITES Spath, 1928
Xenocephalites? sp.
Plate 6, figures 4, 5, 9.

One small specimen bears ribbing similar to that on
the much larger holotype of Arctocephalites? saypo-
ensts Imlay, n. sp. (pl. 6, figs. 1, 2), but its body cham-
ber is terminated by a constriction and a rib pattern
suggestive of an adult shell. If so, it probably is a
different species as it is considerably smaller. Also,
the venter of the penultimate whorl bears low broad
ribs separated by narrow interspaces, which feature is
suggestive of Xenocephalites, but not of Arctocephalites

Figured specimen: USNM 130775.

Occurrence: Sawtooth formation, upper member, at USGS
Mesozoic loe. 18714.

Genus ARCTOCEPHALITES Spath, 1928
Arctocephalites? alticostus Imlay, n. sp.

Plate 2, figures 1-8

The species is represented by five specimens. The
whorls are moderately stout and are wider than high.
The umbilicus is small and has a steep umbilical wall
that rounds rather abruptly into the flanks. The
body chamber on the largest specimen represents
three-fourths of a whorl and is terminated by a con-
striction that is present only on the lower part of
the flanks.

The ribbing is very high and sharp. The primary
ribs curve backward on the umbilical wall, curve
forward on the flanks, and become very high on the
lower fourth of the flanks. Most primary ribs pass
into slightly weaker secondary ribs between the lower
fourth and the lower third of the flanks, but some
primary ribs do not branch and others are indistinctly
connected with secondary ribs. A few secondary ribs
arise freely on the lower part of the flanks. The
secondary ribs cross the venter transversely and
become slightly higher ventrally.

The suture line is not well preserved and cannot
be traced. The holotype has been compressed laterally,
but at a diameter of 36 mm has a whorl height of 18
mm, a whorl thickness of 18 mm, and an umbilical
width of 6.5 mm. On the small paratype, shown on
plate 2, figure 3, the same dimensions are 15, 8, 11.5,
and 3.5 mm respectively.

This species has much higher and sparser ribbing
than any of the small specimens from Greenland that
have been assigned to Arctocephalites or to the subgenus
Cranocephalites, but it shows some resemblances to
the immature whorls of Arctocephalites sphaericus
Spath (1932, p. 40, pl. 6, fig. 3, pl. 19, fig. 4) and A.
(Cranocephalites) cf. C. pompeckji (Madsen) (Spath,
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1932, pl. 3, fig. 3). It shows more resemblance to A.?
saypoensis Imlay, n. sp., described here, but has higher
and more flexuous primary ribs.

The holotype of A.? alticostus Imlay, n. sp., shows
some resemblance to Xenocephalites vicartus Imlay
(1953b, p. 78, pl. 28, figs. 1-8), from the Chinitna
formation, Alaska, but differs from this and all other
species of that genus by being less narrowly umbilicate,
by its adult body whorl not contracting from the inner
whorls, by its ribs being much higher and thinner on
the inner whorls, by its ribs remaining thin on its
outer whorl instead of becoming broad and widely
spaced, and by the presence of an apertural constriction.

This species is not assigned to Cranocephalites be-
cause the body chamber does not contract from the
inner whorls. It differs from Arctocephalites by its
ribs remaining high and sharp on the body chamber
instead of weakening or disappearing. It probably
represents a new genus or subgenus, but the preser-
vation of the specimens in hand does not justify
making such an assignment.

Types: Holotype USNM 130757; paratypes USNM 130758-
130760.

Occurrence: Bowser member of the Tuxedni formation at

USGS Mesozoic locs. 20011, 20752, and 21308; from equivalent
beds in the Talkeetna Mountains at Mesozoic loc. 24116.

Arctocephalites? saypoensis Imlay, n. sp.
Plate 6, figures 1, 2

Arctocephalites sp. juv. cf. A. sawtoothensis Imlay, 1948, U.S.
Geol. Survey Prof. Paper 214-B, p. 19, pl. 6, figs. 2, 5.

The holotype has been crushed laterally, but its
whorl section originally was probably wider than high.
The umbilicus is moderate in width, and the umbilical
wall is low and vertical. The body chamber occupies
about three-fourths of a whorl, is probably nearly
complete, and is not contracted adorally.

The ornamentation of the inner whorls is not known.
On the outer whorl of the holotype, the primary ribs
are strong and high. They curve backward on the
umbilical wall and curve forward on the lower fourth
of the flanks. On the septate part of the whorl,
all primary ribs bifurcate at the top of the lower fourth
of the flank. Toward the aperture the rib branch
nearest the aperture becomes indistinetly connected
with the primary rib, and on the last fourth of the
body whorl, there is regular alternation of long radial
primary ribs and shorter secondary ribs. All ribs are
high and narrow on the venter on which they arch
forward gently.

The suture line cannot be traced, and dimensions
cannot be measured accurately.

The presence of many single ribs near the adoral
end of the body chamber suggests that the specimen
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is an adult. If so, it is smaller than any described
species of Arctocephalites or Cranocephalites from Green-
land. It, also, has much stronger ribbing than any
species of Arctocephalites or Cranocephalites at a com-
parable size. The most similar species is A? alticostus
Imlay, n. sp., described herein, from which it differs
by having lower less flexuous primary ribs, by having
stouter secondary ribs, and by being larger. Its um-
bilicus appears to be wider than in Arctocephalites, but
this appearance may be deceptive considering that the
inner whorls are not preserved and that the specimen
bas been deformed.

Type: Holotype USNM 104149.

Occurrence: Sawtooth formation, upper member at USGS
Mesozoic loc. 18324, A small specimen of this species in the
Princeton University collections was obtained 4 miles west of
Drummond, Mont., in a railroad cut in the NEL; of sec. 21,
T.11 N, R. 13 W.

Subgenus CRANOCEPHALITES Spath, 1932
Arctocephalites (Cranocephalites) pompeckji (Madsen)
Plate 1, figures 5-13

Macrocephalites pompeckji Madsen, 1904, Meddelelser om
Groénland, v. 29, p. 189, pl. 8, figs. 5, 6a, b.

Cranocephalites pompeckji (Madsen). Spath, 1932, Meddelelser
om Grénland, v. 87, p. 16, pl. 3, fig. 3, pl. 4, figs. 8-10.
pl. 5, figs. 3, 6-8, pl. 9, fig. 4, pl. 13, figs. 1a, b.

Arctocephalites (Cranocephalites) pompeckji (Madsen) aff. var,
costata Spath. Donovan, 1953, Meddeleslser om Grén-
land, v. 111, p. 83, pl. 17, figs. 2a, b.

Arctocephalites (Cranocephalites) pompeckji (Madsen) var. in-
termedia Spath, Donovan, 1953, Meddelelser om Grénland
v. 111, p. 83, pl. 17, figs. 3a, b.

Six specimens from Alaska are within the range of
variation of C. pompeckji (Madsen) as described by
Spath (1932, p. 16-20). They are characterized by
a compressed whorl section, a highly arched venter,
and by high sharp widely spaced ribs that cross the
venter without reduction in strength. The primary
ribs curve backward on the unbilical slope, curve for-
ward on the flanks, and pass into pairs of slightly
weaker secondary ribs between the lower fourth and
the middle of the flanks. Many of the pairs of the
secondary ribs are separated by single ribs that begin
freely on the lower third of the flanks. The secondary
ribs incline forward slightly on the upper part of the
flanks but cross the venter nearly transversely. The
body chamber includes about three-fifths of a whorl.
It is terminated adorally by a constriction that is
followed by a swelling and then by a smooth area.

The suture line shown on plate 1, figure 9, occurs at
the beginning of the body chamber and is considerably
worn. Traces of the suture preserved on the opposite
side of the same specimen show that it is nearly as
complex as the suture on Cranocephalites vulgaris Spath
(1932, pl. 3, fig. 5), differing mainly by having a slightly
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longer ventral lobe. The suture is characterized by
having broad saddles and fairly short lobes and by its
auxiliaries ascending toward the umbilical seam.

The largest specimen (pl. 1, figs. 11~13), which is
slightly compressed, at a maximum diameter of 96 mm
has a whorl height of 42 mm, a whorl thickness of 38(?)
mm, and an umbilical width of 16 mm. On a smaller
specimen (pl. 1, fig. 6) the comparable dimensions are
62, 27, 26, and 15 mm.

Among the Alaskan specimens, the smallest are
similar to a small specimen illustrated by Spath (1932,
pl. 3, fig. 3). The specimen shown on plate 1, figure 10,
resembles C. pompeckji var. intermedia Spath (1932,
pl. 5, fig. 7). The specimen shown on plate 1, figure 6,
resembles other variants illustrated by Spath (1932,
pl. 4, figs. 9a, b, pl. 13, figs. 1a, b). The largest speci-
men from Alaska (pl. 1, figs. 11-13) differs from the
bolotype of C. pompeckjs (Madsen) (1904, pl. 8, figs.
6a, b) mainly by having slightly finer and denser
ribbing.

The species C. pompeckji (Madsen) is more similar
to C. vulgaris Spath (1932, p. 20, pl. 1, figs. 24, 6;
pl. 2, figs. 1a, b; pl. 3, fig. 5; pl. 4, figs. 1, 3a, b; pl. 5,
figs. 1a, b; pl. 8, figs. 1a, b; pl. 10, figs. 3a, b) than to
any other described species. It differs by being more
compressed and by having higher sharper more widely
spaced ribs that remain fairly strong on the venter of
the adult body whorl.

Type: Plesiotypes USNM 130751-130753.

Occurrence: Bowser member of the Tuxedni formation at

21283, 21284, 22698. The species is possibly represented at
Mesozoic locs. 20745 and 22711 in the Bowser member.

Arctocephalites (Cranocephalites) costidensus Imlay, n. sp.
Plate 2, figures 11-19

The species is represented by 35 specimens. The
whorls are ovate in section, slightly wider than high.
The flanks are gently convex and round evenly into a
moderately broad venter. The body chamber occupies
about three-fifths of a whorl. The aperture is termi-
nated by a pronounced constriction that is followed by
a swelling.

The ornamentation consists of fine dense ribbing.
The primary ribs curve backward on the umbilical wall,
curve forward on the flanks, and give rise to 2 or 3
somewhat weaker secondary ribs between the lower
third and the middle of the flanks. Many other
secondary ribs arise freely on the lower third of the
flanks. The secondary ribs cross the venter trans-
versely, or with a slight forward arching, and are
slightly reduced in strength along the venter on some of
the largest body chambers.

The suture line is characterized by having fairly
broad saddles and by its auxiliaries ascending to the
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umbilical seam. All the specimens are deformed so
much that measurements are meaningless.

This species has finer denser ribbing than any de-
scribed species of Arctocephalites or Cranocephalites
from Greenland, but approaches most closely to C.
gracilis Spath (1932, p. 22, pl. 2, figs. 6 a, b, pl. 3, figs.
1 a, b) which it resembles also, in stoutness. However,
even the most coarsely ribbed variants of the Alaskan
species (pl. 2, figs. 19) have finer ribs and more closely
spaced secondary ribs. Arctocephalites orientalis Krim-
holz (1939, p. 59, pl. 2, figs. 5, 6) from northern Asia has
as fine and dense ribbing as A. (Cranocephalites) costi-
densus Imlay, n. sp., but is much more inflated and
appears to have a smaller umbilicus.

Types: Holotype USNM 130745; paratypes USNM 130746,
130748, 130749.

Occurrence: Bowser member of the Tuxedni formation at
Mesozoic. locs. 20754, 21283, 22698, 22712; equivalent beds in

the Talkeetna Mountains at Mesozoic locs. 24115, 24116, and
24117.

Arctocephalites (Cranocephalites) sawtoothensis Imlay

Plate 3, figures 1-10, plate 4, figures 2, 4, 6

Arctocephalites sawtoothensis Imlay, 1948, U.S. Geol. Survey Prof
Paper 214-B, p. 19, pl. 6, fig. 7.

Arctocephalites metastatus (Buckman) var. sweetgrassensis Imlay,
1948, U.S. Geol. Survey Prof. Paper 214-B, p. 20, pl. 6,
figs. 1, 3.

This species is represented by 14 specimens of various
sizes and growth stages. These show that the specimen
described as Arctocephalites metastatus (Buckman) var.
sweetgrassensts [mlay is merely a finely ribbed variant of
A. sawtoothensis Imlay. The holotype of Metacephalites
metastatus Buckman (1929, p. 11, pl. 3, figs. 14) has
much lower blunter primary ribs than immature in-
dividuals of A. sawtoothensis Imlay and probably is not
generically related. Assignment of A. sawtoothensis
Imlay to the subgenus Cranocephalites is based on the
presence of a contracted body chamber. One small
laterally crushed specimen shown on pl. 3, fig 3, is shown
for comparison with the holotype of Macrocephalites
laminatus Buckman (1929, p. 14, pl. 1, figs. 4, 4a, 5).

Types: Holotype USNM 104148; plesiotypes USNM 104150,
130766-130770.

Occurrence: Sawtooth formation, upper member, USGS
Mesozoic locs. 18718, 19184, 19601, 20355, 22654, 27040, 27042,
and 27502.

Arctocephalites (Cranocephalites) cf. A. gracilis (Spath)
Plate 5, figures 1-3

Three specimens from the Sawtooth formation are
distinguished from A. sawtoothensis Imlay by having
considerably finer ribbing. They are comparable in
ribbing with the holotype of Cranocephalites gracilis
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Spath (1932, p. 22, pl. 3, figs. 1 a, b) from east Green-
land but are possibly a little stouter.
Figured specimens: USNM 130771.

Occurrence: Sawtooth formation, upper member at USGS
Mesozoie locs. 19601, 27501.

Arctocephalites (Cranocephalites) cf. A. maculatus (Spath)
Plate 4, figures 1, 3, 5

The septate specimen, illustrated on plate 4, figure 5,
is the best preserved of four, although it has been
crushed laterally and the details of its ribbing are not
preserved. The specimens are characterized by having
a stout whorl section, very coarse, thick ribbing, and a
smooth contracted body chamber. They are com-
parable in stoutness and in coarseness of ribbing with
Cranocephalites maculatus Spath (1932, p. 24, pl. 1,
figs. 1 a, b, pl. 2, figs. 3 a, b, pl. 3, figs. 6 a, b, pl. 4, fig. 2),
from east Greenland, but differ by developing a smooth
body chamber. Immature individuals of the species
from Montana have not been identified definitely, but
are possibly represented by the specimens shown on
plate 4, figures 1, 3.

Figured specimens: USNM 130773, 130774.

Occurrence: Sawtooth formation, upper member at USGS
Mesozoic locs. 19184, 22652, 27039, and 27040.

Arctocephalites (Cranocephalites) cf. A.? platynotus (Spath)
Plate 5, figures 4-6, 8

Two specimens from Montana are as broadly de-
pressed as A.? platynotus Spath (1932, p. 43, pl. 11,
figs. 6 a, b) from east Greenland but differ by having
much stronger primary ribs and more distinct rib
branching low on the flanks: The larger specimen re-
presents the adoral part of a scaphitoid body chamber
and is marked by two constrictions.

Figured specimens: USNM 130772.

Occurrence: Sawtooth formation, upper member at USGS
Mesozoic loc. 19601

Genus ARCTICOCERAS Spath, 1924
Arcticoceras? sp.

Plate 5, figure 7

One adult body whorl is similar in shape to the
adult of Arctiococeras rierdonense Imlay (1953a, p.
19, pl. 2), differing mainly by being much smaller
and by having a prolonged ventral lappet. The
aperture is terminated by a constriction near the dorsum.
The umbilicus is extremely small. The body chamber
occupies about four-fifths of a whorl. Only traces
of the suture line are preserved.

This specimen, by comparisons with ammonite
specimens from the western interior, probably belongs
to the genus Arcticoceras rather than to Arctocephalites.
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However, without knowledge of the ribbing of its
internal whorls a definite generic assignment cannot
be made. Nevertheless, the resemblance to Arcti-
coceras suggests that the upper part of the Sawtooth
formation is not much older than the Arcticoceras
zone at the base of the Rierdon formation.

Figured specimen: USNM 130776.

Occurrence: Sawtooth formation, upper member at USGS
Mesozoic loc. 22654.

Genus PARAREINECKEIA Imlay, n. gen.

This genus is distinguished from other genera and
subgenera of the Reineckeiidae (Arkell, 1957, p.
L311-L313) by having larger primary ribs, a single
row of tubercles high on the flanks, and an exceedingly
weak ventral sinus that does not interrupt the ribbing.
The inner whorls are coronate and bear prominent
tubercles at the umbilical seam. During growth the
whorls become ovate, the tubercles become weaker,
and the ribs become broader and more widely spaced.
P. hickersonensis Imlay, n. sp., is designated as the
type species. The genus likewise includes Reineckeia
(Kellawaysites) shelikofana Imlay (1953b, p. 101, pl.
55, figs. 1, 2, 5-8).

The tuberculate coronate inner whorls of Para-
reineckeia may be distinguished from those of Reineckeia
by the position of the tubercles much higher on the
flanks. The weakening of tuberculation during growth
contrasts markedly with the condition in Reineckeia.
The adult of Parareineckeia shows some resemblance
to Kellawaysites, but is readily distinguished by its
coronate inner whorls, much longer primary ribs, and
absence of rib branching on the flanks below the
tubercles. The genus Collotia bears tubercles high
on the flanks as in Parareineckeia, but it, also, bears
rows of tubercles near the umbilicus and on the venter
and it has a well-defined ventral groove. The outer
septate whorls of Kellawaysites oxyptychoides Spath
(1928, p. 266, pl. 41, figs. 5 a, b; 1933, pl. 126, fig. 1)
bear tubercles high on the flanks as in Parareineckeia,
but the primary ribs bifurcate below the middle of the
flanks as well as higher. The genus Epimorphoceras
Spath (1928, p. 252-254) differs from Parareineckeia
by developing compressed instead of ovate whorls, by
loosing its tubercles at an earlier growth stage, by
developing fasiculate ribbing, and by having a well-
developed ventral sulcus.

Parareineckeia hickersonensis Imlay, n. sp.
Plate 7, figures 1-5
Only one specimen of this species is known. It is
moderately compressed and evolute. Its whorls are

much depressed, but become less depressed during
growth. The flanks on the inner whorls are divergent.
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but on the outer whorls become evenly rounded.
The venter on the inner whorls is very broad and de-
pressed and makes a sharp angle with the flanks, but
during growth the venter becomes gently convex and
rounds less abruptly into the flanks. The umbilicus
is very wide; the wall is steep and rounds evenly into
flanks. The body chamber is incomplete, but includes
at least half a whorl.

The primary ribs are high, narrow, fairly widely
spaced, incline forward on the flanks and terminate
at the top of the flanks in tubercles of variable strength.
From most tubercles pass pairs of weaker secondary
ribs that arch forward slightly on the venter and may,
or may not unite in a single tubercle on the opposite
side of the venter. Some tubercles are connected
across the venter by single ribs or by three ribs. A
weak median sinus is present along the midline of the
venter on the outer whorl. There are 3 or 4 con-
strictions on each whorl.

The suture line has broad saddles. The external
lobe is slightly shorter than the first lateral lobe.
The second lateral lobe is nearly as large as the first
lateral lobe. The auxiliaries ascend toward the
umbilical seam.

The holotype at a diameter of 43 mm has a whorl
height of 14.5 mm, a whorl thickness of 19.5 mm,
and an umbilical width of 22 mm. At a diameter of
65 mm the other dimensions are 20, 24, and 29 mm,
respectively.

This species is distinguished from Parareineckeia
shelikofana (Imlay) (1953b, p. 101, pl. 55, figs. 1, 2,
5-8) by its much coarser ribbing, stronger tuberculation,
and more depressed whorl section.

Type: Holotype USNM 130756.

Occurrence: Bowser member of the Tuxendi formation at
USGS Mesozoic loc. 22698.

Parareineckeia cf. P. shelikofana (Imlay)
Plate 7, figures 6, 7

Two fragments resemble the inner whorls of P.
shelikofana (Imlay) (1953b, p. 101, pl. 55, figs. 1, 8)
from the Chinitna formation of Alaska. They differ
by having slightly sparser and sharper ribs at a com-
arable size. As in that species the zone of tuberculation
is situated high on the flanks and a weak median sinus
is present on the venter.

Figured specimen: USNM 130750.

Occurrence: Bowser member of the Tuxedni formation at

USGS Mesozoic loc. 20745; equivalent beds in the Talkeetna
Mountains at Mesozoic loc. 24117.

Genus COBBANITES Imlay, n. gen.

Cobbanites is characterized by having compressed
whorls that become more compressed during growth,
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by bearing prorsiradiate ribbing and deeply impressed
forwardly inclined -constrictions, by developing a
smooth body chamber, and by the venter on its inner
whorls bearing strongly arched ribs that in some
species are slightly weakened along the midline. The
primary ribs on the small innermost whorls are promi-
nent, are radial, or inclined slightly forward, most of
them bifurcate near the middle of the flanks, and
along the zone of furcation they become strongly
swollen. Tiny tubercles are present at the furcation
points on the innermost whorls of a species from
Montana., The suture line has a strongly retracted
suspensive lobe. The aperture terminates simply.
Cobbanites talkeetnanus Imlay, n. sp., is designated
as the type species.

Cobbanites shows a general resemblance to some
finely ribbed species of Choffatia, such as figured by
Neumayr (1871, pl. 14, figs. la, b, 2a, b, pl. 15, figs.
la, b, 2a, b), and particularly to the subgenus Homoe-
oplanulites Buckman (1922, pl. 328; 1924, pl. 515;
Westermann, 1958, p. 85; Arkell, 1958, p. 211, 225-227),
but its primary ribs become much weaker and more
closely spaced on the adult body whorl, and its secondary
ribs are inclined forward much more strongly, especially
on the inner whorls. Also, its peristone does not
bear lateral lappets as in Homoeoplanulites.

An assignment of Cobbanites to the subfamily
Zigzagiceratinae (see Arkell, 1957, p. L314-L316) is
favored by such features as its prorsiradiate ribbing,
the swollen primary ribs on its inner whorls, the tiny
lateral tubercles on one species, and perhaps the
reduction of ribbing along the midventral line on
immature specimens. Its ribbing in particular suggests
a relationship with the genus Procerites. It differs
from Procerites, however, by having deeply impressed
constrictions on its septate whorls and by being more
evolute and compressed than most species that have
been assigned to Procerites. The subgenus Gracilis-
phinctes Buckman (1920, pl. 193; Arkell, 1958, p. 174),
has constrictions, but only on its inner whorls. Further-
more it differs from Cobbanites by having more evolute
inner whorls and more involute outer whorls, and on
the adult body whorl the ribbing fades first on the
lower part of the flanks instead of on the venter.

Cobbanites also shows resemblances to Gonolkites
Buckman (1925, pl. 546a, b; Arkell, 1956, p. 145,
153-160) from the lower Bathonian—but it is much
more evolute; the ribbing on the adult whorl fades
earliest on the venter instead of on the flanks; and it
does not have a distinct ventral groove.

Other species of Cobbanites include the specimens
from Montana and Alaska assigned to Procerites spp.
by Imlay (1953a, p. 33, pl. 23, figs. 13, 17, pl. 24, figs.
9-11; 1953b, p. 102, pl. 53, figs. 1-3), Procerites englert
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Frebold (1957a, p. 65, pl. 39, fig. 1, pl. 40, figs. 1a, b)
from Canada and probably Procerites? sp. described
by Frebold (1957a, p. 66, pl. 40, figs. 2a, b; pl. 41) from
Canada. Another species of Cobbanites occurs in the
Sawtooth formation of Montana and is described herein.
Cobbanites is named in honor of William A. Cobban,
of the U.S. Geological Survey at Denver, Colo.
Cobbanites occurs in the Cook Inlet area, Alaska,
in the basal part of the Chinitna formation of early
Callovian age and in the directly underlying beds
whose age is in question. In Alberta it is associated
with other ammonites of early Callovian age (Frebold,
1957a, p. 65, 66, 76, 80) in the Fernie formation. In
Montana it occurs in the lower part of the Rierdon
formation of early Callovian age and in the directly
underlying upper member of the Sawtooth formation.

Cobbanites talkeetnanus Imlay, n. sp.
Plate 7, figures 8-13, plate 8, figure 1

This species is represented by 1 large adult specimen
that includes the body chamber and by 1 fragment
that shows 5 septate inner whorls. The shell is com-
pressed. The whorls are elliptical in section, much
higher than wide, and each whorl embraces about two-
fifths of the preceding whorl. The flanks are flattened
and rounded evenly into the highly arched venter
which becomes narrower during growth. The um-
bilicus is very wide and shallow; the umbilical wall
is low and steeply inclined. The body chamber oc-
cupies about four-fifths of a whorl. The aperture on
the internal mold is terminated by a pronounced for-
wardly inclined constriction.

On the inner whorls the primary ribs are fairly high
and sharp, are regularly spaced, and are separated by
moderately wide interspaces. They begin near the
umbilical seam, incline forward gently on the flanks,
and bifurcate regularly near the middle of the flanks.
The secondary ribs are a little weaker than the primary
ribs, curve forward strongly on the flanks, arch for-
ward considerably on the venter, and are slightly
weakened along the midventral line. Each whorl
bears from 3 to 4 deep constrictions that are inclined
forward more strongly than the ribs and are generally
bounded by 1 or 2 swollen ribs.

During growth the ribs become weaker and less
strongly projected. On the penultimate whorl the
ribbing is weak, is only slightly arched on the venter,
and gradually fades adorally. The body chamber is
marked only by faint moderately spaced primary ribs on
the lower third of the flanks.

The suture line, partly exposed at several places on
the largest septate whorl, is fairly complex and has
long, slender lobes and a strongly retracted suspensive
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The holotype at a diameter of 190 mm has a whorl
height of 59 mm, a whorl thickness of 39 mm, and an
umbilical width of 82 mm. Near the aperture the
same dimensions are 260(?), 68, 52, and 124 mm, re-
spectively.

This species is characterized by its compressed
whorl section, its deep strongly inclined constrictions,
the moderate spacing of its primary ribs, and strong
forward inclination of its secondary ribs. It differs
from most species of Choffatia by not developing widely
spaced primary ribs on its outer whorls, and in that
respect resembles the subgenus Homoeoplanulites (Buck-
man, 1922, pl. 328; 1924, pl. 515) from the Lower
Cornbrash formation of England. Homoeoplanulites is
characterized, however, by the presence of lateral
lappets, and its secondary ribs are not inclined forward.

Cobbanites talkeetnanus Imlay, n. sp., has weaker
ribbing than on C. engleri (Frebold) (1957a, p. 65, pl. 39,
pl. 40, figs. 1a, b), its secondary ribs are more strongly
projected on the flanks, and it appears to be a much
smaller species.

Types: Holotype USNM 130743; paratype USNM 130744.

Occurrence: Unnamed beds in the Talkeetna Mountains at

Mesozoic loe. 24116.
Cobbanites spp.

Plate 6, figures 3, 6-8, 10-15

The genus is represented in the Sawtooth formation
by 20 fragments, of which most belong to a species
similar to Cobbanites talkeetnanus Imlay, n. sp., from
Alaska. The inner whorls are depressed ovate in
section and probably a little wider than high. During
growth the whorl section becomes more compressed
and on the adult body chamber is about twice as high as
wide.

The smallest whorls bear prominent moderately
spaced primary ribs that incline forward slightly on the
lower parts of the flanks and bifurcate fairly regularly
near the middle of the flanks. A few primary ribs re-
main simple. The furcation points on the smallest
whorls are marked by tiny conical tubercles. The
secondary ribs are slightly weaker than the primary ribs,
are inclined forward on the flanks, and are arched
forward strongly on the venter.

During growth the ribbing gradually becomes weaker
and less strongly arched, but persists on all septate
whorls. The adult body chamber is smooth, or bears
only faint traces of ribbing low on the flanks. Strong
forwardly inclined constrictions are present on all
septate whorls and are most deeply impressed on the
inner whorls.

The suture line has long, slender lobes and a strongly
retracted suspensive lobe. All the specimens are too
imperfect for measurements to be made.
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The ornamentation of the inner whorls of the speci-
mens of Cobbanites from the Sawtooth formation
greatly resemble the Middle Jurassic genus Parkin-
sonia except for the absence of a ventral groove.
They likewise resemble the small specimen from
Alberta that Frebold (1957a, p. 65, 66, pl. 40, figs. 2 a,
b, pl. 41) referred questionably to Procerites. The
larger septate whorls are comparable with the paratype
of Cobbanites engleri (Frebold) (1957a, pl. 40, figs.
1 a, b) but appear to have more widely spaced ribbing
and a more compressed ovate whorl section. They
differ from C. talkeetnanus Imlay, n. sp., from Alasks
by attaining a much larger size, by having stronger
ribbing on the larger septate whorls, and by developing
a higher whorl section. The suture line, partially
exposed on one specimen, has a more strongly retracted
suspensive lobe than that on the holotype of Cobbanites
engleri (Frebold) (1957a, pl. 39).

Figured specimen: USNM 130761-130765.

Occurrence: Sawtooth formation upper member at USGS,
Mesozonic loes. 18718, 19184, 19185, 19601, 19604, 19623,
20355, 20357, 22652, 22654, 27041, 27047.

Genus SIEMIRADZKIA Hyatt, 1900
Siemiradzkia? cf. S. aurigera (Oppel)
Plate 2, figures 9, 10

Two laterally crushed ammonites have highly evolute
coiling and elliptical whorl sections that become
more compressed during growth. The body chamber
is represented by half a whorl and is terminated by
lateral lappets.

Both specimens on their inner whorls have sharp
evenly spaced forwardly inclined ribbing, but on one
specimen the ribbing is much sharper and more widely
spaced than on the other. On the outer two whorls
of both specimens, the ribbing is sharp, inclined for-
ward, variably spaced, and mostly simple. On the
body whorl a few ribs fork high on the flanks or are
indistinetly connected with secondary ribs. The suture
line, partly exposed on one specimen, is fairly simple.

These specimens have the fine sharp irregular ribbing
that is characteristic of the genera Siemiradzkia and
Grossouiria. 'They are tentatively assigned to Siemi-
radzkia rather than to Grossouwrie because single ribs
are much more common than forked ribs, the ribs
do not recurve backward on the venter, constrictions
are not prominent, and the sides of the adult whorl
tend to flatten. The more finely ribbed specimen is
similar to finely ribbed specimens of S. aurigera (Oppel)
from Europe (Grossouvre, 1919, pl. 15, fig. 5; Wester-
mann, 1958, pl. 36, fig. 2). The more coarsely ribbed
specimen develops ribbing on its body whorl similar
to that of the more coarsely ribbed specimen of S.
aurigera (Oppel) (D’Orbigny, 1843, pl. 149, fig. 1;
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Grossouvre, 1919, pl. 15, figs. 6, 7). The lappets
on the Alaskan specimens are much simpler than in S.
aurigera (Oppel) but resemble those of S. matisconensis
(Lissajous) (1923, pl. 5, fig. 3) or S. berthae (Lissajous)
(1923, pl. 5, fig. 1).

The Alaskan specimens were once referred by the
writer to Planisphinctes (Imlay, 1952, p. 980), which
Arkell (1958, p. 212, 213) considers a subgenus of
Siemiradzkia. They differ from Planisphinctes how-
ever, by their whorl sections becoming elliptical in-
stead of circular or depressed and by the body chamber
bearing irregular variably spaced ribbing.

Figured specimens: USNM 130755.
Occurrence: Bowser member of the Tuxedni formation at
USGS Mesozoic loc. 22698.
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PLATE 1

[All figures natural size]

Ficure 1. Holcophylloceras sp. (p. C-22).
USNM 130754 from USGS Mesozoic loc. 22698.
2-4. Oecotraustes (Paroecotraustes)? sp. (p. C-22).
Lateral and ventral views, USNM 130747 from USGS Mesozoic loc. 24116.
5-13. Arctocephalites (Cranocephalites) pompeckji (Madsen) (p. C-23).
5-8. Plesiotypes, USNM 130753 from USGS Mesozoic loc. 22698. Fig. 8
shows suture line drawn at beginning of complete body chamber of
specimen shown on fig. 6.
9, 11-13. Plesiotype, USNM 130751 from USGS Mesozoic loc. 21284. Fig.
9 shows suture line drawn near beginning of eomplete body chamber.
10. Plesiotype, USNM 130752 from USGS Mesozoic loc. 21283. Shows
nearly complete body chamber.
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PLATE 2

[A1l figures natural size}

Ficures 1-8. Arctocephalites? alticostatus Imlay, n. sp. (p. C-22).
1, 2. Paratype, USNM 130758 from USGS Mesozoic loc. 20752.
3. Paratype, USNM 130760 from USGS Mesozoic loc. 21308.
4-6. Paratype, USNM 130759 from USGS Mesozoic loc. 20011.
7, 8. Holotype, USNM 130757 from USGS Mesozoic loc. 20752.
9, 10. Siemiradzkia? of. S. aurigera (Oppel) (p. C-28).
Specimens USNM 130755 from USGS Mesozoic loc. 22698. Note lateral
lappets.
11-19. Arctocephalites (Cranocephalites) costidensus Imlay, n. sp. (p. C-24).
11-13, 19. Paratypes, USNM 130749 from USGS Mesozoic loe. 24117.
Suture line drawn from specimen shown on fig. 19.
14, 15. Holotype, USNM 130745 from USGS Mesozoic loc. 24116.
16. Paratype, USNM 130748 from USGS Mesozoic loc. 22712,
17, 18. Paratype, USNM 130746 from USGS Mesozoic loc. 24116.
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PLATE 3

[All figures natural size]

Figures 1-10. Arctocephalites (Cranocephalites) sawtoothensis Imlay (p. C-24).

1, 2, 4, 5. Lateral and ventral views of plesiotypes, USNM 130766
from USGS Mesozoic loc. 18718.

3. Plesiotype, USNM 130769 from USGS Mesozoic loe. 27047 showing
sharp ribbing.

6, 9, 10. Plesiotype, USNM 130767 from USGS Mesozoic loc. 27040
showing disappearance of ribbing on the body chamber.

7. Plesiotype, USNM 130768 from USGS Mesozoic loe. 27042.

8. Plesiotype, USNM 130770 from USGS Mesozoic loe. 19601.
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PLATE 4

[A1l figures natural size]

Fraures 1, 3, 5. Arctocephalites (Cranocephalites) cf. A. maculatus (Spath) (p. C-25).

1, 3. Lateral views of two specimens, USNM 130744 from USGS
Mesozoic loe. 22652.

5. Adult specimen, USNM 130733 from USGS Mesozoic loc. 19184
showing half a whorl of body chamber.

2, 4, 6. Arctocephalites (Cranocephaliles) sawtoothensis Imlay (p. C-24).

2, 4. Plesiotype, USNM 104150 from USGS Mesozoic loe. 19601.
This specimen was originally described as Arctocephalites metastatus
(Buckman) var. sweetgrassense Imlay

6. Holotype, USNM 104148 from USGS Mesozoic loc. 19184.
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PLATE 5

[All figures natural size]

Ficures 1-3. Arclocephalites (Cranocephalites) cf. A. gracilis (Spath) (p. C-24).

Specimens, USNM 130771 from USGS Mesozoic loc. 19601 showing weak

ribbing. Figs. 2 and 3 are ventral and lateral views of a single specimen.
4-6, 8. Arctocephalites (Cranocephalites) cf. A. platynolus (Spath) (p. C-25).

4, 8. Lateral and ventral views of an adult specimen, USNM 130772 from
USGS Mesozoice loe. 19601 showing globose body whorl.

5, 6. Lateral and ventral views of an immature specimen USNM 130772
from same locality as specimens shown on figs. 4 and 8.

7. Arcticoceras? sp. (p. C-25).

Lateral view of adult specimen showing apertural constriction, USNM

130776 from USGS Mesozoic loc. 22654.
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PLATE 6

[All figures natural size)

Frqures 1, 2. Arctocephalites? saypoensis Imlay, n. sp. (p. C-23).
Holotype, USNM 104149 from USGS Mesozoic loc. 18324.
3, 6-8, 10-15. Cobbanites spp. (p. C-27).

3, 14. Suture line and cross section of a specimen, USNM 130765a from

USGS Mesozoic loc. 18718.

6. Lateral view of a rubber cast showing tiny tubereles at ends of primary
ribs, USNM 130763 from USGS Mesozoic loc. 22654.

7, 8. Ventral and lateral views of an immature specimen, USNM
130765b from USGS Mesozoic loe. 18718.

10, 13. Lateral and ventral views of a septate specimen, USNM 130765¢
from USGS Mesozoic loc. 18718. On fig. 13 the adoral end is pointed
downward.

11, 12. Ventral and lateral views of an immature specimen, USNM
130762 from USGS Mesozoic loc. 19184.

15. Specimen, USNM 130761 from USGS Mesozoic loc. 20357. Adoral
end is pointed downward.

4,5, 9. Xenocephalites? sp. (p. C-22).

Lateral and ventral views of adult whorl, USNM 130775 from USGS
Mesozoic loe. 18714. Note apertural constriction.



9 HLVTd

O-7LE YUAVd TVNOISSHAOYJ

(SHLITVHIAOONAX ANV ‘SHLINVIL0D

2y

AN
Eo )
S

€

GSHLITVHIADOLOHV

AHAYNS TVIIDOTOHAD



PLATE 7

[All figures natural size}

Fiqures 1-5. Parareinckeia hickersonensis Imlay, n. sp. (p. C-25).
Ventral lateral cross-sectional and apertural views of holotype, USNM
130756 from USGS Mesozoic loc. 22698. Cross section drawn at diameter
of 36 mm. Suture line drawn at diameter of 42 mm and whorl height of
11.5 mm.
6, 7. Parareineckeia cf. P. shelikofana Imlay (p. C-26).
Ventral and lateral views, USNM 130750 from USGS Mesozoic loc. 24117.
8-13. Cobbanites talkeetnanus Imlay, n. sp. (p. C-27).
8, 9, 11. Suture lines and cross section of holotype, USNM 130743 from USGS
Mesozoic loc. 24116. Suture line shown on fig. 8 drawn about 2 in.
from adoral end of last septate whorl. Suture line shown on fig. 11
drawn about 5 in. from doaral end of last septate whorl. Cross section
drawn at beginning of body chamber,
10, 12, 13. Lateral and ventral views of paratype USNM 130744 from
USGS Mesozoic loc. 24116. Note figs. 12 and 13 represent inner whorls of
specimen shown in fig. 10.
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PLATE 8

[Figure about nine-tenths natural size]

FigUure 1. Cobbanites talkeetnanus Imlay, n. sp. (p. C~27).
Lateral view of holotype, USNM 130743 from USGS Mesozoic loc. 24116.
Beginning of body chamber indicated by an arrow. Note apertural con-
strietion. Other views of holotype shown on pl. 7, figs. 8, 9, 11.
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