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INTRODUCTION AND ACKNOWLEDGMENTS

Geological and paleontological work on the Cretaceous deposits in
California and Oregon was begun as early as 1854, but in great measure
the foundaticns upen which all subsequent work has been based were laid
by J. D. Whitney, W. H, Brewer, and W. M. Gabb in the peried from
1860 to 1884. This work was followed by that of G, F. Becker and C. A.
White, and from 1891 to 1905 by the more important work of J. 8. Diller
and T. W. Stanten, from whose results all later work has proceeded. The
knowledge of the stratigraphic succession and the faunas of the Cretaceous
in Californis and Oregon developed by these later workers was a great
advance from the generalized results of the earlier explorers. But it soon
became evident, however, that other demands upon their time had left
this work unfinished, {ar from the atape to which their interest and energy
would bave led thein to attain. Asconeerns the early Cretaceous deposita,
their stratigraphic limitations, relationships, and distribution, further
advance was hardly possible prior to 1907 and the three succeeding years.
During these years some notable advance in Cretaceous paleontology
was made by Pavlow (1907), Diller (1908), Smith (1909, p. 347-349),
Knowlton (1910), and othera. The work of these men led the way to a
solution of a primary problem—namely, a proper discrimination of the
Lower Cretaceous from the late Jurassic sequence in these western States.
A brief review of this subject was given by the writer (1983, p. 1237-1265),
with a summary aceount of the more recent work done on the west border
of the Sacramento Vallay in California in tracing the boundary between
these great sedimentary series,

It was pointed out that, in many areas of contact between the Knoxville
(Upper Jurassic) and the Shasta (Lower Cretaceous) series, avidencea of
uncenformity are abundant, clearly showing that an interval of disturbance
and of erosion had intervened, which seems to have extended along the
Pacific Coast from California to Alasks, and far beyond.

Prior to the last decade, a knowledge of the stratigraphic subdivisions
in the Bhasts series in California and Oregon and of their respective faunas
was quite imperfect, and conceptions of these matters were much confused
owing to the lack of ¢nterin by which satisfactory distinetions could be
made. During these years a number of notable contributions were made
to the paleontology and faunal succession of the Lower Cretaceous in
other parts of the world by Spath (1924), Whitebouse (1926), Steinmann
(1929), Burckhardt (1930), and others. These works have made it pos-

1



2 LOWER CRETACEOUS DEPOBITS IN CALIFORNIA AND OREGON

sible to attain a more satisfactory interpretation of the faunas found in
the Lower Cretaceous deposits of the West Coast. These works have
also led to a desire to obtain more definite information as to the strati-
graphical and faunal successions in the richly fossiliferous strata of the
Knoxville and Shasta series in California and Oregon, and a persistent
effort has been made in recent years to do this. As a result large collec-
tions of invertebrate fossils have been gathered from the lower units of
the Sbasta series and from the upper units of the Knoxville in California
and QOregon, and it is now possible to fix more definitely the line of de-
marcation between them, even in areas in which stratigraphical uncon-
formity is not evident. Heowever, it is not belicved that either class of
evidence is complete, or that mapping will always be ecasy.

Two major stratigraphical groups have been recognized in the Shasta
series in California, both of which were foreshadowed in the work of
Diller and Stantor, although these writerz did not go so far as to dis-
tinguish them clearly. These are the Paskenta group below and the
Horsetown group above, bearing evidence of a diseonformity between
them, as will be shown in the following pages.

In its general faunal aspects the Shasts series presents two distinet or
not closely related faunal assemblages corresponding to the major strati-
graphic groups, both of which are distinet from that of the Knoxville
series. The study of these assemblages reveals cogent evidence as to
important diastrophic changes of wide geographical extent supporting the
deductions derived from the stratigraphical relationships in the field.

In the Paskenta group there are many forms of Mollusea, including
Aucellas and cephalopods, the nearest analogues of which are found in
contemporary deposits in Russia, as noted by Paviow and eatlier writers.
In fact suggestions have been made by Stanton and others as to routes
of migration, or of exchange, between Russia and western America.

The boreal character of Aucella bas suggested routes of exchange by
way of the Arctic sess, notwithstanding the fact that species of this genus
have been found in lower latitudes (Mexico and Indis).

Students of paleontology, for whom this memoir iz chiefly intended,
should they desire a knowledge of the West Coast faunas before knowing
their stratigraphical order, sources, and correlations, will find it in the
second part of this volume,

But doubtless, to many students of geology it would seem more logical
to censider first the deposits themselves, their stratigraphie order, the
physiographic conditions of their period, and their other aspects; and
these involve the nature of the sediments, their distribution, volume,
attitude, sources, transportation, and the many detailz of their deposition.
However, theso aspects of the study should also be of interest to students
of paleontology.



INTRODUCTION AND ACKNOWLEDGMENTR 3

It is a pleasant duty to record here the interest and eooperative spirit
shown toward the enterprise of this memaoir by many friends and students
of geology during the several years of its progress. It is of course impos-
sible in the limited space available to give due recognition to all who have
directly and indirectly aided in attaining the results here presented and
who should share in whatever credit may be dus. First among those to
whom the writer feels a debt of gratitude for his stimulating interest,
encouragement, and helpful advice, is the late James Perrin Smith, long-
time Professor of Paleontology at Stanford University. His interest in
such work and his example in this field of research have been an inestimable
source of inspiration to many students and co-workers in this field, includ-
ing the writer, and this debt will not be forgotten. For more material
nid in this work, in the field, and in the Iaboratory, without which it
could hardly have been undertaken, unreserved recognition should be
accorded the California Academy of Sciences, its official staff, and its
supporters, and especially the enthusiastic cqoperation of G, Dallas Hanna,
Curator of Paleontology, and other members of his Depnrtment. With
the aid of Dr. Hanna and with the cooperation of the Director of the
Academy, much of the necessary financial support of field exploration snd
facilities for the preservation and study of the materisls collected have
been provided, and of equal importanee was the acquisition of the esyential
literature not already at hand.

Great interest and much material aid have also been given by the State
Division of Mines under the direction of the State Mineralogist, Walter W,
Bradley. To this institution, to its Chief Geolagist, Olaf P. Jenkins, and
to other membera of the staff, is due sincere apprecistion for ald in feld
traverses, structural study, and the recognition of the formations con-
cerned. Acknowledgment is also accorded Norman E, A. Hinds, of the
University of California, and R. Dana Russell, for valusble field assistance
and for the results of their work in the Cottonwood distriet, and at Redding
Creek, Trinity County; also for their structural studiea, fraverses, and
fossil collections in these nreas. To the Texas Company, and its Chief
Geologist, Ralph D. Reed, nnd to his associates, ia due much appreciation
for practical and technical nid. The traverses and profiles along McCarthy
and Redbank creeks, western Tehama County, are the independent work
of A. I. Gregersen and R, W. Burger, of the Texas Company.

Among those who have participated in these field explorations should
be mentioned with appreciation Thomas Stipp, Cordell Durrell, Parker D,
Trask, end Hubert O. Jenkina. To the Chief Geologist of the Associated
O1] Company, Mr. J. A. Taff, and to his associates, C. M. Cross and C. C,
Church, thanks are due for traverses, field notes, and fossil collections
made along Dry Creek, Tehama County, and in the vicinity of Mount
Diable, and in the Diable Range.



4 LOWER CRETACEQUS DEPOSITH IN CALIFORNIA-AND OREGON

Mention should alsc be made of the geological results of the Standard
Qil Company of California, for which thanks are due G. Clark Gester,
J. M, Kirby, and Theodore H. Crook for notes, sketches, and eontributions
of fossilz obtained from various districts on the west border of the Sacra-
mento Valley, and from other placea.

The aid given this work by members of the geological and paleontological
stafis at the University of California cannot be passed over without appre-
ciation. The same kind of recoguition and thanks is extended to the
Department of Paleontology at Stanford University, and to the Btate
Agricultural College of Oregon. Field notes and fossil collections from
these institutions have been placed at the service of the writer in a spirit
of cooperation that has been most gratifying. The section along the
North fork of Cottonwood Creek, Shasta County, contained in this
memoir, is the work of E. L. Packard and his students of the Oregon
State College, checked by traverses by the writer and his associates.
This work is of special value for its bearing upon the stratigraphic and
faunal successions of the Horsetown group in its type area. Of equal
importance is the work of Dr, Packard nnd his student sssociates in the
gouthern countiea of QOregon. Their work and fossil collections are the
basis of much of our present information upon the stratigraphy and
paleontology of the Riddle and Dillard areas in Douglas County.

Financis| assistance for part of this study was received from the Penrose
Bequest of The Geological Society of America.



PART I. STRUCTURE AND STRATIGRAPHY

CRETACEOUS EMBAYAENTS
CGENERAL STATEMENT

It is assumed that the readera of this memoir know somewhat of the
late Mesozoic marine troughs, basins, and embayments that existed along
the Pacific border of the continent, ineluding those of California and
Oregon, Nevertheless, in view of some misconceptions that still exist
88 to these conditions it may be well to review briefly some of the more
pertinent facts concerning them. It should be conceded that thess
Cretaceous trougha were for the most part inherited from eartlier Mesozoic
time, although the exact detes of their incoption and development may
not be fully known. From the viewpoint of broader Mesozoic history
one may assume that many, if not all of them, had their beginning in the
later part of the era, probably in late Jurassic time, when extensive read-
justments took place in other continental areas of the world. In Cali-
fornia and Oregon the Nevadian revolution occurred near the close of the
Kimmeridgian, or about the beginning of Portlandian time, and this
disturbance which profoundly affected the Pacific Coast was doubtless a
major factor in the origin of these troughs. In California and Oregon
the latest Jurassic deposits—the Knoxville series—occupy parts of thess
already developed embayments. Their deposition followed the Nevadian
revolution. At the close of Knoxville time further changes took place in
the pbysiographic conditions within and about these troughs without
destroying their continuity, and perhaps without wholly changing their
marine life, slthough profoundly affecting it. At the same time many
new and unfamilinr elements were introduced into its molluscan nssem-
blages, From its beginning, and throughout Cretaceous time, these
Mesozoic troughs were atill occupied by the sea, and in them were laid
down the early Cretaceous deposits. The results of the post-Knoxville
disturbances are known chiefly {from a study of the earliest Cretaceous
deposits, their distribution, volume, character, and attitude, and from the
character of their faunas, their relationships in the various troughs, and
in contemporary deposits in other parts of the world. Not all the aspects
of such a study can be undertaken here.

Present information supports the assumption that the several areas of
these deposits strewn along the Pacific border represent for the most part
80 many separate marine embayments that existed here during the period
and that their present distribution is not the result of post-Cretaceous

b



6 LOWER CRETACEOUS DEPCSITE IN CALIFORNIA AND QREGON

folding, tectonic displacements, and subsequent denudation of a one-time
more continuous sheet of sediment. One may believe that the sediments
now found in these several areas were derived from neighboring land areas,
in part near at hand, and in part distant from their places of deposit, and
that, in some cases, they may still be traced to their sources. However,
intarpretations as to environment, source of sediment, lines of transporta-
tion, and entrance into their places of deposit, should be guided by physi-
ographic conditions actually observable.

OREGON EMBAYMENTS

In southwestern Oregon the early Cretaceous seas entered the eoastal
embayments now known in Coos and Curry counties (Elk River and lower
Rogue River) and also extendad into trough-like depressions now occupied
by the Umpqua River and its tributaries in Douglas County (areas of
Dillard, Myrtle Creek, and Riddle). From the known distribution of the
Cretaceous deposita in Curry and Josephine eounties one may infer that a
marine channel had extended inland south of the Rogue River Mountain
as far east as the valley of the Illinois River, and at a later epoch into the
principal valley of the Rogue River, which connected at the south with
the valley of the Shasta River.

To the north of the Umpqua Valley (Myrtle Creek and Dillard arcas),
Cretaceous deposita are probably covered by thoge of the Eocene and later
Tertisry, as Diller {1898) has shown in hisz geologic map. There is no
known evidence that the basins of southwestern Oregon were connected
with that of the Great Valley of California, or with any ather basin to
the east. The trough flanking the Blue Mountains on the south seems to
have had an independent outlet to the northwest.

SOUTHERN COASTAL EMBAYMENTS

In California, south of the Great Valley, and extending eastward into
intermontane valleys in the Coast Ranges, are other lesser embayments
occupied by early, or in part by later, Cretaceous deposits. The extent
of these troughs and their special structural and historical features are
still imperfectly kmown. In the past study of these arens, little attempt
has been made to distinguish the late Jurassic (Knoxville) beds from those
of early Cretaceous, and, until this is done, little can be seid about their
early history or their later Cretaceous deposits.

The Santa Lucia trouph, as it may be called, lies along the west border
of the Salinas River Valley. It seems to have had its inception in middle
or later Jurassie time and to have opened toward the northwest between
the present Santa Lucia and Gavilan ranges. It probably had connection
with the open sea near Monterey Bay and possibly with the south end
of the Great Valley of central California. Toward the southeast its
deposits extend scrosa the present axis of the mountains north of San
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Luis Obispo, and from there they continue esstward along the northern
flanks of the San Raphael Mountains to the drainage area of the Sespe
River rnd neighboring streams.

The eastward terminus of this trough has not yet been ascertained.
Its deposits include both late Jurassic (Knoxville) and early Cretaceous
sediments, and perhapa later Cretaceous, but up to the present these have
not been segregated or completely mapped. They are partially shown on
the geological map of the San Luis guadrangle (Fairbanks, 1904).

A more southerly trough extended in a somewhat parallel direction
across southern Santa Barbara County, where hoth Knoxville and Shasta
deposits are exposed along the northern flanks of the Santa Ynez range
and in some of itg axisl areas farther west.

The axis of this trough may have extended eastward through the Simi-
Chatsworth area and even to the south flank of the Santa Ana Mountains.
Whether it extended farther and conneeted with the Cretaceous areas in
Lower California is not known, although scattered areas of Cret.aceoua.
and outliers of clder rocks off-shore, suggest this.

GHEAT VALLEY EMBATYMENTS

The larger California trough of the Great Valley existed as such through-
out Cretaceous time as an inheritance from the late Jurassic epoch repre-
sented by the upper Knoxville. Whatever the incidents of transition may
have been, it appears that in the early part of Cretaceous time the sea
entered the embayment near the present position of San Francisco Bay,
as well a3 at other points to the north and south of 3.

More then one inlet existed leading into this now almoest land-locked
basin, a3 indicated by the deposita of early and of lster Cretaceous age.
The longitudinal extent of this trough exceeded 400 miles, but in width
it was in part preatly restricted, more particularly at the south. Thera
are reasons for regarding the trough as containing two distinct but prob-
ably connected embayments. One of these embayments extended toward
the southeast in the lacus of the present San Joaquin Valley, and the other
toward the north, or northwest, within that of the Sacramento Valley, or
beyond it.

The diastrophie records in these two embayments were not entirely
coincident througheut Cretaceous time, as shown in the lack of parallelism
in their respective sequence of deposits, and also in their environments,
although they have much in common.

In these embayments Cretaceous deposits are presumed to fill much of
the trough beneath later formations, although their outcrops are chiefly
along its western or southwestern margin. No final account can now be
given of either of these embayments, although it is possible to infer much
concerning their records from a study of the deposits themselves and from
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their environments, both about and beneath the valley floors, ae shown
by the drilling of deep wells.

Although few exposures of Cretaceous rocks are founrd along the eastern
border of the trough, except at the north (Shasta, Butte, and Tehama
counties), those on the western border contain much data bearing upon
the phyzical aspects of the region during the later epochs of Mesozoic
time, in part consisting of the materials of which they are composed, and
in part of the fossil remaing buried in them.

The Nevadian revolution which closed the early npper Jurassic (Mari-
posa-Mount Jurs) epoch seems to bave opened the sueceeding Knoxville
epoch, during which the poszition and extent of these troughs became
greatly altered, and in part much restricted. As a result of this revolution
the shore lines of the Maripose-Mount Jura sea were greatly changed;
the marginal marine areas of the following epoch in this region were shifted,
and in fact restricted to the Great Valley trough and its contemporary
embayments north and south. The Knoxville inland seas entered these
troughs through more restricted gateways than before; these gateways were
apparently separated by recently emerged land-links, or islanda. At all
events, marine Knoxville sediments are now found lying along the west
margins of well-developed troughs—that is, along the east margin of the
front range of a large mountain area west of the Great Valley, and on the
eastern borders of similar though smaller land sreas farther south, and
farther north, in part now occupied by Ceast Ranges.

DOUBTFUL AREAS

On the older geologic maps of Californis (Hamilton-Smith, 1918, and
others) various areas of supposed Cretaceous rocks are shown as extending
along the coast north of Ban Francisco Bay. Only a small area (Fort
Ross to Gualala) bas supplied definite fossil evidence that Cretaceous
deposits are really present here. The suppesition that Cretaceous rocks
cover these areas seems to have been based entirely upon lithological
appearances, not upon fossil evidence. Reference was made by Diller
(1902, p. 65) to a species of 4ucella found on the lower Van Duzen River,

but proof of its Cretaceous age is lacking, and the neighboring area should
be regarded as doubtful. Other areas of buff or tawny sandstones, re- °

sembling Middle or Upper Cretaceous deposits, as known in the Great
Valley, have been noted about the upper Russian River valley, in the
basin of Clear Lake, on the lower Van Duzen and Mad rivers, and in the
coastal parts of Del Norte County, but their assignment to any group of
Crataceous sediments should be taken as provisional only, Doubtleas,
some of these arens do contain Cretaceous deposita.

The State geologic map (1918) also shows a long zone of supposed
Cretaceous rocks extending along Mad River to a point beyond its head,

[T S,
e
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but no proof of a Cretaceous age has been supplied for any part of this
ares, and the supposition of such an age may have been based only upon
the note made by Diller (1902).

A small area of sandstone similar in lithologic appearance to that of the
upper Russian River Valley is found on the Middle fork of Eel River,
between Covelo and Dos Rios, which contains numerous Upper Cretacecus
Mollusea, but its extent and thickness have not been determined, What
connection it may have with any other area of Cretaceous sediments is
not yet known since it appears to be somewhat isolated,

At the head of Mad River, the ao-called “*Shell Mountain” shown on
the Forestry maps is said to contain marine shells, but these reports have
been disputed, and the evidence may be regarded as nil. Small arens of
mpposed Cretaceous sediments have been found on the flanks of the
Klamath Mountains at elevations of 4,000 feet, or more, but their oceur-
rence at such altitudes, if they are Cretaceous, has been due to post-
Cretaceous faulting and should not be taken as having any other signifi-
cance,

INTERRELATION OF TROUGHA

There is at present lack of evidence that the several troughs existing
in Cretaceous time in California and Oregon were closely connected, except
by way of the open sea to the west. In some cases the deposita belonging
to separate troughs are found to approach each other, especially those
of the later epochs, but not to the point of merging. For example, there
i3 no evidence either in the distribution of the sediments, or in the faunas
contained in them, that the basins of southern Oregon had any direct
connection with the basin of the Great Valley of California or with that
of the Ocheco region in north-central Oregon. There was indirect con-
nection and communieation among them by way of the open sea only.
All were embayments from the Indo-Pacific Ocean.

Diller at one time thought that in eerly Cretaceous time the areas in
southern Oregon had conneetion with the area in the Great Valley of
California by a sea-way east of the Klamath Mountains through what he
termed the “Lassen Strait.” No evidence has yet been offered to support
the view that such a strait ever existed, but much evidence has been
found to eonflict with it, and Diller himself seems later to have doubted
its existence, since the profound subsidence during Cretaceous time
recognized by him left only later Cretaceous deposits on the line of this
hypothetical strait in the Great Valley of California or on the flanks of
the Cascade axis in Oregon.

Evidence of interconnection of any of the troughs farther south is
largely paleontologieal. For example, there appears to have been con-
nection between the Joaguin embayment in the Great Valley and the
Santa Lucia trough through sea-ways at the south, or across the area of
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the present Diablo Range, although their deposits are not now known
to be continuous. Faulting and denudation have Jeft them in part widely
separated.

Little information concerning the manne Cretaceous channels south of
the Great Valley now exists in the distribution of the deposits, apparently
for the same reasons.

As in other Cretaceous arens on the West Coast, no serious attempt hns
yet been made to distinguish early Cretaceous from late Jurassic (Knox-
ville) depoeits, and therefore the information actually available has not
been colleeted or used. From our present knowledge of the structural
conditions nnd contents of these troughs it is evident that post-Cretaceous
tectonic activity has been intensive and denndation extensive in their
environs. Some of these troughs are incomplete, and they appear fo
have been fragmented by faulting. There is also reason for believing that
large land areas have been severed from the continental border since
Cretaceous time by such action, although exaet data as to their extent
and physical aspects are not now obtainable. We are left to infer, only,
from data obtained from the deposits themselves and from those of often
remote parts of the coast what the physiographie conditions were during
the several epachs of Cretaceous time.

As is the case in all the better-known Cretaceous areas in California and
Oregon, the deposits found in the intermontane troughs at the south are
almost wholly detrital: their stream-berne materials were laid down
under marine conditions and within limited embayments or channels. There
is a general absence of organic deposits, except fossil Mollusca, and
they are not abundant.

In most of these troughs south of the Great Valley the invertebrate
faunas that have been obtsined represent either the early part of the
Cretaceous or late Cretaceous only. Faunal evidence of deposition during
intervening time (Barremian to early Albian) is meager or altogether
lacking. Either such sediments were not laid down or they have been
removed or are hidden beneath later deposita by averlap, The overlapping
of early Cretaceous by later deposits seems to have ocenrred in parts of
Oregon, and in fact carly, and perhaps later Cretaceous deposits appear
to be overlapped by Eocene deposits {Coos Bay, Port Orford, and Rose-
burg folios). In many such aress the absence of Horsetown deposits
from the sequence is one of the most striking facts in the Cretaceous
history on the Pacific Coast. In the Joaquin embayment of the Great
Valley trough itself, the upper Cretaceous sequence rests for the most part
upon the earliest beds of the series, Only at rare intervals have Horzetown
fossils been found, whereas in most places no Horsetown sediments oceur
at all between upper Albian and Valanginian stratz on the west border
of the Jorquin embayment.
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General Statement.—The recognition of late Jurassie and early Cretacecus
troughs and impounded sediments implies contemporary land areas from
which the sediments were derived. The extent and character of these
lands may be inferred frem the character, structure, and content of the
deposits themselves. On their continental side one may suppose that
extensive land areas oceupied the wide region between them and the marine
Cretaceous areas in the western Interior (Rocky Mountain) regions. On
the eastern side of the Great Valley trough lay the orogenic block of the
Sierra Nevada, of which little ia known pertaining to early Cretaceous
time, since no early Cretaceous deposits appear along its western border.
In the soutbern coastal embayments and in those of Oregon, better evidence
may exist, but as yet little attention bas been given to this agpect of their
Cretaceous aress. Information as te the relief of these bordering land
areas, their drainage lines, and their climatic conditions, must await
further search and analytical study of contiguous marine or other sedi-
mentary deposits. At present there is no evidence, in either their physi-
ographic aspects, or in any bordering deposits, that large streams
had entersd the Great Valley embayments on their continental side,
although it would seem from their larger areas that large streams and
large stream deposits would be found here, Possibly the climatic and
drainage conditions of these lands during Cretaceous time were similar to
those of today, with arid climatic conditions toward the east and short
drainage lines toward the west leading into the Great Valley trough.

In the troughs of southern Oregon (Riddle, Myrtle Creek, and Dillard)
the immense beds of corrse conglomerate and sandstone may indieate
streams coming into these troughs from the east, but the known depoesits
are not of the extent, position, or eharacter that would indicate large
rivers coming from the east, but rather torrential, steeply graded streams
entering the troughs from other directions. Ne evidence is now known
that any large streams entered these troughs comparable to that which
entered the Great Velley of California from the west during Cretaceous
time. It is only from stream-borme sediments and their organic contents
that cogent information may be obtained concerning coexistent land sur-
faces, their physiographic conditions, geology, climate, and vegetation,

Northeast of the Great Valley trough the voleanic flows of northeastern
Calijornia and southeastern Oregon have hidden nll evidences of Cretaceous
land in this direction, although such land must have existed here. That
they supplied little, if any, early Cretaceous sediment to the embayments
within the limits of California is evidenced by the absence of such deposits
along the eastern borders of these troughs. This absence contrasts
strongly with the presence of vast deposits of early Cretaceous sediment
along the western border of the trough, especially at the north. There is
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no evidence that any large stream had entered the trough from the north-
east. The assumption of a marine water-way (“Lassen strait’’) connecting
the Great Valley trough with those of southwestern Oregon during any
part of Cretacecus time is unsupported by any satisfactory evidence.
The same may also be said concerning the embayments of southwestern
Oregon and that of later Crataceous age along the south flanks of the Blue
Mountains in northeastern Oregon. The faunas of these areas indicate no
direet connection at any Cretaceous epoch. The drainege direction of the
wide region to the easf of the present Sierra Nevada during Cretaceous
time iz still ynknown.

Moharie.—The name “Mohavia” has been given by Reed (1933, p. 119)
to the late Mesozoic land area south and east of the Great Valley, which,
during Cretaceous time he believed:

“wan prohnblgf

i not very high, but was well watered, snd supported several larga
rivers which

rained westward and added great quantities of dotritus . . .”

[to basing lying among the outer Coast Ranges of southern California).
The idea thus expressed indicates s possible solution of the drainage
problem just mentioned. But as no important deposits are indicated as
the possible drainage products of such rivers the suggestion is not con-
clusive. The nearest area of such sediments is in the Cuyama-Sisquoe
region, Santa Barbara County, and these might be attributed to a nearer
source among the neighboring mouniains to the east, In view of the
well-preserved and impressive river deltas (Knoxville and 8Bhasta) in the
northwest quarter of the Great Valley, described below, the limited areas
and smaller volumes of Cretacecus detritus found in thess southern dis.
tricta do not seem important, and the rivers to which they ows their
origin were correspondingly small. There is some evidence, too, that a
part of the Cretaceous detritus filling these troughs came from sources
toward the west and from land areas now covered by the sea. This view
is supported by many geoclogical and physiographie features of the south-
ern Coast Ranges, the California coast, and the off-shore islands, and
also by the character, and in some cases by the attitude of the strata
themselves which occupy these troughs.

Salinie.—To the west of Mohavia and of these troughs, in part, were
other apparently extensive land aress partly described by Reed (1933,
p. 262-297) under the name Salinia. The system of mountains now partly
submerged (Santa Cruz, Santa Lucia, Santa Ynez, Santa Monica, and the
Peninsular coastal ranges), to which Salinia belongs, seems to represent
the eastern borders of lost land areas that existed during early Cretaceoua
time. The areal extent of these lands is unknown, although it may be
roughly indicated by the outposts of continental rocks still above water
found on some of the southern islands (Santa Cruz, SBanta Catalina,
Cedros, and Santa Margarita), and by volcanic islands of the eastern
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Pacific border. Reed hns deseribed Salinis as an ancient landmass that
existed during late Mesozoic (Franciscan) time. He believed this to have
been bounded on the east by the now active San Andreas fault. The
area was named for “the granite ‘backbone’ of the Salinas Valley district
and adjacent parts of the southern Coast Rangea.” [t is well known that
most of the coastal granite areas lie west of this fault zone, and this fact
may contain a hint as to the cause, or process, by which large land areas
have been severed from the continent. It seems probable that during
early Cretaceous time the eastern border of Salinia coincided with the
southwest border of the Joaquin embayment, along the more northerly
part of which there s a fringe of early Cretnceous sediments. From this
zone the area of Salinin extended westward to, or far beyond, the prezent
const line of aouthern Celifornia. The southward extension of Salioia may
have included the San Raphael Range and the small area of Point Sal,
Santa Barbara County; between Salinia and the continental border lay a
wide channel connecting the Joaquin embayment with the open ses to the
south. This ses-way may hava been auvcestral to the “San Raphael
S¢rait"” of Tertiary time described by Reed (1933, p. 202-207).

It zeems probable, also, that during early Cretaceous time other land
arens intervened between Salinis and Iarge land areas to the north, since
early Cretaceous deposits containing eastward-dipping conglomerates and
sandstones flank the Santa Cruz BRange on the east, the carly Mesozoic
{(Franeisean) areas of the Berkeley Hills, and those at the mouth of Russian
River, farther north., Between these island areas were open sea-ways
leading into the Great Valley trough and its embayments.

The coastal islands of central California during early Cretaceous time
were not of high relief since the sediments left along their eastern borders
are of the type which would be found at the mouths of moderate streams
of gentle grade. Thicker beds with coarser pebbles are found near the
mouth of Russian River and northward. In this area more recent effusions
of voleenic matter have hidden much, and the underlying Cretaceous
sequence can only be inferred from exposures farther north and east
(Russian River Valley, Clear Lake Valley, Morgan Valley, and others).

As to the Cretaceous land arens off the eoast of Lower California and
Mexico, there is paleontological evidence in the faunal relations of the
California early Cretaceous invertebrates, particularly those of Horsetown
time, that during this epoch a littoral corridor fronting the then continental
border extended far fo the south, and it seems probable that a land
bridge connected Norih and South America during early Cretaceous time
and that an effective barrier far west of the present isthmus separated the
Atlantic (Tethian) marine provinee from that of the Indo-Pacific region
to which the Cretaceous faunas of California and Oregon belong,

Klamathonia—1In the region of northwest California and southwest
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Oregon there are proofs on an impressive scale that during early Cretace-
ous, as during Knoxville time, & large land area existed to the west of the
Great Valley trough. The evidence is to be seen not only in the mountain-
ous areas of ancient rocks rising far above the sea, destitute of any tmly
marine later Mezozoie deposits, but even more clearly in the adjacent
Inoxville and early Cretaceour deltas and current-carried deposits that
can be taken only as the products of river discharge from an extensive
drainage bagin in this direction, such as still exists in this region in the
areas now drained by its rivers.

Schuchert (1024, pt. 2, p. 195, 231, 313, 353, 425, 465, 505, 538) has
depicted an ancient and partly detached landmaes as having existed on the
continental border here during early Paleozoie times, and to this landmass
he has given the name “Cascadia’ (Cascadis). For the several periods
following Cambrian time he has shown changing land conditions within
this region down to Mesozoic time, although for the later periods he does
not eontinue the name “Caseadia’ for any land aress.  With some modifi-
cation, his conception of sea and land conditions in this region during early
Cretacegus time (Schuchert, 1924, p. 539) provides a convenient starting
point for the present purpose. Whatever the physical conditions may
have been prior to Jurassic time, it appears certzin that throughout the
latter half of this pericd a large peninsular land area occupied much of
northwest California and southwest Oregon and extended westward beyond
the present eoast lines, For this Mesozoic land aren the name Klama-
thonia would seem to be appropriate, although its exaet limits and tectonic
history are not yet fully known. On its northern and southern borders,
during Iater Jurassic and throughout Cretaceous time, trough-like basins
limited its land areas, and in some places such troughs penetrated its
borders and even extended into its inner aveas in one or more places.

One may believe that during Knoxville and Crataceous time Klama-
thenia was & mountainous landmass, of peninsular form, whose first
emergence antedated Mesozoic time and remained above sea down to the
present. In the central areas of the existing Klamath Mountrins, between
Rogue River on the north and Clear Lake on the south, no Xnoxville
deposita bave been found, although they appear along the flanks of the
eastern front range of Klamathonia, and in some places on the west (Van
Duzen and Mad rivers). North of Rogue River, Knoxville deposits aceur
in Douglas and Curry counties, Oregon, but, as they have not been dis-
tinguished from the early Cretaceous, their distribution is not definitely
known. Within the limits of California, and particularly abeut the
northere bordery of the Great Valley, better evidence exists. It is here
that the Knoxville and Cretacecus deposits have their most complete
development,

The geological composition of Klamathonia and of the other land areas
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bordering the embayments of Knoxville time need not be described here,
altbough latest among these basement rocks should be included all that
are properly embraced under the name Franciscan series. The recogaition
of a late Jurassic (Portlandian and Tithonian) age for the Knoxville implies
that the closing epoch of Franciscan time was not later than mid-Port-
landian and, therefore, that it was possibly synchronous with some part
of the Mariposa-Mount Jura period. The next important dynamic event
in West Coast Mesozoic history came at the close of Knoxville time, when
distinet and widespread orogeny, whese regional or local efiects are not
yet fully known, seems te have affected the entire Pacific Coast.

Its movements were not everywhere the pame.  In the area of the larger
California embayments, and in southwestern Oregon, their vertical com-
ponents were probably differential. In some of the mountain areas of
Kiamathonia the land relieis of I(noxville time were accentuated by
uplift, with a corresponding contraction of flooded areas in the embay-
ments. In other places land surfaces were depressed, with sea encroach-
ment on their borders. The longitudinal extent of this orogeny is not
vat known, but it appears to have reached Alaska on the north and
Mexico or farther on the south.

At the close of Knoxville time the sea-ways leading into the embayments
of Oregon and California seetn to have been greatly narrowed and remained
so throughout Cretaceous time. During this period the mountains of
Klamathonis maintained their prominence, as with some modification
they continue to do. According to Diller (1884), the Klamath Mountains
of the present embrace most of the coastal region between the Umpqua
River in Oregon and the latitude of Red Biuff, Califorpia. This should
be regarded as & minimum estimate of their area. If the critical epoch
hetween the close of Knoxville and the opening of Cretaceous time is
chosen as the date for estimating the area of Klamathonia, its area would
embrace the peripheral zones of all known pre-Knexville terrains, and
among them that of the Franciscan series, which in the outer Coast
Ranges extends northward beyond the Humboldt Bay. Metamorphic
rocks outerop near Big Lagoon and at intervals along the coast as far.
north as the Coquille River, At the close of Knoxville time the area of
Klamathenia may be estimated at 29,500 square miles, nearly 75 per cent
of which (22,000 square miles) lay within the pressnt boundaries of Cali-
fornia, north of the 39th parallel, However, this estimate includes the
areas still extant as land and those now probably submerged along its
western borders,

There is no evidence that during any part of Knoxville or Cretacenus
time the sea had covered more than small, and essentially peripheral,
parts of Klamathonia, and these only in early Cretaceous time. Some
of the most remarkable aspects of this mountain bloeck appear in its
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geological constitution and in the stability of its older, fundamental
terrains from which has been developed its present framework, and ita
enclosed basins of lower relief,  Although its surface features have suffered
from faulting and other tectonic action since Cretaceons time, the deep-
seated elements in their composition and structure still remain, and show

in their character and persistence, the general outlines of Klamathonia as
it formerly existed and many of its original physiographic features. Tha
stable ¢lements in the composition of its mountains, which primordially
dominated its relief and controlled its hydrography through its early
bistory, still remain prominent and still exert control over its drainage as

they did at the end of Jurassic and through Cretaceous time, As for its
drainage system, Klamathonia may be considered as constituting a
crustal block, havipg an established drainage system, which, notwith-

standing much longitudinal favlting (some of it on a large scale), many

uplifts and warpings, in part or as a whole, still remains intacs, although

its drainage now spills over its western rim, instead of ita eastern, as it

did during later Mesozoic time. In its larger aspects the Klamathonia
block, with great uplift on its eastern border and subsidence evident on

its western side, bears much resemblance to that of the Sierra Nevada.

‘This resemblance extends not only to its geological composition, and in

part its structures, but also to its tectnoic solidarity subsequent to the’
Nevadian revolation. The inclusion of the Klamath River drainage with

that of the Trinity River, as a source of the Cretaceous sediment in the

embayment, does not confliet with the conception of crustal warping or

faulting just described as eausing the reversal of its drainage direction.

On the contrary, it is believed to add support to the concept of the soli-

darity of the Klamathonia block and its tilting since Cretaceous time,

Other Land Areas.~—It seems probable that in the coastal areas of central
California there were islands of low relief and that more than one inlet
from the sea existed here during early Cretaceous time, although in some
places evidence is ebacured by faulting, and in part by Tertiary volcanic
effusions, Large areas of Cretaceous land, now lest, lay south of the
latitude of San Francisco Bay, already descnbed.

To the east of the early Cretaceous embayments the broken border of
the continent now offers some problems. As a result of the Nevadian
revolution (orogeny) land areas in the position of the Sierra Nevada
extended far to the east and to an unknown distance south. Toward the
northeast the volcanic flows of northeastern California and much of
Oregon have hidden the evidence of lands adjacent to Klamathonia and
the Great Valley trough. There is little direct evidence as to the relief
of land areas that existed anywhere emst of the embaymenta of either
California or Oregon. That such lands supplied amall, if any, quantities
of sediment to early Cretaceous deposits seems evidenced by the fact that
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no such outcrops are found along their eastern borders. Whether this lack
of early Cretaceous detritus on the eastern borders of these troughs waa
due to limited drainage slopes leading into them from the east or to arid
climatic eonditions here, such as now exist, is not known. But it is pos-
sible aleo that faulting near the central axis of the trough during later
epochs of the period, with elevation of the Sierra Nevada block, and the
denudation of its early Cretaceous sediments, followed by still later
subsidence and marine transgression, may have hidden evidence of their
exigtence,

In the southern embayment of the trough the suggestion finds some
support in the deep well drilled near Chowehilla, near the axis of the
valley, which passed through only upper Cretaceous sediments and into
basement rocks.

CRETACEOUS DEPOSITS IN THE GREAT VALLEY

From the viewpoint of historieal geology, the most important Cretaceous
areas in California, or perhaps in any part of the West Coast, are found
in the Great Valley. Probably the greatest stratigraphic aggregate of
Cretaceous eediment in North America, or perhaps in any country, is
found here. It would appear that, 88 & source of data bearing upon the
beginning and cloge of Cretaceous time and upon some of its major events,
a3 recorded in its stratigraphic sequence and its faunas, the equal of these
deposits has not been found in any other West Coast region. The environ-
ments of this trough have already been partially given. As for the deposits
herein contained, the circumstances of their position, their attitude,
character, and relationships, their protection from waste, freedom from
tectonic complications, their succession of rich invertebrate faunas, and
their final exposure, which is exceptional, should make them of unequalled
valug in supplying historical eriteria bearing upon the early Cretaceous
epochs and events on the West Coast. Their interest is also greatly in-
creased by their structural and faunal relationships to the underlying late
Jurassic (EKnoxville) sequence and the sueceeding upper Cretaceous, out-
cropping on both sides of the Great Valley.

In a portion of the trough, their older divisions contain = succession of
marine invertebrate faunas ranging from early Valanginian to late Albian
time. In other portions the record is continued almost to the closing
stages of the period. In brief, there is represented in this trough nearly
all the chronologic stages known in the Cretaceous succession of any
country, from Berriasian to Maestrichtian time inclusive. Unfortunately,
however, they are not all found in any single section, and few gections
show a continuous sequence of faunas throughout their column, but in
the several sections within the trough the faunal record is nearly completa,
except in certain parts of its latter balf. In the unusual thickness of the
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sedimentary aggregates they present difficulties in the matter of corre
lations with other more concentrated columns in the Cretaceous deposits
of other countries, but these difficulties may be more apparent than real.

EMBAYMENTS OF THE TROUGH
GENERAL STATEMENT

The Cretaceous deposits within the Great Valley trough are found
chiefly on the west borders of its two major embayments, which lie in
opposite directions from a supposed marine entrance to it near San Fran-
cisco Bay., These embayments may be known as the Sacramento and the
Joaquin, corresponding to the major parts of the Great Valley of the
present, although they are not proportional in dimensions.

In the Sacramento embayment hoth the physical snd paleontological
records for the lower Cretacecus are more complete, extending from
Berriasian to late Albian time, the higher portions of the column being
partly lacking, the lower portions of the sequence here constituting the
Shasta series in its type areas.

- In the Joaquin embayment both the stratigraphic and faunal records
of the Shasia series are incomplete. At the bottom, the column begins
with early Crataceous deposits that represent o part of Valanginian time,
but for the most part its areas are (ragmented by faulting. Tpon these
acattered deposits there is a suceession of Upper Cretaceous strata, occupy-
ing the span from late Albian almost to the close of the period. Between
these portions of the column there is a stratigraphic biatus, in which
almost nc Hauterivian, Barremian, or Aptian faunas have been found,
although this condition appears to be in part due to faulting. Never-
theless, the facts seem to indicate a different sequence of depositional and
of tectonic events than those found in the Sacramento embayment and
suggest the possibility that the two embaymenta were not so closely con-
nected during a part of Cretaceous time as the present aspect of the
Qreat Valley would indicate.

In the Joaquin embayment the volume of Inter Cretaceous deposits
(Albian to Maestrichtian) far exceeds that of its early portion, attaining
a maximum thickness of more than 25,000 feet, although in some places
it does not exceed half this thickness. The faunal sequence is much less
complete than in the northern embayment, although in its upper part the
faunas are better developed, whereas in its lower four-fifths the faunas
are scanty and almost wholly post-Cenomanian,

JOAQUIN EMBAYMENT

General Statemenf.—The view that the principal portal leading to the
Joaquin embayment was near San Francisco Bay may not be wholly
correct since it does not meet all factual requirements, especially for the
later Cretaceous deposits. These Cretaceous beds outerop only along its
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western border—that is, along the east flanks of the Diablo Range which
they dominate for nearly 200 miles. The width of their zone is from 1 to
12 miles along this range, being widest in its eentral part and broken by
faulting at the north and south. The stratipraphie thickness of the
suceesgion varies from 1000 to more than 25,000 feet. Sections shewing
6 thickness of 17,000, 20,000, and 23,000 feet were first shserved by
Brewer (Whitney, 1865a, p. 40-48) in the northern part of the range, but
later estimates of strata exposed in the Panoche Hills district have given
a maximum of 25,000 feet. South of these hills sections deseribed by
Anderson and Pack (1915, p. 36-40) show a diminishing thickness. See-
tions in the northern part of the range consist largely of conglomerates
and sandstones, as described by these writers and by others, and in many
places they form the middle part of the sections {Panoche Hills and
Ortigalito Creelk). The lithological sequence of beds varies in different
districts. Finer sediments predominate at the south, and coarser materials
at the north (Puerto Creek). West and northwest of Coslinga, zhales
constitute a large part of the sections, but conglomerates and sandstones
are prominent near the base in the Waltham Creek Valley and northward.
Lower Cretaceous strata crop out only st intervals {Mount Diable,
Quinto Creek, Waltham Creek, and Orchard Peak), but they are neither
prominent nor continuous, although thick at the north and at the south.

The larger part of the suecession in the Diablo Range is made up of
Upper Cretaceous deposits (Cenomanian and later), which in sume places
attain a thickness exceeding 25,000 {eet. This succession is divisible into
groups of strata, though not of equal thickness, The lower portion has
thus far supplied {ow dingnostic [ossils, yet enough to prove n stratigraphic
range {rom lower Cenomanian to uppermnost Turonian. The maximum
thickness of this group is probably as much as 7000 feet, and it may
be more. Shales predominate in many of its exposures, as in the vieinity
of Mount Diablo.

Above the lower group there is a sequence of strata having s maxi-
mum thickness of 16,000 feet, outcropping north of Mount Diablo, and
in the Disble Range farther south the thickness is somewhat less.

At the base of this sequence are thick conglomerates, as in the Panoche
Hills, on Quinto Creek, and farther north, which appear to indicate
unconformity upon the earlier group, Above these conglomerates lower
Senonian (Coniacian) fossils have been found, and in the upper part of
the sequence rich faunas of upper Campanian age are abundant. Still
higher in the aectionz there iz & thick group of strats which inciudes the
partly organic (Moreno) shales, and which attaing a thickness of 5000
feet or more. The upper part of this group consists of fossiliferous sand-
stones, as on Garaas Creek, and farther north.

The structural attitude of the Cretaceous succession in the Diablo
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Range is entirely monocelinal, flattening eastward toward the Great Valley.
The strike of the strata is for the moat part parallel to the course of the
range, and their dip is eastward at inclinations varying from nearly vertical
at the base to nearly fiat on the margin of the valley, beneath which they
seam to pass.

In the vieinity of Mount Diablo the Cretaceous beds are greatly dis-
turbed, often faulted, and in places overturned. In the distriets east and
north of Mount Diablo the general strike of the beds turns from northwest
to nearly west, and the succession becomes broken by faulting, and detailed
mapping i3 difficult.

As the deposits in the Jorquin embayment belong for the most part to
later, rather than to early, Cretaceous time, a more detailed study of their
divisions and other features is left for future consideration. The problems
involved in the sedimentation and faunal changes in the Upper Cretacecus
of the West Coast are distinctly different from thase of the earlier half
of this period. :

Sources of Sedtment.—Concerning the sources of the Crotaceous sediment
now found along the western borders of the Joaquin embayment, little
can be ssaid at present. The position of these sediments, the attitude of
the strata, their lithological composition, and order, would all point to
mountainous land areas townrd the west as the source from which they
came, and no other direction or source seems admissible. Yet, up to the
present, little attention has been given to this phase of the subject. No
evidence has yet been offered to indicate that land areas of great geographi-
cal extent had existed in this direction in Cretaceous time. If mountainous
areas commensurate with the deposits themselves bhad existed hera, they
have suffered loss. It is known that the region south and west of the
Joaquin embayment contains areas of highly folded Tertiary strata and is
traversed by lines of major faulting, and that the movements that have
resulted in these foldings and displacementa were post-Tertiary. These
movements must of necessity have also involved Cretacsous and older
terraing and eorrespondingly reduced the land areas of the past. From
this viewpoint it ghould be seen that the land areas of Cretaceous time
have suffered much compression and much loss from faulting and displace-
ment and are now only partially represented by existing mountain areas
toward the west. The character of the material constituting these
Cretaceous deposits indicates mountainous arees of ancient rocks (schists,
quartzites, and crystalline eruptives), and the volumes of these sedirments
indicate the same. One may also infer from an analytical study of these
deposits that these land areas were large and that the streams that carried
their detritus were large and their drainage areas great.

Nevertheless, in comparison with the sediments of the Seeramento
embayment and the drainage areas that supplied them, also toward the
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west, those adjacent to the Joaquin ambayment seem relatively small and
unimportany,

SACRAMENTO EMBAYMENT

In early Cretaceous time the northern embayment of the Great Valley
trough extended from its major outlet near San Francisco Bay toward
the north, or northwest, not only to the present extremity of the Great
Valley, but far beyend it toward the west, and penetrated the interior of
Klamathonisn. More definitely, it seems to have reached a considerable
part of the basin area of the modern Trinity River and to have received
waterg from far beyond it, to the west and north. Cogent evidenees of
these conditions are to be seen in the residual outliers of Cretacenus sedi-
ment, marine, partly marine, or of brackish character, still extant, detached
from the main embayment, and scaitered about the arsas of this basin.
This arm of the Sacramento embayment existed under marine, or partly
marine, conditions only in early Cretaceous time (pre-Horsetown). Dur-
ing part of the Horsetown and subsequent epochs marine waters were
withdrawn from it, presumably aa a result of uplift in restricted mountain
aress surrounding its ares,

CHETACEOUS DEPOSIT2

Fencral Stalement.—The Cretaceous deposits of the Sacramento em-
bayment have been more extensively studied than have those of the
Joaquin emhayment, but they are still only imperfectly known. Within
the limits of the Great Valley, the oldest Cretaceous deposita appear to
rest in some places in sequential contaet upon those of the latest Jurassie
{Knoxville) epoch, whereaa in other areas this is clearly not the case. In
the intermontane extension of the trough, the oldest Cretaceous beds rest
direetly upon pre-Knoxville basement rocks, in the manner of an overlap,
with no Knoxville sediment mmtervening, and this condition is also found
in other areas farther south.

In this more restricted embayment the Cretaceous deposits outerop in
two marginal zones on opposite sides of its general valley, but they are of
quite unequal stratigraphical thickness and areal extent and are for the
most part of different ages.

In the northern end of the Great Valley trough, north of the latitude
of the 39th parallel, the Cretaceous deposits outcrop in two marginal
zones on opposite sides of the valley, in which they are of quite unequal
thickness; for the most part they helong to different epochs of Cretaceous
time. The eastern zone is of relatively small stratigraphical importance,
a3 well as in its exposed areas. Its deposita belong to only Upper Creta-
ceous horizons, as do most of those in the Joaquin embayment, in which
beds clder than Cenomanian are not found. Faor the most part these are
buried under volcanic agglomerates, which permit their exposures only at
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intervals along the foothills of the Sierra Nevada where modern streams
have trenched them (Pitt River, Cow Creek, Oak Run Creek, Chico
Creek, Butte Creek, and others), or where local uplifts (Tuscan Butte
and Sutter Buttes) have brought them to the surface. These exposures
have been partly deseribed by Diller, Fairbanks, Williama, and others.
The maximum thickness of these deposits does not exceed 3,000 feet and
ia generally less. Where their basal contact has been found they rest
directly upon pre-Cretaceous formations (Pitt River, Cow Creek, Butte
Creelc, Pentz, and Folsom), and this condition appears to be general, In
the Joaquin embayment no Cretaceous exposures ars known on the eastern
gide of the trough, although Upper Cretaceous strata have been pene-
trated far below the surface {Oskdale and Chowehilla).

Neither Knoxville nor Lower Cretaceous deposits have been found
along the foothills of the Sierra. Nevada, nor has deep drilling on this border
of the Great Valley revesled any, although basement roecks have been
reached in the Chowchilla weil. No lateral or minor indentations of the
trough have been found on this side of the Great Valley, which may be
interpreted as the locus of a large stream entering it {from the east, except
that of Pitt River, during a late Cretaceous epoch. The absence of
Knoxville and Lower Cretaceous deposits on the enstern borders of the
embayments contrasts strikingly with their grest development on the west,
as the absence of drainage inlets on the east contrasts with the great
extension of the Sacramento embayment on the west.

On the western border of the Sacramento embayment the Cretaceous
deposits are much thicker than they are on the east, and their exposures
are more continuous. Here they lie along the epst flanks of the older
mountains from Shasta County on the north to the Straits of Carguinez
at the south, and far beyond, although not continuously.

On the western border of the Sacramento embayment these deposits
include lower, and, in part, Upper Cretaceous strats, although they oceur
in quite unequal proportions. North of Fairfield their outcrops cover a
zone varying in width from 2 to 20 miles. In most sections the deposits
have a thickness of more than 20,000 feet. Probably the thickest succes-
sion of these sediments, although not completely exposed, is found in
the drainage areas of the Cottonwood Creek and its several branchez, In
this ares the sections vary from less than 1000 feet to s maxizum of
nearly 35,000 fect, as near the Shasta-Tehama County line. The znickest
section of these deposits is near the Middle fork of Cottonwool Creek.
Between Rosewood and the nearest outcrop of basement rocks 1o the
west, & more accessible but slightly thinner section has been repzatedly
measured and carefully studied. Itz Cretaceous strata in almosT regular
sequence have an aggregate thickness of 32,000 feet, including ab.: 51 3000
feet of Upper Cretaceous (upper Albian to Turonian) beds, TZez Lasal
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portion includes the lawest strata that can be assigned to the Cretaceous
aystem.

yZ\.’c:rth and south of the line of maximum seetion the thickness diminishes,
more rapidly toward the north, more gradually toward the south (Profile
charts, g. 1).

Along Roering River, 5 miles north of the line of maximum section, the
thirkness 18 16,000 feet. From here the thickness drops to 10,700 feet
on the North Fork, to 5000 feet on Hulen Creek, and to less than 1000 feet
on Clear Creek. This diminution is partly due to an overlap of the later
beds upon the basement rocks along the contact Iine as followed eastward.

Toward the south the drop in thickness i3 less rapid. Along Redbank
Creck, 16 miles south of the maximum section, the thickness is still more
than 23,500 feet, and on McCarthy Creek, 15 miles farther south, the
thickness of the Lower Cretaceous beds alone exceeds 13,000 feet. If
to this figure is added 4500 feet, representing the Chico beds exposed a
few miles to the north, the total thickness will be 17,500 feet. Farther
to the south the thickness is less, but it has been measured only in part
and in certain sections. More than 90 miles south of McCarthy Creek,
and 125 miles south of the maximum section, the succession to the west
of Winters extending across the Berryessa Valley near Monticello, eliminat-
ing all structural duplication, has a thickness of not less than 21,500 feet,
including about 12,000 feet of upper Cretanceous beds (Cenomanisn to
Turonian), referable to the Chico series.

South of the Berryessa Valley the structural conditions of the Cretaceous
sequence become more complicated and its stratigraphical thickness is
less easily determined. Estimates of only the Upper Cretaceous sirata
have been made, and these only at wide intervals. North of Mount
Diablo, estimates of the upper Cretaceous strats only show a thickness
of about 21,000 feet.?

Volume of Sediment.—From the data at hand it is possible to approxi-
mate the cubic contents in the western zone of the Cretaccous in part.
Assuming that the average thickness of the suceession, as shown in the
several sections, continues beneath the floor of the valley to its axis along
the Sacramento River, and that from this line the average width of the
aren i3 not less than 24 miles, the cubie contents of the zone batween
Berryesza Creek and Roaring River would be slightly more than 13,400
cubic miles of sediment. More than 35 percent of this volume liez north
of the south line of Tehama County, within a longitudinal distance of
36 miles. These figures reflect the greater thickness of the sections at the
north, namely, in the vicinity of the Middle fork of the Cottonwood
Creek, These estimates do not include the volume of sediment, probably
very great, that has been lost from its original mass by denudation since

1B. L. Clark: oral commiunication,
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the close of Cretaceous time, nor that carried awny during deposition and
not left within the embayment or along its borders.

Structures.—The structural features of the deposits on the western
border of the Sacramento Valley are generally simple, although in some
districts they are complicated by folding or faulting. Narth of the latitude
of Paskenta the attitude of the beds is monoclinal, the strike being gen-
erally paralle] to their western margin, and the dip normally toward the
valley floor, at angles varying from 10 to 60 degrees, the average being
about 30 degrees. There ia comparatively little faulting within this
portion of the zone, although displacements have been found south of
Beegum. Creek, on the Middle fork of Cottonwood Creek, and near Dunean
Creek, but in no instance has any serious structural complication resulted.
In western Glenn County, in the broader area of the zone, to the west
of Willows and Maxwell, strike folding and faulting are eonspicuous in
the upper part of the sections, and here a broad syneclinal fold is bordered
on the east by an equally conspicuous fault zone, having & downthrow on
the west and posaibly a limited thrust from the east. To the north of
Paskenia this condition is not fournd, the structure of the beds being en-
tirely monoclinal,

The syncline just described extends for 30 miles, its axis being nearly
parallel to the border of the valley; to the north and south the structure
merges into monoclines. In western Tehama and southwestern Shasta
counties transverse faults of small displacement are frequent, but for the
most part they cannot be followed far. In s single transverse zone near
the Middle jork of Cottonwaod Creek, such faulting is found on a larger
scale, but the displacement is distributed on & number of parallel lines.
In many places the transverse fractures are filled by sandstone dikes
varyiog in thickness from a few inches to 5 or 6 feet. In most instances
these dikes are vertical or stand at a high angle, their strike being more or
less transverse to that of the strats penetrated,

Areas of greater disturbance and of structural complexity are found
south of the Berryessa Valley, or between Monticello and Mount Hamilton.
This area includes the districts around San Francisco Bay and about
Mount Diable. This portion of the western zone may be regarded as an
area of tectonic weakness, even during Cretaceous time, which continued,
however, long aiter the close of the period. In this area both strike-faults
and folds, some on a large scale, are frequent, as a result of transverse
thrusting from the west,

Small overthrusts and overturns of strats have been noted in various
places; most of these are believed to be post-Tertiary, although some are
probably inter-Cretaceous. Many cvidences of inter-Crotaceous dis-
turbanees are found in the Diablo Range, most of which are found in the
Upper Cretaceous sequence,
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Character of Deposits.—The Cretaceous deposits on the west border of
the Sacramento embayment are almost wholly detrital sediments of stream
transportation, derived from land suriaces of the period; they were laid
down in the embsyment under marine conditions, or in part semi-marine
conditions near the point of river discharge. In this respect the deposits
contrast strongly with contemporaneous deposits found in the interior
province (Texas and Mexice), as noted by other writers.

The border deposits of the Sacramento embayment include the usual
types of detritus, such as conglomerates, sandstones, and shales, as have
been already noted, deseribed, and illustrated by various geologieal writers.
Only a small or negligible part of the sediments are of an organic nature,
although there are loeal limestones, and none that can be called land-
leid, or of fresh-water deposition, except those found in the basin of the
Trinity River, already noted. The lithological character of the sediments,
for the most part, is such as to confirm the views already suggested, that
their source lay toward the west, in the areas among the mountains of
Klamathonia.

It has been claimed that, on the whole, these deposits are *“‘arkosie,
that ig, derived from granite” {Becker, 1888), but evidence of such origin
is generally lacking. Little or no evidence has been found in the conglom-
erates of the Cretaceous to support the view, since granite pebbles seldom
occur in them, although other types of crystalline rocks (porphyrites,
gabbros, and pyroxenites) and metamorphic classes are frequently found
in thern, but they are not conspicuous. Limestones, such as characterize
contemporary deposits in the interior province (Texas and Mexico), are
conspicuous by their absence. Laocal thin lenses of limestone are found
at, or near the base of, the Shoasta series, but they are sporadic in both
California and Oregon (Berryessa Valley, Wilbur Springs, Cold fork of
Cottonwood Creek, and Dillard}. Argillaceous shales predominate in
many sections; in other districts sandstones form a large patt of the column,
or locally there are thin-bedded alternations of shale and sandstone. Of
greater importance in marking dinstrophic changes in the sequence are
the conglomerates found at intervals along the zone of outcrop through
scveral counties on the western horder of the Sacramento Valley.

In some areas they are of great thickness, occurring at the base and also
higher in the section (bassl Horsetown). In many places conglomerates
form the basal beds of the larger stratigraphic groups throughout the
general Cretaceous suecession. This aspeet of their occurrence has
usually been overlooked; a closer study of the occurrence and character
of these conglomerates should bring to light many important incidents in
the diastrophic history of these deposits and of their hinterland as well.

Although the basal conglomerates of the Shasta series often contain
pebbles and boulders derived from the underlying Knoxville, as shown
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by fossils, there iz a lack of material in them tracesble to the Franciscan
series. In moat places on the zone of contaet the Franciscan rocks were
apparently absent, from the basement complax.

Summary of Strata.—In the foregoing statements as to the thickneas
and extent of the sediments on the west border of the Sacramento embay-
ment few references have been made to the portions of the Chico series
later than Turonian., In the section west of Winters, Yolo County, strata
referable to the Chico series show a thickness of 12,000 feet. Later
Cretaceous (Senonian) beds were not included in the estimate of 21,500
feet for this section. Later beds, including strata from Coniacian to
upper Senonian, are found farther north on both sides of the Sacramento
Valley, but they cannot be considered here; they will be discussed later.

Estimatea (in feet) of the minimum, maximum, and average strati-
graphie thickness of Cretaceons sediments cxposed on the borders of the
Great, ¥allay may be summarized as follows;

Minimuwm Marimam Average

Chico geries............ fesiieaae 5,700 28,600 16,150
Shasta ' ... ... ...l 11,200 26,800 10,000
53,400 35,100

From these figures it will appear that the thickest suceession of West
Coast Cretaceous deposits yet recorded is found on the west borders of
the Great Valley embayments in California. Such aggregates of strata
could accumulate only under unusual circumstances of climate, environ-
ment, end deposition, or of all three.

Conditions of Deposilion.~~It is avident that the Cretaceous deposits here
deseribed have been built up under conditions of prolonged and, in effect,
continuous subsidence. It may be inferred that this subsidence had been
most active near the axis of the trough and from this point would have
diminished gradually toward its borders. This seems to bhave besn the
view held by Diller regarding the northern embayment, as illustrated in
the sections drawn by him representing the stratigraphic succession on the
western border of the Sacramento Valley. From Diller's (1894, p. 457)
aceount of this valley we quote:

Tn accordanee with ipsatatic conditions of the earth’s ¢rust, it would be sxpeeted
thet the loading region—that is, tho Sneramento Valley, would sink, while the un-
loading region—that is, the Sierra Nevada sod Coast Renge, would gently rise, and
in this way the enormous difference of elevation at the cloes of the Shasta-Chico
period would casily be accounted for by suppoaing a much amaller original diferenes
at the beginning of that periad.”

The ‘'difference of elevation” in this text seems to refer to the bottom and
top of the “Shasta-Chico series,” as understood by him.

Since only Upper Cretaceous deposits are known on the eastern border
of the Great Valley, it is not evident that the Sierra Nevada took much
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part in these isostatic readjustments. The subsidence may be assumed
to have extended with some modification into Joaquin embayment as
well, and the record of its deposits, as here interpreted, shows that it did
so, but not wholly in coincidence with that of the northern embayment.

Limils of Subsidence.—No evidence has been found iun the deposits of
the Great Valley, or in their environs, showing that the subsidence had
baen so profound, or laterally so extensive, as to submerge the Coast
Ranges, except to a limited extent along their borders. Movements in
other parts of the West Coast, ecoincident with this subsidence, were un-
doubtedly felt, since contemporary deposits are found st many places on
the coastal border, but they were not of the same vertical extent. How-
ever, in both embayments in the Great Valley, as soon as aceumulation of
sediment began, it would at once become the cause of further subsidence,
and erosion and removal of materials from the land surfaces would be an
isostatic cause of their elevation, If the Coast Ranges, or the whole of
Klamathonis, continued to ‘‘gently rise” they could not at the same time
become submerged, and if submerged at any time during the Cretaceous
period they could not have been the source of the sediments deseribed
herein.

These general facts should apply to all the troughs and should prove
that subsidence would probably be confined to them. Such operations
seem to have extended to all such troughs along the coastal border from
Alaska to Mexico, or farther. If, nt some points in the Coast Ranges,
Cretaceous deposits are now found at elevations of 4000 feet, or more,
the fact should be attributed to faulting subsequent to deposition rather
than to a regional subsidence during the period.

Sources of Sediment.—An assumption that large land areas had existed
east of the Great Valley trough in Cretaceous time has led some writers
to suppose that the sources of these sediments lay in that direetion, and
undoubtedly & minor part of them may be traced to land areas in this
direction. It would be difficult to show, however, that any considerable
part of the sediments now found on the western borders of the Great
Velley embayments had entered it from its castern side. No evidence
has been found that any large stream had entered the trough on its esstern
aide during the earlier half of Cretaceous time, and no early Cretaceous
deposits are now found there. Only on its northeastern border, and dur-
ing later Cretaceous time, has any evidence of such a stream been recog-
nized—that is, in the region of Pitt River.

On the contrary, thick deposits, already described, are found on the
western borders of these embayments, and at least one imaportant river
systemn leading into it must be recognized, as already pointed out, namely
that coming from the interior of Klamathonin, But in addition to this
there were many smaller streama coming from the same direction.
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In discussing the physiographie aspects of this region during Cretaceous
time, Diller {1383, p. 205-224) says, in part:

‘“Near at hand, too, by the present atreams, there are coarse shore conglomerates,
including gravels of the Cretaceona streams that fowed down from the Klamath
Mountains on the northweat into the ancient bay of the Sseramento Valley, and one
in surpriged to find soma evidence that the walleys of the embauching streama of
early Cretacecus times are still ocoupied by streama.’

Although Diller did not indicate the location of these streams, many
carry their own evidences of these facts. Their aggregate contributions of
sediment to the western zone have not been great as compared to that
coming from & single river system, but their historical significance is of
great interest. As many as four such streams are to be seen within a
distance of 20 miles to the west of Ono, Shasts County. Others may be
seen {arther south along the west border of the Sacramento Valley, some
of them carrying at present a considerable volume of water,

The vast volume of sediments outeropping on the west border of the
Sacramento embayment should make it evident that it could not have
been derived from local sources. In western Tehama County and south-
wesgtern Shasta County, north of Thomes Creek, in an area into which
no large streams now enter, the volume of Cretaceous sediment exceeds
4800 cubic miles, without ineluding that earried beyond the limits of this
ares during the time of deposition. This volume of material is abviously
the wark of a large river system draining s basin of proportionate dimen-
sions, a8 is indicated alse by the character of the sediments themselves
and by other attendant circumstances. If this drainage area be nssumed
to have been 2800 square miles, it would require the removal of nearly
1.8 vertical miles of surface matariala from the whole of it to produce the
sediment now found within the western zone north of Thomes Creek.
The volume of sediment: loat {from this area by denudation since Cretaceous
time is, of course, unknown, but this is net a part of the present problem.

The drainage of the present Trinity River system approximates 2800
square miles. It iz not necessary, of course, to assume that the volume
of sediment camputed for the area north of Thomes Creek came exclu-
sively from the basin of Trinity River. Under the physiographic condi-
tions assumed for this region during Cretaceous time, one may suppose
that the valley of the Klamath River and its many branches had been
at that time tributary to the Trinity River, and thus the drainnge area of
the latter would have been sbhout doublad.

The drainage area of the lower Klamath River, west of the eastern
outposts of Klamathonia, near Mount Shasta, covers sbout 2500 square
miles, The combined aren would accordingly appreximata 5300 square
miles, and the amount of denudation necessary to produce the sediments
within the designated ares would be correspondingly reduced, or fall
within the limits of 5000 feet vertieally. Denudation would not, of course,
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be equal over the entire ares but would be grester in some places than
in others and include the erosion of stream valleys, as it dees at present.

The Klamath Peneplain.—Diller (1902, p. 65 ef seq.) has deseribed the
Klamath peneplain as extending over a large part of the region embraced
in Klamathonis, This plain, which is now mueh dissected and deeply
trenched by modern streams, is of relatively uniform relief and is devel-
oped well below the summits of the higher mountain ranges surrounding
it, and of some within it. Its general elevation is between 3500 and 5500
feet mbove the sea and includes many plateau-like surfaces of sbout 4000
feet elevation, partly within the basin of the Trinity River and partly
within the ancient velley of the Klamath River, Although Diller sup-
posed the development of this peneplain to have been within late Tertiary
{chiefly Miocene) time, it seems more probable that it owes its origin to
Cretaceous rather than to Tertiary denudation. Oune large segment of
this peneplain lies immediately east of the Sonth fork of Trinity River,
and others extend along the valley of the Klamath, One ig to be seen to
the east of Eel River, but this mey bave bad a westward drainage in
Cretaceous time. Within the areal limits of the inner peneplain are
several local basing of lower altitude, containing remnants of early Creta-
ceous detrital deposits, marine, or partly brackish water (Big Bar, Rattle-
snake Creek, and Redding Creek), and others of Tertiary age, and of
lacusirine character (Hympom and Hayfork valleys). These Tertiary
depogits are not thick or extensive, and Tertiary denudation and erosion
bave not been sufficient to remove all the early Cretaceous sediment from
the general basin,

YOLLA BOLLY BASIN

In an earlier prper on the physiographic aspects of this region the writer
fAnderson, 1902b, p. 144-159) supgested that during Cretacecus time a
part of the basin of the Trinity River had drained castward into the
Sacramento Valley. Later investigation has found evidence that through-
out both Cretaceous and Knoxville times no other outlet had existed and
that the entire drainage from this basin and its tributaries had found exit
toward the east. This fact is seen in the vast deposits of sediments be-
longing to both series on the western border of the Saeramento Valley
that could not have come from any other source. This view also implies,
as & corollary, that the present westward drainage from the basin by way
of the Klamath River has been of later origin and probably is a result of
mid-Tertiary faulting, warping of the Klamathonin bloek, or both. But
there are other cogent evidences of the action of both these processes,
partly in the faulting visible on the eastern border of the block, and partly
in the evidences of subsidence on the west.

In order to distinguish the Mesozoic drainage system from the modern,
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the name Yolla Bolly River (and Basin) seems to be appropriate, and is
here used, .

Post-Knoxville subsidence admitted marine waters into the basin from
the east, and early Cretaceous (Paskenta) deposits were lnid down in it.
Materials were brought in by streams from the surrounding mountains,
then being denuded and peneplained. The outward drainage possed
eastward into the Sacramento embayment as it had done during Knoxville
time. Apparently this condition eontinued only during the earliest Creta-
ceous epoch, At the beginning of the Horsetown cpoch an uplift affecting
the Yolla Bolly basin expelled the marine waters from it, while active
erosion continued, by which a part of the earlier sediment was removed.
This uplifv left the strandlines of the early Horsetown epoch in the posi-
tion where they are now found on the western border of the embayment,
a5 i5 shown later. Only remnants of the early Cretaceous sediment now
remain in the Yolla Bolly basin. The molluscan fossils found in these
deposits have been partly described by Stanton and partly by the writer
in the present paper.

These fossils clearly ally the Yolla Bolly sediments with the Paskenta
deposits in the Sacramento embayment. Incidentally they show also
that the marine currents from the embayment entered this now detached
basin, bringing with them the molluscan fauna.

The most westerly of these residual deposits contain many fossil fand
plants and species of marine, partly marine and brackish-water Mollusea
{Aucella, Cyrena, Astarts, Corbula, Gontomya, and Unio), some of which
are herein deseribed.

From a study of the present environments of this basin and their geolog-
ical constitution, one may approximate the boundaries and extent of the
areas from which came the masses of the Knoxville and Shasta sediment now
lodged in the area into which this drainage discharged, Much of this
basin lay between the massif of the great Trinity Range on the north
{(maximum elevation 10,000 feet) and the almost equally impressive cluster
of tha Yolla Bolly range on the south (clevation 8500 feet). These ranges,
with their cores of aneient crystalline rocks may be regarded as parts of
the north and south rims of the Yolla Bolly basin during late Mesozoic
times. Its western rim is less easily shown, but in part it seems to be
represented by the high, plateau-like mountain cluster dominated by
Lassic Peak, south and west of the upper branches of the Van Duzen
and Mad rivers. TFrom this cluster, ribs of metamorphic and crystalline
rocks extend toward the north and northwest, appearing on the present
coast near Big Lagoon and along the West fork of the Trinity River.

In an earlier paper the writer (Anderson, 1902b) called attention to two
great systems of mountains within the Klamath complex, the older trend-
ing northeast to southwest, and the younger at right angles to this direc-
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tion. The Biskiyou, Trinity, and Yolla Bolly ranges belong to the older
and more stable of these systems, The mountsins on the western border
of Klamathonia, constituting the west rim of the Yolla Bolly basin, may
have belonged to the Iater and less stable of these systems, The breaking
down of this western rim in post-Cretaceous time and the consequent
reversal of the drainage direction into the modern system were probably
due in part to crustal warping, or saubsidence at the west, but in part it
was due to the now well-known faulting and uplift on the eastern rim
of the Yolla Bolly basin since Cretaceous time. The exact locus of the
western rim of the basin is not known., Whether it had direet closure
against the western end of the Trinity Range, or whether it closed against
the equally old Siskiyou Range, is yet to be shown. Assuming the latter
and more probable alternative, it will appear that during Cretaceous time,
as during the Knoxville, that portion of the Klamath River system lying
within the limits of Klamathouia, at lerst, was tributary to the Yolla
Bolly basin, and ita drainage passed into the Sacramento embayment. It
may also be seen that the assumption of a connected drainnge area west
of the present coast line, now lost, although justified upon other grounds,
is unnecessary for providing an adequate source for the sediments out-
cropping on the western border of the Seeramento Valley. Howaver,
gines this baxin is clearly the source of the Knoxville, as well as of the
Cretaceous sediment, it may well bave had its origin in the Nevadian
ravolution, and the view is supported by many geological facts that
cannot be given here. It might also be suggested, in ezienso, that the
more shaly character of the Knoxville gediment may be taken as evidence
of lower relief in this region during late Jurassic time, and that the river
then issuing from the basin carried larger percentages of silt and clay
than at & later (Cretaceous) time. It could alse be supposed that Cre-
taceous deposition began at an epoch of uplift of the mountain areas en-
elosing the basin, accompanied by subsidence of its floor and of much of
the floor of the Sacramento embayment. Thus, the early Cretaceous
gediments were 1aid down in the basin upon basement rocks, whereas, in
the greater embayment they were spread upon Knoxville deposits already
consolidated. The distribution of the sediments constituting the two
series and their stratigraphic relationship elearly harmenize with this view.

YOLLA BOLLY DELTA

The Cretaccous deposits on the western border of the embayment oe-
cupy at the north a wide re-entrant ares in the ecast line of Klamathonia,
with its apex pointing toward the west. The sides of this arca impinge upon
ancient crystalline and metamorphic roeks. From this apex the sediments
spread fan-wise toward the central parts of the embayment, forming here
a wide expansion, but narrowing gradually toward the south (Figs. 1 and 2).
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This area is not enly delta-like in form, but a cloger study of its strue-
ture, character, volume of sediments, and other features show that it
represents the delta of a large river entering the embayment here during
Cretaceous time. A study of the several sections across its area and its
contained faunas, and their relationships, lends to the same conclusion,
namely, that this ares containg & typical marine delta developed about
the debouchure of & Jarge river entering here from the mountainous region
to the west. The axis of the delta lies near the position of the Shasta-
Tehamsa County line, and in part it is traversed by the Humboldt road
between Red Bluff and Besgum.

Although the exact position of the outflowing stream is now obscure,
various aspects of the topography, basement rocks, and the gediments
themselves, indicate that it lay near, or slightly north of, Beegum Creek,
or Beegum Peak. The sections show a decressing thickness of Cretaceous
depesits to the north and south of this line, thinning more rapidly toward
the north and less rapidly toward the south.

The oldest Cretaceous beds in this area include coarse, pebbly eonglom-
erates and sandstones about this apex, overlaid by sandstones and coarse,
sandy shales washed free of clay and finer silt. At higher levels in the
sequence, 4000 to 6000 feet above the base, there is a larger percentage
of shales and mudstones, in conformity with the normal order of sedimen-
tation, Marine fossils, elsewhers plentiful in thia area, are rare in all
parts of the sequence near the axiz of the delta. No mollusean fossils
have been found in the lower beds, but, 3000 to 4000 feet above the base,
a amall form of Protocardium and a small neocomitid bave been found.
At a atill higher level, 11,000 feet above the base, wera found many ex-
amplea of Pratocardium, a small specimen of Phylloceras, and fragments of
ammonoids, all of which were rare. 8till higher in the section fossils are
more frequent, but not plentiful, In the lower half of the sequence only
such species have been found aa seem capable of a short existence in
brackish watar, or such as may have drifted here from other places, These
forms include none of the larger ammonoids or other marine speeies that
are abundant in contemporary beds a little to the north or to the south.
In this axial area, along with & scanty mollusean fauna, are much vege-
table debris, finely divided leaf remains, specks of earbonized wood, and,
less frequently, pieces of poorly fossilized wood. Toward the south, along
the direction of drift, plant remains are more sbundant, especially in the
lower parts of the sections, near the base of the Shasta series. From
some of these lower beds many plant species have been obtained as identi-
fied by Knowlton (Diller, 1908), of which Diller gives & considerable list.
These may he regarded as drift materials brought into the embayment
by the river, earried southward by its normal currents, and dropped at
points where the currenta were checked by inflowing tides or other causes,
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The scattered areas of Lower Cretaceous sediments lying within the
Yolla Bolly basin, now detached from the body of the delta, and beyond
the present drainage divide contain much corroborative evidence as to
the source of thess plant remains. The more westerly arens (Big Bar
and Forest Glen) contain not only similar plant remains but also the
marine, partly marine, and brackish water Mollusca already mentioned.
Diller, who has studied these areas more extensively than any other
writer, compares the deposits of Big Bar and Rattlesnake Creek (Forest
‘Glen) with those at Redding Creek, eastern Trinity County, and considers
them to be referable to the “top of the Knexville or bottom of the Horse-
town.” Both these horizons seem o come within the limits of the lower
Shasta series of the present paper, The Redding Creek area has yielded
many species of marine Mollusca that prove its lower Shasta age and many
plant remsains, concerning which Knowlton remarks, in part (Diller, 1908,
p. 383):

""These species (with ane exception) are all reparted by Fantaine from the Shaste
flora of the localities along the west sids of the Sacramento Valley, and are therelors
regarded aa of Lowar Creteccous age.”

It would appear, therefore, that the near relations of the detached areas
of Cretaceous sediment in the Yolla Belly basin and those of the Sacra-
mento embayment are clearly shown in both their invertebrate faunas and
in their floras. However, the character and significance of fossil land
plante in marine deposits may well relate more correetly to the physi-
ographic or climatic condition in their source areas than to their position
in the stratigraphic column, If these plants have been derived from old
and geologically stable land areas, such as that of Klamathonia, many
lineages and families may have survived there without interruption rom
much earlier times than that represented in their burial, and they might
also survive many succeeding changes,

With regard to the Cretaceous deposits laid down in the Sacramento
embayment and in its delta area, one mey expect the earliest sediments
would be laid down near their enfrance point, or point of exit from the
basin. For the most part they would be spread unconformably upon the
older terrning existing there. This aspeet of the succession has already
been discussed elsewhere (Anderson, 1933). As loading of this ares
progressed it would induce further subsidence, and sediments would
spread fan-wise over the floor of the embayment.

Remaovel of materials from their souree region would induce uplift in
compensation and would renew the vigor of the streams draining it. In
mid-Lower Cretacecus (Horsetown) time such a readjustment is recorded
in an uplift alrendy mentioned, which points to an important epoch of the
period, st least ns affecting California and Oregon, and possibly the entire
West Coast, including Alaska,
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EMBAYMENT CURRENTS

That currents would be set up within the embayment there can be no
doubt. These would arise both from the inflowing water frem tho Yolla
Bolly basin and River, and from tho tides entering the embayment from
the sea. A complete anslysis of these effects cannot be undertaken here,
To what degres the sorting action of the currents would be effactive upon
the sediments ia & matter for both deductive reasoning and ebservation.
Currents arising from the inflow from the Yolla Bolly basin would vary
with the seasons, and their carrying power would vary with distanee from
the point of debouchure. Heavy materials would be dropped sooner, and
the coarser detritus should be found near ita entrance upon the delts.
Farther away the materials would be progressively finer, and thus the
sediments would vary from conglomerates to sandstones and shales ag the
drift wag followed southward along its eourse.

The tidal eurrents entering the embayment at the south would mest the
southward-moving currents and partially check them, and at the same
time they would themselves be driven eastward against the sastern share
of the embayment, which in effect they would follow northward with
gradually diminishing foree of eurrent.

Ebb tides would stimulate the currents {rom the north along the western
shore of the embayment and increase their carrying power, wheress
marine waters would linger along its eastern margin, whers brackish
water would scarcely penetrate. Such action would continue throughaout
Cretaceous time. Each inflowing stream from the west would add its
contribution of water and sediment to the general volume of drift. In
thiz way thers would be set up & system of circulating currents with a
maximum southward flow along the western border and a more gentle
northward flow along the enstern side of the embayment. The effect of
these currents would be felt not only by the sediments of the embayment
but also by the molluscan inhabitants that had entered it with the tides
through whatever portal was then open to admit them.

With regard to the detrital sediments, the sorting effects of the curreats,
and the distribution of the materials, they conform for the most part to
deductive prineiples, with some modifieation. From the delta head the
normal sorting action iz recognizable as far south ss Thomes Creelk, at
which point a second, though smaller, stream had entered the embayment
from the west, Farther south other streama came in from the same direc-
tion, and the sorting action of the currenta met interference. Altbhough
the positions of various streams active during Cretaceous time can he
recognized, many others have been greatly altered by faulting, or piracy,
or other causes, and the records are not complete. Nevertheless tha
principals of sedimentation are noi thereby invelidated, and rauch infor-
mation can be derived by careful study of the facts.
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On the eastern margin of the embayment the sorting effects of currents
are not so clear, partly because the deposits are for the most part hidden
by later (in part volcanic) terraina. On this side of the embayment the
effect; of currents is more apparent on the molluscan life of the later Creta-
ceous epachs, due probably to the absence of freshened water and the more
constant presence of marine water which permitted its more sbundans
development, But, 2= no early Cretaceous deposits appear on the eastern
margin of the embayment, no proof is now available as to the validity of
deductive reasoning concerning it.

CRETACEQUS SEDIMENTARY DIVISIONS
GENERAL STATEMENT

The Cretaceous stratigraphic sequence in the Great Valley embayments,
on the whole, divide themselves naturally into two great sedimentary
series, belonging to earlier and later Cretacecus epochs. The depositional
relationship of the two is one of clear unconformity. Wherever their
contact has been found, and in fact wherever evidence has been sufficiently
sought, the basal beds of the upper series are found to rest discordently
upon those of the lower series. In many places this discordance is marked
by beds of conglomerate which carry convincing evidence of disturbance,
erosion, and of reworked materials, in part derived from the older series,
and in part brought from maore distant points, all lodged in the basal beds
of the later series. Such facts are seen at many points about the embay-
ments, at the north on the North fork of the Cottonwood Creek, on
Roaring River, north of the delta, and on the Cold fork of the Cottonwood,
at Elder Creek, and at other points to the south. At other places on the
borders of the Sacramento embayment, and on the western border of the
Joaquin embayment, conditions of overlap of the later series upon the
pre-Cretaceous formations are well known. Such faets are known also far
beyond the limits of the Great Valley, in both California and Oregon,
and farther north. On the whole the aggregate thickness of the respective
series is somewhat equal, although not in any single section. On the
western border of the Sacramento Valley (Shasta and Tehama eounties),
the thickness of the older series far exceeds that of the later, whereas in
the Joaquin embayment the reverse is true. ‘These conditions are believed
to be for the most part due to a difference in depositional history in the
two embayments, although faulting has in some places obscured the
essential facts. The respective divisions in the sedimentary succession of
the Cretaceous deposits in the Great Valley embayments are shown in
Table 1.

SHASTA SERIES

General Statement.—The Shasta series includes that portion of the
California Cretaceous succession that was deseribed by Gabb and Whitney
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under the name of “Shasta Group.” The chronological span of the series
is from ‘Neocomian to Gault, inclusive, except such part of the upper
Albian as belongs in the Chico series and is unconformable upon the
Shasta. On the west border of the Sacramento Valley the Shasts seriea
extends from north to south across the delta area, where it attains a
maximum thickness of nearly 27,000 feet, from the axisl part of which
it diminishes in both directions, Toward the north the thickness drops
rapidly to nearly 11,000 feet on Roaring River, to less than 7000 feet on
the North fork of Cottonwood Creek, and to 4500 feet on Hulen Creek.
The thinning of the sections northward is due in part to transgressive
overlap along the north border of the Cretaceous area, Southward from
the axial area of the delta the thickness of the series dropas to about 26,000
feet at Dry Creek, to 19,500 feet on the Cold fork of Cottonwood Creek,
to 16,275 feet on Redbank Creek, and to 13,000 feet on McCarthy Creek.
Farther south the thickness of the series is less easily determined, buf,
notwithstanding the contributions by other streams from the west, the
thinning of the sequence continues. At Wilbur Springs, Cache Creek, and
in the Berryessa Valley, tho thickness is genernlly less than 14,000 feet,
but it is thicker south of Monticello. Farther to the south the series is
broken by faulting, and it sections are often incomplete or appear to
be missing in large part.

Near Mount Diable the lowest part of the Shasta series has been recog-
nized by its fauna (ammonoids, belemnoids, and Aucella), but the series
is much disturbed, and apparently only partial. In some places here it
rests unconformably upon Knoxville beds with coarse basal conglomerate,
ag near Peachtree Springs. The same condition is found in the Berkeley
hills and in the Santa Clara Valley, where, west of Redwood City it containa
Aucella. South of Los Gatos, near Wrights, Cordell Durrell jound an
example of Neocraspediles, well known in the lower Horsetown group of
the Cottonwood district, Shasta County.

In the Dinblo Range, strata belonging to the Shasta series have been
recognized only at intervals, but their presence at auch places indicates
that they extend along the Range to its southern terminus at Orchard
Peak, on the northern border of Kern County, although not now continu-
ously. The lowest beds (Paskenta) have heen proved at Mount Diablo,
Quinto Creek, Waltham Creek velley, and at Orchard Peak (Devils Den),
where they contain diagnostic ammenites and Awueella. Most of the
published referenees to !"Knoxville” beds in the Diablo Range refer
instead to lower Shasta {Paskenta) heds.

In the vieinity of Corral Hollow, and on Hospital Creek, farther south,
the upper part of the series has been praved by characteristic ammonites
(Cleoniceras and Puzosia).

Relations of the Shasta Series.—As lound in its more complete sections
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the Shasta series is set off from the underlying Knoxville and the over-
lying Chico aeries by quite well marked unconformities, As has already
been shown (Anderson, 1633), its basal beds rest in some places dis-
cordantly upon Knoxville beds, with thick basal conglomerates which
contain distinct evidences of diastrophism, erosion, and transported ma-
terial, some of which is fossiliferous, derived from underlying Knoxville
and older formations. In other places the basal beds rest directly upon
pre-Knoxville {Francisean, or older) rocks, as in the Yolla Bolly baszin,
Morgan Valley, Russian River Valley, Mount Diablo, and the Diablo
Range. In a few ¢xceptional places, as in the McCarthy Creek-Elder
Creek district, this unconformity is less evident, and the succession from
upper Knoxville to lower Cretaceous haa heen believed to he continuous.
Similar conditions are rarely found farther south, but for the most part
unconformity is readily proved. In many places the unconformity of the
two series ig marked by bodies of conglomerate at the base of the Shasta
series, resting directly upon dark clay shales of the Knoxville series. In
some places they contain Upper Jurassic (Tithonian) fossils,. These condi-
tions of unconformity have been found by N. 1. Taliaferro® in southwest
Fresno County and in southern San Luis Cbispo County, and are known
to extend as far south as the Sants Ynez River, Santa Barbara County.

The Shasta series is overlaid at the top by sediments of the Chico series,
having in many places distinetly basal, or near-basal, conglomerates which
contain evidences of unconformity. This unconformity was recognized by
both 'White and Becker and has been observed in later field work by
others, ineluding Taff (1935) and the writer. The geographical extent of
this unconformity is not yet known, although it has been found at many
places in northern California and in southwestern Qregon (Cottonwood
Creek, Cold fork, Elder Creek, Hornbrook, Jacksonville, and Riddle), and,
according to Martin (1926, p. 477-478), it seems to have been recognized
in Alaska (Yukon and Kuskokwim Valleys, Chitina Valley), although the
definite horizon of the overlaps are not always indicated.

The f{aunal changes in passing from upper Kunoxville to Lower Creta~
ceous beds are striking. The Tithonian aspect of the former is seen in
the occurrence of many species of Cylindroteuthis, berrissellids of the
group of B. calisto (d’Orbigny), Phylloceras, of the lincage of P. con-
sanguineum, and many characteristic forms of 4ucella, of the types found
in the upper Jurassic of Russiz. In the Lowar Cretaceous thie assemblage
is roplaced by a distinctly different fauna, including other species of
Berriasella, Neocomites, Lytoceras (group of L. saturnale nov.), Acroleuthis,
and Aucellae (group of 4. crassicolliz, A. inflata, and A. lahuseni), and
by various forms of pelecypods and other classes of Mollusea.

As originglly defined by Whitney (1869), the “Shasta Group’ (series)

3 Unpubllahed notes and (oesi] collertlans,
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includes all of the Lower Cretaceous sequente ([“Neocomian to Gault
inclusive™) found in the Great Valley, but it should terminate at the basal
beds of the Chico series, the earliest of the California Upper Cretaccous.
Aa far as detailed exploration has extended in California and in Oregon,
these relations have been found at hoth the bottom and top of the Shasta
series, 'They have been found st its base near Mount Dinblo by Tafl,
and in the Berkeley Hills by L. W. Heory and the writer, and in the
Sants Clara Valley and farther south. In southern Oregon (Douglas and
Curry counties), Lower Cretacecus deposits conternporanepus with the
Shesta series are well known in which similar basal conglomerates have
been deseribed by Diller (1888, 1924} and have been observed by the
writer, In some localities they test upon beds that may belong to the
Knoxville series, and in other places upon older formations. The basal
relntions hare are similar to those in Califernis; namely, those of uncon-
formity. In this region the stratigraphic relations at the top of the Shasta
series are not fully known, although they are perhaps the same &s in
California. About the Rogue River Valley, and near Riddle, Oregon,
lower beds of the Chico series rest directly upon pre-Cretaceous formations
and thus show conditions of a wide overlap in late Albian and Cencmanian
times.

Stratigraphic Groups.—The Shasta series in the Great Valley sections in
California bas been divided into two major groups, primanly upen
paleontological grounds, but the division is supported by other important
criteria, found in their distribution and lack of coincidence, and in the
thick beds of conglomerate usually lying between them, and in some
places by direct evidenca of disconf{ommity and transgression.

The later, and somewhst thicker, portion of the series constitutes the
Horsetown group. As originally defined by White (1885), this term acems
to have covered the whole of the Lower Cretaccous, and thus became
synonymous with the Shasta “group” of Whitney. It is in accord with
gtratigraphical facts to restrict the name Hometown, as was done by
Stanton and Diller {1894) and to include the lower portion of the seriesin a
unit, for which the name Paskenta group is appropriate. These terms are
applicable not only in the district about Paskenta, Tehama County, but
in the Cottonwood district, Shasta County, and throughout California and
southwestern Oregon. As interpreted by Stanton, the base of the Horge-
town group occurs immediately at Ono, Shasta County, and is recognizable
in Tehamg County. This division ia supported by both stratigraphic and
faunul eriteria.

PASKENTA GROUP

General Statement,—The name Pagkentn was supgested by the writer
long ago (Anderson, 1902a, p. 43-45) for the lower part of the Shaata
series, ag since defined, in the belief then prevalent that it formed a repre-
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sentative part of the Knoxville series, Later investigation has shown this
to be an error; the Knoxville serieg is distinetly Jurassie, whereas the
Paskenta group haa a chronological range strictly within the Cretaceous
system--Berriasian-Valanginian—and is quite distinet from the Knoxville
series.

Type District.—In its type district (Elder Creek to Thomes Creek and
southward), the lithological composition of the Paskenta group begins at
the south with maasive lenses of conglomerate, above which it is prevail-
ingly sandy, with alternating beds of sandstone and sandy shales. South
of the delta ares itz fauna iz largely Aucellan, containing many forms of
rugose, heavy-shelled types net found in the Knoxville series. With
these are found various species of cephalopods that show its chronelogical
position to be below the Hauterivian stage, including species of Berriasella
and Neocomilea, Some of these species are now, others have been de-
scribed by Stanton (1835, p. 80-82) and others. In the Cottonwood
distriet few, if any, Aucellag occur in this group, although some of its
cephalopods and other types of its pelesypods do occur there,

The Paskenta group has, therefore, been identified stratigraphically and
faunally on both sides of the delta area—that is, in its type area and in
the Cottonwood district, although there are definite faunal differences.
In the delta area also it has been identified directly by a small mollusean
faung, including Neocoritles, and indirectly by ita stratigraphic relations
with the Horsetown group above and by the absence of Knoxville beds
beneath it. Its strata can alse be traced across the delta area. The
Paskenta group, like the Horsetown, is thickest in the axial aress of the
delta and thins from there toward the north aod teward the south.

In the axial area of the delta the group has a thickness of 11,000 feet;
nerthward, on the Middls fork of the Cottonwood, its thickneas ia 8000
feet; on Roaring River, ita thickness is about 4000 feet. Toward the
south the thinning is more gradual. But in all sections of the series
traversed the thickness of the Paskents is less than that of the Horsetown
group, and from this fact it may be supposed that the time interval of its
deposition was shorter and in the same proportion.

In moat sections of the Shasts series the line of division between these
groups has been determined faunally, although in some places the separa-
tion is aided by lithological changes, and the line in marked by lenses of
conglomerate at the base of the Horsetown group. In the Cottonwood
distriet such conglomerates in the lower part of the Horsetown group rest
dirsctly upon fine shales in the upper part of the Paskenta group, These
conglomerate beds begin at the north near One, in a single bed about
60 feet in thickness, but farther south other similar beds appear above
and beneath, until on Roaring River as many as four such beds enter the
section in a stratigraphic thickness of 1000 feet. Farther south these
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beds diminish in volume or are lost in the axial areas of the delta, Toward
the south, on the Cold fork of the Cottonwood, are thick beds of conglom-
erate which seem to represent the lower part of the Horsetown group, as
evidenced by fossils found nearby. About 4500 feet lower in the section
the basal beds of the Paskenta group (and Shasta series) is marked by a
heavy bed of conglomerate (near the Stephenson place, now abandoned)
containing many broken and beach worn shells, some of which have
been deseribed by Stanton (1895, p. 14, et seq.).

Between Elder Creek and Thomes Creek the line of division is not
marked by conglomerates, and the basis of separation is almost wholly
paleontological, although there are lithological differences. The Paskenta
group here contains a greater percentage of sandy sediment than the
Horsetown, which is composed largely of shales. The same lithological
differences are conspicucus in the Shasta series southward as far as Berry-
essa Valley, Napa County, and farther. In some places the lawer part of
the Paskenta group containa limestones, as near Wilbur Springs, Morgan
Valley, Pope Valley, and near Monticello. Such limestones have also been
described near Dillard, Douglns County, Oregon, and in some of the
Alaskan sections ("Nelchina limestone') (Martin, 1926, p. 313-315).

For the most part these limestones have their own facies of mollusean
foaails, but in all eases they show a low positien in the Cretaceous sequence,
as is indieated in the descriptions of many of them given by Stanton.

The relative stratigraphi¢ thickness of the Paskents snd Horsetown
groups approximates generally that in the MeCarthy Creek section, in
which they are represented by the following figures:

Fenk
HotaobOWI IO, o c oot ot v aa it e e s 7,064
Bt T L A 5,340
Totsl thickness..................... e e 13,000

Faunal Zones—In both the Paskenta and Horsetowm groups various
faunal zones have been found which ara recognizable as such in the several
districts where work has been done north of the Berryessa Valley. Many
of these zones are rich in fossils and ean be traced for considerable distances
along their strikes. As most of the larger atreams on the west border of
the Bacramento Valley cross the Creteceous zones nearly at right angles
to the strike and give good exposures of the beds, these fossil zones may
be recognized in the successive strenms, and the scquence of these zones
can be determined. In this way the faunss of the several zones become
enriched hy additions obtained from the successive streams.

In addition to the fossil zones that are recognizable there are some
interspersed fossil localities whose stratigraphic positions have been deter.
mined by traverses. In the Paskenta group these zones are more general,
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or broeder, and have yielded a less satisfactory sequence of faunas in
any single section, although a general order is easily seen, In this group
the contrasts of faunas found in corresponding beds north and south of
the delta axis are at first sight somewhat surpriging but, as will be shown
later, are explainable upon the basis of ecological conditions in the various
districts and the different faunal facies which have been developed. . In
the districts in which the faunas of the Horsetown group are more complete
the successive zones are more numerous, more continuous, and more repre-
sentative, than in the older group. For these reasons the Horsetown group
offers better opportunity for faunal zoning, especially in the district north
of the delta areas.

There are few lithological units of araall thickness in either group that
seem to have continuity or utility as smaller subdivisions, except in
limited districts, and these have not greatly affected the [aunal sequence.
The broader lithological zones already deseribed seem to bave had some
selective influence upon the enclosed invertebrate assemblages, due no
doubt to conditions of deposition and to their food supplies and other
factors,

The following stratigraphie column is representative of the Lower
Cretacecus groups occurring in the Cottonwood district of the Sacra-
mento embayment and of the sequence of characteristic faunal assem-
blages, In the districts soiith of the delts areas the faunal order appears
to be the same, but the faunas are dominated by other types, notably
Aucellae, which, in the lower group, occur in vast numbers. The order in
which some of the cephalopoda occur does not wholly accord with that of
Enpland, or of other countries. Only & distortion of ihe facts could render
their agreement more perfect.

FAUNAS OF THE FASKENTA GROUP

General Stalement—The type district of the Paskenta group is im-
mediately about the village of this name in western Tehama County,
extending northward beyond Elder Creek, and southward toward New-
ville. In this area the group has a ihickness of 5300 to 5500 feet, the
strata of which have already been partly deseribed. In this district the
lower half of the group is made up of conglomerates, followed by thin-
bedded sandstones and sandy shales, whereas the upper portion is shaly,
with few beds of sandstone. The lower portion of the group contrasta
lithologically with the underlying Knoxville shales and also with the shaly
upper part of the group itself.

It is not believed that these lithological features maintain in all its
gections, although as far as known the Paskenta group is prevailingly
sandy near its base, and frequenily contains thick beds of basal, or near-
basal, conglomerates. The fauna of the lower sandy beds is characterized
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here by a considerable variety of Awcella, including the rugese, heavy-
shelled forms given in the list below. In this part of the group belongs
the so-called “Aucells crassicollia zone,” although this species itsell seems
to be somewhat rare. Tlrs list, although probably not complete, is repre-
sentative of these beds, here at least, and should serve for their identifi-
cation in other parts of the State, or of the West Coast. The cephalopod
species found here include:

Neocomites stippt nov. Lytoceroe talurnale nov.
Dichotomites tehamaensiz nov. Bachianites paskentaensiz nov.
““Desmoceras’’ colifornicum Stanton Acroteuthiz shaslenzie nov,
‘'Hopliles” crastiplicalus Blanton A. oneensia nov.

K" gapulatus Stanton A. wileoszi nov.

Berriaseda sp. indet, A. macarthyensis nov.
Subastieria ap, indet. “Simhirakites™ mulabilis Stanton

Among the pelecypods should be included:

Inoceramus avatuzs Stanton
Aucells lahuseni Pavlew
A, piriformis Lahusen

A. solida Lahusen

A, tergbratulojdes Lahusen
A, keyaeriingt Lahusen

Bochianites paskentacnsiz has been found at both the bottom and top
of these sandstones near McCarthy Creek, associated with species of
Aueella.

The Valanginian aspect of the fauna given in the above list seems un-
questionable. Most of the aucellan species bave been recognized by
Pavlow as occurring in the Lower Cretaceous of Russia (zone of Poly-
plychites polyptychus, or of Subcraspediles stenomphalus), In Russia some
of these speciea seem te range downward into Tithonian horizons (zone of
Berriasella viasensis). "Hoplites” crassiplicatus Stanton appears to bo &
berriasellid of a lower Volgian type, related to 'Hopliles" rjasensia Lahu-
aen, as figured by Nikitin (Stanton, 1895, p. 81). The beds containing
Bochiansies paskentaensis and “Simbirskites mulabilis” Btanton, associated
with species of Aucella, have been referred by Spath (1024) to the top
of the In{ra-Valanginian-—that is, to the zone of Subecraspedites sfenom-
phaluz Pavlow, -

All the asucellan species listed above, and three or more specics of
Dichotomites ocour with Bockianiles paskentaensis and are overlaid by beds
containing Liyloceras sofurnale and Acroleuthis wileoxd, and species of
cycads. On the Wilecox ranch this zone is stratigraphically narrow and
lies about 1800 feet above the base of the Paskenta group. On McCarthy
Creek, near the base of the group, were found Lyloceras salurnale, Phyl-
loceras sp. Aucella unciloides, A. inflata, A. lahuseni Paviow, and other
unidentified species. Mot far below the base of the Paskenta group mn
this distriet is the plant horizon from which Diller (1908, p. 385) has given

. tnflgio Touls

. uneiloides Paviow

. craasicoltis Keyserling
. crassg Paview

. nuciformia Pavliow

S i P i B
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& considerable list of plants, nine of which were specifically named, with
three others named only generically. These plants ware determined by
KEnowlton, whose assignment could he interpreted to mean the uppermost
beds of the Knoxville series, aa here understood. The horizon is that of
"Zone K, of an earlier contribution (Anderson, 1933, p. 1252). The
foregoing list containg the most characteristic mollusean speciea found
here in the lower part of the group. The upper portion of the group in
this district 1» composed almost wholly of slightly indurated clay shales,
in which there are occasional lenticular, but thin beds of limestone, and
more rarely thin beds of sandstones. In the lower part of these shales
on MeCarthy Cresk, not far east of the Burt ranch house, are found
Neocomittes jenkingi nov., Thurmannic peskentae nov., Subastierte ap.,
Awucella nuciformis Pavlow, A. fercbraluloides Lahusen, and various plant
remains. About 1200 feet higher in the section on MeCarthy Creek wers
obtained a fragment of Lytoceras saturnale and Aucella piriformis, and with
them a large leaf of a cycad species and other plant remains. In the dark
shales not far above this horizon were found a small species of Lyloceras
of. L. traski nov. and a small species of Aucells. Farther south the upper
shales of this group have not yielded determinable fossils. Such shales
appear in the same stratigraphic position in the section as far south as
the Berryessa Valley, but no fossils have been found in them. In lith-
ological character these shales do not differ from those of the Horsetown
group nor from shales in the Knoxville series, as found farther west.

The line of division between the Faskenta group and the overlying
Horsetown beds in this district is not marked by any lithological change,
and its position is often & matier of approximation or of doubt.

Cotionwood District,—In the northern part of the Cottonwood district—
“that is, in the triangular ares north of the Middle fork and west of Ono—
there is a thick sequence of sandstones, sandy shales, and clear dusky
shales, and at their base some bouldery conglomerates. The entire
sequence lies below the fossil-bearing beds at Ono and beneath the con-
glomerates here regarded as forming the basal beds of the Horsetown
group. Stratigraphically these shales and sandstones oceupy the position
of the Paskents group as found in its type distriet. Westward from Ono
this group becomes progressively thicker by the successive emergence of
lower beds slong its contact with the basement rocka. North of Roaring
River the group varies in thickness from less than 1000 feet near Cuo to
nearly 4000 feet on the upper Roaring River. The Lower Cretaceous age
of these beds is unquestionable, and, although faunally unlike those of the
Paskenta group on MeCarthy Creek, and northward, lacking its Aucellan
fauns, it must be regarded as forming a facies of this group and as being
of contemporary deposition. In its lithological order there is much simi-
larity in the twa distriets, in that the lower half of the group is prevailingly



CRETACEOUB BEDIMENTARY DIVISIONB 47

sandy, and the upper part composed of shales. Although not many
molluscan species have beer found here which characterize the Paskenta
group in its type district, several forms of equally diagnoestic value have
been obtained, showing that the lower beds in this area come within the
limits of the Valanginian stage, and, therefore, within the limits of the
Paskenta group.

Thus far no species of Aucella, Berriasella, or Bochinnsies has been found
in this group north of the axial parts of the delta, and this fact is note-
worthy as showing the contrast in the faunas of the two areas. The species
common to the two areas include Lyfoceras saturnale, Acroteuthis shastensis,
Aerofeuthis onocensis, Inoceramus ovaius, and Crisceras latum Gabb, In
addition to these a few genera may be mentioned, which, although not
specifically identical with those south of the delta, still have diagnostic
value. These include Phurmannia, Neocomiles, Subasticris, and olcoste-
phanids. In both districts Lytoceras saturnale ranges throughout most of
the group. In the Cottonwood distriet the upper shales of the Paskenta
group include the Hamlin-Broad zone represented at Locality 113 (Colif,
Acad. Sei.), 4 miles southwest of Ono, from which have been obtained:

Polyptychites lecontel nov. Simbirakites broadi nov,
Polyptychites hezparius nov. Lytoceras saturnale nov.
Agpiaoceras hamiini nov, L. aurartum nov.
Acroteutihts ahaglensiz nov. Oairea indigena nov,

In the same zone, not far distant, were found Thurmannia jupiler nov.,
Acroteuthis onoenste nov., and Crioceras latum Gabb.

The Hamlin-Broad zone lies about 450 feet below the lowest hed of
conglomerate at the base of the Horsetown group. At Loeality 113
{Calif. Acad. Sei.) it is more than 1000 feet above the base of the section.
Farther west the zone rises above the besal contact, dus to the emergence
of older beds beneath it. From the lowest bed exposed on Dunecan Creek,
west of Ono, were obtained Spiticeras duncanense nov., Neocomiles ruaselli
nov., Crioceras latum Gabb, and Hoplocrioceras sp.

The stratigraphical relation of the Hamlin-Broad zone to the basal beds
of the Horsetown group shows its position in the chronological eolumn
to be below the Hauterivian, and therefore within the Valanginian. The
occurrence in it of two species of Polypiychifes, one of which i3 pear P.
polypiychus Keyserling, & species of Simbirskiles near 8. decheni Pavlow,
a species of Thurmannia, of the group of T. boizsiers (Pictet), indicates a
low position in the Valangininn sequence, When the zone is followed
enstward it passes into the almost barren sandstones and conglomerates
at the base of the section north of Ono, In the opposite direction it
tises to 1200 feet above the bese within a mile of Locality 113 (Calif.
Aead, S¢i.), and a few miles farther west it is nearly 3000 feet above the
basal bed of the group. Near the bridge on the Menzell ranch three
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examples of Lytoceras salurnale were obtained from beds near the bhase
of the group. Two and a half miles farther west, at Locality 1663 (Calif.
Acad. Sei.) on Dune¢an Creek, still lower beds are exposed, although the
Iowest beds are here faulted down and hidden. From the somewhat
brecciated strata, and from blocks possibly brought up from beds now
concealed, were obtained Spiliceras duncanense nov., Neocomiles russelli
nov., Crioceras latum Gabb, Cricceras of. noland Kilian, and Hoplocrioceras
remonds (Gabb). These species may not all represent the same horizon,
but they show a low position in the Valanginian sequence, and therefore
are low in the Paskenta group, although not from its lowest beds found in
the Cottonwood district, or in the district north of Themes Creek.

On the J. Bylveater ranch, 2 miles south of Locality 1665, from beds
1000 feet higher in the section, were obtained Inoceramus ovafus Stanton
and Hoplocrioceras remondi (Gabb), The first of these, deseribed from a
low part of the group near Elder Creek, oecurs here also in nearly the same
stratigraphie level. The second species has also been found near the
Watson school on Roaring River nearly 1000 feet above the base of the
section.

In the western part of the Cottonwood district basal and near-basal
conglomerates occur at many places, as at Beegum Peak, and 2 miles to
the north. Some of these basal and near-bazal conglomerates in the
Cottonwood distriet seem to mark the debouchure of streams entering the
embayment from the hinterland during early Cretaceous time. One
such stream, still carrying water, is at the big bend of the North fork of
Cottonwood Creek, where twe branches of the stream emerge from the
crystalline rocks of the basement complex. The basal conglomerates at
this point are 40 to 100 feet thiek. Seme of the boulders have a diameter
of 2 or 3 feet and consist of various types of rock.

A locality still farther west, at the hase of the section, is near the old
well-known *“Arbuckle Diggings,” frequently noted by Gabb. From this
locality, Gabb listed & number of invertebrate species which he believed
had been found there. The position of the old mine is 12 miles west of
Ono, at the base of the series. Shales and thin-bedded sandstones formed
the “bed-rock” of the old diggings. Repested search here during the last
few years has failed to discover any trace of mollusean fossils within &
radius of a mile sbout the old mine. The species listed by Gabb include
some that could not have come frem this locality, and it is very doubtful
if any of them were taken from the mine itself. The list given by Gabb
(1864) follows:

“Crioceras'’ percostatum Gabb Ammonttes (raski Gabb
“Anecyloceras’” sp. undet. A. batesi Trask
Baculites chicoeneis Trask

The species contained in this list represent three or more widely separated

horizons in the Cottonwaood distriet. Baculifes chicoensis belongs in the
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Chico series and has not been found lower in the succession. Tropseum
percasioium {(Gabb) represents a lawer Gargasian horizon {middle Horse-
town). Polyplychites fraski belongs in the Hamlin-Broad zone, not found
at Arbuckle Diggings. There is little evidence that any of the species of
this list were ever found at this locality., Its stratigraphical position is
below that of Locality 1865 at Duncan Creek, and it should be older, and
therefore belongs in the Paskenta group. The beds exposed here can be
traced south toward Beegum Creek and are among the oldest beds out-
cropping north of the delta.

Identity of the Group.—On account of the faunal contrasts in the Paskenta
group north and south of the delta axis, some additional facts concerning
the essential identity of the strata are here offered. Both areas lie upon
the aame side of the embayment within » geographical distance of 25 miles,
and with an intervening distance of less than 20 miles, There is Little
difference in the two districts as to their environs, past or present. In
each, the sequence of faunas is nearly complete from early Valanginian to
middle Albian; each ares includes, therefore, the entire sequence of the
Shasta series. The relation of the Paskenta group to the underlying
formations in the two districts differs only in the fact that north of the
delts it rests directly upon pre-Mesozoic crystalline rocks, whereas at the
south its lower beds rest in some places with seeming conformity upon the
Knoxville series. From these general facts it could be assumed that the
strata below the Horsetown group in the two areas must be contemporary,
and no other alternative seems to be open. However, in addition to
these facts, there are various diagnostic mollusean apeecies commeon to both
arees, and, insofsr as they occur, the faunal order is the same in both.
Other criteria have alrcady been given in support of this view, which need
not be repeated here, for the reason that all other evidence seems unim-
portant in view of the fact that the beds can easily be followed along their
strike from ono district to the other acroes the intervening delta area,
and, therefore, their identity is hardly subject to doubt, whatever faunal
differences may be found,

DISTRIBUTION OF THE PABKENTA QROUP

General Statemeni—The areal and geographical distribution of the
Paskenta group in California and Oregon {ar exceeds that of the Horsetown
group, since it oceurs in many places in the Coast Ranges in both States
where no evidence of the latter group has been reported. Judging from
published reports this condition appears to extend to northern Wash-
ington, to the mainland of British Columbia, and also to Alaska. In
moat places along the Pacific Coast in which Lower Cretaceous deposits
have been recognized by their faunas, it is the lower, rather than the upper,
group that has been proved.

Yoilz Bolly Basin.—Only beds of the Paskenta group have been identi-
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fied in the deposits of the Yolla Bolly basin (Big Bar, Rattlesnake Creek,
and Redding Creek) in Trinity County. Most of these places were visited
by Diller (Diller, 1908, p. 379-384), whose accounts contain fossil deter-
minations by both Btanton and Knowlton, since both mollusean fossils and
plant remains have been collected there. Concerning the mollusean {ossils
from Big Bar, Stanton reached the conclusion that the horizon was within
the “upper Knoxville," which in this paper i3 that of the Paskenta group.
The deposits at Redding Creek were regarded by Stanton as being some-
what higher, possibly within the lower Horsetown group. However, in
addition to the mollusean species mentioned by Diller, others have since
been obtained here by M. I£. A. Hinds and by G. D. Hanns and the writer.
Without giving complete lists here, thay include the following:

Pecten californicus Gahb Phyllocerna trinilense nov.
Terabraleila califoraica Stanton Hoploerioceraa yollabollium nov.

The first two species af this list have been found at Stephenson’s on the
Cold fork of Cottonwood Creek, in beds of Paskenta age, and the third
has been found in gimilar heds at Riddle, Oregon. The holotype of
Crioceras latum Gabb probably came from this area, whence it bad been
carried to its point of discovery on the Trinity River. Some of the species
found here have also been found at Locelity 1665 (Calif. Acad. 8ei.) on
Duncan Creek, in beds low in the Paskenta group.

From Rattlesnake Creek, Diller lists (1908, p. 382) only plants, although
be also mentions mollusean fossils. The plants were regarded by Knowl-
ton as Jurassic. More recently, Parker D). Trask and the writer obtained
here various mollusean fossils, including the following genera: Cyrena,
Corbula, Astarte, Gonvomya, and Unio, all the species of which are new
and partly described here for the first time.

The locality at Big Bar on the Trinity River has yielded both plants
and Mollusca, all of which are listed by Diller (1908, p. 380-381), From
the twelve or more species of plants, Knowlton reached the conclusion
that the horizon was that of the “Jurassie of Oregon,” which for the mast
part is referable to the Paskenta group. The molluscan forms ohtained
here by Diller included Aucella crassicollis Keyserling, Peclen, Mylilus,
Cypring, and Unio, frora which Stanton concluded (Diller 1908, p. 381}
that they were “‘upper Knoxville,”” and, as already shown, this is correla-
tive with the Paskenta group, ss are all the Cretaceous beds found in the
drainage of the Trinity River system,

Concerning the several residusl deposits found in this basin Diller says
(1908, p. 402):

**The strata containing the Jurnasis flers of the Klamath Mountaing are conspicu-
ously unconformable to the underlying Paleozoie rocks and contain neot only a
marine, bt alge a fresh water feuna. They were depoaited by the nes advancing
over the slopea of the subsiding Klamath Mountaina,”
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That the sea advanced into thiz basin from the Sacramento embayment
can hardly be doubted, since both faunss and floras were compared with,
and eorrespond to, those of the Paskents group in its type district in the
Baeramento Valley.

Wilbur Springs.—South of its type distriet the Paskenta proup is
continuous along the west border of the Great Valley, and its lowsr beds
&t least are highly fossiliferous in many places (Newville, Winslow, Govern-
ment dam, near Elk Creek, and near Wilbur Springs). Most of the fossils
found in these beds are species of Awucella, of the robust, benvy-shelled
types (4. inflale, A. crassz, and A. unciloides), and a species of Adero-
leuthis. The unconformsble relation of these beds to the underlying
Kunoxville shales is well shown at Newville, at the Winslow bridge, at the
QGovernment dam, and also at Wilbur Springs.

The district about Wilbur Springs is typical and of more than ordinary
interest, partly for having had frequent mention by earlier writers. One
and a half miles northeast of the Hotal, near Bear Creek, the lower thin-
bedded sandstones of the Paskenta group contain Aucella crassa, A. inflals,
A, uncilotdes, and Acrofenthis sp. At this point these beds rest in part
upon Knoxville strata and in part upon older rocks. Two miles sonthwest
of the Hotal the same beds rest upon Francisean cherts or upon assoeiated
serpentine, but they contain these same fossils. Batween these losalities
are the “white limestones,” often mentioned as containing Rhynchonella
whitneyi, Peclen complericosle, and Modiola magor, resting direetly upon
serpentine and Franciscan rocks. Along Bear Cresk the Knoxville beds
are exposed beneath those of the Paskents. From the former Stanton
(1895, p. 19, 20) has reported Aucella piochi Gabb, Phylloceras knorvsl-
lense?, and Belemniies sp.  All these species have since been cbtained here,
altbough the helemnite appears to be a form of Belemnopsis, not uncom-
mon in the Knoxville beds.

The conglomerates mentioned by Stanton (1895, p. 19) are at the base
of the Paskents group, south of the Hotel, and of the Gibson mine, and
also east of Bear Creek.

It is important to note here the overlap of the Paskenta beds across
the narrow zone of the Knoxville and their contact with various types of
older rocks.

Morgan Valley, Lake Couniy.—This district was visited by Whitney,
Stanton, and later by the writer. The beds exposed here are chiefly sandy
shales, but they also include clay shales, limestones, sandstones, and
pebbly conglomerates. The pebbly conglomerates constitute the basal
beds of the Paskenta group that appesar to rest directly upon formations
referable to the Franciscan series, including cherts, and other types, all
much disturbed by serpentine intrusions, There are alio exposures of
Knoxville beds in parts of the distriet, but they cannet be described here.
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From the sandy shales overlying the Francisean rocks were obtained
Aucella crasse, A. inflala, and from the limestones, other species. Stanton
(1895, p. 19, 20) reports from this district ducella erassicollvs, Peclen
complezicosta, Modiolus major, Astarte irapezoidaliz, Turbe morganensis,
Atresius liratus, and various other species, all of which are of Paskenta
age. White (1885) had reported other forms from this district, some of
them of Horsetown age, but their oceurrence in Morgan Valley needs
confirmation. In this district the relations of the Paskenta beds to the
older rocks are the same as at Wilbur Springs, that is, one of unconformity.
The limestones here are similar to the “whits limestones” of the latter
digtrict,

Berryessa Valley, Naps Counly.—Btrata of the Paskenta group are well
represented along the western border of the Berryessa Valley, west of
Montieello. At the base they include pebbly conglomerates and sand-
stornies, and higher in the section are scattered lenses of limestone. The
latter oecur at many points on the amall hills a few miles weat of Monti-
cello, From the lower beds of this group west of Monticello, Eldridge
Drew obtained Awucells piriformis, A. keyserlingi, Belemniles sp., Ino-
ceramus ovaius Stanton, and from the limestone lenses higher in the zection,
Modiolus major, M. stanioni nov., M. (Volsella) onoensiz nov., Turbo?
humerosua Stanton, and Airesiug sp.

Pope Vallcy—~—West of the Berryessa Valley the sandy beds of the
Paskenta group form the floor of the smsller Pope Valley. The sandy
shales and sandstones with lemses of limestone rest unconformably upon
Franciscan strata, or upon intrusive rocks by which the latter have been
cut. From the sandy shales of the Paskenta group on the south border
of the valley the writer collected A ucells piriformes, 4. unciioides, A. crassa,
and fragments of belemnites, The overlap of the Paskenta beds upon
pre-Knoxville formations is well illustrated in this valley, and upon both
north and scuth bordery of it

Napa Junction.—From the old “cement-rock” quarry, 4 miles north of
Vallejo, where the basal beds of the Paskenta group are exposed, the writer
obtained a small collection of fossils, including Modiolus oncensis, Lima
mmulitlineata Stanton, Inoceramus vallejoensis nov., and numerous borings
of pholads. The beds here include caleareous shales, pebibly sandstones,
and limestones. They rest unconformably upon Francisean rocks.

Mount Diablo District.—~The lower beds of the Paskenta group are well
exposed about Mount Diable, cropping out on both its east and weat
fianks. On the east flank near Olafsen's house and west of Curry Canyon,
the writer obtained sn example of Lyfoceras cf. safurnale nov., and near
the quicksilver mine, northenst of North Peak, well preserved examples
of Aucells inflata have been collected and are in the possession of the
University of California. On the northwest flank of the mountain, west
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of Peachtree Springs, & basal conglomerate of the Paskenta group forms
a conspicucus outerop. From boulders embedded in this conglomerate,
Taff, Hanna, and Cross collected Aucello pioehs and other related species,
and from the matrix they obtained examples of Acroteuthss cf. onoensis
nov., a form characteristic of the Paskenta, From overlying shales nearby
they ecollected numerous fragments of Acrofeuthis impressa (Gabb), and
swell-preserved specimens of Aucella inflaia, A. piriformis, and various
small gastropods. This exposure is probably that from which Turner
(1891) obtained specimens of Belemniles.

Berkeley Hills.—A complete account of the Lower Cretaceous sequence
in the Berkeley Hills cannot be given hers, since these beds have not yet
been segregated from the underlying Knoxville, both of which oeeur hers,
and in unconformable relation. Only the lower beds of the Paskenta
group have been identified by fossils, but they are much disturbed and
broken by faulting. From the western flank of the hills in the northern
part of Berkeley, Lawzon (1914) has reperted a number of Paskenta species
oecurring in Limestone, including Mediolus major, Lucina colusnensiz,
Pecten complexicostia, Myocemha ap., Turbo ap., Atresius lirafus, and
“Hoplites’ sp. All these forms are characteristic of the lower beds of the
Paskenta group, as found farther north. In the vicinity, and nlso from
the basal beds of the group, Leonard Henry obtained Mytilus arkingtons,
Aucsllg crasmicollis, A. inflala, Belemntiles sp., Balanus berkeleyensiz nav.,
and Balanus sp. These fossils wera obtained from n pebbly sandstone
averlying Knoxville shales. From & caleareous boulder embedded in the
pebbly matrix, Henry cobtained examples of Aueelle piochi. All these
fosails are in the Museum of Paleontology, University of California,

That the pebbly sandstone represents a near-beach deposit is evidenced
by the presence in it of species of Mytilus, Balanug and many broken shells
of other speciea. The beds here deseribed resemble those found at Napa
Junction, 4 milea north of Vallejo.

Knoxville beds consisting for the most part of derk elay shales, often
fessiliferons, have been identified at other points along the west Jank of
thege hills farther south. They are usually invelved with masses of ger-
penting, or overlie Franciscan cherts, and are greatly faulted. On the
gouth berder of the Concord quadrangle, 14 miles northwest of Lake Cha-
bat, C. Durrell discovered an invertebrate fauns containing Avcella hyafly
Pavlow, Terebraiella of. californica, Ophioglypha ? (brittle star), and
Penlacrinus sp.  From similar dark shales about 1500 feet higher in the
section, R. L, Rist and the writer obtained species of Perisphincles.

Soente Clara Valley.—As in mosgt other arens in the Coast Ranges in
which beds of the Pagkenta group occur in association with Knoxville
strata, no attempt hag heen made to distinguish these formations in the
Santa Clara Valley, in which bath oceur. R. Crandell (1807) bas sup-
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plied helpful data bearing upon this problem in the environs of this valley.
Many of the exposures described by him are referable to the Paskenta
group, and others to the Knoxville series. In all instances in which
Aucella crassicollis and associsted forms have been listed, the strata should
be regarded as belonging to tha Paskenta group.

A locality described by Branner, Newsom, and Arnold (1909) as 3
miles west of Redwood has ylelded Aucelle crassicollis and Amberlya
dilleri, both belonging in the lower beds of the Paskenta group. Smith
has recorded the finding of “Hopliles’’ a few miles to the north of this lo-
cality, All these forms are referable to the Paskenta group. More re-
cently O, P, Jenking and E. W, Galliher? have discovered iragments of &
erioceratid shell in the dark shales at Point San Pedro, which seems to fix
the age of these beds as lower Horsetown.

In 1008 Josiah Owen dizeovered a large specren of Imoceramus near
I, vallejoensis nov., in dark shalee near Alma, south of Los Gatos, which
indicatey the Paskenta group.

Diablo Range.—Some evidence has recently been discovered proving the
accurrence of Lower Cretaceous strata in various parts of this range, the
accounts of which have not yet been published, but they show the presence
thers of both Paskente and Horsetown beds. Pack and English (1914)
report the finding of Awcella crassicollis in Lower Cretaceous strata in the
Waltham Creek Valley, southwest of Coalings. During field work in
1937 N. L. Taliaferro discovered Knoxville beds with Aucella hyotti and
fragments of Perisphinetid shells in the Waltham Creek Valley, not far
from the Fresno Het Springs.

These heds were overlaid uncenformably by basal Paskenta conglom-
erate, containing Neocomites neocomiensis {d’Orbigny) and Acroteuthis
macarthyensis nov. Near Orchard Peak (Devils Den district), G. D.
Hanna and C. C. Church obtained many fossils from ecalcareous gray
shales in the lower part of a thick sequence of beds dipping toward the
northeast. These fossils include Aucella erassa, A. crassicollis, A. inflata,
Acroteuthis impressa, A. kernensis, and Lyloceras of. soturnale. These
species were found in near-basal beds, which here rest upon Franeisean
rocks and serpentine, with no Knoxville beds intervening. It could be
inferred from the facts thus far recorded that only the lower part of the
Shasta series (Paskenta) occurs in the Diablo Range, but in addition to
the sbove records it may be stated that both lower and upper Horsetown
fossils have been found on the eastern flank of the range, especially north
of the Panoche Hills. These include species of Neocraspediles, Hemi-
baculites, Sonneratia, and Beudaniiceras. Near Quinto Creek, southern
Stanislaus County, Paskentr beds with Aucella crassa, A. crassicollis, and
belemnites, occur, overlying Knoxville beds containing Aucella stanioni,
A. krotovi, and a small species of Oppelia (Streblites).

1 All citations withoot refercnces are Irom unpublished notes.
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From these records it appears that both Knoxville and lower Shasta
strata occur at intervals in the Diablo Range, chiefly on ita eastern flank,
and that as far as is now known the two series are unconformably related.

Senta Lucia Range~—Sandetones and sheles form o thick sequence of
atrata slong both fanks of the Santa Lucia Range and extend from Fine
Mountain southeastward into the San Luis quadrangle. The lower part
of the sequenee found hera contains a fauna typical of the Paskenta group.
Fairbanks {1895b} has described the beds occurring on the south slope
of Pine Mountain, referring to them as “Knoxville,” but later study of the
fossils obtained there by Fairbanks and the writer (1895) prove them to
be of Paskenta age. They include Aucells crassa, A. inflafa, and 4. un-
ciloides, and were found in caleareous concretionary layers in a dark clay
ghale. From here the beds can be traced into the “Toro fermation”
in the San Luis quadrangle of which they constitute the major part.
From the account of the “Toro formation” given by Fairbanks (1904}, it
contains no strata older than the Paskenta. If Knoxville beds oceur
about Pine Mountain or north of San Luis Obispo, it seema probable that
they will be found to underly the Paskenta and to rest upon, or against,
the Franciscan (San Luis) formation, But no final account of these de-
pasits can be made without the proper discrimination of these two series,

Sante Barbara County.—In the region of complicated structures along
the upper branches of the Santa Ynez River, considerable areas of Meso-
zoic sediment have been descrnibed by Kew (1919), and later by Nelson
(1625). In part these Mesozole deposits are referable to the Knoxville
series, and in part to the Paskenta group of the Shasta series. Quoting
from the account given by Nelson, be writes:

#From the ocenrrence of both Aucella piochil and A ueella craseicoflis, it isinferred
that the Knoxville A6 muapped, includes both the lower and upper divigions recognized
alsawhere in California.

It appears from Nelson's account that the upper division of the so-called
*Knoxville” in this region is in fact the Paskenta group of the Shasts
series and thet the lower division is properly referable to the Knoxville
series, 43 understood in this memoir,

RREGON CRETACEQOUS AREAS

General Statement,~~The marine embayments in southwestern Oregon
in early Cretacecus time extended into the coastal valleys then edsting
and elso into the more inland valley of the Vmpgua River (Dillard,
Myrtie Creek, and Riddle areas), and into the valley of the Illinois River.
Only in later epochs did it enter the central valley of the Rogue River,
Farther to the east,

The Myrtle Formation.—The “Myrtle formation” was first deseribed
by Diller (1898} as including the Cretaceous deposits along Myrtle Creek,
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Douglas County, Oregon. It was thought to be in large part equivalent
to the “upper Knoxville” beds in California on account of its fauna. The
term was later applied to similar deposits in the Coos Bay and Port Orford
areas (Diller 1903b). The formation was later reviewed by Diller (1908)
and somewhat modified so as to include also the “lower Knoxville”” In
the text of the Port Orford folio, as well as in his later contnbution, Diller
seems to have recognized two or more distinct stratigraphic unite within
its span, although he did not go so far as to separate them. One of these
unitas was said to be characterized by abundant plant remains and by the
cccurrence in it of dwcelle piochi Gabb; the other was composed of con-
glomerates and sandstones, as on Elk River, Curry County, and carried
the following mollusean fauna:

Aueella ecrasicollis Keyserling Inoceramus ovatus Stanton
T'urbo morganensis Stanton “Qleostephanus mutabilis'’ Stanton
“Hoplites'" Ayatli Stanton Beleranites tshamaensts Stanton 7

Belemnitaa impresss Gabb

Of the seven species in this list, six are typical of the Paskenta group in
the Shasta series of California. As no species referable to the Knoxville
geries (3. s.) was positively identified, we may accept the formation as
properly representing the Paskenta, Thus it appears that the “Myrtle
formation’ in Oregon is in large part equivalent to the Paskenta group of
the Shasta series in California.

The lower part of the “Myrtle formation” containing Aucetle piochi
Gabb may be accepted as coming within the limita of the Knoxville series,
provigionally at least. The proper division of the ‘“Myrtle formation"
into Lower Cretaceous and upper Jurassic portions constitutes an im-
portant task for future exploration and mapping, and this will doubtless
be [acilitated by the careful work of beth Diller and Stanton.

In the discussion of the “Myrtle formation” in the Port Oriord quad-
rangle by Diller, it is readily seen that the strata containing Aucella
craswicolliz and associgted formse rest in some places upon beds containing
Aucella piocki and in other places directly upon metamorphic rocks
(sehists, serpentine, and gabbros), with neither Dothan nor Knoxville
beds intervening, as is often the case with the Paskenta group in Cali-
fornin.

Another part of the “Myrtle formation” may represent the Horsetown
group, in part, as may be seen from the lists of species given by Stanton
(1895, p. 22, 23) from near Riddle. Of zome 16 species listed by him,
kalf of them are known to occur in this group; some of them also oceur in
the lower part of the Chico series in California.

On the map of the Riddle quadrangle (Diller and Kay, 1924), in most
places where the ‘“Knoxville” beds are shown in contact with older rocks,
the latter belong to the basement complex, and no other rocks intervene.
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As far as can be determined the aso-called “Knoxville’ are, in most in-
stances at least, no other than equivalents of the Paskenta group. In
the account given by Stanton (1895, p. 22, 23) he states that

“The Cretaceous rocka bere, covering an araa about 5 miles long and 3 miles
wide, are in contact with metamorphic rocks on the esat and with serpentine and
peridotiten on the west, The atrata at most exposures have & ateep dip and seem
to form & syncline, complicated perhapa by faults or minor folds.'’
The zame view i3 expressed by Diller and Kay (1924) and has been con-
firmed by the writer's personal inspection during a more recent visit.
Following this visit, E. L. Packard of the Oregon State College sent to the
California Academy of Seiences a considernble collection of well-preserved
and diagnostic fossil Molluses from beds exposed near Riddle, which throw
much Lght upon the age of the sequence oceurring here. Many of the
species found here are deseribed in this memoir for the first time. The
following list includes the mere important of these foasils:

FPhytioceraa trintlanse nov. Drichotomiles gregonensiz nov,
P. pecideniale nov. Lyticacerss packards nov.

P. umpguanium nov, oplocrioceraa of. onpense nov,
P. re 2 Nov. Noacomifer riddlenatr nov,
Atcells crears Paviow Venus coflinde nov.

A. crasxicoflis Keyaerling Pleuromys lgerigats Whitesves
A, lahuseni Pavlaw Periploma of. reddigensis nov,
A, inflata Touln Pecten {(Syncyclonema) ap.

To this list may be added Berriaselln hyaiti (Stanton) and dcroteuthis
impreese (Gabb), as reported by Stanton (1895, p. 22, 23). The Lower
Cretaceous (Paskenta) age of the strata from which these fossils were
taken can hardly be doubted. Many of the forms named in thig list are
common in the Paskenta group in California, and near analogues of others
are found in it., SBome of them have also been found in the Horsstown
group.

In 1913 Brues G. Martin obtained & small colleetion of fossils from a
point 2 miles north of the mouth of Myrtle Creek, including Aueells
criesan Pavlow, A. lahuseni Paviow, and A, ferebratulvides Lahusen. All
these species pertain to the Paskenta group of the Shasts series in Cali-
fornia.

In the beds occupying the syncline at Riddle, no strata older than the
Paskenta group have been shown to exist, although older beds have been
reported. From near Nichols station, some miles southwest of Riddle,
Diller (1908, p. 375) haa reported beds containing “typical specimens of
Aucella plochi Gabb” and Mesozoic plants. The rezemblance of the young
stagea of other forms of Aucella to A. piochi Gabb necessitates a degree
of caution in their determination, and therefors of reserve in the aceept-
anee of hasty identification.

In the Dillard area north of Myrtle Creek (town), the “Mjyrtle forma-
tion"” extends over most of the area covered by the Roseburg quadrangle,
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although little information has becn given as te its thickmess or strati-
graphical limitations, Aecording to Diller the “Myrtle formation” in
this district contains beds of conglomerate, sandstone, limestone, and
shale, Small limestone areas have been mapped and described as the
“Whitsett limestone lentils,"” in which are found a few imperfect fossils,
among which Stanton (Diller, 1898) recognized Opis californica and a
species of "“Hophtes"” closely related to, or identical with, “H." dilleri
Stanton. In the sandstone, within 300 feet of the “Whitsett limestone”
in its type area, well-preserved specimens of Aucella crassteollis were
reported. Concerning this limestone, Diller says, in part:

“Tha oceurrence of limestone in the apper part of the Enoxville of the Dillard
Beoa ia not exceptionnl, for it occura at that horizon in several places along the west
eide of the SBacramegto Vallay in California.”

In this text the “‘upper part of the Knoxville” refers to the Paskenta
group in which limestone of the same kind occurs in lentils on the west
border of the Saeramento Valley. All the fossils clearly identified in
Diller’s notez have been found in the Paskenta group in California, and
no clear evidence of older beds associated with the “Whitsett imestone
lentils” has been recorded.

Probably most of the conglomerates found in the Dillard district occur
in the lower part of the Paskenta group, and they might be taken ag in-
dicating its unconformity upon older formations.  In the Dillard ares the
game uncertainty regarding the occurrence of Knoxville strata exists as
about Riddle. Further investigation is needed to determine what strati-
graphiec groups are included in the “Myrtle formation,” as it has been
mapped. The same slso appears to be true in other areas in wesiern
Oregon where Knoxville beds have been reported. In the Riddle ares
the oldest clearly determined Cretaceous strata contain Dichelomiles,
Lyticoreras, Neocomites, Aucelln erassicollis, and other forms of Valangin-
ian age, and therefore balong to the Paskenta group.

If any Knoxville beds oseur in this district they may include the lowest,
plant-bearing beds in the “Myrtle formation” about Buck Peak, described
by Diller, though they centain only a scanty suggestion of the rich Ti-
thonian faunas found on the west horder of the Sacramento Valley., Their
determination as Knoxville ean hardly be regarded ag conclusive, although
future collections of molluscan and plant remains from these beds may fix
their age az definitely Jurassie (Tithonian}.

There is little known evidence that Horsetown beds (Hauterivian to
Albian) oeeur in any of the Cretaceous basin arens of southwestern Oregon,
No published record has been found of the oceurrence of rich cephalopod
faunas here such as are known in the Great Valley of California and in
Canadian and Alagkan aress farther north.
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MORE NORTHERN AREAS

In the State of Washington various localities have yielded invertebrate
fossils referable to the Paskenta group. White (Becker, 1888) has figured
an example of Aucella from western Washington which Paview has re-
garded as A. solida, a form that is abundant in the Paskenta group of
California. Diller has noted Aucells-bearing rocks in different parts of
the State (Cascade Range and Vashon Island). Lower Cretaceous de-
posits have been deseribed from the Nooksak River north of Mount Baker,
farther to the east upon the Paszayten River, and in the Hozomeen Range
in northern Washington. Little is known concerning the faunas of these
beds, although Aucells cressicollis is said to occur in each of these localities.
In the Hozomeen Range the steep dips indicate a stratigraphic thickness
of at least 6000 feet of black shale and overlying conglomerates.

8AN JUAN ISLANDS

R. D. McLellan (1927) describes isolated outcrops of conglomerate,
sandstone, and shale occurring on the San Juan Islands, which he includes
in the Spieden formation. Its principal area is on Spieden Island, ad-
jacent to San Juan Island on the north. According to McLellan, ¢on-
glomerates make up 85 per cent of the rocks within the area mapped 2s
the Spieden formation. He adds:

‘“Along the northern margin of 8 qpmdan Island there is a group of thin-bedded
snd somewhat carbenaceous shales.”” These “‘grade upward mto sandy sbales and

sandstones with an occasionsl bed of srgillacecus limestone.
"“Throughout a thickness of about 35 fort theae bads are nchly fossiliferous,”

These layers are overlaid by a succession of strata 2000 feet in thickness
in which conglomerates greatly preponderate. The fossil-bearing beds

of Spieden Island bave yielded many invertebrate species ineluding the
following, as described by McLellan (1927, p. 114).

Auvcella crassicollis Kevserlin Pla:u*omya typa McLellan
Holeodiseus ? stantoni MeLallan P, thor N f
Phylloceras apiedenense MoLallan Lima spmdmma MeLellan

According to McLellan, Aucella constitutes 95 per cent of the fauna,
and he adds:

“The fauns wag examined by Dr. T. W. S8tanfon, who determined its age to bha
Lower Cretaceous, and equivalent to the upper part of the Knoxville formation of
California.”

As the upper part of the “Knoxville formation” in California, bearing
an equivalent fauna, is included in the Paskenta group of the Shasta series,
the Bpieden formation should be interpreted accordingly.

From the figures given by McLellan, “Helcodiscus 7' stanlont appears
to belong to the genus Dicholomiles of Spath, near Dicholomiles fragilis as
illustrated by Pavlow.

A small eollection of fossils from the north side of Spieden Island, ob-
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tained by W. W. Wells of Ashland, Oregon, includes Aucelle crassicollis,
A. crassa, Phylloccras spiedenense, and Dicholomiles, near Dichotomiles
tehamaensis nov., from the Paskenta beds on the Wilcox ranch, Tehama
County, California.

PRITISH COLUMBLA

Lower Cretaceous deposits comparable to the Shasta series have been
described from many places on the mainland (Harrison Lake, Tatlayoco
Leke, and Jackass Mountain) and also from some of the offshore islands
(Vancouver Island and Admiralty Island) (Wright, 1808). From the
district of Harrison Lake, Crickmay (1930) has described Mesozoic de-
posits with many species of Aucella, which he regards aa Lower Cretaceous
in age. Many of the Aucellan forms illustrated by him besr close resem-
blance to speeies found in the Paskenta group in western Tehama County,
Californin, Some of them appear to belong to the groups of Aucells
inflate Touls, A. Reyserlingi Lahusen, and A. crassa Pavlow. From
Quatsino Bound, Whiteaves (1883, p. 81-83) has described “Olcostephanus”
quatsinoenstis, which seems to belong to Polyptychiles, s genus well rep-
resented in the Paskenta group in California. From the zame area he has
elso figured Inoceramus guatsirioeneis, a species similar to, if not identical
with, Inoceramus elliots Gabb, here recognized ss a Lower Cretaceous
fosail apparently belonging to the group of Imoceramus svalus Stanton,
found in the Paskenta group in ifs type distriet and in the Cottonwood
distriet in Shasta County.

ALASEA

Many references to Lower Cretaceous deposits in Alaska are found in
the geological literature of the Territory, not all of which ean be noted
here. Many of the accounts that have been found Jeave mueh to be
desired as to their major features, age determinations, relationships, and
their distinctness from other formations, Still there is undeniable evi-
dence that equivalents of both Paskenta and Horsetown groups oceur in
many of its areas. The general distribution of Lower Cretaceous meks
in Alasks haa been briefly stated by Martin (1928, p. 288) as follows:

“"The rocka that hava been referred to tha Lower Crotaceous includs the Staniu-
kovich shale and the Herendeen Limestone of the Alaake Peninsula} conglomerata
tuff and srkose and the overlying Nelchina limestone of the Upper Matanuska Valley;
the shale, sandstone, and conglomerate of the Kennicott formation of the Chitina
Valley; some of the Aucells-bearing shale and graywaeke of Chisana and Whit
Hvers; sama of the Aucellp-bearing slate and associnted rocks of sputhenstern Alnska;
the Aucelln-bearing shale and aandstone of the Upper Yuken and Rampart-Tanans
distriet; the limestone, ehert, aud arkoss of the 'Oklune series’ of the region north
of Bristol Bey; the limestone, shale, and sandetone of the ch'ukuk group of the

o

Koyukuk Valley; and the sandstone and conglomerate of the Anaktuvuk group of
northera Alasks.”

In the later discussion of these areas the faunal characteristics of the
various formations referred to the Lower Cretfaceous are probably not
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complete, although there are many references to the occurrence of ducella
eragsicollis Keyserling and fo a few other forma that occur in the Shasta
acries of California. Wherever Aucella erassicollis occurs in these several
accounts it may be taken as evidence of the early Crataceous age of the
beds, but perhaps not always of the Paskenta (Valanginian) age.

FEATURES DF TRE BEQRIETOWN GROUF

Type District—The Horsstown group* is typically developed in the
Cottonwood district north of the delta axis. [ts stratigraphical relations
st both top and bottom are best shown here, and it is best supplied with
diagnostic invertebrate fossils and with faunal zones which range through-
out its stratigraphical sequence in such a way as to make it of unusual
value for faunal and chronological study. When taken together with the
fawnas of the Paskenta group they give to the district an interest and im-
portance not yet found in any other West Coast area for showing the
faunal character and the faunal succession throughout its Lower Creta-
ceous sequence. Indeed, this district could well supply a standard refer-
ence column for the Lower Crefaceous faunas in all parts of the Pncific
Coast and aid in correlations of strata much farther,

Like the immediately older group, the Horsetown group in this distriet
becomes progressively thicker when followed southward from the North
fork of the Cottonwond Creek toward the delta axis, increasing from a
thickness of 6430 feet near Ono to more than 12,500 feet in its maximum
section. In all sections north of the delts the group begins at the bottom
with conglomerate beds which in some places make up a large percentage
of its lower portion, but which for the most part are lenticular. Near
Ono there is only & single bed of conglomerate, about G0 feet thick, but a
few riles to the south three beds appear, and on Roaring River thers is &
succession of four such beds within a stratigraphical thickness of 1004
feet., When traced farther south these beds pass into the sandstones and
sandy shales of the delta axis and disappear. South of the deltn similar
conglomerate beds appear near the base of the group and become eonspic-
uous on the Cold fork of Cottonwood Creek. The single bed found at
One is probably not the lowest one of the series, Immediately beneath
it there is a richly fossiliferous zone of thin-bedded sandstones, 200 feet
thick, which can be traced eastward to Eagle Creek, and which may be
known as the Ono zone. This zone forms a near-basal part of the Horse-

VTt may he noted hers that the tert Horsstown, aa a formatlons] nome for the suceeaion of strats o
whieh t has been applied, is not a bappy choice, The aren about the old miniag camp of this asams s Je-
tached from the distsint in which tha group ia most typieally and completely represented abed at bost o5 proe
nok mam than 500 feet of the uppermont beds of the Shastn series, which bods nre senrcely reprogonptative of
the great body of older attata dacluded under the name by White, Staptan, and DHifer, and by Inter wrliors.,
Although the name is retalned {or the groop in the prosont memair, it is only [ts wse jo the Yiteraturo of the
past {hat justifies lia continunnce us a tormationsl wame, The term Cattonwond group weuld bava been for
mars appropriste Tog it



62 LOWER CRETACEOUE DEPOBITS IN CALIFORNIA AND OREGON

town group and the oldest part of the Hauterivian stage in the Cottonwood
district.

No clearly marked stratigraphical break between the Paskenta and
Horsetown groups has been found here, although the conglomerate beds
extending south from Ono may be taken as such. Otherwise, only an
arbitrary line has been drawn for it. The rich fauna of the Ono zone at
the bottom of the Hersetown group seems to represent & low Hauterivian
horizon on the scale of Europe, and for this reason it forms a convenient
reference plane, serviceable for correlation, and it is believed that the se-
quence of faunag in the Cottonwood district above and beneath it fully
supports this view, In the distriet of Thomes and Elder creeks, Tehama
County, the exact equivalent of the QOno zone has not been found, although
it is probably a little below the horizon of "“Zene R’ of the MeCarthy
Creek section (Anderson, 1033, opp. p. 1242). This is indieated by some
of the species named by Stanton and by various mollusean forms found by
the writer.

In the Cottonwood district, above the conglomerate overlying the Ono
zone, there is a thick succession of sandstones, sandy shales, and argil-
laceous shales, totaling 6500 feet of strata as exposed along the stream
east of Ono and on Hulen Creek, a northern tributary of it. The upper-
most bed of the Horsetown proup in this section crosses the North fork
and also Hulen Creek, about half a mile above their junction. On both
streams the Horsetown group is overlaid unconformably by the basal
beds of the Chieo series. Kast of the east branch of Hulen Crsek the
Cretaceous beds are covered by the Tehama formation, consisting of
voleanic tuffa.

Five miles northeast of Hulen Creek the canyon of Clear Creek has cut
through the Tehama formation, exposing the uppermost beds of the Horse-
town group at the site of the old mining camp of this name, and also at
Jackass Flat, a mile or more east of Horsetown. The horizon exposed st
Texas Springs may be above its upper limit, although many of the species
found at Horsetown alse aceur here,

Southward from the North fork of Cottonwood Creek many of the
more characteristie fossil zones of the Horsetown group may be rec-
ognized upon all the streams coming from the west, and the group can
be traced across the delta areas and as far south as Redbank, Elder, and
MecCarthy creeks, and as far as the valiey of Berryeass Creek. South of
the delta axis, east of Stephenson’s on the Cold fork, conglomerate beds
gimilar to those en the North fork seem fo occupy the basal part of the
Horsetown, although the stratigraphic details have not been studied here.
South of McCarthy Creck the Horsetown group has been recognized
only by its stratigraphical relations st top and bottom, although several
diagnostic fossils have been found in it.
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The top of the Horsetown group is indicated generally by the basal
beds of the Chico series, resting unconformably upon it, and by them it is
more easily followed. The basal conglomerates of the Chico series are
recognizable on most of the streams between Hulen and Elder creeks,
and in many placea by distinctive foasils, South of Dry Creek the Chico
series is often overlapped extensively by the Tehama formation or js ex-
posed only in the canyons of the larger streams (Cold fork, Redbank, and
Elder creeks).

It the Lodoga Hills, conglomerates mark both the top and bottom of
the Horsetown group, of which only the top has been followed far in the
field. These beds seem to indicate epochs of disturbance and of read-
justment of strandlines at the beginning and close of Horsetown sedimen-
tation, but not everywhere of equal effect. More striking evidences of
disturbances, if not of unconformity, are seen in the faunal changes that
appear in the sections in passing from Paskenta to Horsetown, and from
the latter to the lower beds of the Chico series. These disturbances ap-
pear to have been of great geographical axtent along the Pacific Coast,
reaching from Lower Califorpia to Alaska, and probably affected Mexaco
and the northern Andes (Colombia and Venezuela).

The time intervals represented by these unconformities cannot be
measured but, as indicated by the faunal changes effected, they seem to
have been long, although in some places sedimentation seems to have been
nearly continuous from Paskenta to Horsetown times, but not so between
the latter and Chico times, In many places the unconformity of tha
Chico series upon the Horsetown, or upon Paskenta beds, is marked by
avidences of erosion, with the {ransportation of materials and fossils from
older beds into the hasal conglomerates of the Chico series.

DIVIBIOKRES OF THE HORSETOWN GROUP

General Statement.—For convenience in the discussion which follows,
the Horsetown group is here divided into two major portions, namely, the
Cottonwood beds below and the Hulen beds above, each division being
more typically represented in its outcrops on these streams. In each
division there is a suecession of distinctive faunal zones not found in the
other. Together these zones present a faunal sequence comparable to
that in corresponding horizons in any other part of the world. In addition
to the criteria supplied by each zome for chronological purposes its con-
tribution to a general geale is supported and reinforced by those of other
zones above and beneath, throughout the entire group. Neither of these
divisions has been recognized as such beyond the limits of the Great
Valley embayments.

Cottorawood Beds.—In their type district the Cottonwood beda form a
belt 2} miles broad, crossing the North and Middle forks of Cottonwood
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Creek. From the latter stream the helt extends in a southwest courss to
Dry Creck, northern Tehama County, and thus across the delta ares.
On the North fork the beds have a thickneaa of about 3480 feet, but they
thicken rapidly toward the southwest and occupy a correspondingly
broader zone, On Dry Creek, a few miles south of the delts axis, their
thicknese is about 8400 feet, and their zone is not less than 4.2 miles broad,
measured across the atrike. Farther south the beds become thinner and
their zone narrower, On McCarthy Creek, the thickneas is 7660 feet, and
the zone has a breadth of 2.5 miles, but the angle of dip is somewhat
greater,

The basal conglomerates of the Horsetown group are for the most part
lenticular, although on the whole they form a fairly well defined geological
and topographical belt which extends for many miles through the Cotton-
wood districs. In the lower part of this belt, as at Ono, is the earliest
faunal zone of the Horsetown group, namely, the Ono zone. Its fauna is
for the most part quite distinet from that of the Paskenta group and is
well represented near the bridge on the Nerth fork at Ono, Locality 1353
[Calif. Aead. 8¢i.), and a2t the same horizon on Kagle Creck, hall & mile
east of the bridge. The following composite list of speeies from these
points represents less than 200 feet of strata:

TSN Lytoceras (raski nov, Lytoceras qulaeum nov.
Phyiloceraa occidsntale nov., eocraspedites aguila nov.
Crioceran latum Gabb Heplocriocera remondi {Gabb)
Acrolguthia ongenais nov. Aeroleuthia kernensis nov.
Inacgramus colonicus nov. Plicotula voric Gabb
I. avaloides nov. Nemoden breweriana (Gabb)
Pleuromya papyrorea Galih Aatarte ealifornica Stanton
P. altumbonaia nov, Corbula filosc Stanton
Aphroding of, nilida (Gabb) Pecien (Syncycionema) op.
dmpulfina avellana ((3abh) Neringa erchimedt nov,
Potamides diaderna Gabb Turbo featious nov.
Tesaarolnr bicarinats (Gabb) DHastoma accidentalis Stanton

QOnly & small number of these species appear in the Paskenta group in
the Cottonwood district; a few others oceur in it in its type district and on
the Cold fork of the Cottonwood, near Stephenson’s,

Where this zone erosses Roaring River it is not directly recognizable,
but its position is indicated by fossil zounes found shove and beneath it
and by basal conglomerate beds, as is the case farther south. This zone
is not younger than early Hauterivian, as evidenced by the presence of
Neocraspedites aguila, Hoplocrioceras remondi, Cricceras latum, sud species
of Acroteuthis. To these may be added Inoceramus colonicus, 1. ovaloides,
Astarte californica, and Corbula filosa Stanton, all of which seem to lend
aupport from their ceeurrence in other sections.

In the Roaring River section above the lower Horsetown conglomerate
is a thick guceession of sandy shales overlaid by shales almost without
sandy material. In the clear shales, about 1850 feet above the second
conglomerate and 1850 feet above the position of the Ono zoue, is found
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the zone containing Locality 1661 (Calif. Acad, Sei.), which crosses Roar-
ing River about 840 feet west of the Millsap road. About 250 feet west
of this road Popenoce and Scharf collected Acroteuthis shastensgis nov. and
Pulchellia popenoei nov. A mile farther south on & tributary of Roaring
River the following species were collected by R. D. Russell and the writer
from Locality 1661, which liea a few bundred feet lower:

SBhaatierioceras penienis nov. Pseudoerioceres stemior nov,
Acrtoceras slarrkingi nov.

Lytocsraa cf. argonautorum Andersun
Inoceramue colonicur nov,

Ao inuints smpresss (Gabby

The Mitchell zome, which may include & stratigraphical thickness of
200 feet, begins rbout 150 feet above the horizon of Locality 1661. It
has heen traced for a distance of 2 miles on either side of Roaring River
and bas been identified ns far north as the North fork, and as far south as
Dry Creek. A composite list of species obtained from it near Roaring
River includes the following:

~Shasiicrioceras hesperum nov,
8. ponienle nov,
Hoplocrioceras whilneyi nav,
Phylloceras gecidentale nov,
Plychocerns nalrice nov.

“~ Acroleuthis shostenats nov,

Ancyloceras elephas nov.
A. ajox nov.

A. altraz pov,
Hemibaculiles nelius nov.
H, nauplius nov,
Inoceramua avalrides BoOv.

About 650 feet above the Mitchell zone is the Barr zone, locally ehar-
acterized by a thin pebbly, tufi-like conglomerate 8 to 10 feet thiek, the
whole having & maximum thickness of 30 feet. It has been traced from
Roaring River north for 2 miles, beyond which point it ia covered by
alluvium, On Hulen Creck this zone is thought to be represented by the
conglomerate at the gorge on the west branch of this stream, From thia
zone the writer has obtained:

Gabbiocerar anpulatum Anderson
Shastecercs ahaslenss nov.
Nautilus grerilli nov.
Acroteuthis aboriginalis nov,

Parakopliter stanfoni nov,
P, OV,
Pecien californicus Gabkb

Neaithea grandicosia Gabhx

Terebratula greritls nov. Aucelly radicsiriala nov.

The Argonaut zone, named for the pioneer settlers of this region, is the
next important zone above the Barr conglomerate. The interval between
is about 150 feet, aa found in the Mitchell Creek distriet. It consists
lithologically of dark or slate-colored shales, similar to those of the Mitehell
zone, but its fauna is distinctly different, as may be seen from the following
list of invertebrates ohiained from it at Locality 1347 (Calif. Acad. Seil),
n little east of Mitchell Creek:
Lytoceras argonautarum Anderson

L. iroski pov.
L. batesi (Traak)

Gabbiorerae wyntunium nov,
Parahoplitoides akoupi nov.
P. cerrosensia nov,

« Phyllocaras onoense Stanton
Tropeeum percostaium (Gabb)
Ausiraliceras argus nov,

P, sentloidea nov.
Hemibaculilez mirabilis nov.
Shastoceras, ap. nov.
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From this zone on Hulen Creek came tha holotype of Lytsceres argonan-
tarum Anderson and prebably also thet of Lyloceras batesi (Trask), al-
though differently recorded by Gabb (1868a, p. 127). On Hulen Cresk
this zope is underlaid by the pebbly conglomerate at the outlet of the
gorge 2 miles above the mouth of the ereek, and is thought to represent
the Barr zone, which at ita type locality is similarly situated faunally.

The Alderson zone, 100 to 300 feet above the Argonaut zone, is best ex-
posed on the main branch of Alderson Cresk, 2 miles south of Ono, and
also on the Shoup ranch on Bee Creek, a little farther south. Its strati-
graphical thickness, as found near the forks of Alderson Creek, is about
100 feet. It bas been recognized at a number of points between Hulen
Creek and the Middle fork of the Cottonwood and has been found on
Dry Creek and probably also on McCarthy Creek, Tehama County.
Many of the speries deseribed by Gabb seem to have come from this zone
on Alderson Creele and from the North fork of the Cottonwood, east of
Ono, The following list of species is somewbat compasite, but it probably
correctly represents the zone hetween Ono and Roaring River:

Phylioceras glderaoni nov. Parahaplites macfariandi nov,
Lytocaran batesi (Tranlk) Shastocaray californicum nov,

elchiorites shastensir nov. Hamiticeras aequicoatzium {Gabb}
Desmaceras soyi Anderson Hentibaculitea cyclopiug nov.
Cheloniceras of, hindsf nov, Acanthoplites gerdneri nov.
Acanthoplilea azgis nov. Fossil wood?,

Some species found in this zone oceur also in the Argonaut zone, but
most of them are found here for the first time, such as Shastoceras cali-
Jornicum, Melchioriles shastensis, Hamiliceras aequicosiatum {Gabb), and
Desmaoceras voyi Anderson. About 200 fest above the Alderson zone was
found the holotype of Hamuling aldersona nov. which as far as known is
the only example of the species yet found,

Species occurring in the above list have been found as far south as Me-
Carthy Creek, including Melchioriles shastensis, Chelontceras of. hindsi,
Lyloceras batesi (Trask), and probably Phylloceras aldersoni,

The Reeside zone, best known on Hulen Creek, is about 750 feet (eat.)
above the horizon of Hamulina aldersona, and 1200 feet above the Argo-
naut zone, found on both Hulen and Alderson creeks. The Reeside zone
is the highest fossil-bearing zone of the Cottonwood beds and appears to
represent the later part of Aptian time. Thus far only a few species have
been obtained from it, namely:

Chelontcerns rasiidai nov. Aconthopiites of. apathi nov.
Cheloniceres irregulare nov. Much fossil wood

The top of the Cottonwood beds is believed to represent the close of
Aptian time, aithough this may be subject to doubt. Species of Para-
hopliles and of the related genus Acanthopliles have been eobtained from
Alderson Creek, cast of its principal branch and therefore above the
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Alderson zonme. Sowme of these were collected by G. W. McFarland, a
part of whose collection was purchased by the California Academy of
Seciences.

Hulen Bede.—The boundary hetween the Cottonwood beds and the
lowest of the Hulen beds is perhaps one of paleontological distinetion
only at present, although there are certain lithological changes found in
the Hulen Creek section, in which the upper part of the Horsetown group
is most fossiliferons, The area in which these beds are best known lies
north of the North fork of the Cottonwooed Creek and is traversed by the
eastern branches of Hulen Creek, whenee the name in taken. Here the
Eulen beds are overlald by the lowest beds of the Chico series. A little
farther east both are covered by the Tehamsa formation, and the Hulen
beds do not appear again south of Clear Creek with the same faunal
development, although they have been found south of the delta area and
reappear at intervals south of Elder Creek, and in the Diahlo Range a few
of their characteristic fossils have been found.

In their type area the lower part of the Hulen heds consists of dark
argillaceous shales, with only occasional layers of sandstone and sandy
shales and zones of caleareous concretions in which there are many foesils,
These coneretions vary in size from 2 inches to 2 feet in diameter, many
of them beipg melon-shaped. Many of them contain smmonites or ather
molluscan fossils in an excellent state of preservation; athers contain anly
feasil wood, but most of them are barren. Among the plant remains a
few fossil branches, leaves, and nuta of coniferous trees have been found.

The lowest fossil-bearing zone of the Hulen beds, here called the Buen-
aventura zone, occurs about 300 feet gbove the Reeside zone of the Cotton-
wood beds. It has been identified as far south as Roaring River and
indirectly on Dry Creek, aocuth of the delta.

Among its typical invertebrate fosstla are the following:

Puzosia busnarenfurs uov, Doupilleiceras mommillalum var.
P. reeridei nov. Silestler pusasinformis nov.
Desmoceras diadema uov. Acanthoplites spathi nov.
Chealoniceraa 8p. Venus corella nov.

"This zone iz beat exposed on the west branch of Hulen Creels, about &
mile above its mouth, where it is characterized by many large concretiona.

About 400 feet above the Buenaventurs zone was found the holotype
of Puzesia diller? (Anderson), & distinctive form between P. buenaveniure
snd P, subguadrale (Anderson).

The Bradley zone, about 730 feet ahove the Buenaventura, is repre-
sented by the following list characterized by species of Cheloniceras. It
containg:

Chelonicerns bradleyi nov, Aeanthopliles barryana uov.

. stoliczkanum (Gabb) Turnus plenus Gabb
C. populorum nov.
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The holotype of Cheloniceras aloliczkanum (Gabb) probably came from
this zone which haz recently vielded an immatiure example of it. No
evidence of this zone has heen found south of the North fork of the Cotton~
wood Creek.

The Le Conte zone, 1000 feet or more above the Buengventura, has
yielded & amall fauns of distinetive cephalopods, among which are:

7N Cloomiceras Leconted [Anderaon) Acanthoplifes perrini nov.
C. modesten nov. Sonnerolia rogersi Hall and Ambrosa
C. ap, nov, Nawlilus gabli Anderson

The Perrin zone, about 1400 feet above the Buenaventura and about
800 feet below the top of the Hulen beds (local base of the Chico series),
containa & larger fauna than the preceding zone, including:

Sonneralie perrinsmithi nov. Hamites tmilotor nov.

5. sacramentica (Anderson) Anchura bWangulaia noy.

g, tafi nov, Nemodon breweriana (Gabh)
S, mulleri now, Pinna equirillang nov.
Phyllaceras theresae nov. FPholadomys hulenang nov.
Diptychoceras laeve GOrbb Crab remains

(1) Piiisteuthts foliaius Gabb

It is likely that the holotype of Acanthopliles remondi (Gabb) was
found in thia zone, although no example identifinkle with it has yet been
found. According to Gabb's (1869a, p. 127) note, Plilofeuthis foliatus
and Cellianassa stimpsoni Gabb were probably also found in this zone.
Crustacean remains have been found in, and also beneath it.

The Neptune zone, so named from & large species of Lytoceras found in
it, is the highest fossil-bearing zone of the Bulen beds in their type area,
although perhaps not so high as that at Horsetown itself, It is exposed
along the east branch of Hulen Creck and about 450 feet beneath the
lowest beds of the Chico series, which here overlaps the Horsetown group.
The Neptune zone is here lithologically unlike any of the preceding zones,
being composed of a dark sandy, tufaceous material without much clay
or calearenus matter, although coneretionary shales crop out immediately
beneath it. The thickness of the Neptune zone is apparently limited to
80 feot and is sueceeded above by sandstones and sandy shales, upon which
rest the basal beds of the Chico series. The Neptune zone has been iden-
tified at other points farther south (Dry Creek, Elder Creek, Willow Creek,
and Puerto Creek). At Locality 1659 {Calif. Acad. Sci.), on the east
branch of Hulen Creek, the following species have been collected:

\ Lytoceras napiunium nov. ™ Beudanticeras breweri (Gabh)

L. aurarium nov. 1 B, hulensnye nov.
Gaudryceras duvaliforme nov, % Desmoccrar merriami (Andorzon)
Doupitleiceras mammillgtum var. Y Puzoria subguadrols {Anderaon)
Nemodon breweriona {Gahb) Tevebrotuln opula nov. .
Pinna equitillana nov, Peclen (Syncyclonemna) operculiformia
Paropea concenirien Gabb (Gabh)

Turnus gregariue nov,
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The chronological position of this zone is regarded as upper-middle
Albian, as judged by the presence in it of Beudanlicerae and Doupilleiceras,
a8 well ag the contents of the zoneg beneath it in ita type district and eer-
tain fossils above it.

From the concretionary shale immediately beneath was obtained a
large example of Phylloceras, of the group of P. rvelledac Michelin. Of
the fourtesn epecies named, eight have been found at Horsetown and
vicinity, and thh them a few that seem to represent a somewhat higher
horizon, such as s’ Beudanticeras haydeni (Gabb) and Nawtlus charloliensis
Whiteaves. Both occur in the lowest beds exposed at Horsetown and
have alzo been collected with Pervinquieria inflala var. from transported
material at the mouth of Hulen Creek, a little above the horizon of the
Neptune zons,

The Packard zone, exposed on Alderson Creek 2 miles south of Ono,
appears to be a little higher in the section than the Neptune zone, Among
its representative fossils, a few were obtained also at Horsetown. The
list includes:

Ozyiropidocercs packard: nov, Purosia hofmanni {Gabb)
Douvilleiceras mammillalum var. P. of. planulata (Bowerby)
Beudanticeras breweni (Gabb) P. cldersona nov.

From the foregoing account of the successive zones in the Shasta series
in the Cottonwood district, it will be seen that they exhibit a faunal order
which ranges from the little-known Valanginian of the Paskenta group
through the several stages of the Horsetown (Hauterivian to Albian),
and ending only at the overlap of the Chico series, whose earliest beds
with Pervinguisria inflala var, Beudanticeras haydeni {Gabb) and rudistid
gspecies are of late Albian age.

It is not supposed that the faunas belonging to any of these zones are
completely known or that other zonea of equal importance may not be
found later. It is hoped that enough is here given to indicate the strati-
graphical span of the Shasta series and to illustrate the faunal order of its
several zones as 8 basis for the geueral correlation of strata found in other
areas of the Great Valley, in neighboring troughs, and in more distant
areas on the Pacific Coast, or elsewhere. If better grouping of the faunas
may eventually be erranged, or the zones may be better illustrated or
named, the results will be welcomed by the writer as much as by others.

RESTHICTED NORSETOWN AREAS

Qeneral Statement.—The Horsetown group is most completely developed
on the western border of the Secramento Valley, but beyond these limits
its distribution is small and its atratigraphic thickness much reduced.
Fossils representing only a small part of the group have been found in
other places, but its most representative fnunas are lacking. In the
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region about San Francisco Bay (Point San Pedro, Loa Gatos, Hayward,
and Corral Hollow), fossils have been found which are referable to some
part of the Horsstown, but the sections are much reduced and the fossils
few. In Oregon, also, only meager evidences of the Horsetown group
have been recorded, as in the valley of Rogue River (Illinois Valley), and
in the valley of the Umpqua River (Riddle, Myrtle Creek, and Dillard),
and on Elk River, Curry County. No evidence has been recorded that
Horsetown deposits oceur in northern Oregon, or in any part of Washing-
ton, although they seem to occur in British Columbia at n few places.

Queen Charlolle Islands,—The Cretaceous deposits of Queen Charlotte
Islands and their faunas are yet anly imperfectly known, although they
appear to be richly fossiliferous. Most of the Mesozoie invertebrates
deseribed from these islands have been regarded as either Jurassic or
Upper Cretacecus in age, and scant information has been found concern-
ing Lower Cretaceous there. After considerable exploration and an ex-
tended study of the geology of Graham Island, MacKenzie (1916) rec-
ognized only the “Queen Charlotte series’” and its divisions propesed by
Clapp, namely, the Haida, Honna, and Skidegate formations. Cencern-
ing this series MacKenzie (1916, p. 65) seys, in part:

“The foeeils from the Queen Charlotte series show these roeks to be of Upper
Crataceous sge, and Dr. Stanton etates that most of them, judgsd by European
standards, sre no older than the Gault.”

This opinion is supported by the lista of fossils given by MacKenzis,
but these lists should not be regarded as evidence that Lewer Cretaceous
deposits do not oceur on the island. Whiteaves has figured and described
from these islands many fossil invertebrates of Lower Cretaceous age
which are either identical with, or are near analogues of, mollusean species
occurring in the Horsatown group, 88 noted by Stanton {1884, p. 461).

Without cleiming to possess a satisfactory knowledge of the stratigraphy
of these islands, the following notes are offered as & contribution to their
paleontology. They are intended to indicate only that strata older than
the Gault do occur there and form a considerable part of their strati-
graphic column. The following species have becn noted or described by
Whiteaves (1878):

Plevrotomaria skidegatensis and Nerinea maudensis Whitsaves were 3aid to have
beon found om Maude Igland, altbough they do not appear in any of the lists of
MacKenzie. They have near analogues in the lower part of the Horsetown group
in the Cottanwood district of Shasta County, California.

“ILytoceras batest” Whiteaves (not Trask) appears to be more nearly related to
Lytoceran traski nov. then to L. batesi {Traak), although both are found in the middle
Horsetown of the Cottonwaod district.

“Angyleceras remondi®’ Whiteaves (not Gabb) may be compared to Shasticrioceras
pontente nov., deseribed from the lower Horsetown (Barremian) beds in the Cotton-
wood district, California.
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“Olcostephanus (Astieria)’’ deansi Whiteaves was deacribed a8 coming from Skide-
gate Inlet (Graham Island 7). Stanton (1895) bas mentioned & closely related
specics found on the Cold fork of Cottenwood Creek, asacciated with other species,
all of which come within the limits of the Paskenta group.

More recently a considerable collection of Lower Cretaceous fossils,
obtained in the near vicinity of Village Bay, Graham Island, not far from
the Indian village of Skidegate, was collected by R. M. Kleinpell and
E. W. Galliker and donated by them to the California Academy of Sei-
enced. The locality is said to be 2 miles north of the village and was
given the field number 77 in their report. Among the species collected
at this locality the following may be noted:

Lytoeerar argonoutarum Anderson wag described from middle Horsetown (lower
Aptian) beds near Mitchell Creek, Sbasta County, California. It is charactariatio
of the Argansut zone degoribed in this paper.

Deamoceras voyd Anderaon wes frst found in middle Horsetown (lower Aptian)
beds on Alderson Creek, 2 miles south of Ono, Shaata County. TFive woll pregerved
examples were obtained at Village Bay, Graham Island.

Aucella indigenalis nov. was obtained at Locality 77, 2 miles north of Skidegate
village; tan good specimens were collected, one of which is figured (pl. 8, fig. 10).

A similar apecies oceurs in the Barr zone of the Horaetown group, sbout 8 miles
south of Ono, Shasta County.

Aucelle terebratuloides Lahtaen was obtained at Locality 77; one of the three
fairly well preserved examples ¢ollected is attached to 8 apocimen of Deamoceras voyd,
making o notewarthy association of apecies. A. ferebrotulordes has been found in
the Horsetown group on MeCarthy Creek, Tehama County, California.

The locality near Village Bay from which this collection came is within
the area mapped by MacKenzie as the Yakoun formstion, thus indicating
& structural condition at this point that has escaped recognition.

From the foregoing notes it will be seen that strata as old as middle
Horsetown (Bedoulian) oecur on Greham Islend, and, as indicated by one
species, even older beds.

The group of strata represented by the foregoing list of apecies has not
been described, and little is known as to its character or stratigraphic
relations, nor has it been named. Its oceurrence on Village Bay would
suggest the name Village formation, which may be correlated with either

the Barr zone or the Argonaut zone of the Horsetown group in the Cotton-
waod district of California.

PAUNAL CONTRASTS IN THE SHASTA SERIES

General Statement.—As reflected in the fossil invertebrates now known
from the Shasta series, two distinet biotic areas are apparent in the Sacra-
mento embayment—that of the northern Cottonwood drainage, Shasta
County, and that crossed by Elder and MeCarthy creeks, Tehama County.
In view of their situation on the same border of the embayment and the
short interval between them, these areas show some surprising faunal
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contrasta, The interval between them is little more than 20 miles, In
both, the stratigraphic sequence of the Shasta series is nearly complete,
each containing the two major groups of strata of similar thickness. In
fact the depositional sequences in the two areas seem to be parts of the
game general body of sediment. It may be supposed, however, that the
southern area contains Cretaceous strata somewhat older than the north-
ern, and this may be true to a limited extent. But such & fact affords no
explanation of the faunal contrasts which are evident, and which run
almost entirely throughout the Shasta series in these areas,

In the district between Thomes and Elder creeks, the fauna of the older
group, through a vertical range of 1800 feet, is dominated by Aucella, of
which there are at least 11 distinet species, as determined by Pavlow.
‘With them are found various species of cephalopods, including berrinsel-
lids, oleostephanids, and neocomitids, specifieally different from any
found in the northern district. Only a few species of ammonites are
known to be common to the two areas in the lower group. Many of the
cephalopods found at the south are gonfined to this area. Among belem-
noids the case issomewhat different, and & number of species is common to
both districts. The contrasts in faunes are illustrated by the total ab-
sence of ducelle in the lower group at the north. None have yet been
found, although » few, and mostly different, species of Aucella have been
found in the upper group at the north. Reference to the lists of species
from the Paskenta group in the two areas will illustrate these facts.

Similar contrasts of faunas continue almost throughout the Horsetown
group in the two districts. The abundant cephalopods in the Horsetown
. group in the Cottonwood district have few representatives in this group
in Tehama County, although a few species are common to both districts.
There is & general scarcity of ammonites in the Horsetown group south of
the delta. The plant remains in the Paskenta group, ns far as known,
show similar contrasts, in that they are abundant south of the delta and
comparatively rare to the north, On the contrary, the Horsetown group
north of the delta containg much fossil wood, some leaves, cones, and nuta
especially in the Hulen beds, but at the south these are not plentiful.

The causes of the faunal contrasts here described probably lay in the
hydrological condition of the embayment already described, namely, the
inflow of large volumes of fresh water laden with sediment from the land
areas to the west, seasonally cooled, and having a southward current along
the western side of the embayment; tidal currents bringing in marine
water that followed the eastern shore northward and into the areas north
of the delta; and lnstly the influence of these currents upon the maliusean
life entering the embayment from the sea, but in part coming from op-
posite directions along the littoral corridors of the time,

Sources of the Faunas.—Earlier writers have pointed out that the {faunas
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with which we are concerned represent migrations from opposite directions,

and in part from sntipodal regions of origin, from which they have found
" their ways into the embayments, The boreal character of the aucellan
element in the fsuna of the southern district was recognized by Hyatt,
Smith, and Stanton. With this element, certain cephalopod genera
seantily represented in the Cottonwood district may bave come by the
same route from the north during Paskenta (Valanginian) time, The
nearest analogues of these aucellan speeies are found in Russia, and some
of the associated cephalopads can be traced to the same source, or in the
same direction, namely, the berriasellids, olcostephanids, and Bockianiles,

As has been noted, the cephalopod faunas in the northern distriet, es-
pecially those of the Horsetown group, are largely if not wholly of southern
or subtropical aspect. Their nearest relatives or allies are found in the
Cretaceous areas of southwestern Asia {Australia, Cutch, and Caucrsus
Mountains), and they seem to have reached the eastern Pacific and this
embayment by way of a southerly route, not yet fully undersiood, but
which is perbaps explainable in terms of paleogeographic conditions of
land and sea.

At first thought it has seemed surprising that the boreal fauna, repre-
sented by species of ducella, are found almost wholly south of the delts
ares, whereas the subtropical faunas are so greatly developed in ihe
Cottonwood district north of the delta. The varied cepbslopod faunas
of the Horsetown group in this area kave been found very little represented
outgide of it. These faunas include many genera and species of Phyllo-
ceras, Lytoceras, Crivceras, Ancyloceras, Parahopliles, Acanthoplites, Son-
neratia, Cleonicersa, Beudaniiceras, Desmoceras, and Puzosia, described
in the following pages. Their sources and migration routes must be
sought in southern, rather than in northern, latitudes.

That the contrasted faunas did not mingle more freely in the intervening
area is no doubt attributable to its deltaic character and to the dislike
most of the molluscan types had for the freshened, sediment-laden watera
of this area. This view does not wholly explain the presence of the boreal
fauna south of the delta and that of the southern faunas on its northern
flank. However, should the contrasted faunas prove to be not sirietly
centemporary, which geems unlikely, this would not invalidate the views
here expressed but, in effect, might even support them., If we assume the
existence of two or more inlets from the sea to the south of Klamathonia,
and cireulating currents within the embayment, the molluscan migrations
from the north along the then existing littoral would enter the embayment
at the first suitable gateway and from it would colonize the basin only
insofar as conditions permitted. If they were able to tolerate cool, fresh
and sometimes turbid water, they might travel northward slong the west
border of the embayment for a considerable distance, until conditions
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became intolercsble to them, On the other hand, migrations of southemn
origin following the littoral northward would enter the basin at s more
southern gateway and wouwld he carried northwerd by inflowing tidal
currents, to enter whatever suitable places were open to them.

In this way the areas north and south of the delta could be colonized
during any and every epoch of the period. Such currents, and such
Molluzea as found it congenial, could also enter the Yolla Boily basin,
and during the time of its marine aecupation they evidently did so, al-
though the freshened condition of its water had a gelective infuence upon
them. The water discharged from this basin would of course take the
shortest way to the sea and thus follow the west border of the embayment
southward.

All the known facts pertaining to this embayment tend to support the
assumption of cireulating currents within it during the whole of Cretaceous
time.

DIASTROPEIG HISTORY

The crustal disturbances that have affecied the Cretaceous troughs and
busins of the Pacific Coast, although known mainly from local effects,
are not regarded as of only local import. Some of them at least seem fo
heve been felt in many latitudes along the coast between Alaska and
Patagonia and through many degrees of longitude ag well, probably reach-
ing many parts of the Paecific basin. I may be that the succession of
these disturbances began in pre-Cretaceous time, perhaps at the beginning
of the Knoxville epoch, but & complete record of these events cannot be
attempled here, In the deposits left in the seversl embayments in Oregon
and California, especially in later Cretacecus time, there are many dis-
conformities that indicate that during this period eonditions of instability
gxisted in and about these troughs. It is possible that this condition
periained essontially to the basins rather than to the areas and structures
within the enclosing mountain sreas, although both have participated in
the readjustiments. The movements recorded in these deposits may have
been only local effects resulting from widely extended causes, although
the denudation of neighboring land areas and the consequent loading of
basin floors would necessitate tepeated readjustments. ‘Whatever the
ceuse, it is now possible to recognizge a succession of such events in the
later Mesozoic deposits of the Pacific Coast, beginning with the opening
of Knoxville time. The diastrophic records that pertain to the Cretaceous
period itself began at the close of Knoxville time and may be summarized
as follows:

{1) A post-Knoxville disturbance, regional in gengraphic spread, but diferential
in effecta, producing local uplifts, withdrawal of the gea from npny arens, end the
ghilting of strandlines in $he troughs still cccupied by the sen. The Joaquin embay-
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ment zeems to hava suflared a partial withdrawsl of the sea, whercas the withdrawal
from the Sacramento embayment was less complets, snd deposition of sediment
eontinued foeally almoat uninterrupted.

{2) Mid-early Cretacesus movements, diffarential in their affects, followed by
widespread subgidence in eentral Californis sand slong the Pacifio Const between
Alaaka and Mexico, if not also far to the south, seerned to have opened new gateways
inte the Great Valley embayments Their principsl sreas and slso their lateral
branches extending inte the surrounding land ware then fooded, in alt of whick the
deposita of this early epoch were laid doswn. At many points on the barders of theae
embayments tocal conglomerates mark the pointa of atream entrance from the
adjacant lands, indicating that the latter were not affected by subsidence.

{3} A mid-early Cretaceous uplift, differential in its effects, resulted io the with-
drawal of the sea from many erstwhile flonded areas, Including the Joaquin ambay-
ment, in part, the Yolla Belly basin, and other arens in southwestern Oregon and
farther to the north, In the still-fooded aress of the Sacramento embayment the
strandlines were withdrawn to new positions, snd new lines of stream conglomerates
were formed far within the limite of earliar expansiona. Such conglomerates mark
the base of the Horsetown group and the houndary of the sea about the delts aren
already partly developed. In soma places on the borders of the embayment there
was subsidence, ns at Ono (Cottonwood distriet), where Horsstown doposits reat
directly upen basement rocks, showing that the uplift was diferential with lacnl
results. The absence of early Horsetown deposita frorm many Coast Range areas in
Californin, Oregon, and from places farther north, may ba {sken as svidence of
yplift and withdrawal of the aes from these areas at or about the olose of Valanginian
time. How {ar this uplift waa felt along the Pacifie border is not known, but faunas
of early Horsatown age have not been reported from any areas north of the Great
Valloy, excapt perhaps about Queen Charlotte Islands and neighboring points an
the mainland. Lnter Harsetown {(Aptian to upper Albian} deposits are known in
the Joaquin embayment, in southern Oregon, and farther north, and in Alasks.
From fasts now known in parts of Califorpis and in Qregon, it 38 clear thet the uplifta
st the beginning of Horsetown time were not followed immediataly by aubsidence
st alt points; the subsidence was gradual with continually expanding transgressiona
by the sen,

(4) This epoch of subsidence, in which Horsetown deposita wars lald down, was
brought to & close only in late Albian time by diastrophic events which eptailed &
new evcle of sedimentation and of favnal changes. Disturbances were widespread,
but their effects varied grestly in different aveas of the eonatal regions, Along mast
of the weat border of the Bacramento embayment, the early Chico strandlines, as
showxs by fomsil-bearing eonglomerntes, were shifted to varying pesitions on the
preceding Horzetown sequence, thus giving evidencs ol mavemants within the trough
of unaqual degree; in other aresa on the borders of this embayment, in the Jeaquin
gmbeyment, aod in the embaymenta of southern Orogon (Umpqus and Rogue River
valleys), fossiliferous lower Chico conglomerstes rest directly upon pre-Cretacsons
formations, giving evidence of subsidence and transgression. Such facts seem to ba
regorded also in many areas in Alaska and in othor countriea bordering the Pacific.

(5 The disturbamces that initiated the Chice deposition were followed by a
prolonged peried of subsidence in many areas in which deposits of this series were
laid down, ‘This sondition of subsidence began in late Albian time and eontinued
thronghout Benonian fime, although not without many interruptionz. In the
Sacramento embaymment transgrossion began at the north on ita wastern border and
from there extended gradually acuthward and gastward; in the Josquin embayment
subsgidenca begon in local areas (Mdount Disble, Quinto Creek, and Waltham Creek)
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and extended thance southward, but with many interruptions which cannet now be
completely followed.

The long period of time occupied by the depesition of the Chico series, and its
many intervals of interruption, and of faunal shawnges, can hardly be attempted at
the present tima, although it wae filled with events and incidents of historieal
interest equal to sny mentioned in the preceding paragraphs.

CORRELATIONS

General Stafement,—In the widely seattered areas of Lower Crataceous
depogits in California and southwestern Oregon, beds that seem capable
of correlation with those in the standard column in the S8acramento Valley
have already been considered, but other areas in more remote parts of
the eoast have been recorded, about which little has been lknown., There
are few places on the Pacific border in which the entire Lower Creta-
ceous sequence, as exposed here, has been found. Parts of such series
only are more widely scattered, but faunal eriteria for correlation are
lacking in many cases,

Pagkenia Group.—For the most part, beds referable to the Paskenta
group only have been found beyond the limits of the Sacramento Valley.
These beds have wide distribution, but they usually contain faunss capable
of recognition as such. They have been described from many areas be-
tween southern Californis and Alaska, Less frequently beds have been
described that seem comparable to the Horsetown group, as developed
in the Sacramento Valley (Shasta and Tehama counties). In south-
western Oregon (Douglas and Curry counties), deposits referable to the
Shasta series are extensively developed and resemkle it in lithology, and
in part in faunas, but not in stratigraphic thickness.

The “Myrtle formation” in its type district south of Roseburg, es-
pecially near Riddle, is said to have a thickness of about G000 feet. Lt
includes beds that are referable to the Paskenta group, upon which reat
other beda that may represent the Horsetown, but their thickness is not
very great. The fauna of the lower beds includes some elements not yet
known in the Shasta series of California, although neither is completely
known.

No Cretaceous deposits have been recorded from the Willamette Valley.

In the State of Washington evidences of Lower Cretaceous deposits
only have been found in scattered areas. In British Columbis, as at
Harrison Lake, Tatlayoco Lake, and on some of its islands (Vancouver,
San Juan, and Admiralty) equivalenta of the Paskenta group, or parts
of it, have been found. Such beds may also occur on Queen Charlotte
Islands, but te the writer’s knowledge only the upper portion of the Shasta
series (Horsetown) has been shown to oeeur there, as near Skidegate Inlet.

In Alaska, Lower Cretaceous deposits are widely distributed and, ac-
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cording to Martin, they occcur in many, if not all, of the larger coaatal
valleys. Concerning these deposita, Martin (1928, p. 266} says, in part;

4 wide-spresd marine transgression in early Cretaceous time carried the ses
vver most, if not all, of the area which ia now Alanska.”

Although the faunas of the early Cretacecus deposits known in Alaska
have been only partly described, there are many references in the litera-
ture to Aucella-bearing beds, including species belonging to the group of
Aucella crassicollis Keyserling, sometimes accompanied by other forms
(Belemnitcs, Perisphincles, and Qleostephanus), or by plant remains thought
to be Lower Crataceous. Not all the Aucella-bearing rocks deseribed
from Alsska are of Cretaceous age; some are older and are known to be
Jurasaic.

Although Martin makes no mention of Knoxville beds and gives little
evidence that stratn referable to this serfes ccour there, yet, in referring
to fossil collections mode from certain shales near Port Moller, he quotes
Stanton (Martin, 1926, p. 201) a3 including in some lots “forms related to
Aucella piochit” (lots 5571, 5572 (part), 5576).

Whether this and other references to the oceurrences of Aucella piochi
Gabb in the Mesozoic strats in Alaska may be taken as evidence of the
Knoxville (late Jurassic) series there is not known; the species may be
found to range lower. However, it appears that most, if not all, of the
references to Aducella cressicolits Keyserling may be taken as evidence of
Lower Cretaceous (Valsnginian) strata, According to Martin's account,
such Lower Cretaceous deporits oceur at widely separated places in Alaska
{Herendeen Bay, Cooks Inlet, Chitinn Valley, Admiralty Island, lower
Yukon, Rampart-Tanana region, Koyukuk Valley, Coville Valley, and
Innoko and Iditarod valleys).

Regarding some of the “Lower Cretaceous” deposits reported from
Alsska the records are not altogether clear; the lists of fossils from the
“Kennieott formation” in the Chitina Valley region given by Martin
{1926, p. 336-330) indicste ages ranging from upper Jurassic to upper
Albian or later. Tt may be possible later to divide the sueccession rep-
rezented in these lists into & number of distinet vnits.

Az seen in this and other literature of Alaska mast areas of Lower Creta-
eeous deposits there lie in, or sbout, the larger valleys, or in the coastal
areps of Alasks. From these faets it may be inferred that Martin's
“marine transgression” at this epoch may have been largely confined to
its roastal borders and the larger pre-Cretaceous valleys, just as they
were in California and Oregon, and prohably in British Columbia, and
that between these valleys were older mountain ranges {rom which the
Cretaceons sediments were derived, It may alzo be noted from these
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accounts that the Lower Cretaceous deposits containing Aucella crassi-
collis and sassociated fossils rest in some places upon Upper Jurassic (?)
strata with Aueella cf. piochi, and in other places upon Triassie, or even
upon Paleozoic formations (Chitina Valley, Admirslty Island, Rampart-
Tanana district, and upper Yukon region). These facts may be taken
as evidence that in Alaska, as in California and Oregon, the Lower Creta~
ceous sequence began with a “marine transgression,’” following a wide-
spread subsidence that led the sea into many already-formed troughs,
ancestral to existing valleys, Aa far as known, the faunas most charac-
teristic of the Lower Cretaceous in Alaska are similar to those of the
Paskants group in the Shasts series in California, and, without evidence
to the contrary, they may be assumed fo be contemporary with them.
Concerning the forms of Awucells found in the early Cretaceous of the
Matanuska region Stenton (Martin, 1928, p. 313) says, in part:

"This is tha spme large speciea which was identified aa A. crassicellis Keyserling
in Mendenhall’s collection from Bubb Creek. While this Alaskan species may not
belong to A. crassicollis, as restricted by the Russian paleontologista, who recognize
s very largn number of species of Aucella, it does beloag to & group of forms which
18 mast a)l?undanf. in the Lower Cretaceous, and is therefore auggestive of Crataceous
BEO, » o 4

Horselown Group.—Beds that may be correlated with the upper part
of the Horzsetown group seem to have been found in seattered localities
in Alaska (Alaskan Peninsula, Chiting Valley, and lower Yukon), but, if
we may judge from the summary aceounts and especially the lists of
marine invertebrates given by Martin, the evidence is not abundant and
not always very convincing, An examinsation of the fossil lists from the
various sections of the Lower Cretaceous in Alaska haa failed to revesl
any species characteristic of the lower part (Hauterivian or Barremian)
of the Horsetown group. None of the larger ammonoids found in the
Cottonwood beds have been recorded, and in many piaces the absence of
species representing upper Horsetown beds leads to the suspicion that they
are absent. In this respect the Lower Cretaceous in Alaslks resembles
that in California in that slew subsidence led to transgressive overlaps
throughout Cretaceous time. It bas already been shown that south of
the Great Valley of Calilornia no faunel evidence of Horsetown sirata
has been recorded.

Mezico and Tezas.—The Lower Cretaceous depesits in Mexico and
Texas have little resemblance to the Shasta series in California and Oregon,
either faunally, lithologically, or in stratigraphic thickness. For the
region of Mazapil and Concepeibn, south-central Mexico, Burckhardt
{1930) gives a pgeneral column (Valanginian to Cenomanian) totaling
3380 feet; for northern Chihushun, Bése (1910b) gives & maximum for
Middle and Lower Cretaceous of B700 feet, of which less than half is
older than Albisn. Kellum (1936) gives a summary of the Cretaceous
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deposits found in the Sierra de Parras, including estimates of thickness
made by Imlay, in which the Lower Cretaceous sequence attaina & maxi-
mum of 5782 and 5620 feet, At Bisbee, Arizona, the sequence is said to
have & thickness of 4700 feet, including conglomerates, sandstones, and
shales, Estimates of the thickness of the Lower Cretaceous in Texas,
made by Adkins, shows a maximum of 4647 feet. In all these areas, and
in many others, limestones predominate, often forming necarly the entire
geries. Lathologieally the columns of the Lewer Cretaceous in Mexico
and Texas contrast greatly with contemporary deposits in the detrital
Shasts series in the Sacramento Valley which attain a thickness of 13,000
to 27,000 feet. In Orcgon corresponding beds have a thickness in some
areas of nearly 6000 feet, and in others apparently more.

The faunas of the Comanche series in Mexico and Texas show equally
great contrasts with those of the Shasta series, except that each series
eontains a few genera of wide geographical range. The Lower Cretaceous
faunas in Mexico and Texas, and contemporary deposits in the nerthern
Andes (Colombia and Pern), pertain to the Tethyan-Mediterranean prov-
inee, whereas the faunae of the Shasta series are for the most part of Indo-
Pacific affinities, having closer relations with those of Australia and south-
west Asgis (Cuteh and Caueasus mountaing),  The lithological and faunal
contrasts in the Shasta and Comanche series have been noted by Stanton
(1897} and by others, but, in view of their bearing upon paleogeographical
problems, they should be further emphasized, Only a generie resemblance
ean be shown in the faunes of the older portions of the two series. Both
contain species of Oleostephanus (Astierin), Polyplychites, Spiticeras,
Pulehellia, Berriaselin, Neocomiles, Thurmannie, Bochianites, and perhaps
othera. But such snalogues do not reach specific resemblances and do
not often show close relationships.

In Barremian horigons there iz a single species of Pulchellia known in
the Shasta; in Aptian strate there are species of Parahapliles in both series;
and in Albian horizons there are forms of Dounileiceras, Ozylropidoceras,
and others, but the species are never identical and do not indicate direct
connections between Atlantic and Pacific waters during any epoch of
early Cretaceous time. The absence from the Shasta series of many
geners. and families of cephalopods eharacteristic of the Comanchean
faunns has been noted by Stanton. No examples of Lespoldia or of
Acanihodizeus have been recorded from the older beds of the Shasta series,
nor have hoplitids of the Iineage of Dufrenoye been found in the Bar
remian of the Shasta. Eehinoids are rave in the Shasta series, and there
are few forms of Ostreidae, caprinids, or monopleurids, all of which are
abundant in the Mexiean and north Andean Lower Cretaceous. On the
other hand, the Tethyan Lower Cretacecus contains nene of the heavy-
shelled forms of Aucella or of the lnrge species of Insceramus common in
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the Shasta series. Among eephalopoda the Antillean Lower Cretaceous
contains few, if any, of the large lytoceratids, crioceratids, ancyloceratids
(Tropacum, Shastocerns, and Hemibaculiles), or phylloceratids, such as
characterize the Horsetown group of the Shasta series, Contrasts of
this character could easily be further extended, continuing through the
Lower Cretaceous in the two provinces, but they seem unnecessary at
present,

These contrasts seem to show little, if any, faunal exchange hetween
the Atlantic and Pacific provinces in early or Middle Cretaceous time
Any resemblances that exist between them can be more easily accounted
for in some other way.

Argentina and Chile.—The faunal contrasts, long known in the Shasta
and Comanche series of North America, reflect the distinctness of the
Indo-Pacific from the Tethyan-Atlantic provinces during late Mesozoie
periods. No such contrasts have been pointed out between the faunas of
the Shasta series and those in the Lower Cretaceous of Chile and western
Argentina. Both are regarded as having Indo-Pacific relations which
ally them to some extent at least. Kitchin (1926} traces faunal relation-
ghips from Argentina eastward to the Indo-Pacific basin, but without
referring to the important West Coast faunas represented in the Shasta
series and in contemporary deposits farther north—partly for the reason
that they have not been known. He says, in part:

“The deposits of Lower Cretaceous age in Bolivia, Chile, and Argentina republig,
aa well known, hawve palecntological :fhnmcteriatica in common with the Lower
Cretaceous beds of South African and Tangnnyika Territory. Related favnas of
like age are also present in Madagascar, in Cutch, near Coconada (enat coast of
India), in Hazara (western Himaloys), and in New Caledonia.”

Had Kitchin known the American West Coast faunas, as here illus-
trated, be could have continued these mnalogies farther eastward.

European Sections.—When the sedimentary succession of the Shasta
series in California and Oregon is compared with those of Eurcpe for
purposes of correlation their great stratigraphical and lithological con-
trasts at once appear. The total thickness of contemporary deposits
in western Europe and England is estimated at less than one-fifth of that
found in California, 2o that their respective subdivisions cannot essily be
compared, In some roessure the same statement applies also to Oregon
and to other parts of the Pacific Coast. According to estimates gathered
from authentie sources (Geikie, 1893) the Cretaceous system in England
attaing a maximum thickness of less than 4200 feet, nearly half of which
representz the Wealden, largely included in the Infra-Valanginian, Over-
lying thiz in southeastern England are sediments of Neocomian to Senon-
ian ages, inclusive, having s thickness of 2128 feet. Neither these aggre-
gates, their subdivisions, chronological units, nor the stratigraphic ratios
of the Iatter compare well with those of the California sections. As the
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Lower Cretaceous deposits of western Europe and the American West
Coast belong to different faunal provineces, direct correlations between
them are not often easy to make, but indirect correlations between parts
of their general columns are sornetimea passible, and to some extent the
faunal order in the Lower Cretaceous in England and California is some-
what parallel throughoui. Some of the faunal nssemblages described
from the section at Speeton, England, and {rom western Europe seem to
have counterparts in the Lower Cretaceous of California, but there is
not always a close agreement in the order of their occurrence in the two
provinees.

For the present, therefore, the correlations made here with the standard.
chronological divisions in the Lower Cretaceous of Europe are offered
with some reserve and are subject to alterations as the faunas become
better known and their faunsal zoning becomes more complete,

Southwestern Asia.—From the study of the collections so far made, it
appears that, in part at least, relations between the faunal assemblages
in the Lower Cretaceous of California and southwestern Asia and Aus-
tralia are closer than between those of Californiz and western Europe.
Although geographically remote, the agresments in faunas and faunal
succession {(Hauterivian to Aptian) in the Caucasus region and in the
the Sacramento embayment seem surprising but are none the less under-
standable.

The Lower Cretaceous faunas of New Caledonis are not yot sufficiently
well known to be compared with those of the American West Coast, and
the same may alsa be said concerning those of Japan,

FAUNAL RELATIONS

General Statement,—When one eonsiders the varied character of the
Lower Cretacecus faunas and the faunal suceession hersin described, it
seems evident that the areas and environmentsl conditions of the known
troughs and embayments of thea Weat Coast are too Limited ta have been
the cradles of their origin and development and that one must look else-
where for centers of dispersal from which migrations could have reached
these regions.

It is not yet clear to what other regions one should laock for the sources
of their several elements, nor do the conditions of sea and land sbout the
Pacific basin seem cepable of providing sources or the necessary routes
of travel for all of them. Their biotic relations and possible sources are
suggested by the character of some of the slements themselves, slthough
they point to remote regions and require speculative hypotheses to meet
the demands of migration thither. However, in the absence of better
guiding facts, these suggestions may be considered as aceeptable until
better ones have been found. If the history of the Pacific and its environs
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were better known, our problem might be simplified, but on the other
hand the facts herein offered should aid in the study of this history itself.
It may be possible that during late Mesozoic time the eastern borders of
the Pacific basin were very different from those of the present and that
they may have afforded suitable environmental conditions for the develop-
ment of immigrant faunas and for their migrations to other shores, but of
thig little can now be said. No important Jurassie faunas are known oa
the West Coast from which the faunas of the Cretaceous, particularly
their varied cephalopods, could have been derived. With regard to the
aucellan elements, similar difficulties are apparent. Although the boreal
aspect of both the late Jurassic (Knoxville) and the early Cretaceous
species of ducelle in the California and Oregon embayments is well known,
the types found in the two series are as distinet here as in Russia, whero
the analogues of both are well known and oceur in the same order. One
may accept for both a line of exchange through Arctic America, Alaska,
and British Columbia. Although a part of the Lower Cretaceous am-
monoids of the Oregon and California troughs have generie allies in the
upper Knoxville (Tithonian) deposits, including Phylloceras, Lyloceras,
Berriasella, and Spiliceras, they are specifically too unlike to warrant a
belief of lineal descent, and certainly the more characteristic ammonoids
of the Paskenta group cannot be traced to local Tithonian sources. Most
of them have closer allies in more distant regions. The belemnoids of
the two series are of different types, as they are in other regions, and the
same i3 true for other classes of invertebrates. Some of the hoplitids
(Neocomites and Thurmannia), olcostephanids, and crioceratids may have
come with 4 ucella from northern Europe and Arctic America. In general,
however, the cephalopods of the Paskenta group in Oregon and Cali-
fornia seem to have come from spurces within the environs of the greater
Pacific bagin. An unknown bhut considersble number seems to have come
from northern latitudes, but many more must have reached these embay-
ments from more southern sources, or by way of them.

In contrast with the few groups of cephalopods found in the older
Cretaceons is the great number in the Horsetown group, as known in the
Cottonwood district. The more characteristic genera found in these
beds (Hauterivian to Aptian) are not known from any other West Coast
areas, north or south of the Great Valley trough, For the great majority
of them, sources must be sought in subtropical regions, from which the
routes of migration are mow obseured, probably owing fo the tectonic
history of the esstern border of the Pacific basin. Close relationships
are to be seen in many of the Horsetown ammonoids and contemporary
cephalopods in southwestarn Asie (Spiti, Caucasus, Cuteh, and Aus-
tralia), particularly in the Barremian and Aptian genera of the Para-
hoplitidae, lytoceratids, ancyloceratids, and various others. Some of the
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Parahoplitidae are almost, if not entirely identical. Among the ancylo-
ceratids may be mentioned Tropaeum and Australiceras. Such analogous
species are found also in the early Albian of the California embaymenta.
These facts can be understond only on the assumption of suitable routes
of exchange acrosa the Pacific basin during early Cretaceous time, pos-
sibly beginning in the earliest epochs of the pericd, but at oll events
existing during later times,

Such routes of travel should lie far to the south rather than to the north,
The absence of most, if not all, of the clder Horsetown ammongids from
Alaskan and Japanese Cretaceous deposita seema to harmonize with this
view, although such evidence is somewhat negative and not conclusive,

Many known facts concerning the Pacific basin and the terrestrial and
marine faunas, past and present, upon its borders support the hypothesis
of & land bridge across the south Pacific dunng late Mesozoic times. To
what extent Burckhardt’s (1900b) evidences of an ancient Pacific conti-
nent would support this hypothesis is not koown, Gregory (1922) and
others have supposed that direct communication between Atlantie and
Pacilic waters existed in the Panama region during later Cretaceous time,
but convincing evidence of this has not been given. There is little in
coramon, however, between the early Crofaceous faunas of the northern
Andes and Mexico on the one hand, which are typically Mediterranean,
and the eantemporary California faunas, which are Indo-Pacific in char-
aeter. This fact seems to be true also for the later Cretaceous faunas
in these regiona.

The existance of & trans-Pacific lJand bridge in Mesozoic time has heen
suggested by various writers in the past, but the subject has been more
recently revived and enriched by much new evidence that has been sum-
marized by Gregory (1930) and others, supporting the assumption, The
topic has also been recently discussed by SBchuchert (1830) who seems to
have been not entirely satisfied with the evidence offered by von Huene.

The possibility of such a bridge, or bridges, has been given suppart by
data supplied by Chubb (1834) who has studied the distribution and
character of the eontinental rocks in the general areas of the South Pacifie
and given his interpretation of the same.

We may be justified in accepting the evidenee and deductions of these
writers and in believing that during early Cretaceous time Isnd connec-
tions between southwestern Asgia and western South America had existed,
in effect at least, dividing the area of the present Pacific into two more or
less equal parts. This bridge is thought to have extended across the
Pacific, mainly south of the Equator, reaching South Ameriea in the lati-
tudes of northern Chile and zouthern Peru. Tor the migration of some
forms of Mollusea, ineluding cephalepods, complete land connection may
not have been essential, if we agsume the existence ol ocean currents
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along the littoral zones westward in these latitudes. Land animals would
of course require some epochs of complete land connection for their mi-
grations, but for marine animals it could be different. These may have
followed either the northern or southern borders of a land bridge between
the Asiatic and American continents. Whatever extensions of such land
may have exisied toward the north iz not known, but one may suppose
that a broad zone of land extended from Peru to Mexico, or even to south-
ern California, forming an effective barrier far weat of the present Isthmus,
between the north Indo-Pacific and the Comanchean sea of Texas, Mexico,
and the Northern Andes. This isthmisn land would explain the faunal
contrasts between the Shastan and Comanchean (aunas already discussed,
and at the same time suggests routes of mollusean migrations between
opposite shores of the north Indo-Pacific acean. Favorable currents
traversing the northern littorsl of such land bridges during early and
middle Cretaceous times might bring the marine faunns of southwestern
Agiatic regions and of intervening stations into the American West Coast
embaymenta in which they are now found.

Diverse Sources.—In accord with the foregoing views, it may be sug-
gested that some elements in the early Cretaceous molluscan faunas of
the Sacramento embayment (e.g., Berriasetlids) may have had progenitors
in the late Jurassic {Tithonian) stocks near at hand; other types (olco-
stephanids, neocomitids) now found mingled with Aucelle may have come
into the embayment with them from northern European sources by way
of Arctic America; othera (Spuliceras, hoplitids, and erioceratids) may have
come from southern or far western (Asiatic) sources by way of a south
Pacific corridor.

At the opening of Horsetown (Hauterivian) time a new order of life
began in the Great Vslley trough, partly as the result of immigrations
from without, but in part from more local stocks. However, migrations
continued te arrive at intervals until the close of Horsetown time. In
the early part of this epoch generic types (Neocraspedites, Lyloceras,
and Hoploerioceras) arcse partly from local stocks. At later epochs
during Barremian time came Ancyloceras, Acrioceras, and Shasticrioceras,
followed in early Aptian time by new lytoceratids, Parahopliloides, Naul-
flus, and forms of Acroleuthis, In early Gargasian time came Australi-
ceras, Tropacum, Shastoceras, Hemibaculiles, and new forms of Phyllaceras,
soon followed by Parahoplites, Cheloniceras, and hamitids, and later by
Acanthoplites, Douvilleiceras, Sonneratia, Cleoniceras, and Beudanticeras,
In brief, new assemblages continued {o appear, bringing into the embay-
ment at successive intervals lineages of cephalopods not here before,
slthough no doubt many were autochthonous. Meanwhile, many of the
earlier stocks and their descendants disappeared. Almost all the inhabit-
ants of Valanginian time had vanished before Barremian time or were
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replaced by races with which they could not compete. Probably not all
left fossil remaina; some may have been shell-less. Evidences of battle
age numerons and indicate that shelled forms (e.g., Aneyloceras and erio-
ceratids) were vanquished, and their races disappenred soon after arrival.

A ocritical epoch in the order of cepbalopod life in the Great Valley
trough was at the beginning of Horsetown time, as recorded in the faunas
of the early Cottouwood beds and in the succession that followed. These
successive faunss nre dominated by types that are also dominant in nearly
the same order in the Lower Cretacsous of southwestern Asia, as also in
other regions.

To what event in the geologieal history of the Pacifie basin, or of the
world, could this abrupt change be attributed? Whatever the answer,
it ig clear that important immigrations into this trough followed & quite
definite orogeny that seems to have affected in varying degreea the en-
tire Pacific Cosst from California to Alaska, and perhaps far beyond.
Whether parallel facts could be recognized in Mexico and the Andean
countries eannot now be atated.

Iu some areas in Oregon, and apparently in California, Horsetown
deposits did not immediately follow those of Paskenta time. This fact
could be taken as svidenee of local uplift and of withdrawal of the sea
from such aress. That the sea was withdrawn from certain areas of the
trough while atill secupying others has already been shown. Far within
the outer limita of its expansion during Paskenta time are found thick
beds of conglamerata, marking roughly the strandlines of early Horsetown
time, partieularly in the Cottonwood drainapge areas, In other areas na
such conglomerates are found, and in some there are avidences of zubai-
dence and of overiap of Horsetown deposits upon pre-Cretaceous forma-
tions, No lower Horsetown deposits have been reported from the Diable
Range south of Quinto Creek, nor farther to the south, although they may
have been removed from many places or otherwise lost from view.

Although lower Horsetown deposits are indieated by fassils on Queen
Charlotte Islends, few have been reported from Alaskan areas, even where
beds of Paskenta age are known.

Without evidence to the contrary we may infer that the crustal disturb-
ances that ended Paskenta time and resulted in the conditiona deseribed
for the early Horsetown epoch in California were not loeal, although they
praduced local effects not everywhere alike, BSuch differential results
have been described for some of the Andean countries and for Mexico
and the Rocky Mountains and seem to have affected other regions.
Burckhardt (1930} in describing these differential movements in Mexico,
which correspond to the uplift that closed the Paskenta epoch in Cali-
fornia, says in part:

“In marked eontrast with this expansion of the sea there is shown in northern
Mexico a regressive phase following Valanginian depogition.’’
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A similar retreat of the sea is deseribed from Texas and Arizona, and, as
suggested, also in Alagks.

It msy be corrying the rights of inference too far to suggest that the
south Pacific land bridge may have been incomplete or only partially
effective in the carlier part of Cretaceous time and that not until Hauter-
ivian time were connecetions between Asia and Americe sufficiently com-
plete to permit migrations hither. Nevertheless, such suggestions are
inherent in the subject and arise spontaneously in the study of the faunas,
their origin, relations, and succession in lower, middle, and later Horse-
town deposits in the Great Valley embayments of California.

By what other route could the families, the genera, and even near-
aspecific analogues have reached the American coast during the epochs of
their dominance in those distant regioms (Caucasus, Cutch, and Aus-
tralia)?

Disturbances similar to those at the beginning of Horsetown deposition
brought this epoch to a close in late Albian time, resulting in the spreading
of Chico sediments unconformably upon those of the Shasta and older
terrains, The biotic results of this disturbance at the close of the Shasta
period cannot be given here, but it may be added that the faunal changes
effected nt this time in California and Oregon are comparable to those
already described for the beginning of the Shasta period and at the be-
ginning of Horsetown time; new and unfamiliar stocks were brought into
the embayments in late Albian time from apparently remote sources;
these facts seem most readily explainable by the supposition of widespread
earth movements at this point of geologic history.

The tectonic record of the Chico period is replete with incidents, as is
also the records of arrivals of new assemblages of invertebrate life.

GENERAL SUMMARY

The Cretaceous deposits of California and Oregon are probably the
most complete and representative of this period that oecur on the Pacifie
Coast and they contain a snccession of marine invertebrate faunas un-
equalled in any other known area on the Pacific border. ¥Yet they bave
been but little explored, and therefora little has been known concerning
them, either of the eircumstances of their aceumulation, their strati-
grephical features, or their fnunal character of order. Although large
sreas of Cretaceous deposits are known in other troughs in the Coast
Ranges of these States, and farther north, the thickest, most fossiliferous,
and in many ways the most important, are those found in the Great Valley
trough of California. Within this trough the maximum thickness of the
suecession (Shasta and Chico series) is not less than 50,000 feet. For
the most part the Cretaceous troughs in California and Oregon, as in
other perts of the Const, are inherited from Jurassic time, or perhaps in
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part from early Mesozoic time, with only minor changes through sue-
cessive periods.

The land areas bordering these troughs on the west were in part penin-
sular, and in part mountsinous islands, between which waterways gave
ingress from the open sea into partially land-locked, trough-like basina
or embayments. One of the most important of the outpost land arcas
wasz that embracing the present Klamath Mountain complex, here de-
geribed under the name Klamathonia, but others of leas importance ex-
isted to the south.

The geographical extent and physiographic aspect of these land areas
can only be inferred from the distribution, character, thickness, and
attitude of the marine deposits now found within the enclosed troughs,
In the Great Valley trough of California these deposits lic chiefly along
its western border—that is, along the eastern Aanks of older mountain
areas limiting the trough on the west. In such positions these deposits
outcrop in a somewhat discontinuous zone for a total distance of nearly
400 miles, extending to the northwest and southeast.

Within the trough of the Great Valley, two distinct embayments, here
known as the Saeramento and the Joaquin embayments, have been rec-
ognized. The geological records in these embaymenis have not been
parallel throughout the period. In the former the stratigraphical thick-
ness of the deposits is much greater, gnd depcsition covered most of the
chronological stages known in other parts of the world, beginning in
Berriasian time and continuing into Senonian, with only partial interrup-
tions. Later stages are but little represented in this embayment, although
in places they appear in ita southern part. In this embayment the Creta-
ceous deposits attain an aggregate thickness of at least 36,000 feet, of
which the Shasta series alone reaches a maximum of nearly 27,000 feet.
This series is divided into two principal groups—the Paskenta and the
Horsetown—attaining a thickness of 11,300 and 15,700 feet respectively.
Evidences of disconformity are now recognized between these groups.

Unconformably upon the Shasta series rests the Chico series, with a
maximum thickness of 9000 feet, and in some places it overlaps the older
series and rests directly upon the basement rocks. This series of strata
includes the oldest part of the California Upper Cretaceous, its deposition
beginning in late Albian time and continuing in the Sacramento embay-
ment to near the close of Senonian time.

In the northern part of the Sacramento embayment lower Cretaceous
deposits constitute a typical delta, filling o lnrge triangular area in which
it spreads fan-like from an apex at the west, which marks the point of
river discharge from the mountainous background within the limits of
Klamathonia, Within its areal limits this delta, including the south-
ward drift of its sediments north of Thomes Creek, contains approximately
4900 cubic miles of Cretaceous sediment, not including any portion that
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mey bave been lost during, or subsequent to, its period of deposition.
This sediment is almost wholly detrital and bas been derived from a com-
mensurate land srea, which was then occupied by a river system of like
proportions, and which carried & volume of water corresponding to the
work sccomplished, Such an area of basin-like form, adjacent to the
delts, is now oceupied by the Trinity River system, which in Cretaceous
time had a possible drainage area of 5300 square miles, including n large
part of the present Klamath River drainage. The larger part of this
ares comes within the limita of the Yolla Bolly basin, whose drainage
directéon has been reversed sinee Cretaceous time, This reversal of
direction was due partly to faulting and uplift on its eastern side, and
partly to downwarping on its western border. Into this intermontans
basin, marine water entered from the east and received sedimenta from
the surrounding mountains, remnants of which, containing marine, partly
marine, and fresh-water Moilusea, still remain intact but widely scattered
within the basin.

It would require the removal of nearly one mile of surface material from
the entire drainage area here described to have supplied the sediment
found within the delta area in the Sacramento embayment. The accumu-
lation of detritus constituting this delta could have been built up only
under conditions of prolonged subsidence in the embayment, of which the
vertical measure would equal an abysmal depth scarcely credible, consider-
ing the present restricted hreadth of the trough; its breadth may have
once been greater.

Mnuch of the coarser sediment brought into this arca by the river was
dropped pear ite discharge point, whercas the finer sediment was carried
farther from it. The eurrent from the river would be southward along
the west border of the trough, and this would automatically induce tidal
currents northward along its eastern border, producing segregated areas
of purely marine and partly freshened water on opposite sides of the em-
bayment and the setting up of rotating currents within it.

The axial part of the delts lies along the Shasta-Tehams County line,
dividing it into two unequal districts to the north and to the south of this
line. These distriets would present in Cretaceous time considerable con-
trasts in ecological econditions, which would react upon the faunas and
their development throughout the entire period.

At the north is the North Cottonwood district of restricted area, and
at the south the more extensive district crossed by the South fork, Red-
bank, Elder, MeCarthy, and Thomes creeks in Tehama County. Both
distriets are rich in marine Mollusea, which constitute paraliel and nearly
contemporary faunal successiona which, when biotically compared, show
surprising contrasts. For these we must suppose either different sources of
origin, or different ecological conditions of life and development, or both.

In the southern district the lowest Cretaceous fauna is dominated by
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robust, thick-shelled species of Aucells, comparable to, if not specifieally
identical with, contemporary boreal and Russian faunas. These are
accompanied by & number of cephalopods, some of which are boreal,
although some are not. Species of Aucella range through the lower
group of sediments in the district south of the delta, some appearing even
as late as Albian time (uppermost Horsetown).

In the North Cottonwood distriet no apeeies of Aucella have been found
in contemporary beds, or in any strate. below the Aptian, where a few
specimens have been collected. In this district the fauna of the Paskenta
group (Valanginian), although not large, consists of cephalopod species,
only a few of which accur in the southern district, and with them are
species not found south of the delta. A few diagnostic species\arecommon
to both districts, including both cephalopods and pelecypods.

The faunas of the Horsetown group in the two distriots show a greater

pumber of common or analogous species, although at the north cephalo-
pods oceur in greater number and variety, many of which are not found at
the south. In the North Cottonwood district is found a succession of
ammonoid faunas ranging from lower Hauterivian to middle Albian; only
a few of these are found south of the delta, ns ig true of other classes.
+ Nearly all the ammonoid stocks in the Horsetown group are of southern,
or subtropical, aspect and have their nearest analogues in southwest Asia
(Himalayas, Caucasus, Cutch, and Australia); few of them have been
found farther north along the Pacific Coast, although our knowledge is
yet incomplete. Only a few of the many cephalopods in the Horsetown
are known to have pear annlogues in Argentina or other South American
countries. In view of their number found in southwestern Asia and
Australia, this fact is surprising.

In the lowest part of the Horsetown group both nerth and south of the
delta, there are heavy beda of conglomerate and other coarse detritus, as
if at the beginping of this epoch (Hauterivian) an uplift of the mountain
areas to the west had shifted the strandlines sastward within the trough
and at the same time had stimulated the erosive and transporting energy
of the streams. It was at this juneture that a new cycle began in the
faunal sequence, which brought into the embayment new and unfamiliar
types and families of cephalopods, many of them of Asiatic aspect, This
disturbance at the beginning of Horsetown time seems to have been felt
glong the Pacific border from Mexico to Alaska, although its effects were
difierential, producing elevation in some areas more than in others, This
movement seema capable of correlation with similar phenomena described
for central Mexico and for some Andean countries far to the south, Pos-
sibly at this epoch the land and water conditions in south Pacific regions
permitted migrations ot faunsal exchanges between Asiatic and American
littoral embayments.

For the later part of Cretaceous time three major events, of two phases
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each, seem to be recorded in the stratigraphical sequence and in the faunas
found in the Sagramento embayment, the results of which c¢an be only
briefly sketched here. One of these events was initiated at the beginning
of Chico (Iate Albian) time; its second phase covered the subsidence that
followed, during which the earliest deposits of this series began to ac-
cumulate. A second disturbance, differential in effects, was initiated in
early Senonian (Coniacian) time, and thiz stage was followed by a long-
eontinued subsidence and the deposition of a sequence of Upper Cretaceous
strata which was locally interrupted in middle Senonjan time, This se-
quence of atrata is of smzll arcal extent on the western border of the Sacra-
mento embayment but ia of greater spread on its eastern border and
of still greater extent in the Josquin embayment in which partly parallel
events are recorded, but continued to a later epoch.

In the Joaquin embayment, extending south froma Mourt Diablo,
Lower Cretaceons deposits are known in a number of distriets on the east
flank of the Diablo Range (Mount Diabls, Quinto Creek, Waltham Creek,
and Devils Den}, but they are not continneus, and their areas are not
large; neither do the strata attain in all places a constant thickness.

Near Mount Diablo the thickness of the Lower Cretaceous does not
exceed 5000 feet: near Quinto Creek it is much lesg; in the Davils Den
distriet it may be 12,000 feet. Near Coalings and in Waltham Creek
Valley it is thought to attain to 15,000 feet, but this figure represents the
mavimum thickness in the Diablo Range. One may suppose that the
normal, or original, thickness of the Lower Cretaceous in the Joaquin
embayment had been from 12,000 to 15,000 feet and explain the dis-
crepancies in the sections in part by faulting and in part as & reault of over-
lap of the Chieo series upon the clder groups of the Cretaceous suceession.

In the southern, as in the northern, embayment three diastrophic events
are recorded in the upper Cretaceous sectiong. One is at the base of the
Chico series; one is at the boginning of Senonian (Coniacian) time; and
another is later, probably in Late Senonian time (late Campanian).

The Cretaceous seetions in the Joaguin embayment differ from those
in the Bacramento embayment in the almost complete abeence of Horse-
town beds and in the mueh greater development of Upper Cretaceous,
especially during the closing epochs of the period.

In the southern ecoastal areas of Californis, including Lower Californis,
and also in southwestern Oregon, scattered occurrences and incomplete
data indicate that the major diastrophic and depositional events, at lesst,
deseribed in the preceding paragraphs were not wholly local but are
traceable to the north and south far beyond the limits of the Great Valley
trough and its embaymenta.



PART II. PALEONTOLOGY
DESCRIPTION OF SPECIES
GENERAL STATEMENT

The following descriptions by the writer recognize and adopt the results
of earlier workers as far as possible without dwelling upon their errors.

Many of the descriptions are bazed upon older holotypes whenever ob-
tainable, although in some cases this has not seemed necessary. Search
has been made in the field for topotypes of species described from the
Shasta series, if their holotypes have not been avsilable, and for the ho-
rizons represented by them. From the study of the field and its sequence
of faunas it is now possible to state more precisely the horizons, if not the
loealities, [rom which the original types were obtained. In the deserip-
tions of species given by Gabb (1868h) there is often little information as
to their stratigraphic position, and this fact has been a source of much
uncertainty, and in some cases confusion. In the present work this con-
fusion is in part removed, although much remains to be added by later
explorations and more careful collecting and zoning.

There are few collections at hand from the Cretaceous of Europe and
other regions for comparative study and the descriptions of the fossil
materials now availabie. For this reason it heas been necessary to rely
Jargely upon published figures and descriptions found in the literature of
various countries. In some cases this method has been fairly satisfactory;
in other cases much doubt has been felt. In many cases, however, the
sequence of faunas in the Shasta series and their correlations have afforded
some confidence and have aided somewhat in the determination of genera
and species,

In the matter of taxonomy it has been the writer’s purpose to be con-
servative, rather than over progressive, and for this reason he has been
reluctant, to adopt many innovations that have seemed to be only theo-
retical, or experimental, and incapable of satisfactory proof. On the other
hand, in & few cases, niter long and seemingly exhaustive search for ap-
propriate gepera in which to include certain forms, it has seemed to be
necessary Lo propose new generic groups for their reception.

In the matter of families it has been found that the usage of Spath
(1924), or of Whitehouse (1926) has seemed to meet most of the require-
ments of the cephalopod groups found in the Shasta series, and as far as
possible these have heen adopted.

9l
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It may be that in some eases errors have resulted, and in fact they could
searcely be avoided, but if this work were delayed until thess and other
difficulties were removed, it would not soon be done. However, the re-
moteness of this province from that of Europe and other regions from
which Lower Cretaceous faunas have been described affords some measurs
of reliefl from the exactions imposed upon students working under the
shadow of older institutions. Whatever shortcomings may result from
these and other circumstances, it is believed that there are many students
of Mesozoic paleontology in this and other countries who will weleome
the new and significant matter contained in this contribution, even though
in the view of some it may seem defective, Tor such students this work
has been doae.

ECHINODERMATA

Echinoderm remains are not abundant in the Pacific Coast Cretaceous,
although in both California and Oregon they have been found sparingly
in the lowest stratigraphic group of the Shasta series, and also in the lower
part of the Chico series and in ita Iater beds. Stanton (1895, p. 31} has
mentioned the discovery of spines and fragments of the test of Cidaris,
and joints of the ecolumn of Penfacrinue, on the Shelton ranch, north of
Paskenta, Tehama County, and the latter genus also at Stephenson's
on the Cold fork of Cottonwood Creek, Tehama County.

Clark Jater described these forms as far as their [ragmentary condition
permitted; accounts of them are here given. At both localities these
fossils oceur in the Paskenta group of the Shasta series, not far from its
loeal bage, and incidentally indicate near-shore conditions of the strats
from which they came. Evidences connected with their cccurrence and
their associntes confirm this view. Stanton (1895, p. 22) alsc mentions
the finding of remains of Pentacrinus in beds of nearly the same age near
Riddle, Oregon.

Crpaninak Gray
Cidoris Leske
Cidaris tehamaenaiy Clark
Cidaris tehamaensis Crank, U, B. Geol. Surv., Mon. 1915, P m%Eg' ﬁlﬁuv

Shkelton’s ranch, & milea north of Paskenta, Tehams Ciounty
Calif, Publ. Geol., vel. 12, 1020, p. 54, pl. 3, fig. 1; i loeality as shove.

Thix species is deacribed from a aingle apine, ss follows: '“Test ynknown. Spmes
large and club-shapad, with rows of granules extending from neck to point of apine.”
Length 30 mmi.; width in thickest part, 12 mm.
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Pentacrivipas Gray (emend.)
Penlocrinus Blumenbach
Pentacrinus {ehgmaensis Clark

Peniacrinus tehomaensis Cranx, U. 8. Geol, Surv., Mon. 54, 1915, p. 35, pl. 6, fig. 1;
8helton’s rench, § miles north of Paskents, Tehama County.

Clark describes the species aa follows: “Column composed of small medivm sized
pentagonal joints, some with and some without sharp reentering angles, Cren-
ulated ridgea pentoid. Column parforated by & amall eanal.” Dismeter of joint,
3 to 8 mm.; thickness of joint, .6 to 1 mm.

This species i3 smong the oldast achinoderms found in the Cretaceous of Cali-
fornia.

MOLLTACOIDEA
BRACEIOPODA Duméril
RuvycaoNeELLIbA® Fischer
Rhynchonella whitneyt Gabh

Terebratella Whitney( Gasa, Paleont, Calif., vol. 2, 1868, p. 35. pl. 12, figs. 62, 62s;
‘“Miocene,’” Napa County, California. _

Rhymchonella Whitneyt Gans, Paleont. Calif,, vol, 2, 1369, p. 204, pl. 34, ﬁgﬂ. 105,
105a, 105h; 8haate %mup {Cretaceous), Colugs County—STaxToN, U1, 8. Geol.
Surv., Bull, 133, 1805, p. 32, pl. 1, figs. 5-10; near Wilbur Springs, Coluea
County, California.

Stanton’s account and excellent illustrations of this species are quite adequate.
Ite horizon is, however, ank of primary importance in tho stratigrapby of thie and
other West Coast Cretaceous arcns, Stanton atates that at ite type locality it is
nccompanied by Pecten complezicosia, Modiola major, Lucing colusaensis, snd other
species. All the species mentioned characterize the limestones found here and at
many other localities in California and Oregon. As Aucells crasaa, 4. vnflate, A.
eressicollia, and other Lower Creteceous apecies are found in the sandy shales both
enst and weat of these limestones at the type locality, snd at other places, there
ahould be no doubt that the entire fauns af these limestones ia of Crotacecus age.
Similar evidences are found in other loeslities in which this species oocurs. In
fact these limeatones seem to represent only a loeal facies in the Lower Cratacesus
(Paskents group) in the Const Ranges of California and Oregon. The presence of
Knoxville atrats near Wilbur Springs, beneath the lowoat bada of the Paskenta
gToup, is evident, but here and at many othar places the unconformable relations of
the two series is equslly clesr.

TeeesraTeLLIDAE King (emend. Boecher}.
Terebratella d"Orbigny

Terebratells californicos Sranron, U. 8. Geol. Surv., Bull. 133, 1808, p. 33, pl. 1,
ggs. 12, 13: near Stephenson’s on Cold fork of Cottonwood Creek, Tehama
ounty,

The figures and description of this apecies by Stanton need no emendment. The
apecies was thought by Stanton to belong in “the upper part of the Knoxville beds,”
which in this paper conatitutes the Paskenta group of the Sbasta serics, The field
position and stratigraphic relationa, as well as the apecies navociated with the holo-
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type a8 given by Stanton (1895, p. 14), show that the horizon is not lower than Lower
Cretageois (Valanginian}. Among the associated apecies contained in bia list are
Aucelln crazeicollis, Pecten californicua, Cypring cecidentalia Whitenves, and Aerow
teuthis impressa (Gabb). The locality is at the base of the Paskenta group; none
of the 18 species of this lisy are found in the Knoxville serica {Tithonian) aa here
reatricted,

Tercbratelia densiconfs (Andersan)
(Flate 1, Eguros 8, T

Rhynchonells densieonis ANperson, Culif. Acad, 8ci., Pr., 3d ser., vol. 2, 1902, p. 72,
pl. 7, figs. 157, 158; Horsetown and ‘Texas Springs, Shosta County.

Shell of medium size, diameter 1I to 12 mm.; trigonal, gibbous, when {full grewn,
the greatest thickness being near the middie; latera]l margine atraight, meeting at
an sogls of about 90 degraes at the beak; sotertor margin broadly rounded; dorsal
valve more convex than the ventral, inflated; ventral valva fattened, rising in front
in s pronounced sinus; suterior part of each valva bears angular or rounded plicationy
which disappear near the eentral part of the shell; surfaces of both valves bear fine
atrigtions, best seen on the posterior half of the shell. The sinus on the ventral
valva beara three or four plicstions, denticulated on the margin; margin of dorsal
valve denticuluted, the langer plications pointed and tooth-like when ssen from the
frent; beaks not prominent; deltidium small; width of shell greater than the length.
This shell ressmbles the northern forms, '"Rhynchonella’ gnathaphora Meek, and
“R." moudensie Whiteaves, slthaugh the latter appears to be relatively broader in
front.

Thin apecien ia not uncommon at Horsetown and Texaa Springs, Shaata County,
in the highest beds of the Horsatown group. Its horizon should be upper Albian.

Perabratells whiteans (Anderaon)

(Plate 1, Sgurm 4, &)

Rhynchonalla whiteana Anpenson, Calif. Acad. Sci. Pr., 3d sor., vol. 2, 1002, p. 72,
pl. 7, figa. 160, 181; Horectown and Texas Springs, Shasta County, Culilornia.

‘This shell differs from the preceding mainly in its finer poulpture and lesa prami-
nent plications and marginel denticulstions. The ainua on the ventral valve pos-
Besses about nine or ten plications and as many marginal denticles. It oecurs with
the preceding, and is probably confined to the same horizon.

Tereliraletia ovila Anderson, n. sp.
{Plats &, figurea 17, 19)

Shell small, ovate, longer than broad, convex, smooth and without ornamenta-
tion; almost equivalve, the ventral valve extending a little behind tha margin of the
dorsal valve; lenpgth of the ventral valve of the holotype, 20 mm. ; width of ventral
valve, 16 mm.; thickness, 11 mm.; front marked by only & fnint median ainus in the
darzal vaive; surface of the shell amacth and ailky.

The holotype (Calif. Acad. Sei. type Coll.) was found in the Nepture zone on
the east branch of FHulen Creek, locality 1859 (Calif. Acad. Sci.), asacciated with
Lytoceras neplunianum, Dourilleicerns mammillatum, var., Bsudanticéras brewerd,
and many other speries charastoriatie of the upper Horsstewn (middle Albjan) beds
of thia district. Three good examples of the Bpecics were found hete.
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T'EaEBRATULITAE Gray
Terabratula Miller
Terebratula hannana Anderson, n. ap.
(Flata 0, figures 14, 15)

Shell of medium size, circular in outling, regularly lentisular, convexity moderate;
borders below the beak forming an angla of near 110 degrees; front neatly circular;
length of dorss! valve (incomplete) in holotype, 22 mm.; length of ventral valve of
paratype, 38 mm. ; sculpture of dorsal valve in holotype consisting anly of concentrie
undulations; eculpture of ventral vaive almost without ornament, smooth. The
holotype (Calif. Acad. Sci. type Coll.) consista of a fairly well preaerved dorsal velve.
The paratype (Calil. Acad. Sci. type Cull.} is & well presorved ventral valve. Both
were found by G. D, Hanne on AleCarthy Creek, tear the crossing of the Paskenta-
Lowty road, southern Tehama County. They wera azsociated with a species of
Chelonfceres, near if not in the zone of Neocraspeditea aignalis nov., and not far
above the zone of deroleuihis onoensis and Inoceramus colonicua nov., the two latter
representing 8 Hauterivisn horizon ia this locality and in the Cottonwood district.
It appears, therefore, that its horizon may be regarded as representing a middle
Horactown (Barremier) horizon.

Terebratuln durrelli Anderaon, n. ap.
{Plata 0, figore 10)

Shell of moderate size, subrircular in outline, irregularly lenticular, owing te
broad plications axtending from the beak forward; the ventral valve has o broad
rounded ridge extending from the beak toward the front; the dorsal valve heas &
broad crescent-shaped, transverse ridge, in front of which is 2 broad median sinua;
surface of shell silky, showing only faint concentric lines; length of ventral valve
(incomplete), 25 mm.; length of dorsal valve, 23 mm.; total width of shell, 28 mm.
The holotype (Calif. Acad, Sci, type Coll.) was found by Cordell Durrell on Fiddler
Creak, 10 miles south of Ono, S8hasts County, nssocisted with Shasticrioceraes poniends
nov, not far beneath the zone containing Chelaniceras hindei and A crofeuthis shasten-
siz. 1ta horiaon is regarded ns middle Horsetown {Barremisn), although it may
be somawhat lower.

MOLLUSCA
PELECYPODA
Nueula gabbi Stanton

Nucula pabbi Braxroxn, U. 8. Geol. Surv., Bull. 133, 1805, p. 51, pl. 8, Bea. 11, 12;
u pert part of “Ynoxville beds,"” about 3 miles south of Lowry's, Tehams
unty.

Stanton's holotype of this species is comparatively small {19 mm. in Jength),
of which he givea oxcellent figures and description. Ho compares the specics with
N. solitaria Gabb, from the “Chico"” of Texas Flat, acar Folaom, and algo with
Nucule Ysolitaria” Whiteaves, from the probably Jurassic of Moteshy Island, but
ot present the relationships seem improbable. Stanton mentions geveral smaller
specimens of this species collected from a lower horizon in the limestone lens 3 miles
northwest of Pagkents, Lut this appeara ta he a distinct species,

The field position and the atratigrapbio relations of the type locality of this
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epecies show that it belongs in the Paskents group of the Shaste eeries, and it is
very doubiful thet it has been found in any ather beds.

Lepipar Adams
Leda Schymacher
Leda glabra Stanton

Leda glabra Bzantow, U. 8. Geol. Surv., Bull. 133, 1896, p. 53, pl. 8, fig. 18; near
Btephengon’s, Celd fork of Cottonwood Creek, Tebama éaunty.

The loeality, field relations, and stratigraphic position of the atrata from which
the holotype was abtained show clearly that it was found in the basal beda of the
Paskenta group, immediately above its basal conglomerata which forma Steghenson’s
Peak, on the south side of the creek. It was found accompaniad by 14 ather species
belonging in tha lower part of the Paskenta group.

PABALLELIDONTIDAE Dall
Nemodon Conrad, 1869
Genotype Nemadon "eufalensia” Conrad

In the belief that Conrad’'s species {1969, p. 97, pl. 9, hig. 18), the genotype of
Nemoden, la distinet from drca (Maeradon) eufalensis Gabb, it was rensmed Nemodon
conradt by Johnson (1905, p. 9). It is said to have come from the Uppar Cretaceous
of New Jarsey. The subject has been reviewed by Stewart {1530, p. 67) whose
emendment of Conrad'a deacription aids grastly in the concept of Nemodon, leaving
it elear that under this gensric name should be included many of the West Coast
apecies related to Nemodon brewerians (Gabb), Whiteaves (1879, p. 163) attached
this generic name to two distinet species, under the impression, however, that they
were synonymous. In discussing Nemodon vancourerenais Meek, he placed N
breweriana (Gabb) as & probsble equivalent of the former, and this suggesticn hes
since been agcepted by others.

The moet important feature upon whicl the genug seama to have beon founded
ia in the character, form, and position of the hings teeth, ag is woll shown by Stewart,
elthough he has proposed a different designation for Oabb’s ppecies. From the
rareful review of Nemodon given by Stewart, it does not appear that this genus can
be properly ptaced under Paralielodon Meek, although the genera are closely allied,

Nemodon brewsriana (Gabb)
(Flate 3, Bpurm 3, 4}

Arga Breweriona Gann, Paleont. Calif., vol. 1, 18584, p. 103, pl. 24, hig. 11; Cotton-
wood Creek, Shasta County; vol. 2, 1869, p. 248; Chico Group, Cottonwend
Creal, Shasta County.

Nemodon (Area) braweriana, Wanrsg, Calif. Aead. Bei., Pr., 4th ser., val. 7, 1817,
p. ];575 llégﬁ,ﬁgﬂ fg& Colabasss quadrangle—NeLson, Univ, Calif, Publ. Geel.,
vel, 5, p. 408,

Parailelodon (Nanonravis) breweriong, Srzwanr, Phile. Acad. Nat. Sei., Special
Publ. no. 3, 10830, p. 69, pl. 3, 6g. 1

Gabb's speciea is not upcominon in the Cretaceous of California and Crepon.
1t iz very abundsnt in the Jower beds of the Chico series on the Cottotiwood Creak,
Shaats County, from which herizan Gabb's holotype probably came. The specimen
figured in thie paper came from the same xone, sod may be taken a3 2 topotype.
However, the speties being one af tha few that survived from esrlier epochs in the
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Sacramento embayment, it is not confined to the Chico serics. It bas been found
in the lower bads of the Horastown group at Ono, and in the upper, and perhaps the
lower beda of the Paskenta group in the Cottonwood district. It ia congenerio with
Nemodon vancouverensis Meak, which belongs to a higher horizan, but their identity
can acarcely he maintained.

Nemodon (1) tehamaenxis (Stanton)

Arca tehamaensts StanTon, U. 8. Geol, Surv., Bull. 133, 1885, p, 50, pl. 8, figure 8;
Shelton's ranch, 8 miles north of Paskenta, Tehama County.

The holotyps of this spacies is amall, and Stanton regarded it as baing “'probably
an immature individusl,” stating also that he had “‘not seen the hinge,” snd that
tthe general form of the shell makes it probable that it belongs to the sebgenus
Nemodon,! On the Shelton ranch it cecurs with Aucelle crassicollis, '“Qlcoateph-
anus’ mulabilis Stanton, and other speciee of the Paskents group in the Shesta
series. As the stratigraphie position of this apecien on the Bhelton ranch appesrs
to be near that of Locality 113 (Calif, Acad. Sei.) in the Cottonwood district and
near the top of the Puskenta group in both, Stanton’s holotype may well be the
young of 8 species of Nemodon found at Loeality 113, and at other places in the
Cottonwood distriot, aa at Loeality 1658 (Calif. Acad. 3¢ei.) on Duncan Creok.

Nemodon (1) lexiring {Stanton)

Arco textrina SrantoN, U, 9, Geol. SBurv., Bulil. 133, 1805, B 59, pl. 8, Bgs. §, 7; near
Stophenson's on the Celd fork of Cottonwood Creek, Tebama County.

This is a small specien of diatinctive form and sculpture, of which Stanton says.
in part:

“gurface marked by distinct, closely arranged lines of growth and by similar
alightly larger radiating linee, which are not at sll conapicuous t¢ the unaided oye.'

Although Stanton compared thia form with *“Gramatodon’ inornatus Whiteaves,
he states thet it should prebably be referred to the subganus Nemodon,” Ita form
and sculplure indicate that it does pot belong to either of the preceding speoies,
although it probably ia a Nemodon. Its occwrrence in Stanton’s list (1895, p. 14)
with Aucello crassicollie, “ Belemniles’” fmpressa, and Lima muliilineala shows that
ita position is in the upper part of the Paskenta graup. A similar form, probably
the same species, was found on the Nerth fork of Cottonwood Creek, s mile or
more gouth of the diversion dam above Qoo. Its position here is about 600 faot
bencath the zone of Fhurmannic jupiter—that is, helow the Hamlin-Broad zone of
the Pagkenta group.

Arcipae Dall
Glycymeris Da Coata
Glyeymeris ovatus (Stauton)

Pectunculus (7) evaius Srawron, T. 8. Geol, Surv., Bull. 133, 1805, p, 51, pl. 6, (gs, 9,
10; peat Stephenson’s on Cold fork of Cottonwood Creek, Tehama County.

The hinge characters of this shell as well as its general form and radial surface
markings, 88 given by Stenton, should leave little doubt as to its generis position.
It is the oldest form of thia genus recorded from the Crotaceous of Californis, and
it ia specifically unlike any other form of the genus yet found in thege beds.

The species is ineluded in a list (Stanten, 1895. p_ 14) of 15 other {orms specifically
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named by Stanton, which alse includes Aucella crassicollls and "Belemniles' impressa
Gabb. Itsstratigraphic position and relations hava already heen discussed, and its
assotiation with the lant-named apecies eatablishes its Puakenta age.

Prtipar Meek
Pinna Linnacus
Pinna pontica Anderson, n. ap.
(Plate 2, figurs 1)

Shell amall, rather gtout, alightly curved, tapering to an acuminate point; section
of sbell rhomboidal, doraal and ventral borders thin; sides angulated, but showing
a distinctly raised ridge; basal margin rounded, divided at the medien line of the
side; surface marked by nearly parallel longitudinal ribs on the doreal part of the
shell, separated by wider interspsces; ventral part of the shell bearing two longi-
tudinal riba parallel to the median ridge, below which ara oblique undulations arising
at the ventral border and extending upward and toward the bazs, meeting the ribs
beneath the median line; apical sngle about 33 degreea. The surface ornamentation
of this spacies is not unlike that of Pinna calamitordes Shumsrd, na figured by Whit~
eaves, but in size and in the apical angle there is much difference.

The holotype (Calif. Acad. Bei. type Coll.) was ohisined at Loeality 1353 {Calif.
Acad. Sci.) near the bridge on the North fork of Cottonwood Creak, in the Ono zone
of the Horsetown group. It efords the following measurements: total length, €8
mm.; grostest width, 35 mm.; thickness at base, 20 mm.

The holotype was found nesociatad with Inoceramus colonicus, Acroteuthis kernen-
sis, and Neocraspedites agutia nov., all of which charaetorize the zone, This appears
to be thae oldest known apeciss of Pinna in the Crataceous of the West Conat capable
of description, although Staaton (1895, p. 49, 92) mentions a emall form, possibly
an immature specimen, found on the Shelton ranch, in beds here referred to the
Paskenta group, aud therafore lower in the series.

Pinna equivillona Anderson, n. sp.
(Piats 3, Bgure 1)

Shell of medium size, elongate, tapering to 6 near point, moderately thick, bordars
not straight; cross section rhomboidal, margin acute, sides slightly curved; valvea
divided near the middle by an angulated ridga (124 degrees), extending from apex
to bagse; dorsal eide of valves narrower than the ventral; borders of shell slightly
bent, dorsal concavely, ventral convexly: surface of doraal part marked by Bix or
saven warrow, subparallel ribs, separated by broader rounded interapaces; ventral
portion showing eight or nine such ribs and interepacea; these are crossed obliquely
by & few faint undulations; apical angle shout 33 degreea.

The holotype {(Calif. Acad. Sei. type Coll.) wae found at Locality 1888 (Calif.
Acad. Sei.), in the Perrin 2one, where it was associated with Acanthoplites perring,
Sonneratia rogersi, and Phylloceras theresne nov. It has the following dimensiona:
total length, 144 mm. ; grestest width, 70 mm.; greatest thickness, 40 mm.

This species has beesn obtnined st three separate localities om Hulen Creek—
Localities 152, 1658, and 1668 (Calif. Acad. Sci.). It differa from all the species
known from the latar Cretacecus of the West Coast chiefly in ite apieal angle, its
cross section, and in the manner of its surface ornamentation. The stratigraphical
range of the spoecies is apparently confined to the Hulen beds, although it may be
found Lo range lower.
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InocRRAMIDADR Heing

In thia family Heins (1932, p. 5, 8) includes the great mejority of the sub-families
and new genera he bas proposed for the Inocerami of earlier usage. However, as
his proposed classification, snd moat of hia past studies, have had to do only with
Upper Cretaceous forms (Cenomanian aad later), their application to the clder
Cretaceous forms remaina somewhat uncertain, and sccordingly no attempt is made
at preaent to adopt either his mothods or his taxonemy.

Inoceramus Sowerby

Inoceramus ovslus Stanton
(Plata 4, figure §)

Inoceramua ovalud Stanton, U, 8. Geok, Burv., Bull. 133, 1885, p. 47, pl. 4, fig. 15;
Bouth fork of Elder émek. Takama County. P3P g

in general form end surfacs markings this shell in not unlike 7. eliiot{ Gabb, and
represents a low poeition in the Paskents group. Ita sub-triengular outline, sharp
beak, and short hioge line are among ita distinguishing features, and in these it
apparently conforms to tha type of I. ellioti. Stanton regarded it as belonging in
the “‘upper Knoxville beds,” which in this memoir constitutes the Faskenta group
of the Shasts series. The apocies has recently been found in the Paskenta group
on the Middle fork of Cottonwood Creek, where it was nasociated with Hoplecrio-
ceras remondi (Gabb), a form more frequently found in the Paakenta group, but
goeurring aleo in the basal Horsetown,

Inoceramus elliois Gabb
(Piata 7, Sgura 1)

Inoceramus ellioti Gaze, Paleont. Calif., vol, 2, 1869, p. 163, pl. 31, fig. 90; Alcatraz
Island, Bay of San Francisco—SrawarT, Phila, Acad. Bei., é—pec. Publ. no. 3,
1839, p. 108, pl. 2, fig. 3; later Sgure of the holatype,

The holotype of this apecien is in the Mussum of the Academy of Natural Sciences
of Philadelphin and hes been re-figured by Stewart. It consinta of an incomplots
ceat of both valves, somewhat distorted by an obligus fault, as shown in Stewart’s
Eguta. The effect of this fault has been to shorten and also broaden its crigioal
form, and the apex of the besk ia mieging, so that Gabb’s figurs is misleading as to
form. At the time Gabb's figure was made the holotype was in little better condi-
tion. The holotype is accompanied by a accond fragment of a right valve, posaibly
representing the same species, and bath may have been used in Gabh's sttempted
restoration. ‘The outline of his figure could hardly have been made fram the holo-
type, but as he himself says, it wae made "from a cast (or mold) in sandstone.”
Gabb afterward obtaiped from tha same place “‘casts of this and several other bi-
valves,' one of which iz described in another place as Lucina alcatrazis nov. The
holotype of 1. ellioti has the following dimensions: length of left valve (incomplete),
85 mm.; greatest width, 68 mm.; thickness of both valves, 30 mm. A drawing made
from the holotype (PL. 7, fig. 1) is more aceurate. In form and size, if not in seulp-
ture, it resermbles mature examples of Inoceramus ovetus Stanton, and belongs to its
group, and aleo its horizon. It seems to be also eclosely related to /. qualsinoenais
Whiteaves,
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Inoceramus auntvides Anderaan, n. ap.
{Flute 8, Agurs i}

8hell large, zomewhat robust, alongated, subtriangular, inequivelve, Linge short,
anterior margin atralght, laft valve having a atrongly incurved, spiral beak; anterior
margin desply rounded; right valve flatiened, longer than broad, beak nearly ter-
minal, acuminate; sorface of cast tearly smoath, or marked only by faint concantrie
undulations; inner layers of shell smooth, often pearl-hearing; prismatic layers
thick, brittla, not ofton preserved; ooter surface not well preserved; form somawhat
variable. This shell often attaing & length of 15 to 17 em., and ineomplete shells
have bean found which bad an original leangth of 20 om.; the width is usually about
half the length. In general form and markings the shell recalls that of 1. eratua
Stanton, but it is much larger and less clearly marked by coneentrie undulations,
and is relativaly narrowar. It is abundant in the Aitebell zone io the Bald Hilla,
Shasta County, where it is usually accompanied by Ancylveeras ajoz, A, durrelli,
and Acrotewlfiiz oncensfs mov. It marks the Barremisn and lower Hauterivian
gtrata in the Cottonweod distriet, and ite horizon ia a little higher than that of
1. oratua,

The holotype {Calil. Aead. Sei. type Coll.) was obtained at Locality 1347 (Calif.
Acad. Sei.) and messures s follows: length, 160 mm.} greatest width, 65 mm.;
greatest thickness of left valve, 30 mm.

Near the bridge ab Ono, s somewhat similar but smaller species is found associated
with Neacraspedites aguils, Phylloceras occidentale, and a large form of Lyloceras,
in strata regarded aa lower Hauterivian.

Inoceromus colomicun Andersan, n. ap.
(Plate 4, figures 10, 11, 12; Flato 5, tgare 11

Shell of modorats aize, narraw, elengated, with thiek shell, and very unequal
valves; left valve with a strongly incurved beak; right valva with a narrow terminal
bunk; shell brittle, and rarely found complete. The ahell of this species resembles
that of I. ovatoides in general fors and wurface markings, but is nerrower relative
to length, the left valve has a longer and more incurved beak, and its stratigrapbic
range i8 apparcntly groator. It ia abundsnt at Locality 1353 (Calif. Acad. 8el.),
where it ia accompanied by Neocraspadiler agufis and many other invertebrate
gpeeies, Its name in teken from its apparent hebit of living in cloen colonies. A
single example of the species was found on MeCarthy Creek, Tehama County, about
1000 faet west of the Paskenta-~Lowry road, asaccinted with Hidoliles cigarroides,
Acrateuthis onoensis, and A. shastensis nov.

The holotype {Calif. Acad. Sci. type Coll.) and the paratype wers obtained at
Locality 1681 (Calif. Acad. 8¢i.), 8 mile west of the Murphy ranch house, and 3 mile
south of Roaring River, Sheata County, where it was associated with Shastierioceras
ponienie, Acrioceras atarrkingi, Preudocrioceras slentor, and Acroteuthis shastensis, in
strain regurded gs Barremian, The holotype messyres as followa: length, 110 mm.;
width, 50 mm.; thickness of left valve, 20 mm. The paratype is somewlat smsiler.

Inoceramus vallejoensis Anderacn, n. sp.
(Plate &, Sgure Tk

Shell very large, aubquadrate in outline, broad, beaks sub-tarminal; hinge line
short; purface marked by only concentrie undulations 2 to 4 cwm. Bpart; valves
flattened, not much inflated; ghell brittle, not well preserved. A single exampla of
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this species waa found at Napa Junotion, Napa County, in 1812, in the excavation
made {or *ecement rock.” In length this shell was 10 inches or more; in width about
7 inches; in thickness 2 inches. It was found with Lima mullilineatas Stanton,
Modiolus onoensis nov., and the borings of Pholads. A single example of the same
type and form, but somewhat smaller, wes found in 1808 by Jasish Owen near Almas,
Santa Clara County. The atrata in both cases helong to the Paskenta group of the
Shasta serics, as determined by other molluscan species. These examples recall
the statement found in the San Francisco folio (Lawson, U. 8, Geol. Surv., 1914,
p. 8) that fragmenta of s large Inoceramus snd a amell Pecien had been found in
Strawbarry Canyon io the Berkeley Hills, in atrata that seem to belong to the same
group. Mention of & species of “Hopiites”’ found near the sams place is also made,
and serves to support the age determination of the loeality.

Preniipas Meek
Avicule Bruguidre
Avicula (Gryloma) whiteavesi Stanton

Advieuda (Ozitoma) whileavest Srawron, U. 8. Geol. Surv., Bull, 133, 1895, p. 38,
Pl 4, 62. 1; Shelton’s ranch, 5 miles north of Paskents, Tehama County,

Stenton compares this species with & shell found oo Maude leland, one of the
Quesn Charlotte Isiends group. Stenton's holatype was found in beds eropping out
on the Shelton ranch, sasociated with Auceila cragsicollis, “Olcoatephanus'’’ mulabilis,
and othor Paskenta species. A similar species haa also been found in the basal beds
of the Horsatown group near Ono. Lewer Cratacesns atrata have not been reported
on Maude Island befare, and for this reason Staunton's comparison is the more im-
portant. A considerable list of Lower Cretacsous species found about Skidegate
Inlet is given in another part of this memoir.

MacKenzie (1918, p. 46—47) has given & list of species, including this, from Maude
Island, which Btanton regarded as of Jurassic age, including it in the Maude for-
mation,

Mrarinimpan Frech
Aucells Keyaerling 1848

In an axcellent review of the genua ducella Stavitan (1898, p. 41) states ita ciroum-
polar distributicn thus:

“It is found over a large part of Ruasia, in Siberia, Nova Zembla, Spitshergen,
on the Island of Andos on the coast of Norway, Kubn [sland on the coast of Green-
land, in Alasks, British Columbia, including Queen Charlotte and Vancouver
Islands, and the weat coast of the United Btates as fur south as San Luis Obispo
County, Celifornia {sbout Iatitude 35%)."

Within its geographical range the genus oceurs in both Jurassic and Lower Cre-
tacoour deposits, and locally forma the dominant faunal element In partis of each
sequence,

As these Aucellen elements are related to thoae of ather regions, their accurrence
in the Knoxville and Shasta seriea in California becomes important, not anly s an
aid in correlation, but as showing the routes of migration and the apread of the
genus.

In the Shasta seriea, with few exceptions, they are confined to the Pnskenta
group. Most of the forme found in these beds are robust, thick-shelled species of the
general character of A. erassicolliz Keyscrling, although this species is somewhat
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yare. In his discussion of the types included by him under this name Stanton
{1806, p. 45) 2ays, in part:

#This deseription iz meant to inelude all the robust varieties of Aucella that ars
eharacteriatic of the upper part of the Knoxville beds in California, ranging through
perhaps 1500 to 2000 {eet of atrats.”

An attempt has recently been made to discredit the generic name Awcells, and
to replace it by "“Buchis,” o name propoted by Rouillier in 1835, Whatever olaim
may now be made by anyone {or the validity of “Bucki{a'! upon the basis of priority,
the fact is evident that most specialists, sinea Keyserling's time, hava accepted the
pame Aucella, as defined by him, and this name has now, after more than 80 yoars
of use, becoms o wall eatablished in the literature that no rule should be invoked
to replace it. It would seamt that the question had beem suffeisntly sattled by
Pompeckj (1901) but for those who may still be unconvinged, it rony be recalled that
Rouillier gave naither figues, description, nor any charanterization of the species
upon which he proposed to found the name ““Buchia,’’ but merely submitted to hLia
pociety an example of a ahell which ke belisved to be "Agsieuls mosguensiz’’ Buch,
Whether this shell was properly identified by him, we bave no means of knowing.
For this reason the name *Buchiz," as remarked by Pompecki, “did not meet with
approval, ag opposed to the name Aucella and its better characterization provided
by Graf Xeyserliog for the new genus "

In the Lowar Cretaseous deposits of Bussis many forms of Aucells have bean
distingeished by specific names given by Keyserling {1843-1840), Lahusen (1838)
aud Pompeckj (1901), s gewers! review of which hag been given by A. P. Paview
(1907). Io this review of tho pucoession of Aurellae found in the Upper Jurassic and
Lower Cretaceous of Russia, and in contemporary beds in California, and with the
aid of fassila obtained by him from this state, Paview was able to show marked
parallelism in the stratipraphie oceurrences of apecies comman to both regions, and
aleo many analogous forms, Othera have since been discoverad, Had Pavlow been
able to obtain eomplete suites of Aucella from the Knoxvilla and Shasta asries in
California, this paralleliam would probably have been extendsd farther. Iu addi-
tion to tha more robuast forms found in the Shasta serica, a [ew mmaller specios hava
been found, but nene can he identified with species characteristic of the Knoxville
serien. Some diffioulty is eften found in identifying the immature shella of closely
related species, but less is found in the separatign of adult sbells, and in this fast
they follow the role of many other geners.

Tha stratigraphical oceurrence of the geveral forms of Aucella found in the Pas-
kents group is about as follows, although there are some overlapa:

Upper third—zone of Dichotemitss—Aucella erassicollia Keyaerling, A. crassa
Pavlow, 4, terebratuloides Lahugen;
Middle third—zone of Neocomitea and Berrissciio—Aucells pirifermis Lahusen,
A, keyserbingi Labusen, 4. nuciformis Pavlow;
Lower third—zone of Phylisegraz of. Knomnllense—Aucells solida Lahusen,
A, uncitoides Pavlow, A, infleta Toula, A, lnkuseni Pavlow, and A, muci-
formia Pavlow, the last ocourring in two distinet zones, altheugh net
abundant in either.
It is not known whether this succession will be fouad in all sections, but af present
it appeata to maintain throughout the districte south of the delta.

The occurrence of Aucella piochi Gabb, or eome related species, in the lower part
of the Shagta series has been claimed by some, but this lsim should be accepted with
reserve, It may be based upon o misinterpretation of young forms of other species—
e.g9., A. lehuaeni Paviow, or of the strata containing it, or both.
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Not all epecies of Aucella found in the Paskents group, and in overlying beds,
can be described at thin time, but a few of the more common forms are included in
the following aceount; in this mueh relishee has been placed upon the work ol Paview
and other Rusaian paleontologists. Howaver, no apecise contained in these accounts
aeems to have been derived from forms of Aucella found in the underlying Knoxville
acries, although this viaw of the subject should not be considered inal. The Aucellae
found in the Paskents group seem to ba more closely related to Russian types from
beds that are probably contemgporary with this group. From this viewpoint it
seema mote probable that their appearance in Californis and Oregon was due to
migrations, or immigrations from north-European sources.

Avcells crusricollis Keyaerling

{Plate 8, fipures 1, 2)
Auac!!g crassicolits KEYeERLING, Reise in daa Fetachora-Land, 1846, p. 300, pl. 18,

ge. 9-12,

Aucella Plochti Gann (in part), Paleont, Calif., vol. 2, 1889, p. 194, pl. 32, Sg. 922
only; pro‘bablr from weetern Colusa County (not A. plochii Gams, vol. 1,
1884, p. 187, pl. 26, fig. 173; north side of Mount Disble).

Aucella crossicollie Keyserling, var. gracilis Lahusen, Srantox, U. 8. Geol. Surv.,
Bull. 133, 1895, p. 45, pl, 8, ﬁﬁa. 10, 11; Paskenta ¥°u , Tehama County—
Paviow, Soc. Imper. Matur. Mascon Nouyv. Mem. T. 1'}}:: 1807, p. 62,

‘i Buchin'’ erassicolis, Srewart (in part), Phila. Acad. Nat. Sei., 8pee. Publ. no. 3,
1830, pp. 112-114,

This species ia rather rare in the Paskents proup in California and Oregon. As
meany of the nllicd forma found in these deposits were included under this name by
earlier writers, most of their references indieate otber species, rather than this,

The speciea (5.8.) is found occasionally at different Ievels in the Paykenta group,
but it eceurs more frequently 1500 to 2000 feet above the base, in the zone of Dicho-
temites mutalilis (Stanton). Mort examples of the specios so far obtained are of
the variety figured by Stanton (1805, Pl 5, figs. 10, 11), ‘This f srm is plentiful on
the Wilcox ranch, 5 miles north of Paskenta, where it is associated with forms of
Berricsella, Bochioniler paskentasnais nov., and two or mors forma of Dicholomitss.

Examples of the aperies ara in the collections of the Academy of Sciences whia™
were collacted by H, W, Fairbanks and the writer in 1884, about 7 miles saat of Cayu-
cos, Ban Luis Obispo County, where they bave since been found associated with 4.
erassa and A. lakusend, They are not linown to oponr in any part of the Knoxville
peries (uppar Jurasgic) or in any beds later than Paskenta.

Aucella crasss Paviow

{Plate B, figuss T)

Aucells Piechii Ganp (in }:urt), Pgleont, Calif., vol. 2, 1869, &’ 104, pl. 32, figa. 92,
92b only; probably frem westarn Colyse County, near Wilbur 3prings.
Aucella concenirica var. WeITE, U, S, Geol, Surv,, Bull. 4, 1884, p. 14, pl. §, figs. 8,

10; “Fouasil point,” Port Maller, Alaska.

Aueella (vc»ntncose lefs valve) Warre, U. 8. Geal. Surv., Mon. 13, 1888, p. 232, pl. 4,
fige. 18, 17; near Knoxville, California.

Auwucelln craasieollis, STANTON (in part), U, 8, Geol. Surv., Bull. 133, 1805, p. 4547,
pl. 6, fige. 1, 2 (caeied from Gabh).

Aucella crassa Paviow, Soc. Imper. Nat. Moscou, Nouv. Mem. T. 17, 1907, p. 69;
species figured by Gabs, Paleont. Csalif., vol. 2, 1860, pl. 32, fige. 02, 92b,
taken aa the holotype.

“Buchia” crassa Srewant, Phila. Aecad. Nat. Sei., Spee, Publ., no. 3, 1930, p.
112-113, pl. 2, fig. 4; “lectotype,” (4. cresse Faviow, refigured); Colusa
County, California.
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This is probably the most abundant species of Aucella found in the Paskenta
group in ite type district; it ocours throughout the lower division of this group. The
holotypo wea lound by 8tewart in the collections of the Academy of Natursl Sciencen
of Philadelphis and was designeted by him as the 'lectotype,” although Pavlew
{1007) had already teken it as the holotype of the apeciea, Thias form is sbundant 1§
miles northeast of Wilbur 8prings, Colusa County; it has alec been found 1200 feet
northesst of Kooxville, Mapa County. It is found more abundoantly in the type
distriet of the Paskents group sbout 1600 to 2000 feet above its base, as on the Wilcox
ranch, 5 miles north of Paskents.

Aucellg terebratuloides Lahusen

Aucelle concentrica var. Warre, U. 8. Geol. Surv., Bull. 4, 1884, p. 13, pl. 6, fga. 2,
3, 4, 5; “Fossil point,’’ Port Maller, Alasks, eollacted by W. H. lfall.

Aucella pioch#i, var. cvafa Stayvox, U. 8. Gaol, 8ury., Bull. 133, 1806, p. 43, pl. 4,
figa. 11, 12, 13 (not fig. 14); 2 miles north of Wilsox ranch, western Tehama

County.
Aucella terebratulmdes, Paviow, Soc, Imper. Xat. Moacou, Nouv. Mem., T 17, 1907,
p. 80, pl. b, figa. 6, 7, 8, 10, 11; Neocomian of Rugsia and of California.

According to Pavlow, who figures three varietiea of thin apeecies, ita stratigraphica!
vange in Ruseis is from Upper Jurassic (Portlandian) to lower Nescomisn. It is
ot known to have such range in Californis, zltbough some of its so—called “verictien'
may bave. One is recorded from the top of the Horsetown group in the MeCarthy
Creek section. Some references to Aucefla piochi In the lower beds of the Shasta
peries found in the litérsturs may be due to wrong detarminaticns of some of these
varieties. Stanton (Stenton and Diller, 1894, p. 447) igcludes this species in a liat
with "Helicaulnz'' bicarinata, “'Olcostephanus,"” Crioceras lotum, and Belemnites
tmprezaus, from & locality 2 miles north of the Wilcox ranch, which appears to ha
at the top of the Paskenta group. 1t is found most plentifully in the upper part of
its lower division in the zome of Dichotomites mutabilis (Stanton).

Aucella ¥nfata Toula

{Plate 8, fgarce 5, 8)

Aucella concendrica var, Warre, U, 8. Geol. Surv., Bull. 4, 1884, p. 11, pl, 6, fig. 11
only; "Foesil point,"” Port Mallar, Alasks, callected by W. B, bali. ,

Aucella inflata Lanvsew, Mem. Com. Geol. 3t. Fetersburg, vol, 8, no. 1, 1888, p. 20,
40, pl. 4, figs. 12-17; Lower Nepeamian, Russts—Pavrow, Soe. immr; Nat.
Moacou, Nouv, Mem, T. 17, 1007, p. 88, pl. 6, figs. 58, b, c; Lower Neovomian
of Pakhorks, Govt. of Simbirek, Russia.

According to Paviow this species has aome resemblance to A. lerebratuloides but
differs from it in its greater degree of inflation, greater convexity of the right valve,
and in the more stubby form of the shell and ite more convex posteriar border, which
projects mors to the rear.

In the type district of the Paskenta group this species is more abundant in its
lower hedes, where it oceurs with 4. uncitoides, 4. solida, Lytoceras saturnale, nov.,
and & fine-ribbed apecies of Phylloceras. 'The species is slso abundant near Winslow
bridge, western Glenn County, in the lower beds of the Paskents group, and in
nearly the same horizon esst and northeast of Knaxville, Napa County, Specimens
of the same have becn coltected here by X. L. Talisferro, apparently from the locality
mentioned by Turner (1893, p. 218), who bas deseribed conglomerates found ‘in the
Enoxville beds at several pointi'’ to the north of Enoxville, These conglomerates
are the basa!, or near-bassl, beds of the Paskents group. The same apecies has
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been found near the baae of this group 14 miles northeaat of Mount Diable by Hoffer
and Staples (Louderback, 1033), snd also in basal conglomerates an the northwest
flank of the meuntain. It alzo oceurs near Orchard Pesk, Kern County, where it haa
baen collected by Hapnna and Church in the Devils Den Jdistrict,

Aucella solida (Lahuacn)

[Plata 10, figures 3, £

Aucella concentrica var. Warrs, U. 8, Geol. Surv., Bull, 4, 1384, p. 13, 14, pl. 8, fig. §;
"ch:aiflI Point,’" Port Miller, Afaska; U, 8. Geol. S8urv., Mon. 13, 1888, p. 232,
pl. &, fig. 13.

Aucelle crassicollia var. solida Lanvset, Mem. Com. Geol. St. Petersburg, val. §,
no. 1, 1888, pl. 5, figs. 14, 16; Lower Cretacegus of Russis,

Aucelle zolida {f.shusen} Piviow, Soe. Imper. Nat. Moacou, Nouv. Mem. T. 17,
1907, E &4, pl. 5, figs. 24a, b, ¢; Lower MNeocomian of Russia; figas. 25, 26; Shelton
Ranch, near Paskents, Tehama County, California.

This ypecies has bosn found with A, inflela, A. wneifeides, nnd Lytoceras saturnate,
nev., in the lower beds of the Paskenta group in its type district, and in the sama
horizon in the Devils Dan district, Kern County, where it was collected by Hanne
and Church. It hea alsc been collested by C, F, Averill at Big Bar, Trinity County,
punciated with A. eresse and various plant remains, probably at one of the localities
mentioned by Diller (1008, p. 370-382). According to Paview the species ia found
in the Lower Cretaceous of Russie, in the zone of Subrrospediles stenomphalug
(Pavlow), which has been rogardad na an Infra-Valanginian horisen in Russis snd
in England.

Aucells unicitoider Paviow

Aucella ptochii var. oveis Stanton, U. 8. Geol. Surv., Bull. 133, 1895, p. 43, pl. 4,
fig. 14 only; type district of the Paskenta group, Tebama County.

Aucells unsitoides Paviow, Boo, Imper. Nat. Mouscou, Nouv. Mem. T. 17, 1807,
p. 81, pl. 5, Aga. 14, 15a, b; Lower Neocomian of Tobolek and Simbirak, Russiz,
and of the Lower Cretaceous in Californis.

"This specien in moat abundant in the lower beds of the Paskents group in ita type
district, especially on McCarthy Creck, western Tehama County, where it is asso-
ciated with A. nfisia, A. aoitde, and Lylocerae soturnale, nov,, and with Phylloceras
of. knozvillense Stanton. According to Pavlow the apacies occurs in Russia in the
20n€& of Subcraspediies sienomphalur (Pavliow), thus indipating s low position in the
Crataccous saquence. Subcraspedites alenomphalua is regarded as an index fosail;
Spath places it near the tap of the Infra-Valanginian in the standard section of
Europe.

Seuth of Paskents this apecies has been found at & number of places near the base
of the group, as nesr Fik Creek villuge, Glenn County. Crook has cellected the
apecica with A. croasicollie, Lytoceras of. saiurnale, and others from the lower beds
of the Paskenta group at tha north end of the Berryeasa Valley, Nopa County. This
locality is on the west side of Btioura Creek, 3 miles above its mouth, and balf a
mile sauthwest of the Foater ranch. The coarse sandy beds hers form the locnl base
of the group, resting upon sarpentine and other bosement rocks,

Aucelfa piriformis Luhugen
(Plate 8, Bguren 3, 41

Aucella concenirica var. Wiitg, U, 3. Geol. Surv., Bull. 4, 1884, Ei 13, 14, pl. 8, figs. 8,
7; “Fousil Poiat,"” Port ﬁi‘ﬁllnr, Alnska, coliected i:y W. H. Dall.
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Aucella piriformis Lamosey, Les Aucellen, p. 22, pl. §, figs. 3-7; Lower Nencomian,
Rusaia—Piviow, Soo. Imper. Nat. Moscou, Nouv. Mem. . 17, 1007, p. 62,
p%'l% figa. 20-22; zane of Polyptychites polyptychiua Pavlow; Lower Neocomian
of Ruaaia.

Thin apecies is found in the middles part of the Paskenta group in its type district,
saaooiated with Neocomiler jenkinef, opecies of Asileric (p.s.), Berriasella, and
Phurmannia peskenlae, nov. Ti bas alao been found at & highor lovel in the Me-
Carthy Creek eection=—'"zone P*'-—nssceinted with Lytoceras saturnale and n largs
eyend leaf. Ita oseurrence hers ia in the middle third of the so-called "'Aucella
crasstcollis zone,’" but it is not confined to thia part of the section, ‘This in the
largeat of the ausellan species found in these beds,

Aucella nuciformis Pavlow
(Flste 29, fgures 7, B, 9}

Aucelle nuciformis Paviow, Soo. Imper, Nat. Moscou, Nouv. Mem., T. 17, 1507,
p. 52, pl. 3, Gign. 27a, E, ¢; figy. 28m, b, o; Lower Nencomian, zone of Subera-
spediles stenomphalus Paview, Govt. of Simbirak, Russia.

This apecies bas wot been recorded befors from the Lowar Cretaceows of Cali-
fornia, but it has been found in the type district of the Paskenta group at thrse
different points, aod st two different horizens. It ocoure in the basal sandy beds
of this group at a loeality 2 miles northwest of Paskents, acd in the same zone &
quarter of & mile cast of Hendergon’s house on MeCarthy Creek. It has also been
found at a higher level in thia section, just boneath the zone of Nepcomiles jenkinsi,
and with A. piriformis a littls above it. It is not shundant at sny placs, but it ia
one of the forms recorded by Pavlow [rom the zone of Subcragpedites stenomphalus
in the Lower Cretaceaous of Rusaia,

Augella keyserlingl Lahusen

Aucells ksm“ﬁﬂfi LanoseN, Mam. Com. Geol,, St. Pataraburg, vol, §, no. 1, 1888,
p- 21, 40, pl. 4, figs. 18-23; Lower Neocomian, Russia,

Aucella crazgicolts, var. Sranrton, U. 8. Geel. Sury., Bull. 133, 1895, p. 4547, pl. 5,
figs. 12, 13; “s specimen that approaches ducells plochii var. ovata’ Btanton.

Aucella Reyaerlingi, Paviow, Sce. Imper. Nat. Moacou, Nouv, Mem,, T, 17, 1607,
p. 62, pl. 5, Bga. 178, b, ¢, 18, 10; Lower Neccomisn, Govt. of Simbirsk, Russia;
zone of Subcraspeditos sisnomphalua (Paviow).

Stanton (1895, p. 46) statea that his Sgures (1805, pl. §, fige. 12 and 13) are much
like Lahusen's figure of 4. teyserlingt, whereas Favlow has regarded them as identi-
cal. In the type distriot of the Paskentn group thin species has been found 800 to
200 faet above the base, associated with Neocoritea #itppi, nov., Lytoceras saturnale,
and Acrolsulhis onoensis, nov. It seems to be rather rare, but it is racorded here
as one of the forms found in Russia in the zone of Subrrospediter stenompliafus
{Pavlow). Itisbelieved to bave been found slza on the west border of the Berryosssa
Valley. R. D. Reed sént & speoimen probably of the same species to the Californis
Academy of Sciencon from Pasqual Cresk, 3 miles south of Lompoe, Sants Barbara
County, California.

Aueelle lahugeni Paviow
{Plats 8, figures B, )

Aueella lohugent Pavrow, Soo, Fmper. Nat. Moscou, Nouv, dem,, T, 17, 1967, p. 51,
pl. 3, figa. 16-23.

In his deacription of this epecies Pavlaw (1907, pl. 3, Gge. 21, b, o} has illustrated
a form which is said to ocour in Naoecomisn beds at Kashpour, Government of Sim-



DESCRIPTION OF BPECIES 107

hirgk. The California forma, slthough of Neocomisn age, more nearly resamble
thoss illusteated by him (Paviow, 17, pl. 3, Bgs. 16a, b, e} from the Aquilonisn
beds of Khorochova. Tha left valve in long and narrow, with an acuminate beak;
the right valve i8 uot less acute, bub shorter, The species is found in the lowest
beds of the Paakenta group on MeCarthy Creek, Tehame County, and st the Govern-
ment dam #ite, near Elk Creek village, Glenn County, The figurad exampies are
from this loeality, Good examples of the species were found by Bruce G. Martin
ab Looality 27 (Calif. Acad. Sti.), pearly 2 milea novth of Myrtle Creek village,
Douglas County, Oregon. The young of this species cften resemble the young forms
of Aucella piochi Gabb, but the more mature stages of growth are readily diatin-
guished, being longer, narrower, and lacking the expansion of A. piochi in the
posterior part of the Jeft walve,

Aucella piochi Gahb

Tnoceramus ptochii Ganm, Paleont. Calil,, vol. 1, 1864, p. 187, pl. 25, fig. 173 only
(not ﬁ%‘ 174); north side of Mount Disblo, Contra Costs County, Californir.

Aueslia piochii Gaps, Paleont. Calif , vol. 2, 1868, p. 104, (not pl. 32, Bge. 920, b, ¢)
—SraNTo¥ (in part}, U. 8. Geol. Surv., Bull. 183, 18095, p. 42, (not pls. 4, 5}.

Buchia piocht Cricxuay, Am. Midl, Nat., vol. 13, no. 1, 1834, p. 1-7; {Upper Jurasaie
stratn of Huasne district, San Luis Obispo County, Californin,

In the earlier literature on the Lower Cretaceous of California snd Oregon, this
spocien is often listed, and was usuatly regarded aa indicsting o low position in the
Cretaceous seanuenpe on the West Coant, Mors recently it hag been held to be one
af the leading specias of the Knoxville series, and to ronge almost throughout this
peries. Search st the type locality of the specien shows it te be not very abundant,
but mingled with other species of the gemus, and rarely among them a berriasellid,
resembling B. calfsto d'Orbigny. It ia often found also in tranaported boulders
buried in the bazal conglomerstes of the Shasta seriess, se on the noerthwest flank
of Mount Diabls, and in the Berkeley Hills. A simsilar if not identica! species haa
recently been collected from esleareous beds in the Berryesss Valley, Napa County,
mingled with types of ducells sud other Mollugea that characterize the basal bads
of the Paskenta group. Far thiz reason the speciea is included here an one that in
exceptiona] places in the Great Velley embayments may have survived the events
which normally closed the Knoxville period. The species ranges throughout the
Krnoxvilla series in its type aroa.

Aucella indigenaliz Anderson, n. #p.
(Flate ¥, Syures 5, §: Flata §, Agurs 10)

This species has the genersl form of Aucella keyserlingd Labusen, as figured by
Paviow (1907, pl. 5, figa. 1Ta, b, e}, but differs from it notably. Thelelt valve hasa
higher and more prominent beak, which overhange the right valve in a hook-like
curve; the marging of the right valve meet above at a larger angle (near 85 degrees),
and the umbonsl ridge on the laft valve is much more cbligue.

The holotype {Calif. Acad. Sci, typs Coll.) was found with other examples of tha
same species, at “Locality 77, 2 miles north of the Indian village of Skidegate,
Graham Island, by R. 3. Kleinpell and E. W, Galliker. It has the following dimen-
giona: length of left valve, 56 mm.: grestest width, 25 mum.; thickpess, 20 mm.;
length of right valve, 42 mm,; width, 30 mm.; thickness, 10 mm.

It was found masociated with Lyleceras argonoutarum Anderson, Desmoceras voyt
Anderaon, and with other spevies of Aucella. It is regarded us being of Aptian age.
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In its association with the above forme it recalle & species of Auceils found in the
Barr zone of the Cottonwood digtrict, California, aleo in Aptian strata.

Osreemas Lamarck

Osirea Linnasus
Oatrea indigens Andergon, . ap.
{Plabo 1, fgures 1, 3

Shell large, thick, and massive; upper (right) valve irregularly semicireulsr, or
ovate in outling, beak subterminal, posterior end rounded; valve moderately thick,
eoncave, or excavated above: lower (left) valve high, thick, and anguirted, maesive;
heak curving forward and toward the side; left valva strongly arched, with angular
ridge extending from the beak to the posterior margin; slopo steep toward the bhack,
gentler toward the front; neither velve corrugated, or much reughened, marked only
by the almost smooth edges of the lamellae, not showing transverse folda.

Thia shell bears much resemblabes tn Cstrea couloni Dafrance, as Bgured by
Weaver (1931, p. 220, pl. 19, fign. %, 91}, from tha lower Neocomisn of western Argen-
tina, of which it is at Jeast an analogue. Stanton (1808, pl, 2, ig. 1) heafigured s small
upper valva of a ghell found near Btephenson's on the Caold fork of Cottonwood
Creek, which may be ths yonng of this species, since hoth are found in the Paskenta
group, although not in the same horizon.

The holotype (Calif. Acad. Sei. type Coll.) mneasures: length, 145 mm,; greatest
width, 95 mm. ; thickness of both vaives, 70 mm. This example wra found by E. J.
Broad at Locslity 113 (Celif. Acad, Sei.), 4 miles southwest of Ono, Shasta County.
Its horizen is in the upper part of the Paskeuta group in the Cottonwood distriet.
Anather example of the same spacies waa found by the writer in the NW } Sec. 7,
T. 20 M., R.7W. These examples were found on nearly the same horizon, and both
were found associnted with Acrofeuthis shaslensis, benensth the lowest beds agsignable
to the Horaetawn group.

TaizoNIpAR Lamerck
Trigenia Bruguidre
Trigonia kaysna Anderson, n. p.

{Flaw 7, Ggom

Trigonia gequizortais Dinuzer and Ear, U. 8. Geol. Burv., Geol. Atlss, Riddls Folio,
1924, p. 3, fig. 3; “Knoxvills formation," Riddle Quadrangle, Oregon.

The shell of this apocies is amall, or of only moderate size, as judged by the bettes-
known forma with which the figurs appears in the felic, The species is quite unlike
7. geguicosiata Gabb which accurs in the lower beds of the Chico series, and it re-
guires A distinctive name. It seems to be among the oldeat forma of Trigenia yet
found in the West Const Crataceous. A similar form haa been found on Esgle Creck,
pear Ono, Shasta County, in the Jowest beda of the Homsetown group. At present
the horizon of the Riddle example is subject te question, sinca it iaiocluded ina
list of “Knoxville' forms, which includes Awcelia piochi Gabb, A, “erassicollis*
{= A. ¢razrz Paviow), and Peclen eperculifermiz Gabb, and s Ginkge loaf. As
these molluscan farms raprasent various distingt borizons they perhaps need revision.

A similsr amall undescribed apesing of Triponia haa been (ound in beds regarded
o being in the middle part of the Paskenta group ou the North fork of Cottonwond
Crealk,  miles acuthwest of Ono, Shasta County.
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Prcriipag Lamerek
Pecten Muller

Pecten complemeasta Gabb

Pecten complexicosia Gapn, Paleont, Calif., val. 2, 1889, p. 19, pl. 33, Gga. 97, §7a;
“Shasta Group," Mergan Valley, Lake County—Stanton, U, 3. Geol, Surv,;
Bull. 133, 1895, p. 37, 51.2, fign. 7-9; Wilbur Springs, Colusa County—ANDER-
soN {in I:Awmﬂ‘}. U. 8. Geol. Burv., S3an Franciseo Felio, 1014, p. §; Berkeley
Hills, Contra Coata County.

This ahell is of moderate size, thin, equivalve, nearly sgquilateral; aides and base
forming & regular curva; shell alightly elongated; surface marked by about 12 te
14 radiating ribs, with eometimes un equal sumber of intermedisry riba. The length
af the holotype, about 57 mm.; width, 50 mm.

Gabb states that it is common in the limeatone of Morgan Valley, Lake County,
Stanton found it in the limestone south of Wilbur Springa, Coluss County, and it
occurd in the Berkeley Hills, asaociated with Atresius lrafus Gabb, and with other
well-known species characteristi of the Paskenta group.

Pecten ealifornicus Gabb

Pecten volifornicus Gana, Paleont. Calif., vol. 1, 1884, p. 201, pl. 31, fg. 270; Cotton-
wood Creek, Shagta County, California—Sranton, U. 8. Geol. Surv., Bull. 133,
1805, p. 30, pl. 2, fig. 10; Cold fork of Cottonwood Cresk, Tehama County.

‘Thia small species of Pecien nocure in both the Paskenta and Horastown groupa,
and both north and south of the delta area on the west bardar of the Sscramento
Vulley. Gabh seems to have sonfused this species with ancther oecurring in the
Chice saries, giving the horizon of its ecenurrence ag “Chieo or Sheata group,'’ Cot-
tonwood Creek. It has not been seen by the writer in the Chico series; Stanton
reported it fram “near Stephenson’s on the Cold fork of Cottonwand Creek, in beds
pesr the boge of the Paskenin group, of the Shasta series, where it ocours with many
other species listed by him (Stanton, 1895, p. 14). The aame spacien has heen found
abundantly in the lower part of the Horsetown group on MeCarthy Creek, 6 quarter
of 8 mile west of the Lowry Road.

Byneyclonema Meek, 1984
Syncycloneme operculiformis (Gabh)

Peclen aperculiformis Gans, Paleéont, Calif., vol, 1, 1864, l]Zé 201, pl. 28, fig. 188;
vol. 2, 1869, p. 200, 251; Cottonwond and Hulen-crecks, Bhasta Couaty, an
Curry's near Mount Diablo=Stanron, U. 8. Geol. Burv., Bull. 133, 1805,
p. 16, 18, 32, 37; regarded an oceurring in both 8hasts and Chico series—
Srewart, Phils. Acad. Xat. Sci., Spec. Publ. no. 3, 1930, p. 120; locelity not
given.

The simple form and yaornamented character of this shell hea made its speeifio
description diffenlt. It is Batly lenticular, subeircular in autline below the auricles;
interiar of the sheil silky in texture, smooth, or pulished without, but showing fine
coneentric linea of growih; left valve with nearly equal suricles, right valve legn
well known., The holatype {“lectatype™ of Stewart) is in the Musewn of Pale-
ontology, University of Califoraia. It has the following dimensions: length, 22 mm.;
height, 26.5 mm.; thickness, about 3 mm. BSimilar forms are found in many parts
of the Shasta series, and for this renson the range of the species is not definitely
known.
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Stewsrt gives the umhonal angle of the holotype ar 100 degrees, and if the ssme
speviea has a stratigraphic range throughout the Shasta sariea thin angle ia variable;
if the angle in regarded aa dingnostie of specisg, there may be several apecies in the
saTien.

Neithes Drouet
Neithea prandicosta Gabb

Neithea grandiecata Gaen, Paleont. Oalif,, vol. 2, 1868, sg 2060, pl. 33, figz. 00, $0s;
rare in the “Shasta Groulp,“ Cottonwoed Creek, Shasts C!:mnty-wﬁxnnnsnn,
.. Calif. Acad. 8ei., Pr., vol. 3, 1902, p. 41; Hozsetown group, Shasta County.
Neithes (Neitheops) grandicostn, STEWART, Phila. Acad. Nat. 8¢i., Spec. Publ. no. 3,
1930, p. 116; new subgenus proposed.

Gabb's deacription of this species reads in port:

!'Shell minute, very inequivalve, squilateral, elongate; lower valve, sidea tapering
‘s little coneavely; general contour of the bass samicircular, with six prominent
angles and coneave interapaces. Surface marked with six very large, round, equi-
dmulllnt ribs, the interapeces carryiog a small rib, fanked on cach side by ans atill
soaller;. . .

This apecies seamu to be very rare in the 8hasta series, snd anly the holotype haa
been known, Its horizon waa not given by Gahbb, and its exact lacality hes heen
conjectural. Recently s single valve elearly identifiable with the species has heen
found in thie Barr zone of the Horsetown group, near the small sehool on Mitchall
Creek, § miles south of Dno, Shasta County. Its length is 13 mm.; haight, nearly
the zame. It was found associated with Acroleuthis aboriginalia, nov., Terchralells
nverilli, nov., and Parahopliloides sp.  Itp cceurrence in the thin conglomerate of
this zone fixes ita horizon hera a4 in the lower Aptian beda of the Horsetown group.

Beonpyrioae Fleming
Spondylue Linnasus
Spondylus fragilis Btanton

Spondylue frogilis Stanron, U, 8. Geol. Bury,, Bull. 133, 1805, p. 36, BL 2, fig. 3;
near Stephenson’s, on Cold fork of Cottonwond Creek, Tehama Uounty.

This specica waa deseribed from a amall left valve, showing well-defined, subequal
ears, Jow beak, and irregularly undulating rodial lines ypon the surface. These
dines are said to show & tendeney to become subspinoge on well-preserved examples.
The species is one of the 18 molyscan forms specifically named by Stanton (1895,
P 14} in the list ebtained near Stephenson's on the Cold fork aof Cottonwood Creak.
It was believed to belong in “tha upper part of the Knoxville beds,” but a5 the list
elsn containg various other dipgnastic epecies belonging in the S8basta series (Lower
Cretaceous), it can hardly be regarded ne rapressnting Knoxviile beds in the sense
of thin paper. Tha ligt includes Cypring occidentalis Whitenves, Aucells crassicoliis
Kevsarling, and Acroteuthis impressa (Gabb); the |rsb two of these indicate that the
hotizon is mot older than the Paskenta group, and in fact is found near its base ot
thig loeality.

Plicatuls Lamprek
Plicatula vartale Gabb

Plicatula vartala Gann, Paleont. Calif., vol. 1, 1884, p. 208, pl. 26, Bz. 190, Battle
Croek, Shosta County; vol. 2, 1388, p. 262; “Shasta Croup,” Battle Creek,
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Bhasts County—Sranton, 7. 8. Geol. Surv., Bull, 133, 1805, p. 18; the species
jgsncludad in a list from the lower Forsetown bedn in ti:e Cottonwood district,
Shuata County.

Gabb's deseription is in part ea {ollowa:

“Zhell variable, ususlly somewhat cyrved. Lower valve attached by a portien
of the surface, deep, radially costats, riba occasionally dichotomous. Tpper valve
flat or concave, plicate like the lower, but not se strongly, ribs being sometimes
obaclete. Hinge robust; muscular scar large; internal margin of the upper valva
crenate [erenulated]; lower valve marked with pita correspouding to the teeth
ahova.'  Average length of the ahell ia about 1B mm.

‘This mpecies is characteristic of the lewer Horsetown beds, and has not been found
by the writer in the Chicoe aeries, as might be thought likely from Gabb's note sa
to its ocourrence on Battle Creek.

Plicotula onoenaie Andorson, n. ap.
{Plata 4, figtices 1, 3, 3}

Shell small, semi-triangular, very inequivalve, often oconervo-tanvex; lower valve
more convex, showing little evidencs of attachment; surface highly convex, orna-
montod by 8 to 12 gharp, radial ribs, some of which bear scale-like spines where
interscnted by the strong lines of growth; upper valve usuaily concave, or llattened,
ornamented by 8 or more radisl rounded plications.

The holotype (Calif. Acsd. Bei. typa Coll.} was found on the North fork of Cotton-
wood Creel, 600 feet shove the hridge st Ono. The apecies is 8lag pbundant in tha
upper beds of the Paskenta group, and bas been found st Lacality 113 (Calil. Acad.
Sei,), 4 miles southwest of Ono, whera it cccurs about 600 feet beneath the loweat
beds mssignable to the Horsetown group. It sceurs here assceiated with Poly-
piychiles ahaslensie, nov. and Crioceras of. latum Gabb.

Lnapae d'Orbigny
Idma Bruguidro
Lima mulititneqgia Stanton

Lima multilingats Sraxroy, U. 8. Geol. Surv., Bull. 133, 1805, p. 36, pl. 2, figs. 4, &;
near Stephenson'’s on Cold fork of Cottonwaod Creak, Tebama County.

This shall ia well igured and deseribed by Stanten and needs no further nots aa
to ita characteristics, Stanton compares it with Lima mierotis Gabb from the
Chico geries (Cottonwood Creek), but statea that the shell is large and leas oblique
thamn the latter. This species ia among the number Hated by Stanton {1866, p. 14),
al! of which are included in this memoir in the lower beds of tha Paskenta group.

The apocies is not abundant in these bedn, but it hos been found in a few places
in this horizon. A good example of the species was obtained in 1912 from the old
“‘sement-rock’ quarry at Napa Junction, Sonoma County, 4 miles north of Vallejo,
where it waa aseocinted with Inoceramus vallejoensts, Modielus onoensis, nov., and
nurerous pholad boringe, the latter indicating stratigraphic disconformity.

Lima shasiensis Gabb

Lima shasienriz Gans, Paleont. Calil., vol. 2, 18689, p. 201, pl. 33, fig, 100; “Shasta
Ciroup,” Cottonwood Creek, Bhasta County— ni-rn,?l. 4. Geol. Surv., Bull.
15, 1;85. p. 20; Horsetown beds—Stmwany, Phila. Acad. Sei., Spec. Publ
no. 3, 1630, p. 124, pl. 16, fig. 13; locality not given.
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The shell of thia apacies la emall, compreesed irregularly subelliptical, equivalve;
anterior gide and base forming A regular curve, the poaterior margin of the bhase
curving upward rathsr abruptly to the postericr end, which is ptraight; ears very
small, the snterior ear trisngular, the posterior, narrow, almost lincar; posteriar
umbonel alope very marrew; sirfpcs ormamented by 20 or 21 prominent, straight,
radiating riba, with interspaces of equsal eize. Stewart gives the following measurs-
mente for the holotype, which ia in the eollections of the Academy of Natural Seiences
of Philadelphia; length, 15.5 mm.; height, 14.2 mm.; thicknesa of left valve, about
2 mm.

ANouuiDAE Gray
Anomia Linnhaans
Anemia sensacena Stanton

Anomia sencacens Branrow, U. 3, Geol, Surv., Bull. 123, 1805, p. 35, pl. 2, fig. 2;
2 miles south of Lowry's, Tehama County.

In his description of this shell Btanton says, in part:

. “8hell rather lirge, aubcireular in outline, slightly oblique, depressed, convex;
hinge line etraight, nearly as long as the shell; beak ingonspicusus, not projecting
beyond the hinge line and situated nesr the middle of it; surface marked by faint
concentre nndulations, Length, 25 mm.; height, 23 mm."

This epecies is included in & Hat of six specifically named forma given by Steoton
{1836, p. 17) {rom a locality 2 miles south of Lowry's. The assceinted forme inelude
Aucslls craasicollis, ‘"Dlcostephanus’ trichotomous, and others, ell of which are
characteristic of the upper part of the Paskenta group. Stanton siates that the
apecimen was inside s fragment of Lytereras batesi, & speeies not known below the
Horsetown group, and therefore indicating the age of the present species,

Whiteaves hag described a simitar form from Lina Iuland {Qucon Charloite
Islands), which i included by Stanton (MacKenzie, 1918, p. 66} in the Haida forma-
tion, under the name Anemia linensts (Whiteaves), Although MacKenzie indicates
ro older Cretacacus strata o Ling Island, there are stratigraphis reasons for expect-
ing them there. The form described by Stanton has net been found in the Knox-
ville aeriea.

MonioLorsinan Fiacher {emend.)
Myoconcha Bowerby
Myoconchs améericana Stanton
Myoaconcha americana Branron, U. 8. Geol. Sarv., Bull. 133, 1805, p. 48, pl. 2, fig. 11;
near Stephopson’s, Cold fork of Cottonweod Creek, Tehama County.

“Shell small, slender, subovate, geotly convex; beak smsll, almost terminal;
dorsal margin nearly straight, passing by a gentle curve into the rounded postarior
end; ventral margin also nearly atraight, slightly contracted toward the fromt,
gently convex behind; shell gradunlly broadesing from the narrow anterior end for
about two-thirds of its length, and thence rounded to the posterior end, surface
marked by lines of growth. Length, 41 mm.; greatest width, 22 mm."’

This species is among those eontained in Stanton's list (1835, p. 14} of mollusecan
forma collected from the bassl beds of the Paskenias group bear Stephenson's on the
Cold fork of Cottoowood Creek. Of the 24 forms in this list, 18 are apecifically
narmed, {some doubtfully), of which 13 are new, and deseribed (rom thinlocality:
2 gpesies are known [rom the Cretacoous of Queen Charlotte Islands; 3 are well-
known Shasta species, of which Peclen californtcus and “Belemnites’’ tmpressus are
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comman in the Horsetown group. Aucello cragsicollis pertains to tha Paskents group.
Mone of the species have been recorded from the Knoxville (Upper Juraseic) series,
por have any been found there by the writer. From an analytical study of the list
it must be concluded that the locality must be included in the Paskenta group, and
an examination of the beds shows them to immediately overlic & heavy conglomerate
marking an unconformity at the base of this group.

Myririoae Fleming
Mytilus Linnnang
M ytilus arlingleni Heory {unpublished)
(Flate 1, Bgure §)

Shell of medium size, obliquely ereacent-shaped; beaks terminal, narrowly
reunded; cardingl line slightly curved, curve aceentuated in the more strongly arehed
posteriar border; anterioy margin alightly concave in young stages of growth, more
atrongly concave in oider shells; valves atrongly arched (inflated), when seen from
the front; doreal alope bearing a subsidiary fold paraliel to the umbons! ridge; test
thick,

The bolotypa is in the Museum of Paleontology, Univeraity of Californis, It kna
the following dimenasions: total length, 91 mm. ; height, 40 mm.; convexity of pingle
valve, 38 mm. Another example of the same species was found at the sams locality.
Thega were found by Loonard W. Henry on the south border of Contre Costa County,
pear Arlington Avenue st the north border of Perkeley. They wara found asscoiated
with other invertebrates, including Balanus sp., Aucelln crasefcoilis, A. tnflota, and
Belemnites sp.  These fossils were found in a calearsous pebbly sandstone overlying
Knoxville beds with olear evidence of unconformity, 24 shown in part by some of the
aszociated forme. The horizon represented im in the lower part of the Paskents
group of tha Bhasta seriea.

Modiolua Lamarek

Modiatue major (Gabh)

Modicia major Gase, Paleont, Cali.[.l vol. 2, 1883, p. 101, 9} 13, fg. 83; white lime-
atane of the "“Shasts Group,” east of Xnoxville, Napa County—Sravron,
U. 8. Geol, Surv., Bull. 133, 1895, p. 48 (in part, not pl. 3 ﬁ% 1}~ ANDEREON,
g’“:f; At:sd. Sci., Pr., vol. 2, 1002, p. 48; north border of Berkelay, California;
nakenta group.
Myoeoncha major {Gal?:b) Srewant, Phila. Acad. Soi., Spac. Publ, no. 3, 1980, p. 104,
pl. 4, fig. 1; probable holotype.

Gabb’s holotype of thia apecies seerns to have been taken to the Academy of
Natural Seienees of Philadelphia, and Stewart has figured an example found there
ua probably the holotype. The species oteurs in the white limestone 14 milea south-
west of Wilbur 8prings, Coluss County, assgeisted with Riynchonella whitneyi Gabb
and Pecten complexicoats Gebb. An imperfect example of this apecies is in the
California Academy of Sciences from this locality, and ia readily identifiad with
Qabb's farm. The same apscies haas been obtained from the white limestone of the
pame horizon on the west side of the Berryessa Velley, collectad by Eldridge D.
Drew and donated to the Aeademy, The same species occurs in 6 ealearcous ssnd-
stone of the Paskenta group it the Barkeley Hille noar Berkeley. The measurementa
of the holotype given by Gabb are: length, 4.8 inches; height, 2.4 inches; thickneae,
1.5 inches. The ratio of height to length given by Stewart for the probable holatypa
is .480:1, which ia somewhat more glender than as stated by Gabb.
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Modiolua stantoni Anderson, n. sp.

Modiala major (Gahb) Srawrow, U, 8, Geol. Surv,, Bull, 133, 1895, p. 48, Evl- 3, fig. 1;
%ne mila saat of Stephenson's, Cold fork of Cettonwoad Cresk, Tehama
ounty.

Although Stanton balieved that his specimen rapresented Gabb's “Meodicla"
major, a comparative study of various examples and the figures given by Gabb and
Stanton shows various apecific differences. Stanton (1895, pl. 3) notes that his
example "is not quite a0 slender as Cahb's original fgure,’’ and this fact is readily
sesn.  In Stanton's sxampls the shell is muel larger, and tha ratios of lemgth to
height is 1:.5566; thickmess not given,

A fairly well preserved example of this species found by Drew on the wast horder
of Berryosan Valley in white limestone shows & ratis of length to height of I:.868,
god & ratio of length to thickness of 1:.468, 1€ is 6 inches in length,

There ara other diferencca; the beaks in Modiolua major are more nearly terminal,
sud the umbonal ridge forms s smaller angle with the bage than in Modiolus stanfoni.
Both apecies gecur in the white limestone on the weat horder of the Berryasaa Valley,
uagocintod with Aucelle pirfformis, Inoceramus evatus, and many other forms common
in. the Paskenta group.

Modiclus (Vahal!h} ofioensis Anderaon, n. 8p.
{Plata &, gure 3}

Bhell small, subeylindrdeal, elongate, smooth; beaks pearly termipal, low,
rounded; hinge line neatly straight, one-half the length of the shell; pasterodorsal
margin broadly curved to posterior end; anterior and narrowly rounded belos the
beaka; ventral border nearly straight; lower part of the side somewhat pinched near
the middle; surface emooth, or marhed ouly by comcentrie lines of growth, inner
layer of test pearly. The holotype (Calif. Acad. Sei. type Coll.) wae found on the
North fork of Cottonwond Cresk, half a mile above the bridgs at Ono. Length of
holotype, 47 mm. ; greatest width, 17 mm.; thickness of both valves, 16 mm.

Its atratigraphie position ia near the tep of the Paskenta group 400 feet below
the base of the Horsetown., It was found aaspeiated with Plicaiula variala Gabb,
Crioceras cf. latum Cabb, and other pelecypods. A nearly relsted apesies, M.
(Voisella} kenryd, wan found by L. W. Henry in the Paskenta beda in the northarn
part of Berkeley,

Modiolus (Volsella) henvyi Anderson, n. sp.
(Plucs 2, Sgure B}

Shell small, eubovate in cutline, moderately compressed or narrowly lanceclate
when seen from above} cardinal and lower margins pearly straight, tha former
eurving regularly into the rounded posterior berder; beaks nearly terminal, elogely
approximate, rounded befow, suterior end eurving sharply to the basal border,

*The holotype and four other well-preserved examplea were found by Leonard W.
Henry at the north border of Berkeley, near Arlington Avenue; they are in the
Museum of Paleontology, University of California. They wera found in strata not
far sbove the basal bed of the Paskenta group. The holotype has the following
dimensions: length, 20 mm. ; height, 13 mm. ; greatest convexity, 10 mm.; length of
largest example found, 25 mm,
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Preunomracivas Zittal
Pleuromya Agassis
Pleuromya papyracea Gabb

Pleuromya papyracee Ganp, Palaont. Calif., vol. 2, 1869, p. 178, pl. 29, fig. 88; Cotton-
* wgodp (geek, Shasta County, ‘'Shasts Gruup"msgmon, Jour. Geo .y vol. 5,
1897, p. 507, 508; Horsetown beds—SrewanT, Phila. Acad, Sci., Spee. Publ.
uéo.b% 1930, p. 303, pl. 2, Bz, b; Gabb’a holotype figured, locality aa given by

akbb.

Stewart includes this speciea doubtfully in the genus Pleuromya, but does not
indicate any more appropriate genus for it, The shell is thin and not often pre-
gerved. Good casta have heen obtained at various places and at different horizons
north of the deita, which show a range from the lower bedn of the Paskenta groug
to the top of the Horsetown, Twao good examples were found at Lecality 1053
{Calif. Acad. Bei.) in the Neptune zone of the Hulen beds, 450 feet beneath their
top, asnd aleo at Looality 1868 (Calif. Acad. Sci.), 200 feet lower in the section.
These examples fully canform to tha characters of the holotype as figured by Stewart,
but less to Gabb's figures. An suggested by Stewart, Gabb'a figures wera often
reponstructed.’’

At Lorality 1659 (Calif. Acad. 8ci.) the specivs i ngsociated with Beudanticeras
breweri (Gabb) and Douvilleiceras mammillaium var. Stewart gives the following
dimensions for the holatype: length, 45.5 mm.; height (incomplete), 20 mm. ; thick-
ness of bath valves, 20 mm.

The same apecies bas been found st Locality 1685 (Calif. Acad. 8¢i.) on Duncan
Creek, associsted with Criocerae latum Gabb and Spiticeras duncanensze nov.
Smaller examplea that seem referable to the same specica have been collected on
Eegle Creek, near Ouo, and at Clementa ranch on Redding Creek, Trinity County,

PootapouTactbar Gray
Pholademyo Bowerby
Pholedomys hulenana Anderson, n. sp.
(Flats 3, Bguren 1, 20

Shell of medium gize, robuat, triapgular in outline, umbonea high, anterior to
center of shell, inflated, beake gurving lorward and inward, approximate; abell ex-
cavated in front of beaks; posterior cardinal margin sloping moderately steep, an-
torior slope much steeper, the two slopes forming an angle of about 90 degrees; the
anterior margins of the valves meeting in & narrow ridge beneath the beake; anterior
and besal bordera eloend; posterior end apparently open; surface of shell ornamented
with narrow beaded costae radiating from the besks toward the bagal margin, mora
promigent on the anterior part of the abell,

The speciea somewhat resembles Pholodomya harrigant Hall and Ambrose, from
ihe Upper Cretaceous beds near Altamont, Alameda County, but the horizon of the
present apecies 9 much lower in the general section, and the form of the anterior
end of the shell ia less abrupt. The heolotype of the present speeios (Calif. Acad.
Sci. type Coll.) was found at Locality 18668 (Calif. Aead. Sei.) an the west branch
of the east fork of Hulen Creek, im the Perrin zone. Ity measurementsare asfollows:
length (incomplete), 50 mm.; height, 40 mm.; thickness of both valves, 33 mm.
It was found nasociated with Pinna eguiviflana, Sonneratia rogerst Hall and Ambrose,

Cleoniceras modeste, and Nautilus gabli Anderson. The horizon is probably lower
middle Albian, on the European acale.
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Pholadomya russelli Anderson, p. ap.
{Flats §; Agures 3, &)

Shell of medium size, robust, oval in outline, umbones elavated, anterior; besks
inourved, approximate, excavated before and behind; posterior dorasl margin eloping
gently, rounded wniformly to the rounded posterior end; anterior end more broadly
rounded to the bazal border; surface marked by somewhat regularly conecentrio
ridges, which become fsinter on the posteror quarter of the shell; {aint plications
visible on the anterior end below the beaks; scetion of shall near the umbones cor-
date; poaterior end thin, section narrow,

The helotype (Calif. Acad. 8ei., type Coll.) was found by R. Dens Russell at
Loecality 1650 (Calif. Acad. Sei.} in the Neptune zone oan Hulen Creek, Shasts County.
It hag the following messurements: length, 63 mm.; height, 45 mm. ; greatest thiek-
nees of both valves, 38 mm.

8ix fairly well preserved exsmples of the speoics were obtaned hers, associated
with Pusasia svhquodrata {Anderson), Beudanticerar brewert (Gabb), Lyfocerax
aduraliforme, nov., Douvillefeeras mammillatum var., and other species. 'The horizon
of thisapacies is sbout 450 feet heneath the local top of the Hulen beds, and sbout the
same distance above that of the precading apacies.

Pholedomya allumbonaia Anderson, n. ap.
(Pluts 5, figures 5, B}

Shell small, inflated, subguadrate in outline; banks high, near the anterior and,
excavite in front, slrongly incurved, approximate; anterior end shart, rounded,
eurving to the reunded base; poaterior end more produced, gaping; surface marked
only by concentric ridges which become weakened on the alter part of the abell;
shell thin,

The holotypas {Calif. Acad. Sci. type Cell.} and many other examples of the
specizs were collected by N. E. A. Hinda near the Clemonta ranch on Redding Creek,
eastern Trinity County. The holotype has the following messurementa: length,
41 mm.; beight, 33 mm.; thickness of both valves, 27 mm. The specisn somewhat
reseniblea Pholadomya russalls, but it is amaller, has more prominent besks, and s
maore produced pesterior part. All the examples obtained wers from the sams
point, where they were associated with Phoiadomya clemeniing, and Phyliocerax of.
irinitenee nov., and they were found in strata near the horizon of the holetype of
Criseeras latum Gabb., This horizon is believed to be in the upper part of the Pas-
kenta group.

Pholadomya clementing Anderson, n. ap.
(Plats 3, Bgure 3)

Shell gmsll, littls inflated, oval in cutline; umbones high, subeantral, angulated;
benks ineurved, approximate, excavated bohind; posterior dorsal margin rounded,
curving regularly to the narrewly rounded posterior end; anterior end sloping
rapidly to the basal horder; purface smooth, or having enly faint concentrie lines of
growth. ‘The most charecteristic [eaturs of the shell is the umbonal aogle, extending
from the umbanes to the angular anterio-baasl border,

The holotyps (Calif. Acad. Sci, type Coll) was found by N. E. A, Hinds near the
Clements ranch on Redding Creek, castern Tripity County, associated with the
preceding specien. It hus the following measurementa: length, 37 mm.; height, 28
mm. ; thicknesa of both valves, 18 mm,

The torizon ia that of the preceding species, which ia believed to be in the upper
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part of the Paskenta group. This sapecies has been found also on Eagle Creek, near
Ono, in the lowest beds of the Horgetown group, which shows its range in the general
section of this region.

Pholadomya distorta Anderson, n. sp.
{Flate 3, figurm 9, 10)

Shell small, subtriangular, somewbat inflated, subeordate in section nesr the
beaks; beaks anterior, high, incurved, approximate; shell truncated in front, margin
broadly rounded to the rounded basal border; posterior dorsal slope stecp Lo the
nerrowly’rounded posterior end; surface marked by concentric linas of growth only.
The distinguishing features of this ahell arc its exaggerated beaks, trunosted anterior
margin, and ite steep poaterior slope.

The holotype (Calif. Acad. 8¢i., type Coll.) was found at Losality 1601 (Calif.
Acad. Bei.} by G, D. Eannea near the Clements ranch on Redding Creek, castern
Trinity County. It haa the following measurcments: length, 35 mm.; height, 40
mm,; thiekness of both valves, 27 mm.

The horizon of ita oocurrence ia somewhat higher than that of the preceding
species, but it is well within the limits of the Pagkenta group. A ningle example,
probably of the same spacies, wea found at old Horsetown, in the uppermont beds
of the Horsetown group, associnted with Puzosia heffmannt (Gabb) and Beudanti-
ceras brewerd (Gabb),

Goniomya Agaesiz
Goniomya vespera Anderson, n. sp.
(Plate 3, figurea 4, 3)

Shell small, elongate, wlender, subguadrate in tranaverse section, depreseed;
umbones low, nearly terminal; beaks amail, sirongly inourved, clossly approximate,
and overhanging the end of the cardinal area; poaterior dorsal margin straight,
rather long; posterior end apparently rounded; anterier portion short, sharply
rounded, open below; surface marked by a V-shaped wculpture, coneisting of rimples,
or thin, raiged ridges extending obliquely downward [rom the posterior eardinal
aren,and finer, more oblique plicaticna extending from the short anterior slope down-
ward, meating the former set along & slight umhonal ridge deascending from the
umbones obliquely downward and backward, The plicationys an the lower half of
the shell are nearly parallel with the basal margin of the shell.

The hototypa (Calif. Acad. Sei. type Coll.) was found by N. E. A, Hinda near
the Clements ranch on Radding Creek, eastern Trinity County. It hae the following
meapurements: length (incomplete), 19 mm.; beight, # mm_; thickness of both valves,
10 mm. The halotype waas found sssociated with Periploma (rinitensie nov., Phylloe-
sras clementsi, and Pleuromya papyracea Gabb,

As already etated, the herizon of this speciea is balieved to ba in the upper part
of the Paskenta group. This apeciesis the anly representative of the genus yet found
in the Lower Cretaceous of California, although Whiteaves (1884, p. 225) records
one ip the upper Neocomian rocks of Fraser River. A aimilar form, perhaps the
sama, wus found by Parleer D. Tresk and the writer in Lower Cretaceous beds on
Rattlesnake Creek, a few miles east of Forest Glen, Trinity County.

ANATINIDAE Dall
Periplomya Conrad, 1870

The application of this name by Conrad to American Cretaceous forms of Anatini-
dae has been roviewed by Stewart. Conrad has suggested the name Leplomya [or e
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species found in the Ripley formation of the Atlantic states, stoting that the genuvs
may alao include the Lower Cretaceous ' Periploma™ robinalding, P, neocomiensis,
snd P. simplez of d'Orbigny. Finding later that Leptomys was prepceupied, Conrad
pubstituted the name Periplomya for the group. Stowart expresses the belief that
tha genotype, P. applieata (Conrad), is congeneric with certain apacies of Thracta,
Thia surmise may be well founded, yet for the present it seems best toretain Con-
rad’s inclusion of the genus in Anatinidae Dall. At least two speciea of this genus
have bacn found in the Lower Cretaceous of Californis, hoth apparently belonging
to the group of Periplomya robinalding {d'Orbigny),

Periplomya trinitensie Anderson, n. sp.
[Pinta &, figure 7]

Shell of medium aize, elongate, a little inflated, oval or elliptical in outline; um-
bones suhanterior, about one-fourth the length of the shell irom its forward end;
besks incurved, approximats; shell excavated befors and bahind the beaks; postarier
cardine] margin atraight, nearly parailal to the base, rounded behind to the narrowly
rounded end; anterier portion shory, abryptly reunded to the bass! bordar; basal
border straight in ite forward two-thirda, curving upward hehind; surface marked
hy weak concentrie growth lines; a subangular ridge extending from the umbeones
downward to the base; valves but little open behind.

The holotype (Calif. Acad. Sci. type Coll.) was found by N. E. A. Hinds near
Clemants ranch on Redding Creek, eastern Trinity County, mssociated with Phyl-
loceras clemenist, nov. and Pholadomys clemeniing, novy, It has the following meas-
wramenta: length, 62 mm.; height, 27 mum. ; thickness of both valves, 20 mm.

Periplomya reddingensis Anderson, n. 5p.
{Plato 3, figure &)

Shell of medium aiza, elongate, inflated in the umbonal rogion, subelliptical in
outline; umbones situsted near the antsrior end, rather prominent and broad; besks
incurved, approximate; shell excavated bemeaath the beska; cardinal margin nearly
straight, curving gradually dewn behind to the rounded posterior end; anterior
portion shorter, more abruptly rounded, forming s short subangular bend to meet
the anterior basal border; basal horder rounded hahind, but with & slightly concave
outline benesth the umbonea. This species is larger and more inflated about tha.
umbones than the preceding form, and posscsses & more open, hroader eardinal avea.
The valves ara alao somewhat more apen behind than the preceding speciea.

The holotype (Calif, Aead. Sei. type Coll.) was found by G. D, Hanna st Locality
16891 {Calif. Acad. Sci.) balf 4 mile northenst of the Clements ranch houwse on Redding
Creek, easteen Trinity County. It has the following messurements: length, 50
mra.; height, 32 mm.; thicknesa of both valves, 23 mm,

Tha holotype and other examples of the species wera found associated with
Fanspe gp., Pleuromya papyracea Gabb, Periplomya trinilensis, nov., Pholademys
aliumbonata, nov., and Venus collinge, nov, The herizon is believed to be that of the
upper part of the Prakenta group.

Preonormoninan Dall
Adrelica Schumacher

Arelica occidentalis (Whiteaves)

Cypring occidentolis Wmreaves, Mes, Foss,, vol. 1, 1884, p. 227, text fgure 10—
Sranron, U, 8, Geol, Surv., Bull, 133, 1805, p. 60, pl. 12, fig. 2; near Stephen-
son's, Cold fork of Cottonwnod Creek, Tehame County.
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Thia ahell ia deseribed by Stanton (1895, p. 60) ga (ollows:

“Shell of medium size, with thick test, subovate in outline, depressed; beaks
broad, rather prominent, and situated considerably in advance of the middle;
dorual border descending abruptly with a concave outline in front of the beak and
eloping more gently behind, where it ia straight or slightly convex; anterior end
rather narrowly rounded; posterior end brondar and subtruncate below; ventral
margin forming & regulsr brord curve; surface marked by prominent but somewhat
irregular concentric lines.

Length, 60 mm.; height, 50 mm.; convexity of single valve, about 16 mm."

The genus Arctica is not often found in the Weat Coast Cretaceous, and its aceur-
rence in the lowermost beds of the Californin Cretaceous is therefore noteworthy.
This species is included by Stanton (1885, p. 17) among the number found near
Stephenaon's, which i3 here shown to belong in the lowest beds of the Paskenta
group.

SorLemipar Loach
Solecuriug de Blainville

Solecurtus ? dubius Stanton

Solecuriug T dubiua BranTton, U, 8, Geol. Surv., Bull. 133, 1885, p. 61, pl. 10, figs. 4, 5;
Cold fork of Cottonwood Creek, Tehama County.

Although this form is placed under Solecurfvs by Stanton, be did zot feel sura
of its position. This genus has not been otherwise racorded from the Lower Cre-
taceous of.California, and ita occurrence needs confirmation. The species is in-
cluded in & list of 18 forms specifically named from ita type locality (Stanton, 1895,
p. 14), some of which clearly indicate that tha locality should be included in the
Paskente group. A visit to thia locality eonfirms ita position and age as being near
the baae of thia group, but no further data were obtained.

AsTARTIDAE d'Orbigny, amend. Dgll

Rapresentatives of record are not abundant in the Lower Crataceons of the West
Coast. The discovery of a few apaciea by Stanton in the lower part of the Bhasta
sorien ia the earliest record of their appearance in California. They are found only
in scattered localities in Tebkama, Colusa, and Lake counties, and in every case in the
Paskenta group, associnted with other diagnoatic apecies of the same.

Aptarts Sowerby
Aatarte corrugata Stanton

Agtarte corrugats Sranton, U. 8, Geol. Surv., Bull. 133, 1805, p. 66, pl. B, fig. 16;
Shelton ranch, § miles north of Paskenta, Tehama County; “‘upper part of the
Knoxville beds.”

This species is described as “‘very small, subtriangular, moderately convex;
beaks prominent, acute; cardinal margin sloping rapidly beth in front and behind;
ventral margin eonvex, mest prominent behind the middle; surface marked by o
few very promincnt, distant concentrie ridges and by fine lines of growth; ventral
margin crenulated within. Length of largest specimen seen, 5 mm.; height, 4 mm.;
cohvexity of singla valva, about 1 mm.*’

Thia species is included in o list (Stanton, 1895, p. 18) of specifically named forms,
Including auch typical Paskents species as Aucello crassicollis, *Hoplites" angulatus,
"Oleostaphanus” mutabilis Stanton, and others. The horizon is in the Valanginian,
upper part of the Paskenta group, although Spath (1924, opp. p. 80) places the last-
named species in the Infra-Valanginian.
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Astarte californica Stanton

Asitarte californica 3ranton, U, 5, Geol. Sury,, Bull, 133, 1855, p- 57, gl. &, figs. 19~
21: "upger part of the Knoxville beds,” near Stephenson’s, Cola fork of Cot-
tanwood Creek, Tehama County.

Stanton’s excellont detailed desoription of this speniss needn no apecial comment
except ae to its amsignment to the Knoxwille series. The species is included in &
list of 18 mollusocny specien (Stanton, 1855, p. 14), which alao contrina A ucells crossi-
cotlis, Iima mullilineats, and Acroleuthis impreasa {Gabb), all of whick are char-
scteristie of the lower part of the Paskents group of the Shasta seriea. [¢ appears,
hosrever, that this spenies has a greater vertical range than others of thia list, since
it has boez found in the lower part of the Horsstown group—the Ono zone—at
Loecality 1353 {Calif. Acad. Sei.) near the bridge at Ono, Shasts County. By ite
podition as well as by its fauna, the type losslity of this species must be regarded sa
near the base of the Paskenta group.

Astarte trapezoidaliz Stanton

Astarts iraperoidalis Stavron, U. 8. Geol. Surv., Bull. 133, 1895, p. &7, pl. 8, fige. 17,
18; 3 miles south of Lowry’s, Tehama County.

Thin speoies hias been adequetely deseribed und Sgured by Stanton, whe bas also
stated that it has been tound &t other localities. The lacality given for the holotype
2a 3 milea south of Lowry's places it well within the limita of the Paskenta group,
nnd ita occurrence near Reiff, Lake County, sagsciated with Pecten compplericosta,
Aucells evassicoilis, and Turbo wilburensis supports this conclusion. Like the two
preceding speciea this une must also ba regarded ag representing a low pogition within
the Pagkenta group, and & Valanginian horizon.

Opls Deiranco
Dpia ealiforniea Stanton

Crpiy califernica Staxron, U. 8. Geol. Surv., Bull. 133, 1885, p. 58, pl. 7, figs. 1-7;
neat Stephenson’s, Cold fork of Cottonwood Craek, Tehsma County.

This is the first regord of the occurrence of Opis in the Lower Cretaceons of Cali-
fornia, although othera have since been found. The description given by Stanton
is in part an follows: ° -

“Shell of medium size, with the outline trisngular when viewed [rom the side,
and eordate in profils; beaks submedian, narrow, prominent, incurved, and approxi-
mato; surface ivided by a ahnr?'ly engular umbonal ndﬁe into two chgtimt ATRAS,
of which the posterjor ona is nearly plane and so abruptly deflected that it ta scarcely
visible [rom the sida view, sltheugh it embrares ubout one-third of the total surface
of the valve; front and ventral marging regularly curved from lunule to the end of the
umbonal ndﬁﬂ, where it forms an angla of ahout 80° with the truncated and deflocted
posterior end; surface marked by fine lines of growth and more distant, irregular,
concentric furrows; lunule cordate, large and very deep, with its border narrowly
rounded; . . . The hinge shows the characteriatic structure of the genus, with a
single very lurge atrinted triengular tooth in the cight valve and two smaller onea
in the left, of which the anterior i3 fused with the edgs of the ghell, "

The rarity of this genits in the Lower Cretaceous of Cualifornia is ane of its most
gtriking aspects. Its atratigraphical position is in the lower part of the Paakents
group, Itislisted by Btanton (1805, p. 14} with 18 apecifically named forms, includ-
ing 4 ucella crasatcotlia and Belemnites impresaus,
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Opis shasinlis Anderson, n. sp.
{Plate 4, Agures 4, §)

Shell small, abliquely ovate, cordate; beaka high, rounded, smooth, closely
appraximaote, curving inward; valvea anbtriangylar in outline, base broadly rounded;
hinge short, teeth not showing; surface smooth, poliabed, pearly, showing indistinct
growth lines; umbonal ridge cblique to hinge line, nearer to the anterior margin;
lunule small, impresaed, not deep, lanceolate; shell flattened slightly behind the
beaks. Two single valves of this shell were obtained, of which the holotype {(Calif.
Acad. Sei. type Coll.), measures: length near base, 17 mm.; height, 17 mm. ; thickness
of single valve, 9 mm,

Poth examples were obtained at Locality 1347 (Calif. Acad. Sci.) on Mitchell
Creek, & few feet above the conglomerate of the Barr zane, where they were asso-
cinted with Lytoceras (Gabbiocerps) angulatum and Acrofeuihis cboripinalis, nov.,
near the lower limit of the Aptian portion of the Horsetown group.

LucniipaE Fleming
Lurina alcafrozis Anderson, n. ap.
(Plate b, figure 7)

Bhell rather large, subcircular in outline, little inflated, ends rounded, cyrving
regularly to the rounded baasl border; posterior dorsal margin broadly rounded,
flattened near the beaks; besks subcentral, nesrer anterior end, approximate, exea-
vated in front by a small, poorly defined Junule; anterior border sloping steeply,
raunded below; surface marked by fine concentric lines over most of it, and by well-
develaped posterior plications extending (rom behind the beaks to the sharply bent
poatero-ventral margin. The interior featuresof the shell, as shown in one example,
are Jucinocid, and include well-developed lsteral teeth and two eardinala in the
left valve, between which there ia a triangilar pit; the anterior adductor muscle
is ratber long, extending below the median line of the valve., The interior of the
valve ia rough and irregular, with {eint concentric undulations. The holotype of
this epecies i8 a well-preperved rack mold, Irom whish good casta can readily be
made, showing the external features of the shell. It has the following dimensicna:
length, 53 mm.; height, 41 mm.; thickness of singla valva, 9 mmm. Ancthar cxample
of the game apecies showa the hinge, anteriar sdductor musela acar, and the interior
form of the shell. Thres examples of this species, including the holotype, were
obtained by Gabb from Aleatraz Isiand, Bay of 8an Francisco, and were among the
“Numerous caste’ of the “other bivalves'” mentionad by him in his desoription of
Inoceramus ellioti (1809s, p. 163), which came from the same place. These examples,
apparently labelled by Gabb, were left with other materisl from the saame place st
the University of California.

IsocarpiioaE Gray
Clisocolus Gabhb
Clisocolus indubitus Anderson, n. sp.

Shell amell, cireular in outtine, moderately inflated; beaks sub-central, elevated,
curving forward, approximate; hinge margin gently curved; external ligamental
scar narrow; lower border of ghell nearly circylar, thin, not crenulated; surface
smooth above, marked by voncentric lines below, which became irreguiariy spaced
near the lower margin.

Thix shell somewhnt reasmbles Clizscolus dubius (Gabb) from the Upper Cre-
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taceous (Seponisn) beds of Texas Flat, near Folsom, but is more like that from Susia
Island, figured by White. The present apecica is spomawhat more inflated than cither
form mentionoed above, lacks the straight hinge line of the firat, and bas more promi-
nent beaks than the latter. The holotype {(Calif, Acad. Sei. type Coll.} waa found
ab Loeslity 1353 (Calif. Acad, Sei.) in the Ons zone near the bridge on the Cotton-
wood Creek, Shasta County. Its stratigraphical position is near the base of the
Heorsetown group; it waa found assaciated with Neocraspediies aguils, nov., and many
other species characteristic of this zone. It bhas tha following dimensions: length,
20 mum. ; height, 25 mm.,; thickness of both valves, 20 mm.; form sub-apherical. This
is the oldest epacies of the genus found in the Cretaceous of the Weat Coast.

VENERIDAE Leach
Venux Linnaeus
Venus collinium Anderson, n. sp.
(Plats 1, figure 3; Plate 4, figure §)

Shell of medium aize, subeircular in outline, ss broad ss high, moderately in-
flated, teat rather thick; esrdinal margin gently rounded, the curve merging regu-
larly to that of the rounded basal margin; lunule well defined, narrow and lanceolats;
baeal margin of shell denticulate within; beaks a little depressed; surface of ghell
marked only by coarse, concentric, somewhat irregular lines, without radial seulp-
ture; hinge plats apparently bearing three cardinal teeth,

Three incomplete examples of this species were found by E. J. Broad in the Ham-
lin-Braad zone at Loeality 113 (Calif. Acad, Sci.); 4 miles gouthwast of Ono, Shasta
County. Of these, the holotypa (Calif. Acad. Soi. type Coll.) meaaures: leogth,
30 mm.; height, 39 mm.; thickneas of one valve, 11 mm. The cther axamples were
gmaller, The horizon from which these examples were obtained is in the upper part
of the Paskents group, sbout 500 feet beneath the lowest bed of the Horsctown
group in the Cottonwood distriot Tweo other examples of the same apocies were
found by Q. D. Hanna at Locality 1681 (Calif. Acad. 8ci.) near Clementa ranch,
eastern Trinity County. At its typa locality the species was ssgociated with Polyp-
tychitea lecontei, Lyloceras aulagum, Subastieria chanchelula, and many other forms.
At the Clementa ranch it was {ound associated with Periplomya reddingensis, Phola-
demyo allumbonaia, and various other species regarded aa represonting the upper
part of the Paskenta group, from whick same the holotype of Crioceras latum Gabb,
reported from the Trinity River.

Venug corella Anderaon, 1. sp.
(Plato 4, Bguren 8, 1)

Shell emall, cordiform, inflated; beaka rather high, prominent, incurved, and
approximate; lunule distinct, imprassed, semicirenlar in outline; hinge line nearly
straight; base cireular; murface marked by uniferm radiating ribe and by faint
concentric linea of growth; interior margin of the valves denticulated with interlock-
ing denticles.

The helotype {Calif. Acad. Sei. type Coll.) was found at Locality 1348-A (Calif.
Aecand. Sel.) in the Buenaventura zone of the Hulen beda, on the west branch of Hulen
Creek, a mile above its entrence into the North (ork of the Cottonwood Creck. It
wag associated with Puzosia buenavenlura nov., Chelontceras sp., Acanthopliles 8p.,
and Douvilleiceras cf. mommillalum. Tts dimensions are: length, 11 mm.; height,
12 mm, ; thickness of hoth valves, 11 mm.

The same species waa found algo at Loeality 162 (Calif. Acad. Sci.) in the Perrin
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zone, on the east hranch of Hulen Creek, and therefore somewhat higher in
the section.
TeuriNipae Deshayes

Tetling Linnaeus
Tellina (Arcopagia) lekama Anderson, o. &p.
{Plata T, figuren 3, de)

Shell rather largs, oval in outline, slightly inequilateral, appsreatly inequivalve;
sheil only moderately inflated, thickest in the area below the heaks; lower margin
broadly rounded, curving broadly in froat, somewhat narrowed snd angular behind;
beaks sub-central, a little bebind the center; hinge as shown in the figure, with leng
laterals, the left valve bearing two cardinal teeth; surface of shell marked only by
coneentric growth lines; heaks amgll, curving slightly inward and forwoard. The
holotype (Calif. Acad. 8ci. type Coll.) measures aa follows: langth, 85 mm.; height,
82 mm.; thickness of left valve, 18 mm. The shell somewhat resembles Arcopagia
ciretnalis d'Orbigny, from the upper Cretaceous of Fronce, but it belongs to s lower
horizon, probably Cenomanian., This example was obtained from the rone of Per-
vinguicria, n. ep. in the lowermost Chico group on the Middle fork of Cottonwood
Craek, Shasta County. The same apecies has also been found in the uppermaost beds
of the Hormetown group, a faw milea to the aouth, on Dry Creek, just beneath the
basal beds of the Chiro group, Tehama Couaty.

Conmuripan Fleming

Cerbula filosa Stanton

Corbula filosa Staxton, U, 8, Geol, Surv,, Bull. 133, 1805, p. 62, pl. 11, figs. 1, 2; near
Stephenson’s on Cold fork of Cottonwood Creek, T'ohama County.

‘Shell small, oval, convex; beska rather prominent, a little in advanes of the mid-
dle; cardinal margin sloping almost equaily from the beaks in front and behind;
antetior end regulsrly rounded snd narrower than the posterior end, which im also
rounded, but mere prominent above than below; vantral margin forming e broad
curve: surface marked by slender filiform concentric lines, with somewhat broader
interaspaces. Some examples show an ill-defined subangular umbonal ridge extending

7

from tho beaka to the postero-bassl margin, Length of a large apesimen, 19 mm.;
beight, 13 mm.; convexity of single valve, about 7 mm.”’

No ather species of Corbula had previously been reported from the Lower Cre-
taccous of California.

The name of thie spacics ocours without question a3 to ita determination in the
list given by Stanton from ita type locality, The horizon is regarded as within the
Paskenta group of the Shista geries; found also in the loweat beds of the Horsetown
group near the bridge on the North fork of Cottonwood Creek.

Saxrcasipaz Gray

Panope Ménard

Panope concentrica (Gabhb)

Panopaea concentrica Ganw, Paleont. Calif,, vol. 1, 1884, p. 148, pl. 22, fig. 119;
Cottonwood Creek, Shasta County; vol. 2, 1869, p. 236 (in part, not
“Homomya"' concentrica; Chico Group).

Gabb's original deseription is in part as follows:

“Shell subquadrate, about a third longer than wide; beaks amall, about a third
of the langth from the anterigr end; posterior cardinal line very slightly sloping;
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basg] margin ususlly regularly curved, sometimes nearly etraight; ends gaping;
poeterior end widest, suriace marked by rather large, irvegular, concentric rnibs.”’

The holotype of thisspecies is in the Museum of Paleontelogy, University of Cali-
forpia. Stewart givea the following measurements of this specimen: longth, 52
mm.; height, 37 mm.; thickness of hoth valves, 26.4 mm.

Although Gabb doss not mention the disgonal depression extending obliquely
dosmward from the beak to the posterior baeal border, it ia shown in hia figure and
peems to be ebaracteristic of the shell of this species. A slightly amaller example of
the gpecies wea found in the uppermoat beds of the Horaetown group at Locality 1344
(Calif. Acad. 8¢i.), at the gite of old Horsetown, Shasta County.

It agrees in sll respettis with the description and figure given by Gabb, and haa
the following dimensions: length, 48 mum.; height at beak, 30 mm. ; thickness of bath
valves below beak, 21 mm.

The oblique depreasion begine near the top of the beak and reaches the base at the
posterior basal angle, Larger examples have been collected at the same place, where
it is commonly associated with Purzosia Aofmanni (Gebb), Beudaniiceras breweri
{Gabb), and Senneratia stantoni Anderson.

Panope aubacquilaleralis Anderson, n, sp.
{Piate 3, Sgure &)

Shell of medium size, oval in outline, nearly smooth; beaks a little in advance
of the middle, ineurved, approximate, low, rounded; doraal margin sloping gently
hackward, alightly concave; anterior dorsal margin, sloping more staaply; anterior
margin narrow, abrupt; posterior margin broader, gently rounded; surface marked by
faint growth lizes nnd alse by weak undulations shout the beaks; no oblique de-
preagion vigible; ends narrowly gaping.

The bolotype {Calif, Acad, 3¢i. type Coll.) was obtained at Locality 1344 (Calif.
Acad. Sci.) at old Horsetown; height, 55 mm.; length, 8 mm.; thickness of left
valve, 18 mm.

Panope shastacols Auderson, n. sp.
(Plstn 3, Bguro 7)

Bhell of mediwm size, quadrate in outlineg, short, nearly as high sa loaog; beaks
gmall, situsted mear anterior end, iceurved, approximate; dorsal margin aelightly
coneave; anterior margin steep, curving to rounded anterior border; aurface marked
hy strong depression extending obliquely backward from the beak to the posterior
bagal angle.

The holotypa {Calif. Acad, Sei. type Coll.) measures ne follows: length, 58 mm.;
height below beak, 48 mm.; thickneas of both valves, 30 mm.

TFour examples of this epecies were ohtsined ot Loc. 1344 {Calif, Acad. 8¢i.) 8t
old Horsetown, with Beudaniiceras breweri, B. haydeni (Gabb), and meny other
epacies, In outline and surface markings the species resembles Panope mandibulo
d'Orbigny, but the resemblanee may be auperficiel snd not actual,

PooLADIDAE Figeher
Turnus Gabb

Turrus plenus Gabb

Turnus f!cnua Gang, Paleont. Calif., vol. 1, 1864, p. 146, pl. 22, fig. 116; North fork
of Cottonwood Cresk, Shasta County; vol. 2, 1889, p. 233~Srpwanr, Phila.
Acad. Nat. Sci., 8pee. Publ. no. 3, 1930, p. 206, pl. 4, g. 3; Locality not known.

The ‘‘Jectotype’” (T holotype) of this species is in the Museurn of Paleontology,
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University of California. Stewnrt givea the following measurements: length (in-
complete), 22 mm.; height (incomplete), 18 mm.; thickness of (lelt) velve, o, 1D
mm.; No. 31 450, Stewart also gives a photographie figure of another example,
said to be congeneric with the holotype. The locality of discovery is not definitely
given by Gabb, If Gabb's drawing is made from the “lectotype’ it is somewhat
defective, na stated by Btewnrt.

The anterior end is broadly rounded, although having an obhlique truncation below
the middle of the forward end; the poaterior end ia not rounded, as in Gabb's hgure,
but nlso shows truncation; shell probably gaping at both ends; beaka strongly
incurved, the spex being sub-central, a little nearar the anterior end; shell marked
by a deep umbenal groove extending from the apex downward and backwatd to the
basal border, acen distinotly on the otter surface of the ahell; behind this and diverg-
ing slightly from it, there is an internal rib, not seen oo the surface; hoth groove and
rib are deeply impreesed in the cast of the shell, and botween them there ia & flat,
tabular rib, a8 seen on the cast, extending from the apex to the basa of the shell.

This apecies is also the genctype. It is distinetly & wood-borer, and is usually
found in blocka of foasil wood buried in shales, The exact horizon of the holotype
is not known, but a number of good examples of the specics were found by the writer
in & block of foasil wood, in the shales of the Bradley tone on the North fork of
Cottonwood Croek; the largest had a length of 25mm. The tubes apd ehells of wood-
boring mollusks, including Turnus plenus Gabb, aca found in pearly all parts of the
Horgetown group in the Cottonwood district, but they are particularly abundant
in it8 upper part, where many fragments of foseil wood slse occur.  Such shells are
found only in fossil wood.

Tuyrnua gregarius Andersen, n. ap.
(Plate T, figure 7)

The abell of this species approaches the outward form of the preceding, but it is
much emaller and relatively not sc bhigh as compared to ita length, and it is more
delicately sculpturad than the genotype. The tubes are often found cloaely crowded
together in blocks of fossil wand, the barings being transverse to the axis of the
wood. In one such block 4 inches square, found in the Neptune zone, more than 400
digtinet and nearly parallel tubes were estimated, the usyual dinmeter being § to 7
mm. The tubeawere formed of calcarcoun shell matter flled with very fine sediment,
their usual length being 50 to 80 mam. At their interior terminations wea o 20ne of
shell and shell fragments. This and many other wood {ragments are in the Museum
of the California Academy of Seiences. Although many of the shells are partly
expoged, none of them are sufficiently well preserved and exposed for satiafactory
illuatration. For thia reason the fgure here given is pecessarily a composite, al-
though made from & single eolony of shells.

SCAPHOPODA
DeNTALUDAE Gray
Dentalium Linnaous

Dentatium salifornicum Stanton

Dentalium ealifornicun Srantoyn, UL 8. QGeol. Surv., Bull. 13%, 1835, p. 02, pl. 12,
ﬁf' 3; Shelton’s ranch, 5 miles north of Paskenta, western Tehsma County.
“Skell slender, rather strongly curved; aperture and erons section nearly eireular;
surface marked by about sight amall angular longitudinal costae, alternating with
an equal pumber of fine lines. .
“Length of type specimen, 7 mm.; greateat diameter, 1 mm. Tho largest speci-
men secn is 11 mm. long.’’
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The name of thia apecies is found in the list given by Stanton (1895, p. 18) from
the locality o quarter of & mile northwest of Shelton’s house, where it was found
aasociated with Aucelln erassicollis, “Olcostephanus’ mutobilis Stanton, ' Hoplites'
angulatus Stanton, and other apecien belonging in the Paskenta group of the Shasta
gerica. It is not confined ta the Paskenta group, however, since it lhiza also heen
found at Locality 1353 (Calif. Aead. Bei.} st the bese of the Horsetown group on the
Cottonwood Creek, near Ono, Shasta County.

GASTROPODA
PartEwnipaz Coarpenter
Heleton Monfort

Heleton granulaiue Stanton

Helelon granulatus Sranrow, T, 8. Geol. Surv., Bull, 133, 1805, p. €3, pl. 12, fig. 41
Cold fork of Cottonwaood Creek, Tehama County, California,

_ “Bhell depressed, coniecal, with the apex a little in advance of the middls and
directed slightly forward; aperture elliptical; surface marked by oumercus alightly
wavy radiating costae, which become somowhat broader o the posterior portion,
crossed by rather ctosely arranged, impressed concentric lines, bacoming more die-
tant near the margin of large specimons,

"“The ﬁqured type measures 13 mm. in length, @ mm. in breadth, and about 3 mm.

in height.’

The species ia included in & list given by Stanton (1895, p. 14) from the type
locality, near Stephenson's bouse, on the Cold fork of Cottonwaad Creek, which list
and locality have already been referred to the ares and stratigraphic limita of the

Paskenta group of the Shasta serics. Stanton's nccount of the species is the only
record of ita accurrence.

ACMAEIDAE Dall
Anisomyon Meek and Hayden
Aninomyen meeki (Gabb)

Anizomyon Meekii Gann, Paleont. Calif,, val. 1, 1884, p. 142, gg 21, ﬁ% 105; North
fork of Cottonwood Creek, Shasta County; vel. 2, 1866, p. 21, “'Shasta
gx;sup,"al%nttonwmd Creek—-8tugwart, Phila. Acad. Nat, Sel., Pr., vol. 78,

y P .

“8hel) elliptieal, very thin; the width and length are about as 6 to 6; apex mod-
erately elevated, small, nearly contral: sides sloping nearly straight in all irections
to the base. Burface (of cgzt.jvmarked f:-;l,r numerqus irregulsr concantric undulations,
which do not always continue entirely around the shell; there aze slso marks which
probably indicate g few faint radinting lines.”

The holotypa of this species is in the Museum of the Aeademy of Natural Sciences,
Philadelphia, According to Stewart the shorter dismater is 21 mm.; height, about
6.5 mm,

The exact harizon in the Shasts series at which thia apacies hos been found is not
yet definitely known, as Cottonwood Creek crossea the entire series,

PLEUROTOMARIIDAD d'Orbigny
Pleuralomarie Sowerby
Pleurolomaria californica Anderson, n. sp.
(Plata 9, figurs 7)

8hell of medium size, apire not high, broader than high, with narrow but cpen
perforation at base; sculpture consiating of fine spiral threads on the base and lower



DEBCRIPTION OF BPECIER 127

part of the whorl; upper slope of the shell showing wesker spiral sculpture erossed
obliquely by Lines of growth inclined atrangly backward; outer portion of bedy
whorl angulated by two promivent ridges, giving the whorl s biangular appearance.

The holotype gives the following measurements: width of bage, 43 mm.; height,
of apire, 24 mm.; width of perforstion, 21 mm. This specimen was found at Locality
1348 (Calif. Acad. S¢i.), in the Argonsut zore on Alderson Creek about 2 miles gouth
of Ono, Shasta County. It was found associsted with Gabbicceras winiunium, nov.

The apecies recalls in itg size and form, but not in soulpture, Plsurotomariac skidega-
lenais Whitoaves, from the cnat end of Maude laland (Queen Charlotte Islands},
which appears to represent the Haida group of MasEenzie.

The species hore desoribed has some rasemblance of Pleurotomaria doghestanica
Anthula (1000, pl. 4, figa. 7a, Th).

FizsvrELLtDAE Riaso
Fissureila Bruguidra
Finaurelln bipunetale Stanton

Fiagurella Mipunclaig Stawton, U, 8. Geol, Surv., Bull. 133, 1895, p. 83, pl. 13, fig. 8:
Cold fark of Cottonwaad Creek, Tehams éounty.

“Shell small, elevated, ::onir:l;lll.i with the apex direated slightly forward and per-

forated; aperture subcirculsr; suriace cancellated, the sculptura consisting of strang

radiating ribe alternating with fine linea crossed in the interspaces between the riba
by strovger concentric lines, so that the interapaces when magnified have the appear-
ance of radiating double rows of punctatioos.

“The aperture of the type speciren, the only one known, mensures 4 mm. by 8
mm,. ; and it8 height is about 3.5 mm."

The appesrance of this name in the list of species given by Stanton (1885, p. 14}
from its type locality, associated with ducclla crassicollis and other apecies char-
acteristic of the Paskenta group, ia the best evidenee of ita proper horizon.

According to Stewart (1926, p. 313), the genus in probably Emarginule. Stanton’s
record of this species in the Shasta peries is the only ono known,

EoouMrganina® de Keninek
Direoheliz Dunker 1847
Nots by &. D. Hanna

The generic pame Discoheliz was usad by Dunker (1847, p. 132, pl. 18, fig. 11)
for the species Discoheliz calculiformies from the “Laiskalkatein am Heinberg bei
Gaottigen.” This in & emal] species with a doubly concave shell about 16 mm. in
diameter, the whorls square in cross section, with sharp dorsal and ventral carinae,
exactly as in the species ta be deseribed from the Lower Cretaccous of the Cottons
wood district. So nearly do ths two forms resemble each other that thia form
might readily be taken for p miniature apecimen of Dunker’s species from the Trinssic
of Germany.

Many suthors have eommented upon the relationship of Diacokeliz sand ita allies,
but references to only a few of them will suffice. Pilsbry (von Zittel, 1913, p. §28)
limited the genus to doubly cerinated, discoidal shells with a geologic range from
Triassic to Oligocene, and included it in de Koninek's family Euompbalidae.

J. Brookes Knight (1834, p. 139-166) gives an excellent review of the Carboniferous
genern. Some of the apecies reserable Discoheliz, but the whorls seem rarely, if
aver, to have a true rectangular section. Tha upper and lower gides, morenver, do
not appear to be quite equally concave,

Gabb has described 'Discoheliz’ lcana from the “*Chico" beds of Texaa Flat,
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Placer County, California; the shell is diacoidal with amooth rounded whorls, almost
circular in section, ressmbling the Carboniferous Crassidorsa Brown,

Stewart (1927, p. 314) has commented but little upon Gabb’s apecise and its rels-
tionship, but eoncludes that it is not o Disceheliz. Stoliczka (1868, p. 2523) had long
before placed the species in the ganus Cyclogyra Waod, a group sometimea thought
to have been founded upen forms of Foraminifera.,

Dall (1802, p. 331) has discusaed Discohelix at length and has propased a new gee-
tion, Discosolis, for the American forms. The genotype, D. sefifer Dall {1862, pl.
19, fig. 1) is a heavily nodose ghell, nat equally hiconvex sbove and below. If the
other American formas, D. restella Len (Eocene), D. nobilis Vernll, and D lamillifera
Dall {recent), are aufficiently close to be ineluded in DHecoheliz, then the species hers
deseribed would much better be retained with typical Diecokeliz,

Wade (1928, p. 176) has desoribed iwo new species from the Upper Cretaceous of
Tenressee under the names Peudomalazis ripleyane and P. amplificaia. In both
formsa the whorls are slightly asymmetric in seetion, and the spiral is not equally
depressed above and below, It thus appears that the diagnosis of the geners in-
cluded in Euomphalidee offera many dificulties. The desire on the part of some
students to resognize geolegic and geographie groups of species has produced a multi-
plicity of names, not 2ll founded upon sound conchological criterin. Cossmann’s
revigion has not yet met with general acceptancs.

Discoheliz planigyroides Hanna, n. sp.

(Flate 27, Ggures 3, 5a)

“Shell discoidal, equally concave above and below, consisting of about five wharls,
square in crogs section: whorla with sharp carinae ot each angle, and with the surface
betwean the upper two and the lower two alightly concave; lagt half of laat wher]
widely departing from the coil, in the holotype, and tending to do 8o in other cxam-
ples. Greatest diametor, 8.6 mm.; amalleat diameter, 5.1 mm.; altitude of hody-
whorl, about 1 mm."*

The holotype (Calif, Acad. Sci. type Coll.) wan found sn the North fork of Cotton-
wood Creck, Shasta County, sbout a mile abowe the diversion dam and a mila or
more below the big bend of the creek. The holotype and other specimens are repre-
sented by extornal molda of the shells, showing ne distortion, but from which it is
not possible to determine the direction of tha growth lines.

‘The specien is abundant in the upper part of the Paskenta group of the 8hasta
peries about 400 fest sbove the local base of the group, and about G00 feet beneath
the Hamlin-Bread zona of Locality 113 (Calif. Acad. Sei.), containing Thurmannig
jupiler, nov., Iydocerae aulagun nov., and Acroleuthis kernensis nov, The examples
obtained were sagociated with various fossil Mollusea, including a small species
of Trigonia, Nemodon cf. teziring (Stanten), Pecien californicus Gabb, and Turri-
tella ap.

The specics haa slag been found in strata about 300 feat above the Hamlin-Broad
zone, associated with Plicatuls raricta, Phylloceras occidentalis nov,, snd Neo-
craspedites.

The horizon of the type locality is clearly within the Valanginian of European
chronology. The diseovery of this interesting form in the lowest group of the
California Cretaceous warranie the preceding notes on ita generic and family rela-
tionship by Dr. Hanna.

TUrRBINIDAR Adams

Ameng the littoral mollusran species found in the lower beds of the Shasta series
in the Great Valley of California there are many members of this family., None
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have yet appeared in the immediately underlying Knoxville (Upper Jurassic) beds
trom which the stock might supposedly have been derived. Stanton has described
five or six species of the genus Turbo alone.

Turbe Linnaeus
Turbe morganensis Stanton

Turbo morganensia Stanton, U, 8. Geol. Surv., Bull. 133, 1895, p. 66, pl. 12, fig. 13;
Morgan Valley, Lake County.

This is the moet ornate form of the aeveral species of this genus that have yot been
found in the Lowar Cretaceous of California. The original description is in part
as followa:

“Sutface of the spire marked by two strong nodose revolving ridges that give the
whorle 8 biangular appesrence, crossed on the firat tore whorla by amall tranaverse
linen connecting the nodea; bedy whorl in front of the two ridges bearing four or fiva
saomewhst less prominent diatant revolving lines.'’

Thae upper portion of the whorl ia deacribed and shown in tha figure as nearly
smooth.

The holotype of this apecies 18 one of four examples found in Morgan Vellay,
s mile northwest of the Palmer ranch, en the rosd from Lower Lake to Knoxville.
The species is hero sasociated with Pecten complericosta Gabb, Astarte trapszoidalis
Stanton, and Afresius liratus Gabb,

The horizon represented by these asveral apecies {s low in the Paskenta group,
in an area in which these beds make & wide overlap upon pre-Cretaccous formations.

Turbo festivug Anderson, n. ap.
(Fiato 10, faure 5)

Shell of medium size, subglobose, nacreocna in texturs; wharls few, angulated;
spire moderately high, conical; imperforate, aperture subcircular, inner lip thick-
ened, outer lip thin.

This apeciee may perhape belong in the section ‘Laeviturbo' of Cosamsann, but
this cannot be determined at present.  The whorls are angulated, with two ridge-like
threads on the whorls, one near, but above the suture, the other higher on the whorl,
at the outer border of the upper alope. Thete iz » glight appearance of beading en
the latter angle on ona of the six examples abtajned.

The holotype (Colif. Acad. B¢i. type Cell.) measures: height, 25 mm.; greatesat
width, 17 mm. All the examples were found at Laocality 1353 (Calif. Acad. 8¢i.),
near the bridge on the North fork of Cottonwood Creek at Ono, in the loweat fossil
zone of the Horsstown group.

All the gpecies described by Stanton are beliaved to have heen found in the Pas-
kenta group in areas south of the delta axis; the appearance of tho present apacies
in the Horsetown group in the Cottonwood distriet sids only in indicating the rela-
tionship of the groups,

Turbo trifincatus Stanton
Turbo trilineatus Stantox, U. 8. Geol. Surv., Bub. 133, 1895, p. 66, pl. 12, fig. 12;3
milea south of Lowry's, Tehama County.
This apecics ia deseribed as follows:

“3hell amall, cbliquely ovata, consisting of about four rapidly increasing convex
whorle; surface ornamented by three elevated, equidistant revolving lines that are
viaible on the spire, by seven or eight fainter and more closely arrangad revolving



Turbo wilburensir Sranroyw, U. 8. Gesl, Surv., Bull. 133, 1895, p. 85, pl. 12, fig. 15;
in the white limestone near Wilbur Springs, Colusa Couanty.

The concisa deseription of Stanton is:

"Sbell of medium size, elongate ovate, consistiog of five or six rounded whorls;
sukure Jinear, impressed; surface ornamented with small, elevated, alightly nodose
revolving lines, of whieh thers are about twenty on the body whorl . bud about nine
are visible on the spire."

Height of largest apacimen, which is incomplete at the spex, 34 mm,; greatest
breadth, 26 mm

At the type locality nesr Wilbur Springs, this epecics is ssgocinted with Riyn-
chonella whitneyl, Modiolus major Gabb, Peclen complericosta, Lucina colusgensia,
and other speciea of Turbo. Most of the species are also found at othar leealities
near the base of the Paakenta group.

“Turbo' humerosue Stanton

Turbo T humerosus Stantow, U. 8. Geol. Surv., Bull. 133, 1805, p. 67, pl. 12, figs. 10,
11; 3 milea aguth of Lowry's, Tehama County.

This shell ia distinguished {ram preceding species referred to the genus Turho
by sogulated ridge on the upper part of the hoady whorl, and broad ovata, rather then
ciraular, aperture. It appears to be only doubtfully included in Turbinidae, but to
be morn correctly Inoluded in the family to whieh 4 mberelya balongs.

Although ita looality is given as 3 miles north of Lowry's, the apacies is included
in a list (Stanton, 1805, p, 17) from a locality 3 miles south of this place, which soeme
to be the mora probable positian. It is said to ocour alsa in the white limestone near
Wilbur Springs, Colusa County, Both localities are in the Paskenta group of the
Shasta series,

Atrestua Gabh
Atrestus lratus Gabb

Alresius liraius Gaes, Paloont, Calif,, vol. 2, 1868, p. 188, 227, pl. 2% ﬁf 50; “Shasta
Group,'’ Sulphur Springs, Colusa County—SrantoN, U. 8. Geol. Surv., Bull.
133, 1896, p. 88, 60; locality as above, and one mile northeast of the Palmer
ranch, P:forglm Va.liey, Lake County, ‘‘upper part of the Knoxville''—S8tEw-
AR, Phila. Acad, Nat. Sei., Pr., vol. 78, 1926, g 426, pl. 22, fig. 3; holotype in
the Museum of Comparative Zoology, Harvard University, figured.

Thie species ig common in the white limestones of the Paskents group in the
Const Ranges south of Shasta County. It ia recorded from various places, as nesr
Wilbur Springe, Colusa County; Morgan Valley, Lake County; west border of
Berryessa Valley, Napa County; and in the Berkeloy Hills, north border of Barkelay.
In nearly all cases it has been found associnted with Aucelia of the types found in the
Paskenta group. It may accordingly be regarded as an index fosstl of this group.
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Neritipan Lamarek
Nerita Linnaeus
Nerita deformis Gabb

Nerita deformis Gaen, Paleont, Calif.,, vel. 1, 1864, p, 137, pl. 21, ﬁg. 96; North fork
of Cottonwood Creek, Shasta County—STEWarT, Phila. Acad, Nat. Sei,,
Pr., vol. 78, 1926, p. 319; looality as above,

The holotyps of thia speociea is in the Museum of Paleontology, University of
California. According to Stewart itis “related to the Turbinidae.”

Search has been made for the apecies im tha Shasta series of the Cottonwooed
district, but thua far without results, and there is no other record of its acourrenca.

PrrswinEriypae Gray
Hypriplours Koken

Hypetpleura gregaria Stanton

Hypsipleura gregaria raxron, U, 3. Geol, Surv., Byll. 133, 1885, p. 70, pl. 13, figa.
1, 2; Upper part of the “Kaoxville beds,” on tha Shelton ranch, 5 miles horsh
of Paskonta, Tehama County.

Thia species ia briefly but concisely described by Stanten as follows:

"“Shell very smsll, rather slender, slongate, composed of about seven slightly
convex whorla; suture impressed, Hinear; sculpture consisting of ten or twelva trans-
verae costae on sach whorl extending eatirely across the upper wharls of the spire,
but shortened to mere tubercules forming a row on the upper mrmiiu of the laat two
or three whorls, aperture obliquely ovate with a thin, sharp outer lip,”

Height of an average apecimen, 3 mm.; greatest breadth, a littla more than 1 mm.

faid to oceur with Aucella crassicollis, ite stratigraphio position is that of this
Intter form, which bere and elsewhera has been regerded as near the middle or in the
upper part of the Paskenta group.

Zdnctum Gabb
Ldpeium punclatum Gabb

Hocium punciatum Gasn, Paleont. Calif., vol. 2, 1889, p. 174, pl. 28, fig. 59; “Sheata
Group, south of the road from Colusa to the Hot Sul fur Springs, in the first
ragge of {oothiile, Colusa County"'—S8ranton, U. 8. Guel. Sury., Bull. 133,
18985, g 18; “asbundant’ in "ugpaf Horsatawn'’ beds—&rewant, Phila, Acad.
Nat. 8oi., Pr., vol. 78, 1028, p. 318, pl. 24, fig. 6; Gabb’s holotype fgured.

Stanton's record of the oceurrence of this species it beds of “upper Horsetown'
age is the only reason for inoluding it in the fauna of the Sbasta series. 1€ Gabb’s

ptatement a8 to the locality of its discovery is to be token literally, it con hardly
bo alder than the upper Turonian beds of the Chico seriea.

Naticipak Forhes
Amputlina Lamarck

Ampulling avellana {(Gabb)

Lunatia avellana Gapn, Paleont, Calil,, vol. 1, 1864, p, 105, pl. 19, fig, 80; North fork
of Cottonwood Creek, Shaste County; val. 2, FB&G. p. 222; {ocality as above.

Ampulling avellana {Gabb), STEwarT, Phila. Acad, Nat. Sei., Pr,, voK 78, 1928, p.
333, pl. 21, fig. 9; locality as above.

From eeven specimens in the Museum of the Academy of Natursl Sciences of Phil-
adelphia, Stewnrt has aelected and figured s propased lectotype, giving its horizon
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aa indicated by Gabb. The species bas since been found abundsetly in widely
aepmtod zaones on the Cottonwood Creek, Shasta County, a8 follows:
a. Loc, 1353 {Calif. Aead. Sei.) in the lower beds of the Horsctown group, near
Ona.
b. Loo. 1650 (Calif. Acad. Sci.) in tha upper beda of the Horsetown group, Hulen
Creek.
¢. Loc. 1292 {Calif, Acad. Sei.) in the basal beds of the Chico serics, Cottonwood
Creck.
The stratigrapbic range of the species iz therefore throughout the Horsetown
group, extending into the lawer beds of the Chico asriea,

TURRITELLIDAE Groy
Glauconta Giebel
Glauconie heaperia Andersan, n. ap.
{Placa 0, igures 6, ¢)

Bhell gmatl, epire tapering rapidly; whorls sbout cight or nine, each bordered
sbove by o diatinet apiral ridge situated beneath the suture; sides of whorl slightly
conoave; surface marked by traces of tranavarse, vertieal ribe and by fine revolving
lines, beat secn in the mold; final whorl bardered by spiral ridges at top and bottom;
base terminating sbruptly, bearing & short cansl, spparently not marked by apiral
linea.

The holotype (Calif. Acad. Sei. type Coll,) waa found at Locality 152 (Calif.
Acad. Sei.) in the Porrin zone of the Hulen beds, nssociated with Phyllocersa theresae
nov., Sonneratia taffi nov., and Deusilleiceras mammillatum var, It afforda the fol-
lowing measurementa: height of spire (incomplete), 18 mm.; width of last whorl,
11 mm.; width at top (where broken), 8 mm. Only a single example of this gpevies
bes been found, and this record of its cccurrence in the Shagta peries is the only one
yet made.

NERINEIDAE Zittel
Nerines Defrance
Nerinea arshimedis Anderson, a. &p.
(Plata 8, Bgure 1}

Shell high, turreted, slender, tapering to & thin point; base abrupt, canal ahort,
recurved; many whorls {28 on holotype), bordered above by o revolving ridge,
just benesth the suture, giving the whorls & eencave appearanes; oo the upper half
of the spire a low median apiral ridge is visible, which is loat on the lower whorls;
all revolving ridges beaded on the younger whorls, nearly emooth oo the older;
aperture subquadrate, bordered in front by an sngular plication, and on the outer
Iip by a sinus forming & narrow postetior notch; columella of last whorl hearing a
plication, not ghown on columella above.

The holotype (Calif. Acad. Sei. type Coll.) measurea: height of spire, 51 mm.;
width of base, 12 mm.; lagt whorl somewhat flat. Tha holotype and four [ragmen-
tary examples were obtained at Locality 1353 (Calif. Aead. Sei.), pear the bridge on
the North fork of Cottonwoeod Creelr, near Ono, Shasta County. [t represents the
Ono zope neor the base of the Horsetown group of the Shasta series. It was found
with Tersarolar bicarinata (Gabb), Imoceramus colonicus nov., and Neocraspediles
daguila nov,

Whiteaves has figured and described Nerimeg maudensis {rom the cast cnd of
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Maude Island (Queen Charloite Islands), [rom beds that have been thought to
belong in the Haida group, which apparently is much younger than those at Ono.

Nerines sp. undet.
(Plste 9, figures 2, 1)

Shell small, spire short, relatively thick, turreted as in the preceding spevies,
slthough aloping more rapidly to the apex; basal part mot known. This apecies
oceura with the preceding st Locality 1353 (Calif. Acad. 8¢i.) in the Ono zone, near
thbo baso of the Horsetown group on the Cottonwood Creek, Shasta County. Be-
cause of the rarity of the genus in the Cretacecus of Calilornis, this form is here
recorded with the preceding.

“Nerinea” dispar Gabb

Nerinea dispar Gans, Paleont. Calif., vol. 1, 1864, Y 113, pl. 19, fxs. 66, 68a; North
fork of Cottonwood Creek, Bhasta County; vol. 2, 1869, p. 231, "“Shasta Group.”’
Cottonwood Creek—StRwarTt, Phila. Acrd. Nat. 8ci., Pr., vol. 78, 1926, p. 322,

Thie species seama not to have heen recognized by later writers, and there in no
record of ita occurrence in the Shasta seriea ather than that given by Gebb, The
heolotype is in the Mussum of Paleontology, University of Californin. Stewart
gives ite dimensione as lollows: length (incomplete), 56 mm.; width, 13.5 mm.

According to Stewart (1920, p. 322) it is “related to 'Claviacals’ clemeniling
(d*Orbigny) from the Cretacsous (Albian) of Europe.”

A gimilar form, although much smaller then Gabb’s species, bas been found in
the lewer Chico beds of Middle fork of Cottonweod Creek.

Cenirorna® Menks

Cerithium sirigesum Stanton

Cerithium ntn‘gomm Sranton, U. 3. Geol. Burv., Bull. 133, 1896, p. 71, pl. 13, fig. T;
Shelton’s ranch, 5 miles north of Paskanta, Tehama County.

“Shell small, slender, consiating of nine or ten rounded whorls, surface orna-~
mented by narrow, elevated, transverss eoatas and by revelving lines, Thers are
eight cogtea on each whorl, so arranged that they form continuous varices the full
len!zth of the ehell. Four of the revalving lines are visible on the spire.

‘Height, 6 mm.; greatest breadtk, 2 mm.*

The liat of species (Stanten, 1895, p. 18) eontaining this form containg aluo Aucella
crassicollia, "Olcostephanus’ mutabilis Stantion, "‘Hoplites” angulafus, and other
gpecies characteristic of the Paskents group.

FPolamider diadema Gabb

Potamides diadems GaBn, Paleont. Crlif,, wol, 1, 1884, p. 130, 227, pl. N, 6g. &5;
Narth fork of Cottonwood Creek, Shasta County; vol. 2, 1869, p. 227; "“Shaata
Group,”* Cottonwood Creek—Starton, U. 8. Geol, Surv,, Bull. 133, 1895, p.
18; lower Horsetown, North fork of Cottenwood Creek—StBEWan?, Phile.
Acad. Nat. Bei., Pr., vol. 78, 1926, p. 358; Locality and horizon as above.

This species is abundant in the lawer beda of the Horsetown group of the Shasta
gerica.

It has been found abundantly in the beds exposed near the bridge at Ono {Locality
1353, Calif. Acad. Soi.), where it ia associated with Neocrospediles aguils nov.,
Acroteuthis kernensis nov., snd Inaceramus colenicus nov.
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Arouruapas Philippi
Anchyrg Conrad
Anchura bianguleta Andersan, n. ep.
(Plats ¢, Agaro {, §, 8)
Aporrhais engulala Gang {in 3, Paleont, Calif., vol. 1, 1884, p. 128, (not pl. 20,
P e 64y Bulln Head Poigty " s VOl L B P TS

Anchura T anguleis (Gabb), ErewarnT, (in part), Phila, Acad. Nat. 8¢i., Pr., veol. 78,
1926, p. 361 {not pl. 22, figa. 4, 5},

In his deseription of “Aporrhais’ angulata (1884, p. 129), Gabb stated that:

“Mr. Brewer collected three spacimens at Huling Creek, near the Cottonwood
Creek locslity, resembling this speciea in surfsce omnmantstion,.snd in the shape of
the upper whorls, but in which the 1est whorl was distinotly bicarinate,

This locality has bean unsuocesafully searched for Gabb’s species, although o
number of distinotly bicarinate examples of a larger species bave been found which
in gther reapacts agree with the form indicated by Gabb. The angular ridges on the
body whorl completely ancirela it, the more prominent upper ridge pasaing cutsard
inta the wiog, or outer lip expansion; the lower one becornes lost. The whorla of
the spire are not rounded, a8 in Anchura angulata, but for the most part are angular
in soction porallel to the axia; these whorla bear 8 to 10 vertieal riba, or varices,
which are erossed by numerous ravolving threada,

The halotype {Calif. Acad. Sei. type Coll.) ia incomplete ss to spire and cans),
and measures as follows: height, 57 mm.; width of hody whorl, 22 mm.; aperture
distinetly triangular in gutline. The wing, as shown in the paratype, (Calif. Acad.
Sei. type Coll.), riges obliquely from the upper part of the aperture in a broad curve,
and at its outer end forma » distinot exponsion. This expansion risea into an acumi-
nate point not quite parallel to the axis of the spite and terminates below in a dis-
tinct spur, ‘The canal is long and nearly straight; height of paratype (incompiete),
57 rum.; width of body whaorl, 22 mm.; cuter margin of wing, from snd of apur to
terminus of upper point, directed alightly backward. This species has been found
not only in the Perrin zone of the Eulen beds, on Hulen Creek {probably Brewer's
lacality), but alse in the basal beds of the overlying Chico series on Cottonwaod
Creek. Tha holotype and slao the paraiype came from the latter horizor, at Looslity
1346-A (Calif. Acad. Sei.). 3ost of the ecxamples found here were firmly cemented
in the matrix of o conglomerate and could not be extracted without breaking. An-
chura bigngulale, nov, appears to bave survived the epach of disturbance between
the Shaats and Chico seriss, whereas Anchura angulata (Gabh) has not been found
in tha Shasta series and may be confined te the later group.

Teasarolax Gabb 1864
Pessarolas bicarinata {Gabb)

Helicaulaz bicarinate Gans, Paleont. Calif., vol. 2, 1880, p. 166, pl. 27, fig. 47;
“Shasta Group,” Cottonwood Creck Shasta Countg {not Rostellaria ineari-
nata Deshayea)—StanTox, U. 8. Geol. Surv., Bull. 1 5, 1885, p. 72; Horsetown
beds, Cottonwood Creek, Shasta Caunty.

Tessarolaz bicarinata (Gabb), STewaRT, Phila, Acad. Nat. Sei., Pr., vol. 78, 1928,
p. 364, pl. 23, fig. 6; holatype figured.

Stanton (1885, p. 72) wrote that

“The whorla on the spire are distinetly angular, instead of plene, as shown in
Gabb's figure.”
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Stewart notes that *‘on the body whorl the anterior angle, at least, i crenulated'".
He givea the following measuromenta [or the holotype: height (incomplete), 20 mm.;
amallest diameter of body whorl (crushed), 12 mm,

According to Stewart (1928, p. 365), “*A specimen in the U. S. National Mugsum
collected by Dr. Stanton (Locality 1092), one-half to three-fourths of o mile east
of Wilcox's ranch, on the road from Lowrey’s to Paskenta, . . . is probably thie
speciea.”’

This locality east of Wilcox'a ranch is in the lower bada of the Horsatown group,
and tho record of this species here aceorda with the writer’s fadings.

This speciea has heen obtained at Locality 1353 (Calif. Acad. Sei.), near the
bridge on the Cottonwood Creek at Ono, Shasta County; although the example is
too much crughed for illustration, it is easily recognized. It affords the following
measurements: height of spire (incomplets), 20 mm.; width of wharl, 20 mm.

Ite hotizon iw that of the Ono zone, near the base of the Horsetown graup of tha
Shasta aeries.

YouuTipag Gray
Volulodsrma Gabb

Volutoderma ritragformiz (Gabb)

Cordiera mitracformis Gasn, Paleont. Calif,, vol, 2, 1869, p. 153, pl. 26, fig. 32;
‘‘Shasta Group," Colusa County, near tha Hot Su]{:hur Springs"'—STANTON,
Pknsl,t’Geol. Sturv,, Bull. 133, 1895, p. 19; listed with others from the above
ocality. . R

Volutoderma milraeformis (Gabb), Srewant, Phila. Aead. Nat. Sei., Pr., vol. 78,
1828, p. 410; quotes Gabb as to locality and horizon.

The locality and horizon of this species have apparently been misunderstood.
Although the species is mentioned by Stanten, together with three others as “*possi-
bly belonging in the Knoxville launa,” he omitted them until something more is
learned of their stratigraphic position,

This liet includea Paleoirociua craoasus, Ringinslla polita, and Lfocium punciatum
Gsbb. From Gabb’s statements it appears that all of them came from the sams
locality, which he haa deseribed wariously, but which can only be correotly under-
ataod ag near the outer border of the (oothills, esst of Wilbur Springs; therefore, the
horizon of all of them shonld ba the middle part of the Chico series, The presance
of Atresius liratus Gabb, a well-known Bhasta species, in Gabb's list may he regarded
a8 accidental, gince it in not an associste of the other species in other pluces, or prob=
ably in any place.

Although species of Volutodsrma are common in the Upper Cretaceous of Cali-
fornia and Oragon, none have yot been suthentically recorded from the Shasta serias,
and its slleged presence thero should be aceepted with reserve,

ActeoNtpap d*Orbigny
Tornalellaea Conrad, 1860

Tornatellage tTmpressa (Gabb)

Actacon {Tornatella) impresaus Ganp, Paleont, Calif., vol. 1, 1B84, p. 142, pl. 31,
ﬁﬁ' 106; vol. 2, 1868, p. 232%; 'Shasta Group," North fork of Cottonwood greek
Shesta County—Sraxroyw, U. B. Geol. Surv., Bull. 133, 1895, p, 18; inelndeti
in & list of Horsetown species from near Wileox's ranch.

Tornalellaca impressc (Gabb}, BrewarT, Phils. Acad. Nat. Sci., Pr.,, vol. 78, 1926,
p. 434, pl. 24, Bga. 7, 8; lectotype figured.
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Stawart givea the following dimensions for the lectotype: height, 11 mm.; width,
fmm. Anfarasinformation goes at preacnt this apecica has been found only in the
Borsstown group in Bheata County. Stanton records it from the lower Horsetown
beds near Ono, perhaps in the Ono zone.

Agieom politus [Gabb)

Ringinelle polita Ganw, Paleant. Calil., val. 2, 1860, p. 174, pl. 28, 8g. &0; “Shasta
Group," Colusa COHntI—STAHTON, U. 8. Geol. Burv., Bull. 133, 1895, p. 19;
age later than the Paskenta group suggested—Axorrsow, Calif. Acad, Sei.,
Pr,; 3d ger,, vol, 2, 1902, p, 41; species included in Horsetown xrouf»

Acteon politus (Gabb} émwm, Phila. Acad. Nat. Sei., Pr., vel, 78, 1928, p. 431,
pi. 24, figs. 18, 19; supposed holotype.

Gabb's recard as to the locality at which the holotype was obtained is the only
known record. He atates (Gabb, 1889a, p. 175}, that thia apecies wae found with
Lipetum punetatum ‘*asuth of tha road from Colusa to the Hot Swlphur Springs, in
the firat range of foothills, Colusas County." If this statement ia taken literally
the species and ita assoeistes ean hardly be older than tha middla part of the Chico
geries, Similar forms have heen found in the Chico beds of the Rogue River Valley,
in southern Oregon.

Acteoninag calafia Stewart

PActeoning pupoides Gans, Paleont. Calif., vol. 1, 1854, p. 113, pl. 19, ﬁf. 67; North
fork of Cottonwood Creek, Shasta County; vol. 2, 1863, p. 173, pl. 28, fig. &7,
“Shasts Greup,” Cottonwood Creek.

Acteoning calafic BrewanT, Phila. Acad, Nat, Sei., vol. 78, 1925, p. 432, pl. 21, fig. 12.

Stewart states that Gabb’s holotype in the Museum of Paleontology is s fragment,
and the “name & homonym,” and proposce as the helotype of his own species the
specimon deacribed and figured by Gakb (1809a, p. 173, pl. 28, fig. 57). Gabb skates
that the horizon of this species is within ths ‘Bheste Group,” but its occurrence in
thia group reets only upen hia record,

Acteonella oviformiz Gabb

Acteonslla moiformis Gann, Palaont, Calif., vol. 2, 1869, p. 173, 232, pl. 28, ﬁﬁ* 585
“*Chico Group,” Cottonwood Creck, Shasta Connty—SrewawTt, Phila. Acad.
Wat. Soi., Pr., vol. 78, 1926, p. 432; locality and horiron as given by Gabh.

Thise specien ie abundant in the Chico seriss at many loealities in Celifornia and
in southern Oregon, and has usually been regarded se belonging exciuxively to thia
geries, its usual horizon being in the Turonisn or Cencmanisn portion. A single
example of the species has recently been obtained from tho lower bedn of the Horse-
town group at Loeality 1363 (Calif. Acad. Hei.) near the bridge on the North fork of
Cottonwood Creek, at Ono. Jtsrange, therefore, is throughout the Horsetown group
and the lawer part of the Chico acries.

Palodmete Gardner 1918
Paladmete perforala (Gabb)

Neptunes perforatc Gasn, Paleont. Calil., wvol. 1, 1864, p. B9, pl. 18, fig. 39; North
fork of Cattanwaod Creek, Shasta County,
Evigachys perforeta Gaop, Paleont. Calif.,, vol. 2, 1889, p. 49; “‘Shasta Group,'
Cottonwood Creek.
Paladmala perforata (Gabb), Stewainr, Phila. Acad. Nat. Sci., Pr., vol. 78, 1024, p.
224, pii. 22, fig. 8; lectotypa, from the callection of the Univeryity of California,
gured.
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The figure and description given by Gabb leaves much to be desired. According
to Stewart this species may also ineluda Paladmets hoffmanni (Gabb) and this view
seems plausible. Both are from the same locality, as given by Gabb. As the North
fork of the Cottonwood Creek crosses the whale of the Horastown group and a con-
giderable part of the Chico aeries, the horizon of the apacies yet remains in doubt.

CEPHALOFODA

Tha oldest cephalopad stacks known in the Cratazeous sequences in Calilornis
and Oregon include both ammenraids and belemnoids, but their origina are yet un-
known. There ia little, if any, evidence that they ara derived from atocks found in
the underlying Wnoxville seriea, although aome of them may later bo traced to
guch source.

Among ammonoids, forms of Phylloceras, Lytoceras, Bochianites, and berriagellids
are found in the loweat group of the Cretaceoun deposits, but they can hardly be
ahown to have descended {rom such stocks in the oldor series, aithough these are near
at kand, contain aome similar stocks, and spparently in part arein sequencial contact
with them. The cephelopod groups in the Knoxville and Shaeta series are apecifi-
cally distinet, although both contain the gencra mentioned shove.

Farms of Phylleceras ocour in the upper beds of the Knoxville, and in the loweat
beds of the Bhaata series, but they appear to represent diffecent upeciss—one Jurassic
and the other Cretacecus. Furthermore, succcasive types of Phylioceras appear in
the Shasts series at different levela, although not of a single lineage, and none of them
can bea traced to local Tithonian sources, and most of them are of short duration.

Forma of Lyloceras are known in the Tithonian of the Knoxville, and the genus
appears in the earliest beds of the Shasta series, Different typea of Lytoceratida
also appear st intervals in the latter series, particularly in the Horgetown group;
none of these can be definitely traced to loeal sources, and their nearest alliea are
found only in distant regions, aa southwestern Asig or Europe. It would ssem that
“waves" of Lytoceratids {possibly immigrations) appear at intervals in the Great
Valley embayments, from unknown gources and by undetermined routes.

Berrinsellids, near to Berriasella calisto (d’Orbiguy), occur in the upper part of
the Knaxville, but thay have nat been found in the lower beds of the Shasta series.
The oldesat hoplitide of the Shasta series aeem roferable to Neoconiles or Thurmannia.
Spocies of Berriasello sppesr in highor heds of the aeries, but they are not closely
related to thoae of the Knoxville, and they scon dieappear, leaving no known de-
geendanta. Thia is true also of uther generic groups.  Farma of Spiffeeras are found
in both series.

Among belemnoide there are numerous species, and genera, found in the upper part
of the Knoxville, and also in the lower beds of the Shasts series, but their genetio
rclations are not close. The type so far found in the two seriea do not belong to the
same stocka. Specien of Cylindroteuthis Bayle sud Zeiler are abundant in tha Ti-
thonian, but none ars knewn in the later series. On the contrary, various species
referable to Acroteuthis Stolley, to Pelemnopsis Bayle, and to Belemnoteuthis Pearce
ars found in the Shasta series, ranging from Valanginian to Gargasian, but none
have boen found in the Knoxville series.

From these obgervationa there is little cvidence that the cephalopod faunas of the
Shasata series have descended from lacal sources, or that their progenitors are to be
found in the Knoxville aeries, although they were near at hand and seemingly in
position to have been the source of Cretaceous stocks. ‘Fo what enuses may we look
for explanation of these atriking faets? In the earlier part of this paper posaibla
soureed of cephalopod atocks in remote regions have baen suggested, especially for
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those in the Horsetown group, which are alearly differsnt from any known in the
Knoxville serids, or even in the older beds of the Shasts series, and which have thair
nearest allies io trane- Pecific regiona.

NAGTILOIDEA
Navpurpan Owan
Neautilus Linnaeus

Nautilus gabdi Anderson
(Plme 10, Bguea 1)

Naulilus tezanus (7) Gann, Paleont, Calif., vol. 1, 1884, % 59, pl. 9, figs. 3 3a; Alder-
_aon Gulch, Shasta Couniy (oot Nautflus tezanus Shumard, Texas Cratacecus),

Nauttlur gabdl Axpepson, Calif, Aead. Sei., Pr., 3d ser., vol, 2, 1002, p. 77, Cotton~
wood Creck, Bhasta County.

This species, doubtiully refarrad by Gabb to o Tezas form, is fairly common in
the upper part of the Horaetown group in the Cottonwoed district. Mosk examplen
geem to agree with Gabb's figures, and one may accept bhia atatemont as to the fype
locality. A large enat of the species still roteining portions of the shall was found on
the west branch of Hulen Creek at Locality 1608 (Calif, Acad. Bei). It hass diameter
of at lesst 150 mm., and a thickness of 70 mm. On parts of the body-chamber the
ahell ehowe the strong backward bend of the castal lines near the periphory of the
whorl, as shown in Gsbb's figure. This specimen was found in the Perrin zons,
nseociated with Cleoniceras modeste, nov. and Acanthoplites perring, nov. in the upper
part of the Horaetown group. The septa show only o slight backward bend cn the
periphery; the umbilicus ig spall, but not closed; the siphonal tube is low, about 5
mrm. above the base of $he aperture—=that is, nhove the top of the preceding whorl.
A smallar but inoomplete example of the sams spenies inin the collection of 8tanford
University; it waa found by L. M. Clark cn the Julian ranch, 8 miles southenst of
Lompoc, Sants Barbars County.

Naulilus choriolienats Whiteavea

Nautilus suciengis Wiizeaves, Maas. Foma,, vol. 1, pt. 3, 1884, p. 197, pl. 21, Weoloome
?ﬂiutthSkidugnm Inlet, Queen Charlotte Islands {not EE 11, figs. 1, 1a; Bucia
and).
Nautilur (Cymaloceras) charloltensis WoitEaves, Mes. Foss, pb. 4, 1000, p. 280;
Weleome Point, Maple Island—Awoerson, Calif. Acad. Bei, Pr., 3d ser.,
wval. 2, 1802, p. T8; Horsetown, Bhasts County.

Ta the collsatinps of Crotaceous fosails at Stanford University there is s large
fragmentary specimen of this species found by the writer in a hard sandstone bed at
old Hersatown, in the lowest bed exposed thera. Another example of the same
species has pince bean found near the mouth of Hulen Creek, aneasad in o boulder and
buried in & eonglomersate of tha lowar Chico bads, It bes been transported {rom an
older zona to this conglomerate bed. Both examples agree well with the figure and
description given hy Whiteaves for those from Queen Chatlotte lslands. In the
Calilornia Academy of Sciencea are two fragmentary but wel-preserved apecimens of
the species found by R, M, Kleinpell and E. Wayne Galliher on the north shore of
Bearakin Bay, Graham Island, and donated to the Academy of Sciences. The Cali-
fornia specimens differ in no important respects from these, although they are some-
what farger and possibly & little more inflated. The apecies iz perhaps related to
Nautilus gabli, although it is more robust and occurs st a higher level in the sequence.
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Nautitus averilli Anderson, . sp.
(Plato 10, figure 2)

Matura shell large, sub-globose ; umbilicus nearly elosed; section of whorl broader
than high; septal suturea gimple, curving normally forward above the umbilieal
border and alightly backwnrd near and upon the ventral surface; surface of holotype
retaining little of the shell, showing only faint growth lines rising vertically on
the lower half of the wharl but curving aharply backward on the upper part of the
side, and forming a sharply rounded sinws in the ventral zone.

The holotype (Calif. Acad. Sci. type Coll.) is unlike any other apecies deseribed
from the West Coaut. It is an immature, although well-pregerved, shell having the
following dimensiona: maximum diameter, 72 mm.; width of umbilicus, 3 mm.;
height of whorl, 40 mm.; width of whorl, 48 mm. A lragment of o larger example,
obtaited fram the same bed, shows o maximum diameter of 110 mm. and a thickness
proportional to that of the holotype. The holotype was found by Chas. V. Averill
at Locality 1347 {Calif. Acad. Seci.), in the Barr zone, near the middle of the Horges
town group, § miles south of Ons, Shasts County. [t wasassacisted with Acroleulhis
aberiginalia nov., Parakopliteides ap., Gabbioceras wintunium nov., Cheloniceras ap.,
and Syncyclonema californica (Gabb). This is the enrlicat species of Nautilus yet
recorded from the Cretaceous of the West Coast.

AMMONOIDEA
PrYLLOCERATIDAE Zittel
Phylloceras Suesa

Phylioceraa eccidentale Andersen, n. sp.
(Plate 12, Bgures 1, 2}

No complete example of this species hoa yet been obtained, although four imper-
fect specimens in the California Academy of Sciences scem (o bolong to it. They
were found in three different zones, the loweat in the upper beds of the Prakents
group, the next in the lowest beds of the Horsetown group, and the other in the Barr
zone of the latter.,

The last example is the holotype (Calif. Acad. Sei. type Coll.); it is wholly aeptate,
containing no part of the body-chamber. The shell is roundly inflated, angustumbil-
icate, deeply involute aud digtinetly costate, The shell inereasos rapidly in sestion,
whioh ia broadly ovate, the groatest thickness being o littla below the ventral border.
Between the broad costae are braader interspaces, about 27 to the whorl. Mosat of
tha ribs arise near the umbilical border, although some secondary riba arise near tha
middle of the sidea. All tha riba are much reduced in atrength in crossing the ahdo-
men. The primary riha are inclined rather strongly forward near the umbilicus,
but sscend on the sides nearly vertically and show a slight forward curve on tha
veniral zone. The umbilicus, quite narrow at bottom, expands into a broad funnel-
form deprezsion, the walls stoping upward from the center. The specics has much
rescrablancs to Phylioceras infundibulim d'Orbigny, from the lower Neocomian
(lower Barremian or upper Huuterivian) of western Europe, but it is thicker in form
and has fewer and more widely spaced ribs, The holotype (Calif. Acad. Sci. type
Coll.) has the following dimensions: greatest diameter, 48 mm.; diameter of um-
bilicus, 2 mm.; height of whor], 18 mm.; width of whorl, 23.5 mm.; umbilieal ratie,
0421,

The septa have the form and character of those of Phylicceras rouganum d'Or-
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bigny, as illustrated by Kilian (1907-1910, pl. 6), to whieh it seems to be nearly
related.

The holotype of the species was found &t Locality 1347 (Calif. Acad. 8ei.) enst of
Mitchell Creek in the Barr zone; it was associated with Acroteuthis aboriginclis,
nov, and Gabbioceras anguletum Andersan.

Poesible sucecsacrs of thia apecies appesr in the upper beds of the Horsetown
group on Hulen Creek, and at old Horactown on Clear Creek. Phylloceras theresae
oceurs in the Perrin zone on the east fork of Hulen Creek, and P. 2haslalense wan
described from the site of the old mining camp at Horsetown. Tha group of related
forma to which P. occidentale belonga insluden the next four species to be deseribad,
snd ranges from the upper part of ths Paskenta group te the top of the Horsetown
group.

Phylloceras triniiense Andersen, n, sp.
(Plate 55, figures 3, 4, &, #)

This speciea belongs to the group represented by P. occidentale snd may be eon-
tempeorary with it. It is of mediym size, the holotype being 52 mm. in diameter.
The umbilicus is alightly larger and more open than in P. secidentale and is borderad
by emooth slopes from the upper part of which primary ribs arise and eroas the ven-
tral zone without interruption or weakoning; ribs often branching s little helow the
ventral zone; the sccondary riba arising near the middle of the side, and with growth
extending downward toward the ymbilical slopa; all ribe rising sa simple linear
ridges, equelly spaced, and inclining forward; interspaces two or three timea the
width of the riba themselves; auture lines not shown on the holotype. Holotyps
{Calif. Acad. Sri. type Coll.) has the following dimensions, a8 measured on the cast:
greatest diemeter, 52 mm.; width of umbilious, § mm.; height of whorl, 30 mm.;
width of whorl, 24 mm. Thia shell differs from P. pecidentale in having stronger and
sharper, often branching ribs that continue without weakening across the ventral
zone. The holotype was found in the detached area of Lower Crataceous beds on
Redding Creck, eastern Trinity County, whero it waa asscciated with apacies of
Joniomya, Glyeymerin, Pletremys papyraces, and other pelacypods. Probably
from this area the holotype of Crioceras latum Gabb, which is most abundant in the
upper part of the Paskenta group, was originally darived, The same spacies, or one
closely rolated {o it, waa found by E. L. Packard in the Lower Cretaceous beds a¢
Riddle, Oregon, snd was loanad to the California Academy of Soisnces for ytudy and
comparison. Ita sssociation in the Riddle loeslity with apecies of Neocomites indi-
cates 4 Jow poaition in the Cretacepus column, poastbly near its base.

Phyllaceras gextoni Anderson, n. sp.
{Plate 12, figure 3)

Shell small, modorately infated, costate, with costae of two kinds; primary
costae forming firet at a diameter of 18 mm. ; a4 this stage poeseasing about 8 to 1
<m., ariging on the umbilical stope mnd extending upward at right angles to the
periphery, crossing the ventral zone without interruption, not inclining forward in
young stagen; secondary costae arising above the middle of the sides, less numerous
than the primary; umbilicus small, or nearly closed, with gently sloping sides, form-
ing a shallow, funnel-form depression, smooth or polished within; aides of ahell
Aattened; periphery flatly rounded, the section of the whorl being subquedrate in
young stages. The holotypa (Calif. Acad. Sei. type Coll.) was found near the Jor-
dan gate on the Ong-Beegum road, 5milea south of Ono. Shasta County. It pomsesses
about 44 ribs, most of which are primary. It bhas the following measurements:
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grentest dismeter, 27 mm.; width of umbilicus, 2 mm.; beight of whorl, 17 mm.;
thickness of whorl, 14 mm_; ymbilical ratic, .0T4:1.

As {ar 2a known, the atratigrapbical position of this species is probebly in the
Mitchell zone of the Harsetown graup. A second example of the specise was found
in the same zone on Roaring River west of the Millsap rosd. Another example that
reems to be closely related, il not identical to this, was [ound by N. E, A. Hinds near
the Clamenta ronch, eastern Trinity County, in beds that seem referable to the upper
part of the Paskenta group (Valanginian).

This ppecies is named in recagnition of the interest and fine apirit of cooperation
shown throughout the progress of this work by Miss Veronice S8exton, Librarfan of
the California Aeademy of Seicnees.

Phylloceres therstae Anderson, n. sp.
{Flate 12, Hgutem 4, 5)

Bhell of medium size, inflated, smooth, or only faintly atristed; umbilicus amall,
but not closed, deeply funnel-form; traneverse section of whorl broadly elliptical, or
nearly cireular; striac when present rising almost vertically; suture line complex,
haviag broadly ovate terminationa on tha finer divigions of the saddles; young shelle
showing no traneverae striations, In outward form, disregarding costal lines, this
ppecies resembles P. occidentale, from which it can be distinguished by ite more
inflated section, broader whorls, smoother surfaee in young stagea, and in older sge,
its more numerous costae, which oross the ventral zobne without diminutien. The
holotyps shows tio contars until it attaine a diameter of 50 mm. The suture line innot
clearly shown on the holotype but, a6 sees on other examplea from the same bed, it
resembles that of P, rouysnum d'Orbigny, as illustrated by Kilian (1807-1910, pl. 6).

The holotype (Calif. Acad. Sci. type Coll.) bre the [ollowing mensursmenta:
greatest diameter, 66 mimn.; width of umbilicus, 6.5 mm.; height of whorl, 36 mm.;
width of whorl, 32 mm.; umbilical ratie, .100:1.

The holotype waa found at Locality 1688 (Calil. Acad. Sei.) on the west hranch of
Hulen Creek, Shagta County, associated with Detmoceras marriami {Anderson},
Douritleiceras mommillatum var,, and Diptychoceras lacwe Gobb. Five smaller, well-
preserved examples wera (ound in the eame zone at Loeality 152 {Calif. Acnd. Bsi),
aesociated with Cleonveeras leconlel and species of Sonneratia.  Stoliczks has figured
& form which be referred to P. rouyanuem d'Ochigny, but which was later ealled P.
Sorbesionum by Koeamat, The present apecies resembles this form, but cannat ba
identified with it.

An example of this species was abtained (rom the highest bed of the Horsetown
group exposcd on McCarthy Creek, Tehama County, in apparently the sama zone.

Phylloceras shaatalense Anderson
{Plate 12, fgure &)

Phytluceras shastalense Axvgrgon, Calil. Aead. Sei, Pr., 3d ser., vol, 2, 1202, p. B0,
pl. 4, 6gs. 112-115; Horestown, Shaata County.

Shell small, globose, increasing rapidly in diameter, section of wharl breadly
elliptical; umbilicus nearly elosed in mature shells, slightly open in immature stages;
surface marked by (ransversa riba which are somewhat conrser than on any of the
relatad specios; ribs rarely extending to the umbilieal pit, hesviest an the periphary,
Most of the ribs begin near the umbilieal border and extend outward with a slight
forward curve., The diameter of the largeat example scen is about 30 mm., with
moek of the body-chamber missing. The suture line is that of & trie Phplloceras
of the group of F. theresge, P. occidentale, and P. trinitense, 8l fovnd in esrdier beds,
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The pearest European analogue, slthough much earlier, ia P, tnfundibulum d'Or-
bigny. Thie species does not appear to be closely related to either P. veiledae Miche-
lin, P. onognge Stanton, or P. aldersoni nov., but it belongs in the linesge of P. occi-
dentale nov. Tha holotype of this species in in the Museum of Paleontology, Univer-
gity of California, and was found by the writer at the old mining camp of Horsetown,
Shasta County, in the uppermost beda of the Horsetown group. A topotype of
tho apecies is in the collectiona of tha California Academy of Seisnces,

Phylloceraa onoense Stanton
{Pluto 11, Sgures 1, 2)

Ammonsies ramosum, Gans (not MEEE), Paleont. Calif., vol. 1, 1864, p. 63, pl. 11,

fign. 12, 12n; pl. 12, fig. 19%6; Lower Cretacoous, Cattonwood Creek, Shasta
County.

Phyliocerae oncense Franroxn, U. 8. Geel. Surv,, Bull. 133, 1895, p. 74; Horentown
beds, Bhasta County.

Phyllocerar ramosum (Meek) is & species belonging strictly to the Upper Cre-
taceous (Senonian) of the West Cosst, Rnd has not been found in the Shasta aeries.

Gabb erroneously jdentified a species found in the Cottonwood district with that
of Meek, as was pointed out by Stanton. Gabb's figures of the Horsetown species
are defective, although there can be no doubt as ta the form he endesvored to rep-
resent. To this species Stanton hae given the name Phylloceras onocnse.

The shell of this speeies is discoidal, compreseed, or somewhat lenticular, with
a small but open umbilicus; sides flattened, but sloping to & narrowly rouaded
periphery; surface at first almest smooth, but with growth it acquires numergus
rounded, radiating threads (18 to a centimeter in adult specimens), separated by
concave interapaces, broader than the threads; costal threads arising near the um.
bilicua, curving at firat forward, then riging vertically, and finally curving gently
forward on approaching the periphery. Gabb'a (1864, pl. 11, fig. 12) figure showa tha
curvature of these lines to be backward, contrary to fact, and the suture lines do not
show eerrectly the phylliform terminations that are characteristic of this species,
The smaller torminationa on the saddles are ohavate, showing the species to be a teua
Phylloceras. 1ts horizon is commoanly in the middle Hergetown group (Bedoulisn),
in which beds it is usually nssociated with Lyloceras argencutorum, Parahoplitoides
cerrogensis nov., and Aerotenthis aboriginalia nov. 8Bix or more good apecimens were
colleeted from the Argonaut zone at Locality 1347 (Calil. Acad. Sei.), hall a mils
east of Mitchell Creek and 6 miles senth of Ono, Shasta County.

The example figured by {3abh has been listed e being in the Museum of Paleon-
tology, University of California, by Merriam (1895, p. 1), but it has not been found.
Under the circumstances sttached to this specimen, it seems better 1o propose a
lectotype for the species, and a more complete example (Calif, Acad. Sci. type Coll.)
is selected to represent it. This example was obtained on the west braneh of Bee
Creek, half & mile eaat of the Shoup ranch house, in the Argonaut zone, It has the
following dimensions: greatest diameter, 120 mm.; width of umbilicus, 7 mm.;
height of whorl, 85 mm. ; thickness of whorl, 35 mm.; umbilical ratin, 058:1. Some
fragmentary examples of the apecies have beca found which indicate nn origina)
diameter of 12 inches, although the usual size is about 4 to 6 juches, [t differs from
P. knorrvillenye Stanton in its finer ribbing, and distinetly different suture lines,
particulatly in its broad, shart siphanal saddle. It also differs from P, celifornicum
nov., in its fner and more sinuous costal lines, in its thinner section, and in its lower
horizon.
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Phyileceras aldersoni Anderson, n. sp.
{Plate 11, fgure 3, 4. 5, 0)

Bhell small, discoidal, slightly inflated, rounded on the sides which slope rapidly
ta the periphery; umbilicus small, with steep walls curving roundly to the sides;
surface mostly amooth, or polished, but marked by six or more slightly sinuous
periodie constrietions, between which are numerous fine coste] lines (10 or more
to a centimeter) arising on the umbilical walla, curving at firat forward, then gently
backward, and again forward on approaching the ventral border; intercostal spaces
relatively wide and amooth; ¢ross-section of whorl somewhat elliptieal, Leing broad-
egt near the middle of the gide, nud rounding off above and below.

The suturs line is not unlike that of P, onoense Sianton, although the septa are
raore numeraus and more crowded, and also more complicated; the emall siphonal
saddle is narrower and more pointed. The esaentinl differences between this species
and the Jatter ars in its emaller size, more inflated sides, its periodic constrictions,
and the form and character of it costal markings. Tha largest specimen of this
specics 8o far found hes o diameter of 8§ mm., including the body-chamber. About
14 examples of the species were obtained, moat of them from Loenlity 1348 (Calif.
Acad. Sei.) on Alderson Creek, 2 milea south of One, Shasta County. The holotype
{Calif. Acad. Sci. type Coll.), meptate throughout, has the following dimensions:
greatest diameter, 40 mm.; width of umbilicus, 5 mm.; height of whorl, 21 mm.;
thickness of whorl, 17 mm.; umbilieal ratie, 0.126:1, All the examplea oame (rom tha
Alderson zone and were sssociated with Melchiorttes thaatensia nov., Lyloceras balest
(Trask), Hamiliceras asquicoatafum nov., and a species of Aucella resembling 4.
keyserlingl Lahusen.

Phylloceras californicum Anderson, n. sp.
(Tlato 18, Bgure 7

This species is intermediate between Phylloceras oneense Stanton and the Cali-
fornia form of P. valledze Michelin in both form of shell and in its etratigraphic
pogition. It differs from both algo in the character of its sutura lines. The spaciea
occurs in the upper part of the Hulen beds {middle Albian} on Hulea Creck, and hus
algo been found at the upper limit of the Horsetown group at the old mining eamp of
Horsetown on Clear Creek, Shasta County, where it is associated with Pugosia
hoffmanni (Gabb) and Beudanticeray brewer! (Gabhb),

The apecies diffars from P. pnoenee in its thicker and more robust form, in its
stronger and straighter costae, which have little forward curvaturs upon their
approack to the veniral zone, and in sutural details.” In its cutward form it resem-
bles tha figures of P. valledae given by Stoliczka (1868, PL. 19, fige. 14), although it is
larger, whereas in the general and detailed character of ite sutures it more nearly
approaches P, onoense Stanton. Phylloceras relledae, or a closely related form, has
been ound in the lower beds of the Chico series half a mile enst of the mouth of Hulen
Creek, and about 1100 feet above the position of P. ealifornicum of the Horgetown
group.

The holotype (Calif. Acad. Sei. type Coll.) is a large fragment, representing an
individual 8 inches (203 mm.) in diameter, obtained from the upper part of the Hulen
beds, 50 fect beneath the Neptune zane at Logality 1569 (Calif. Acad. Sci.).

Phyllaceras umpguanym Anderson, n. #p.
{Plate 30, figures 9, 10)

Shell amall, robust, with small but deep umbilicus and inflated cross-section;
surface thickly eoetate, with almost uniform, Tounded costae, saparated by some-
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what broader interspaces; costae arising near the umbilical border, inclined strongly
forward at first, then rising nearly normal to the periphery; suture linea not clearly
ghown, The apecies belangs to the group represented by P. trinitensge, nov. but it ia
asomewhat less inflated and has finer and more numerous costae. The holotype,
which is the property of Oregon State Collage, mensures se follows: greatest diam-
eter, 33 mm,; greatest thicknesa, almost 20 mm. The umbilicus ia amall, but not
closed; the ratio of height to width of whorl is near 5:4. It waa found by E. L.
Packard, at Locality 268 (Oregon St. Call.), a mile east of Riddle, Oregon. Its bori-
zon is the same as that of Neocomites riddlensin, nov., with which it oceurs.

Phylloceras pregonenss Anderson, n. 8p.
(Plate 30, figurea B, 23

Shell similar in form and seilpture to the preceding but it (e relatively thinner and
haa o emaller wmbilious. The holotype, which is in the collections of the Oregon
State College, hea the fallowing dimensiona: greatest diameter, 40 mm.; maximum
thickness, 16 mm.; width of umbilicus, § mm. It was found by E. L. Packard and
was found with P. umpguanum at Locality 268 (Oregon State Coll.) & mile anst of
Riddle, Douglea County, Qregon.

Phylloceras myrilense Avderson, n. sp.
(Plate 30, Bgum 7)

This species is charactorized by a more compressed form than any of the preceding
apecies. ‘The holotype has the following dimensiona: greatest diameter, 35 mm.;
width of umbilicus, § mm.; maximtm thickness, 10 mm. ; suture line not shown; sides
numerously coatate with costae of two ranks; major costae arising at the umbilical
border; sscondary costae arising near the middle of the side; all crossing the periph-
ery, and all tending to branch abova the middle of the side. The holotype, belong-
ing to the Oregon Siate College, was found at Locality 268 (Oreg. State Coll.), &
mile enst of Riddle, Oregon, where it waa found amsociated with P. umpquanum, Neo-
comites riddlensin, Lyticoceras packardi, Dickotamites oregonensis, and Hoplocrinceros
of. remondt (Gsbb). The horizon is thought to be upper Valanginian and to repre-
sent the upper part of the Paskenta group, as known in California.

LrrocEraTiDa® Neumayr
Lytoceras Sueas

The genua Lytoceras, in ita broader aense, ip distributed stratigraphically almost
thraughout the Shasta series in California, appearing first in  single speciea in its
lowest heds, and in inecreasing numbers and variety as the eolumn is ascended; nesr
the eloso of the Horsetown group it attains ite greatest devalopment, but it continues
into the lower beds of the Chico series, and appears again in ita later {Senonian) beds.

The genus exiated in the Great Valley trough during the closing epoch of the Knox-
ville peried; the Tithonian stock did not continue into the Shasta series. The
earliest form of Lyfoceras known in the Shasta setics seems to have entered the trough
at the begioning of ita sedimentation in early Valanginian time. This was Lytoceras
saturnale, nov. It was followed in middle Valanginian time by Lyleceras aulaeum
nov., and toward the end of this epoch by Lytoceras tragki nov.; none of these wore
very nearly related.

Thia last form continued into the lower Horsetown group (Ono zone), where it
scoma to have disappeared. At the opening of Aptian time a new asacmblage of
lytoceratida appeared, consisting of types which, except [or one species, do not seem
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to have near relationships with those of earlier date. Lyteceras batesi [Trask) ap-
peara far the firet time in Bedoulian time, but continues for only a short span and i
replaced by others in Gargesian and later time,  Still later, in Albian time, another
assemblnge entercd the embayment, but there seems to have been little, if any, role-
_tions between its constituents and thoas of the earlier “waves.”” ‘Thus in the ¢ourse
of the Shasta period three ot more groups of lytoceratids, having no eloss ralation-
ships, uppeared in soeceasion, It would be in harmony with the physical history of
the Weat Coast during this period il these successive “wavas” wore regarded as
heing so many distinet immigrations, or invagions, coming from distsnt regions in
which they hod been cradled. Seme of theae stoeka seem to have allies in southwest
Asgin (Spiti, Cutch, ete.). The lytoceratida of the Shasta serieg can be zeparated
inlo as many 88 six subgenerie groups, followed by others in the carly part of the
Chico series (Cenomanian}.
‘Tha order of their oceurrence appesarts to be about as {ollows:
(1} Valanginizn time.—
Lytoceras (Sniurnoceras) saturnale, n. subgen., n. ap.
L, trasks n. ep.
L. rel. irgeki n, sp.
L. aulaeum n. 8p., rel. L. saturnale, hav.
{2} Aptian time,—
Gabbioceras angulatum Anderson; G. wintunium n. sp.
Lyjtoceras (Argonauticeras) orgonaufarum {Andereon}
L. batesi (Truek)
{3) Albian time.—
Lytoceras (Gaudryceras) socya {Forbes)
L. (T Gaudryceras} neplunianum n. gp.
L. {Kosamatella) whitneyi (Gabb)
L. {Komamateila) surarivm o. ap,
L. {t Kossmalella) gainesi n. ap.
{4) Cenamanian time.—
Forms of Gaudryceras and Telragenites, only, are known from the Chico
series, following the oloss of the Bhasta series.

Iytoceras (Saturnoceras) sofurnale Anderson, 1, sp.; 0. subgenus
{Plats 13, fgurs 1)

In his account of Lytoceras boleai (Trask), Gabb (1384, p. 87) refers to an incom-
plete specimon 15 inches in diametor, found in the Bald Hills, Shasta County; he
gives alsa ofher moasurements. This specimen is in the Muserum of Paleomtclogy,
University of California, and hos been examined with much ¢are. Very elearly it
does not belong to the species to which Gabb referred it, nor ig it nearly ralated fo it.
‘This exsmple conatitutes the holotype of the present speciea, and the genotype of tha
gtoup to which it belongs. It haa the following dimensiona: grewtest dinmeter, 16.5
inchey {419 mm.); width of umbilicus, 7 inchen (178 . ); height of whorl, §.5 inehea
(138 mm.); width of whotl, 6 inchea (152.5 mm,}; umbilical ratic, 0.424:1.

It wos ot one time thought that this specimen might represent Lydoceras grgo-
naulerum Anderson, but later collestions and comparison with examples of the latter
proves that this was an error; the two forms sre nat nearly related.

Stanton (1895, pl. 13} has figured a lytoceratid from the Wilcox ranch, Tehama
County that weems bo conform to the characters of the holotype, insofar aa can be
determined. Stanton nates the crenulations an the costal ridges and compares it to
Amm. crenocostoius Whiteaves, later referred by ite author to L. batesi (Trask).
Stanton’s exampls came from the Paskents group on the Wileox ranch, from which
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others have since been callested.  The species occurs at other horizons in this group,
extending from its base to near ite tep. Unfortunately, the exact locality of the
balotype is not yet known, altheugh it is believed to have been found in the upper
part of the Paskenta group in the Cottonwoad distriet, Shasta County, from which
fragments have been collectad.  In actual diameter, though not in weight, thia ia the
largest example of Lytoceres yet scen from the Lower Cretacepus of California,
plthough fragmentary specimens indieate larger individuala, 1If the body-chamber
to the extent of hall & whorl were restored to the holotypa, its tota) diameter woutd
be nt least 26 inches.

The costae of thia specimen ahow crenulations similar to thase noted by Stanten on
the form Sgured by him. Another cxample in the Museum of Paleontology, Uxni-
versity of California, about 7 inchea in diameter, shows the same characters. ‘Thia
specien differa from most of the following in ita more rebust form, in its mere re-
atrained sculpture, and in the cross-section of its whorls. The form figured by
Whiteaves (1824, pl. 27, fig. 1) under the name of “ZLytocecras batess Trask” may
represent this species.  Aa it was obtained ot Bearskin Bay, north shore of Skidegate
{alet, it may bave come from tha Aucelln-besring beds of that loeality. In form and
ornamentation this species is not unlike Lytoceras liebigi (Oppel) fram the Tithonian
beds of Moravia.

Lyloceras aalurnale has a stratigraphic range almost threughout the Paskenta
EToup in its type district, and has been lound in the Cottonweed dletrict at various
levelsin the enme group. It has not been found in Knoxville beds at any place.

Luyloceras traski Anderson, n. ap.
(Plato 15, figarem |, 3; pliate 17, figure 2)

Mature ahell of moderato size, discoidal, somewhat robust, intermediate in form
between L, salurnale and L. bafesi; section of whorl subecireular, o little higher
than broad, narrowing alightly toward the periphery; surface marked by both majar
and more numeraus minor coatal lines; major costae appearing only st intervals of 10
to 12 minor costae, arising as thin, prominent threads with broken edgea.

Thia species appears to belong to the group which includes Lytocerss anizoptychum
Uhlig, from the Wernadorfer beds, althaugh it seema to have fewer and more promi-
oent major costee, not showing the “crinkley’’ character of the latter form. Italso
resembles Lytoceras exoticum (Oppel) somewhat, although thia resemblance may ba
only in ite ornamentstion. A few shallow eonstrictions appear at irregular intervals
on the septate portion of the whorl. The holotype (Calif. Aend. 8¢i. type Coll.}
has the following dimensions: greatest diamecter, 125 mm.; width of umbilicus,
50 mm. ; height of wharl, 45 mm. ; width of whorl, 43 mm.; umbilical ratio, 0.4: 1.

The sutural lines are similar to those of L. datest (Trask), ns illustrated by Gabb.
The holotype waa found at Loeality 1347 (Calif. Acad. Sei.) north of Roaring River,
not far cast of Mitehell Crenk, in tha Cattonwood district, associated with Lytoceras
argonautarum, GFabbioceras angulstum, Phylloceras onoenss, and Parakoplitoides
cerrosensie, in the Argonaut zone. [Its usual occurrence is in the lower part of the
Horaetowan group. In the Cottanwood district it occurs lower, but is not abundant
in lower strata, oceurring sparingly in the upper part of the Puskenta group. The
species is represenied by eight or more apecimena in the collections of the Califernia
Academy of Sciences.

Lytoceras aulagum Anderson, u. ep.
(Plate 14, Gguren 1, 2,3, )

‘This species somewhat resemblea Lyteceras saturnale in form, although it i less
robust, and the resemblance is chiefly in the syurface markings. In section of wherl
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it differs from it notably, having a section higher than broad, which ia the reverso
of the other; there are greater differences in sculpture. In itas younger stages the
ghall of L. culaeum is often amooth, but this condition is zoon lost. When the coatas
begin to appear they are leas regularly spaced but with growth they become mare uni-
form. The interapaces are at ficat relatively broad but later become occupied by
secondary costal lines. In mature shells the coatae become more crowdad, costal
lines appearing even on the slopes of the primary costal ridges. In young stages the
coatal lines in the ventral zone are crossed by fine revolving lines parallel to the
siphonal plane. In older specimens these revolving lines spread downward on the
gides of the sbel). JIn more mature stages these intersections of the costal lines break
up, and the coetal ridges become crenulated, producing on the surface of the ahell &
reticulated lace-like pattern, as ahown in the figure. The crenulations form points
on the poaterior side of the coatal ridge, leaving the anterior side looped or nearly
smooth, Tn its sculptural festures the shell resembles Amm, subfimbrislus d'Or-
bigny, from the Neocomian of France, although the costae are much lems crowded,
and there are other obviouz diflerences. The holotype (Calif. Acad. Sei. type Coll.)
is a nearly complets spevimen, having a portion of the shell preserved. It was
obtained at Locality 113 (Calif. Acad. 8ci.} in the Hamlin-Broed rone ot the head
of the west braneh of Mitehell Creek, 4 miles southweat of Ono, Shasta County. It
was found associated with speciea of Polyplychites and of Simbirskites. Specimens
of the same species were found on Fiddler Creek, a mile above ita mouth beneath a
thick bed of conglomerato which srems to mark the base of the Horsetawn group.

Fragments of the same apecies have been found in the lower beds of the Horsetown
but for the most part it scems to characterize the upper part of the Paskenta group
in the Cottonwood district; it hae not yet been found in the district south of Elder
Creek. Measurements on the holotype gave the following dimensions: greatest
diameter, 287.6 mm. ; width of umbilicus, 118.7 mm.; height of whar), 63.3 mm.; width
of whorl, 61.5 mm.; umbilicsl ratio, 0.5:1.

The borizon of the holotype ia in the upper beda of the Paskenta group, about 500
feet beneath tho conglomerates that mark the base of the Horsatown group in the
Cottonwood district. This horizon is perhaps near the upper limit of Lytocaras
saturnals, and as judged from ita associates it representa an upper port of the Valan-
ginino ¢olumn in Evropean chronology.

Liytoveran batesi (Trask)

{Fiate 38, gare 1: plate §7, fgure 1}

Ammoniiea Batesi TRaBK, Culif. Aead, Sei., Pr., vol, I, 1856, p. 30; “"Arbuckle Dig-
gings,”” Shasts County—Gang, Palcont. én.lil., vol. 1, 1884, p. 87, pl. 13, figs.
18, 1Gn, 10b; locality aa above.

Lyloceras batest, STANTON (in part), T. 8. Geol. Surv,, Bull, 133, 1805, p. 75, (not pl.
13, fig. 11; Wilcox runch, Tehams County—ANperson, Calif. Acad. gm., Pr.,
3d ger., vol. 2, 1802, p. 84,

This species is distoidal, moderately robust, with almast circular croass-section,
and distinetive ribbing, unlike that of auy of its congeners. The surface croamenta-
tion ia elearly givem by Trask, aa follows (in part):

“Well defined costae on cach whorl, whick appear uninterrupted, and on the last
convolution {whorl) are about cne-tenth of au inch asunder; the ribs become more
approximate toward the ventral (dorsal) portion of the whorl; between the larger
ribs are gseen smaller divergent rndimentary costae. . . "

Although Gabb claimed to have figured ‘'one of Trask’s original specimens,’” hia
diagnosis must be accepted with cantion, sinee he confused ot least three other quite
distinct forms with this species. Others have follewed his example.

.
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In good apecimena of this aperies secondary costae first appear on the young shells
pear the ventral sone, and with growth theee oxtend downward to the dorsum. In
guch specimene, up to a dismeter of 100 mm., the costace are simple lincar ridges, often
naute, sepatated by broadly concave interspacea; with growth the costae become
broader and more rounded, and tha interapaces are relatively narrower. At a diam-
eter of 100 mun. the intarspaces begin to become occupiad by secondary costae, which
in more mature stages sssume the rank of primary costae. These costal ridges re-
main simple throughout, slthough some writers have believed that well-preserved
apecimena show crenulated ribs,

Ingpection of & large number of representative examples in good preacrvation hae
feiled to confirm this view. In mostif not in all cases in which erenulations sppear,
gritical mesaurements show departure from the type form.

The holotype of the apecies wan the property of the Colifornia Aeademy of Sei-
ences, and wae lest in the San Francigco fire of 1906. Many good specimens have
gince been found, and are in the collections of the Academy. Many of them have
been earefully meneured, and are found to depsrt but little from typs. A repre-
sentative example, 110 mm. in diamatar, gives the following reaults: width of um-
bilicun, 63.5 mm.; height of whorl, 33 mm,; width of whorl, 33 mm. ; umbilical ratis,
0.486:1.

From the losa of the holotype it bas become permissible to chooss a lectotype for
the species. Thia lectotype {Calif. Acad. Sci. type Coll.) has the following dimen-
sione: greatest diameter, 165 mm.; width of umbilicus, 85.5 mm.; height of whorl,
51 mm.; width of wherl, §1.5 mm.; umbilical ratic, 0.500:1.

The largest example of this species thus far seen waa found on the North fork of
Cottonwood Creek, near Ono. It had a diameter of about 14 inches, but showed no
fluting oo the riba.  Bix or more good specimens of this species from the same district
are in tha Museum of Paleontology, University of California, and many more are in
the collections of the California Academy of Beriencen, and in other collections.

The stratigraphic rangs of the apecies is not definitely known, but insofsr ga it
is known the species ia econfined to the lower hslf of the Horsetown group and ia
most abundent in the upper part of thia half. The lectotype, with various other
examples of the epecies, was obtained at Lpoality 1347 (Calif. Acad. 8¢i.) in the Bald
Hills, east of Mitehell Creek, airout § miles south of One, Shoets County.

A representative example, the property of the Academy of Natural Sciences of
Philadelphia, is figared on Plate 18 of this paper. It haa the following dimensions:
greatest diameter, 135 mm. ; width of umbilicus, 85 mm.; beight of whorl, 40 mm.;
width of whorl, 40 mm.; umbilical ratio, 0.481:1. The locality fram which this
example waa obtsined, unfortunately, is not known, but it seems to have come from
the Cottonwood dirtriet in Shasta County.

Lytoceras {4 rgonauticeras), new subgonus
Genotype, Lyloceras argonautorum Anderson

Among the many subgenerie groups of Lytoceraa (s. 1.) faund in the standard
paleontological literature nene ssem adapted to include thie type from the middle
Horsetown group of the Shasta serics, and aimilar forms described {from other regiona.
Probably this group should include Lytoceras bellizeptotum Anthula {1509, p. 97,
pls. 6 (5), 7 (6)) and perhape nlso Lytoceras exoenss Yabe (1903, p. 8, pl. 1, fig. 1) from
the Lower Ammonite beds of Hokkaido, Japan. In this group of lytoceratida the
imerement, of Prowih and an unusas) cross-seciion of whorl are e distingwishing
festures. The genotype of the group ia also the holotype of the lending specics.
This is an incomplete, wholly septaie whor] having the following dimensions: great-
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sat diameter, 171 mm,; width of umbilicus, 57 mm.; height of whorl, 70 mm.; width
of whorl, 84 mm.; umbilical ratic, 0.333:1. It consista of the inner whorlg of a shell
whose diameter had been more than 24 inches (60.98 centimeters). The removal of
pne whorl from this example would reduce its diameter to one-fifth of its presant
mensure. If the increment of growth were by heights of whorl in adjacent coils
these ratios for the holotype would be: 1:3; for a second examplo from Loeality 1247
(Calif. Acad. Sci.), 1:3.3; and for the amall figured specimen, 1:2.6, These several
ratios seem to reflect the size (and ages) of the examples measured. Other charncter-
fgttes of the group will appear in the deseription of the halo-genotype.

Lyloceras (Argonauticeras) grgonawlorum {Anderson)
(Flate 17, figyre 3; plxts I, Bgurow 1, 2)

Lytoceras argonautarum ANDERSoN, Calif, Acad. 8cei., Pr., 3d ser,, vol, 2, 1802, p. BS,
l. 7, fige. 164, 155; middle Hemetown group, Cottonw -d distriet, Sha-ta
ounty,

Shell large, eoiling lytocerstid, much infated, increasing rapidiy in diameter;
section of whorl subeircular, broader then high, fiattened on the sides and on the
ventral zone; involution alight, having on the dersum only an impressed zone; sur-
face of shell ornamented by avenly spaced costas with acute "crinkley’’ edges, hardly
crenulated; suture line partly ehown in the figure; firat lateral lobe not quite sym-
motrieally bipartite; small siphonal saddle laneeolate in general outline.

An example of this apecien, found at Locality 1347 (Caiif. Acad. Sci.) near Mitchell
Creek, has the following dimensions: greatest dinmeter, 250 mm. ; width of umbilicus,
&7 mm.; height of whorl, 113 mm.; width of wherl, 125 mm.; urabilical ratio, 0.348:1.

This apecies characterizes the Argonaut zone (middle Aptian) of the Horsetown
group, where it is associated with Gabbioceras angulatum, Phylloceras onocnae Stan-
ton, and Parahopliloides shoupt nov. The specien {and zonc) bas been found on
Hulen Creek, Roaring River, and Middle fork of Cottonwood Creek. Good examples
of the species were collected by R. M. Kleinpell and E. Wayne Calliber north of
Skidegate Indian village, near Village Bay, Graham Island, associnted with Des-
moterax voyt Anderson, Aucella indigenalis nov., and A. tersbrafuloides Lahusen.
Gabb (1860a, p. 132) seems to have included this species in his description of Lyloceras
batest (Trank), regarding it as & variety *'in which the whorls incrense much more
rapidly in gize.' The species has been found in beds much below the Argonant
zone in this diatrict. ‘

Gabbioceras Hyatt, 15808

Genotge, Ammonites Balesi Gann {in part), Paleont, Calif,, vol, 2, 1889, p. 132, pl.
, figa. 5, 9a; pl. 21 ﬁfs 10, 10a, 10b; (not Antss. botesd ‘frmsk; not Amm.
balest ([ Trask) Ganp, Paleont. Calif., vol. I, 1864, pl. 13, figs. 16a, 16b).

Gsbhb gave a good description and figures of a lytoceratid species in the sscond
volume of his work on California fossila, but erroneousty referred it to Amm. batest
Trask. This speciea waa loter made the genotype of Gabbtoceras by Hyatt, snd in
1602 it was described ae Lytoceras (Gabbioceras) angulaivm, nov. by Anderson. The
holatype of the species is in the Museum of the Academy of Natural Sciences of
Philadelphia.

Charles Jacob {1907, p. 17) proposed the generic nama “Jaubertolla,” taking aa the
genotype Amm. Jouberifanus d'Orbigny, said to have come from the Aptian marls of
Barrerama. Hyatt's name firat appeared in Esstman's translation of Zittel’'s Text-
book of Paleontolagy (1900, p. 570}, If the twa species taken as gonotypes by Hyatt
and Charles Jarob respectively prove to be clogely related forma, as they appesar to
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ba, the rale of priarity would make the name "“Jaubertella' a aynonym af Gabbiaceras
Hyatt, ond it shguld ba discerded.

Lytoceras (Gabbioceras) angulatum Andoreon

(Plato 15, figniren 3, 4; plate 35, Ggure 2)

Ammonites Balesi, Gann (in part), Paleont. Calif., vol, 2, 1860, p. 132, pl. 20, figa.
9, 9a; pl. 21, figs. 10, 10n, 10b; (not Amm. Batesi Twask, Calif, Acnd. Sci.,
f’g Irﬁo . 1,65855. p. 40)—Gans, Faleont. Calif,, vol. 1, 1864, p. §7, pl. 13, figs.

8, 16b,
Lytoceras {Gabbioceras) angulatum Axpersoy, Calif. Acad. 8ei., Pr., 3d sor., val. 2,
1902, p. 87, pl. 8, fig. 130; plesiotype at the University of Californin.

This apecies was well deseribed by Gabb, who ertaneoualy regarded it as o variety
of Lytoceras batest (Traak). Concerning thia farm he says (in part):

“A third variety hes gince been obtained, in which, in the young state, up ta
an inch, or an inch and a half in diametar, the whorls are broader than high, the
dorsum (venter) broadly rounded, and the umbilicus occupies more than half the
diameter of the shell, is funnel-abaped, very deep, snd is bordered by a sharp angle,
the surface between this angle and the suture being Aat.  As the shell of this variety
g;ows older, the angle disappears, the fiatiening gradually rounds out, and the older
shell assumes the normal form of the species, excopt that it bears an accasional well-
merked, rounded, alightly ainuous rib."”

The holetype of this species ia in the Museum of tha Academy of Natural Seiences
of Philadelphis. The locality of ita discovery is not definitely known, although
ita horizon ia probably near that of the Argonaut zone, in which it has been found
at Loeality 1347 (Calif. Acad. Sci.), and on Alderson Creck, 2 miles south of Ono,
Shasta County. Ite range is stratigraphically not very great,

Lytoceras {Gablioceras) wintuninm Anderson, n, sp.
(Plata 15, Bqure 5; plate 14, figures 2, 4, 4, 5)

Lytoceras rel. dusalianum Avpgason (in part}), Calif, Acad. Sci., Pr., 3d zer., vol. 2,
1802, p. 81, (oot pl. 6, figs, 140, uag.

By some oversight somo confusion resulted in the earlier discussion of thia apecies,
gince there was fgured for it a much later type. The error waas discovered too
late for correction, and thie opportunity is taken for its re-description. In its
younger stages, as well sa st maturity, the whorls of thia species ara quadrate in
gection, and thus are “gradumbilieate’'; in this respect it differs from the preceding
species. In young atages the sides and vantral surface are flattened, but in sdult
stagea this feature ig lost and the whorls become rounded. At o diameter of 30
millimeters the shell has acquired 10 {o 12 forward-curving periodio conatrictions
which craas the ventral zone without & sinus. Betwoen these conatrictions the sur-
faca is marked by numerous fine linca of growth which sometimes bacome prominent.
The holotype (Calif. Acad. 8ci. type Coll.) has the following dimensjona: greatest
diameter, 57 mm.; width of umbilicus, 20 mm.; beight of wherl, 23 mm.; width of
whorl, 24 mm.; umbilical ratio, 0.337:1.

This speeies bas been fsund sparingly in the Argonant zone, middle Horgetown
group, at Locality 1347 (Calif. Acad. 8e¢i.), snd in the some horizon on Aldergon
Creek. Its nearest European analogue ia probably “Jaubertelle’’ jeubertiang (d'Oz-
bigny). The holotype was obtained at Locality 1348 (Calif. Acad. Sci.} on Alderson
Creck, 2 milea south of Ono, Shasta County.
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Gaudryceras Grosapuvre
Genotype, Amm. duvatianum d'Ocbigny

The basis of Grossouvra's characterization of this subgenua is primarily in the
form and ornamentation of the shell. At firat sight the shell repembles that of Ly-
toceras (#.5.), both in form and ortamentation, but these features are smoon loat.
According to Grossouvre:

"In most of the forms of this group the whorls ciasp vary lightly in youth aed
ordinarily ara little involute’ and * the shell presents the sppesrance of a true
Lytoceras, then the dimenniong of the whorls incresse rapidly in size and capecially
in heg ht; the involution becomes accentuated, and the aspeet of the shell changes
notably.’

In the upper part of the Horsatown group, species within the range of this definiv
tion are not uncommon, moat of them coming in the middle or upper Albian, assc-
ciated with Beoudaniiceraa breweri {Gabb) and Dourilleiceras mammillatum, var.
At leset three distinet species are found in the Hulen beds, north of Cottenwood
Creek. XNone have been found outside of the Cattonwood diatriet in Californis.

Lytocaras {(Qaudryceras) vacys (Forbes)

Ammonites sacya Forses, Geol. Boe. Londen, 'Tr., 2d sar., vol. 7, 1845-1358, p. 113,
pl. 14, ﬁ?. 10, a, b; ssuthern Indin—é'romczxa, Paleont. Ind., vol. 1, 1866,
. 164, pl. 75, figs. 6, a, b; figs. 7, 8, b; Qotatoor group—Wamireaves, Mes,
oss., vol. 1, pt. 2, 1884, p. 208, %l 25; Beamkin Bay, Skidegate Inlot, Quoen
Charlotte Iaiand.u—S‘rw'mN, in Diuuor anp StanrtoNn, Geol. Soc. Am., Bull,,
vol. 5, 1894 }) 445—WaITBAVES, Mea, Foss., vol. 1, Et' 4, 1900, p. 270—AN-
person, Celif. Acad. Bei., Pr., 3d ser., vol. 2, 1002, p. 82; upper part of Haree-

town bede, Hulen Creek, Cottonweod district, Shasta éounty.

This spacies haa been found in the upper beds of the Horsetown group on Hulen
and Cottonwood creeks, but it isless abundant than has been supposed. In the form
found in California the section of the whorl ia not quite cirsular, being higher than
bresd. An average example haa the follawing relative dirensions: greatest diam-
eter, 88 mm. ; width of umbilious, 33 mm.; height of whorl, 38 mm.; width of whorl,
3¢ mm.; uwokilical ratic, 0.388:1.

Four good cxamples of this speries were collected by R. M, Kleinpell and E.
Wayne Gallilier in 1929, pear the Indian village of 8kidegate, Grobam Island. They
were given to the Californias Academy of Heiences, with other speciea with which
they wore associated, and have boen compared with the California types. In young
gtages, up to & diameter of 85 mm., the shell is almoet smooth; at this diameter ths
surface hegins to ahow undulations on the sides, and a little later on the periphory
of the shell; these soon develap into characterigtic ribs inclined obliquely forward,
in the manner shown by Whiteaves.

Lytoceras (Kossmatelle T) qurarium Aoderson, n. sp.
{Plato 20, Sgures 1, 2}

The ghell of this apecies is of medium size, diacoidsl, somewhat compressed, mod-
erptely involute, nearly amooth in young stages, becoming costate in older stages,
aa shown chiefly in the irregularly spaced growth lines; sides crossed by five or six
straight, transverse periodic constrictions; umbilicus broad, wolle nearly vertical
below, rounded above to the slightly compressed sides; section of whorl broadly
elliptical, higher than broad; ventral region narrower than the dorsal half of the
ghell} section changing with growth from a nearly eircular form in youth to the
elliptical form in older atages; surface of shell nearly smooth, exeept for the periodic
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conntrictions and growth lines; sutyre line lytoceratid, but not well shown on the
holotype; speciea plantiful in the Neptuna zene at Locality 1850 (Calif. Acad. Sei.)
on the east branch of Hulen Creek, Shasta County.

The holotype (Calif. Acad. Sci. type Coll.), an adult shell, has the following
dimensions: greatest diameter, 83 mm.; width of umbilicus, 24 mm.; height of whorl,
40 mm,; width of whorl, 30 mm. ; umbilical ratio, 0.288:1.

In its older stages the shell developa trangverse undulations, not unlike those of
Goudryceras socya (Forbea), which may indicate either relationship, or develop-
mental tendeocien. These undulations do not sppear until the shell reaches & diam-
eter of %0 mm, At this atage the section of the whorl becomes slightly fattened on
the sides and ventral surface, approaching an ellipticel form.

Ten good examples in all were shtained at Loeality 1659, associated with Beu-
danticeras breweri {Gabb), Desmoceras merriami (Anderson), and Dourilietceras
mammillatum, var,

Lytoceras (Gaudrycerna 7) neplunium Anderson, n. ap.
{Plaie 18, figumw 1)

Shell very large, thick, and hesvy; whorls few, increasing rapidly in cross-section
and size; umbilicus wide, involution maderate; whorls rounded, brosder than high;
surface ornamented only by simple, rounded coatae, about 10 to 11 to an inch on
the body whorl (2.3 mm. apart), separated by narrow Interspaces; size and weight of
fossil excessive compared te other California species. The holotype of the specica
{Calif. Acad. Sei. type Coll.) has the following dimensions: greatest diameter, 16.5
inchea (420 ram.); width of umbilicus, 7.2 inches (185 mm.); height of whorl, 7 inches
{178 mm.); width of whorl, 7.8 inches (193 mm.); umbilical ratio, 0.440:1.

The specimen ia incomplete, the body whorl being detached from the coil, which
is intact. The suture line ig enlirely unknown. With the body-chamber attached
the diameter of the whole measures 22 inches. This epecimen waa obtained at
Locality 1650 (Calif. Aead. Sci.) on the east braneh of Hulen Creck, where it was
associated with many forms already mentioned. It is the largeat cephalopod species,
in point of weight, yet found in the Cretaceous of California, exceoding tha dimen-
sions of Lyteceras 1alurnale, whose bolotype Gabb claimed to have been the largest.
The atratigraphic horizon ia that of the Neptune zone, assigned to an upper middle
Albian position in the chronslagical seale.

Lytoceraa (Kossmatells) whitneyt {(Gabh)

(Plate 31, Gguree 1, 2)

Ammanites Whitneyi Gunj. Paleant. Calif., vol. 2, 185»9,01:!. 13, pl. 22, figs. 14, 1a,
14b; ‘“Shasts Group,” Cottonwood Creek, Shasta County.

Few exomplea of thinspecies have been found in tha Californis Cretacecus, ond it
has not been recorded {rom any other Weat Cosat area. The holotype is io the Mu-
seum of the Academy of Natural Seiences of Philadelphia, and by the eourtesy of Dr.
H. A. Pilsbry, Joaned for study and comparison. A fairly well preserved specimen of
the apecics has been found in tho upper Horsetown beds on Dry Creek, northern
Tebamn County, associated with apecies of upper Albinn age. Inits early stages of
growth the whorls bhave slightly greater involution than any other lytoceratid
deseribed herein. Below a diameter of 23 mm. the whorls are neacly circular in
section, with abrupt umbilical walls sand nearly smooth surfree. At a diameter of 40
mm. the form begins to change, the height becoming greater than the width, and
undulationa begin to appear on the sidea and ventral surface; at a diameter of 100
mm_ the ratio of height to width of whorl is about 10:9, and with further growth
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this ratio increases; the sidan slope from below tho median line to the periphery, the
gection of the whorl becoming subovate; the costal ridges form at ahout 40 mm.
diameter, and are at firgt rounded, separated by interapaces of about the same width;
at a diameter of 100 mm. these ridgea become relatively narrow and cross the ventral
zone; the suture line is known only from Gabb's figure (1868, pl. 22, fg. 14b). The.
holotype has the following dimensions: grenteat diameter, 108 mm.; width of um-
bilicus, 40.6 mm.; height of whorl, 45 mtn.; width of whorl, 38 mm.; umbilical ratio,
0.376:1,

Lytoceres {Kossmalella) gainesi Anderson, n. sp.
(Plats 30, figurew 3, 4, B)

Lyloceras rel, dumhanum (d’OrI:l g') ANDERsON {in part), Calif. Acad. 8ei., Pr.,

d ker., vol, 2 figs. 140-143; upper part of Horsetown group
Hulen Creek an:l lforaetown. Shaata Cnunty '

8hell amall, disccidal, moderately infiatad, “‘gradumbilicate,’’ aection of whorl
quadrate, higher than brosd; surface marked by regularly spaced periodic constrie-
tions, about 18 to the wharl, inclined forward; between these the surface is marked
by numerous fine growth lines; both constrictions snd growth lines hacoming weaker,
or quite disappearing upon the abdominal surface; sides and ventral zone somewhat
fisttened in older stages. In this apecics the umbilical ratio is smaller than in
Lytoceras duvalianum {d’Orbigny), whith belangs to a distinet subgenua.

The holotype of this speciea (Calif. Acad. Bei. type Coll.) bas the following di-
mensiona: greatest diameter, 58 mm.; width of umbilicus, 16.5 mm.; height of whorl,
24 mn.; width of whorl, 22 mm.; umbilical ratio, D.284:1.

Twelve or more good examplen were obtained at Locality 1650 (Calif. Acad. 8ci.),
in the Xeptune rone, associsted with Prrosia heffmanni {Gabb) and other middle
Albian forme. It has also been tollected at the old mining camp of Horsctowsn,
Shastae County, snd st Texas Springes, 3 miles to the east.

STErmANOCERATIPAD Neumayr

In the broader family Stephanoceratidae Neumayr, of the Meaozoic, 1ater authors
hava recognized various subfamiliea, among which Morphoeeratinae Hyatt haa found
acceptance among many. In such relationship Paviow and Lamplugh (1881, p. 470)
grouped Olcostephanue Newmnayr, Polyptychiles, Simbirskites, Astioria and Virgatties.

Bince then Spath (1924, p. 87) has proposed as family groups Simbirskitidac and
Palyptychitidae, the latter of which seems to cover satisfoctorily meny western
forms, including Polyptychites, Simbivakites Pavlow, and Subaalieric and Neocraspe-
dites of Spath. Some of the Pacific Consnt forms, earlier included in ‘‘Stmbirekites,”” -
appear to belang to the group of '‘Craapediies fragilis’’ Pavlow, rather than to Sim-
birakitea of the group S. dechent Pavlow, which has been taken ue s genotype, “Cras-
pedites fragilis’’ Pavlew, thought by Spath to be distinet from €', fragilis Trautschold,
is doubtfully placed by him in his pubgenus Dicholomiies, and in this lineage belong
several gpecies found in the middle part of the Paskenta group in ita type district,
and aleo farther north in Oregon and Washington. In the middle Paskenta group
forms nearly related to Stmbirskites decheni Pavlow and Subaatieria Spath are also
ound. Tigher Yo Yne zection, \u the lowesl bade ol the Doseetown group, there are
replaced by Neocraspedites 8path. Only in their more mature atages of develop-
ment can some of these genera be recognized; in their younger stages there e greater
resemblance, particnlerly in Simbirskites and Dicholomiles, so that the Jatter is here
included in the family Simbirskitidae of Spath.
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PovurrrvcmiTinae Spath, 1024
Polyptychites leconted Anderson, n. sp,
{Plato 22, figure 1; piste 52, Agure 1)

Sheil Jarge, robust, thickly costate, broadly umbilicate; section of whorl in adult
stages saubeircular, alightly broader than high, the ratio of height to breadth inereas-
ing with the growth of the shell, nides elightly flattened; umbilical walls abrupt,
ariging almost vertically; ribs numerous, branching from elongated umbilieal hullae
below the middle of the sides into three, four, or five smaller ribs; ribs rarely sub-
dividing above; umbilical bullae elevated, narrow, rounded, not bearing tubercules,
arising within the umbilicus, sloping at firat backwerd, then vertieal oo the umbilical
border, and thence inclining slightly forward before dividing; smsller costas rounded,
nearly straight, croasing the ventral zone without interruption or attening; inter-
spacea broader than the costae; sides of shell eroased at intervals by broadly rounded
grooves, arising ot the umbilical border; suture lines as shown in the figures. The
holotypa (Calil. Acad, Sei. typa Cell.}, wholly septste, affords the following mess-
urements: greatest diameter, 185 mm.; width of umbilicus, 58 mm.; height of wherl,
80 mm. ; width of whorl, §2 mm.; umbilical ratio, 0.352:1.

This species resembles *Dleostephonus’ traskd (Gabb) but differs from it in some
notable respects, aa will be seen upon comparison of the figures. In its ribbing
the ratio of the number of umbifical bullae to the peripheral ribe is sbout 1:3.7.
Amang European specics its nearest analogne seems to be Polyptychitss polyptychus
Keyserling, figured by Pavlow; ita horizon appears to be nearly the same—namely,
middte ar upper Valanginian.

The holotype wae found in the Hamlin-Broad zona at Locality 113 {Calif. Acad.
8ei. ), 4 miles aouthweat of Ono, Shasta County, by Dr. E. J. Broad of San Franciseo,
who presented it to the California Academy of Sciencens, with various other apecies
and genera from the same zone and locality, It was found with Polypiychites hes-
perius, Simbirskites broadi, Lytoceras saturnale, Lyloceras auwlacum, Aspinocerce
hamlint, Anchamuling vesperting, Acrolewthis shastensia, Belemnoteuthizs (Conoleu-
this) pacifiea, and mony other speciea representing the upper part of the Paskanta
grouD of the Shasta series in the Cottonwood diatriet,

The horizon of this zone is stratigraphically about 500 fest beneath the lowest
bede assignable to the Horsstown group ia the Shasta series.

Polyptychites hesperiug Anderson, n. sp.
(Plate 2, fxuren ), 3)

Shell large, robuat or masaive, thick, with heavy branching ribe; section of whorl
broadly triangular, with strongly converging sidea; periphery relatively narrow, but
rounded; umbilicus apparently not broad; umbilical nodes, or riba, thick, arising
on the umbilicsl wall, curving at first backwerd, but inclining forward on the sides,
dividing below the middle into three, sametimes four, straight, rounded riba which
croas the periphery; sutures aa shown in the figure.

The holetype of this apecies (Calif. Acad. Sei. fype Coll.) was found by E. J.
Broad at Locality 113 {Calif. Acad. Sei.), 4 miles southwost of Ono, Shasia County,
at the head of Mitchell Creek. It is alarge fragmeet representing a little less than s
quarter of a whorl, with a portion of an inner whorl. It ia septate throughout and
sccordingly is a part of an inner wherl. In its goneral form and character it reealls
Polyplychiter sphacricus von Koenen, but has fewer and heavier riba. It nearest
west European analogue seems to be Polyptychites lamplughi Povlow, although there
ara obvious differences. In the present speeciea the section of the whorl ia more
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triangular, the umbilical riba are thicker aad stouter, and they divide at a higher
level than in the Engliab form,

The holotype was found associnsted with other forms of the genus, ag given under
Potyptychites tecontet, nov.

Polyptychites iraski (Gabh)
Ammonites traski Gaps, Paleont. Calif,, vol. 1, 1884, p. 63, pl. 11, fig. 10; pl. 12, fig. 11
{septum); “Arbuckle Diggings,’' Shasta County.

Olcostephanya traeki StantoN, U, 8, Geol, Surv., Bull, 133, 1865, p. 18, 22; near Wileox
ranch, Tehama County, and () Riddle, 6regon.

From the deseription and figure of this species given by Gabb, although they
are defective, it ks evident that this form representa some speeica of Polyplychites,
# genus not uncommon in the Paskenta group of the 8hasta series. Various congen-
ets of the speeica have been found in the upper part of this group, not only in the
Cottonwood district, but in the Elder Creek-McCarihy Creek distriet, The hole-
type figured by Gabb was the property of the Cnlifernia Academy of Sciences and was
in the care of the writer prior to 1906, but waa lest in the San Francigco fire of that
year. In section the younger whorls were nenrly circular, becoming higher than
broad in older atagea, According to Gabb's deseription the surface was marked by
numerous dichotomous ribe, but this is scarcely borne out by his figure, which shows
the stout umbilical ribe branehing into four or more castae below the middle of the
pidca. [In thia respect it is unlike any other of the group found in the Cottonwood
diatrict.

The locality of discovery given by Gabb is subject to mych doubt, as ¢lsewhere
ghown. It ia believed to have been found in the Hamlin-Broad zone, wbich passes
about 2 miles to the east of the old Arbuckle mine in western Shasta County. Its
horizon would be, accordingly, in the upper part of the Paskenta group (upper Valan-
ginian), ap will be shown later. The oceurrenca of this species near the Wileox
ranch in Tehama County {Stanton, 1835, p. 18) sppenara to mark the same horizon
a8 that of the Hamlin-Broad zone in ths Cottonwood diatries,

The species is also recorded from Riddle, Oregon, by Stanton (1808, p. 22), and
in both these arcaa it aida in the correlation of the beds with those of the Cottonwood
district and the Paskents group of the Shasts series.

In the Oregon sres near Riddle, aa will ba shown, more then a single faunal
zone appesrs 1o be represanted. Stanton has given a list of 15 geneta and with tham
hus namad at loast oight spesies. Hulf of the formna given in the Het may well be of
Chico age, others undoubtedly represent the Herastown group, snd some are {Tom
the Paskenta group, including the present species and A ucella crossicollis,

Simbirekitea broadi Anderson, n. ap.
(Fiato 22, fgures 2, 3: plats 24, Ggures 1, Ja)

Shell not large, infated, broadly umbilicate, seetion of whorl reniform, broader
than bigh, in younger stages depressed; umbilicsl walls abrupt, sloping above; um-
bilical ribs steut, arising on the wall of the umbilicus with a slight backward slant,
then rising to near the middle of the side where it forms a tuberculate node from
which it divides normally #ito three (rarely two) peripberal ribs which cross the
ventral ares without interruption; ribs rounded, inclined forward on tho upper part
of the ghell, separated by rounded interspacea, which are broader betweea the rib
clusters than between the ribs themselves. Thie ppecies appeara to bave its nearest
analogue in Simbirakites dechent Pavilow (not Roemer), from the Neocomian of Eng-
land, whith Spath sppears to regard sg synonymous with “Olccetephanus’kleind
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Neumayr and Uhlig. The species ie represented in the collections of the California
Academy of Sciences by a well-preserved fragment and a partial mold of the same,
from which the figures were made. The holotype (Calif. Acad. Soi. type Coll.) has
the following dimensiona: greatest diameter, 75 mm.; width of umbilicua, 33 mm.;
beight of whorl, 25 mm. ; width of whorl, 36 mm.; umbilical ratio, §.44:1,

This example was found at Locality 113 (Calif. Acad. Sei.) and was presented to
the Californis Academy of Sciences with many other fossils by Dr. E, J. Broad of San
Franciaco, for whom the species is named in recognition of this courtesy and of hia
intereat in the work of the Academy of Seiencea.

A amall fragmentary example of this genus, poasibly representing this species, was
found on MesCarthy Creek, Tebama County, in “Zone N,"” with Neocomites jen-
kenat, nov.

Subastieria Spsth, 1921, p. 32
Genntype, “Glcoatephanus’ (Astieria) sulcosis Paviow
Subastieria chanchelula Anderson, n. ap.

(Plnte 22, figures 4, 3}

Aglieria cf. astier{ (d'Orbigny) AwpensoN, Geol. Sce. Am., Bull,, vol. 4, 1933, p.
1260; **Zone N," McCarthy Creek, Tehama County.

Shell small, apheroidal, eoronate, with deep and narrow umbilicue; section of
wharl reniform, broader than high; umbilical walls abrupt, surmounted by amall,
elongated bullae, scarcely tuberculate; sides depsely costate, the costae arising
on the umbilical wall, inelining forward, forming the umbilical bullae; smaller
eostae branching from these in groups of two or three, erassing the periphery without
interraption. The holotype (Calif. Acad. Sci. type Coll.) was obtained at Locality
113 {Calif. Acad. Bei.) in the Hamlin-Broad zome, where it wns sssocinted with
Polyptychiles Lecontei, Simbirgkiles broadi, and many other Paskentsa spacies. The
pame species was found on MeCarthy Creek, Tehama County, associnted with Neo-
comiles jenkinsi, Thurmannia poaskenige, Aucellas nuciformis Pavlew, and other
specien of upper-middle Valanginian age.

Neoeraapediter Spath, 1924
Neoeraapedites aguila Anderson, n. 8p.
{Flate 25, Agares 1, 2, 1; plate 68, Sgure 4}

Bhell large, discoidal, fattened on the sides, though little compressed; rather
broadly umbilicate, the umbilicua baving abrupt walls, raunded on the border; sidas
closely costate with branehing ribs; umbilical ribe arising on the walls, or at the
suture, inglining slightly backward, but on the umbilieal border desoribing a broad
curve, above which they divide a litile below the middle of the gide, inclining then
atrongly forward; above the middle of the side re-dividing into two or three smaller
costee, all crossing the periphery without interruption; auture lines not fully known;
the relatively large first lateral lobe resembling that of Neocraspedites tenuis (von
Koenen). The holotype (Calil. Aead, Sei, type Coll) consists of a fragment, about
a quarter of & whorl, and a mold of the sgame specimen, including a large part of the
umbilicus, This, and twe largerand more complete, but somewhat crushed, exam-
plea were found on Engle Creek, near Ono, Shasta County, in the Ono zone in the
baaal beds of the Horsetown group. The larger example mensures 8 inchea in diam-
eter and has & maximum thickners of 1.75 inches. The species appears ta be clogely
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related to “Craspedites’’ tenuis (von Koenen), which this author regarde aa of Hau-
terivian age. Spath citea other apacies of thia genua in the lowar Hauterivian zones
&t Speeton, England. The holotype has the fellowing dimenrsions (partly esti-
mated): greatest diameter, 185 mm.; width of umbilicus, 66 mm.; height of wharl,
55 mm.; thicknesa of whorl, 60 mm. ; umbilical ratio, 0.358: 1.

The species ia found at Looality 1383 (Calif. Aced. Sci.), associated with Lytoceras
iraski nov., Phylloceras occidentala nov., Asrotzuthiy kernensts nov., noceramus
colonicus nov., and many ather molluscan species of Hauterivian age.

Neocraapedites rectoriz Andorson, n. ap.
{Pinteo 23, fgure 3)

Shell of moderate size, discoidal angustumbilicate, moderately infated, umbilical
walla ateep, rounded absve, merging with the slightly convex sidea; sides with many
eostze; umbilical ribs arising on the walls, inclined backward, curving strongly
on crossing the border, ewelling alightly near the middle of the side, and branching
here into four, semetimes Bve, finer costae, all with forward inclination crossing the
side, and slso the periphery, without interruption; suture line enly impsrfectly
expased. The holotype of the apecies (Calif. Acad. Sel, type Coll.) was found at the
mouth of Rector Creek, near Ono, Shasta County, about 50 feet beneath the bad
eontainiog the preceding species. It appears te belong to the group of N. eemiiasgpis
{von Koenen}, although occurring in somewhat younger beds, which are regarded as
lower Hauterivian in age., Von Koenen refers his species with some doubt to the
lower Valanginian of Osterwsald.

The holotype of the present species consists of an inner coil, septate throughout,
having the following dimensions: greatest diameter, 53 mm.; width of umbilicus, 11
mm.; height of whorl, 25 mm.; greatest thickness, 25 mm.; umbilical ratio, 0.208:1,

Neocrarpedites signalix Anderson, n. sp.
(Flata 28, Bgurm 1)

Shell rather 1arge, discoidal, slightly inflated, section of whorl fatly semi-ellipti-
cal, sidea slightly flattened; umbilicua of moderate width, walla abrupt, rounded
on the bhorder; ventral border rounded; sides numerously castate, the riba arising
on the umbilical walle ae coarse ridges, inclining at first backward, but shove tha
umbilical border bending gently forward, then dividing into two or three rather
straight costse, which are rather fine and roynded, and which crogs the periphery
without interruption; suture line partly shown in the figure. The holotype (Calif.
Acad, Sci. type Coll.} was found by Mr. M. A. Wilcox on the eaatern portion of his
ranch, 5 miles north of Paskents, Tehama County. Accarding to his statements it
wag found above the zone containing Aweella ergssscolits, which also containg Dichoto-
miles, Barriasella, and Bochigniles paskenlaensis, nov., but its more axact position
is not yet known. The holotype has the following dimensions: greatest diasmeter,
143 mm. ; diameter of umbilicus, 58 mm.; height of whorl, 35 mm.; thickness of whorl,
36 mm.; umbilical ratio, 0.392;1.

The holotype was not found aessociated with any other recognized form, although
it was not far from the pesition oceypied by the [oregoing and the following speciea.
Both are thought to repreaent the lower beds of the Horsetown group in the distriet
hetween McCarthy Creek and Elder Creek, Tehama Caunty; they aid, thereflore, in
the correlation of these beds with those of the Ono zore in the Cottonwood district,
Shasta County. Species of this genus have been found near Garzas Creck, on the
east flank of the Diablo Range, on the west border of the San Joaquin Valley.



158 LOWER CRETACEQUS DEFOBITS IN CALIFORNIA AND OREGON

Neocraspedites wilcoz? Anderson, n, ep.
{Plato 78, fgwro 2; plats IT, fgure 1)

Shell large, discoidsl, moderately inflated, reunded an the periphery; umbilicus
moderately brosd, walls steep, abruptly rounded on the border to tneet the fattened
sides; section of whorl elliptioal, sides laping gently te the rounded poriphery;
sidea rather weskly contats, marked by a few slightly sinuous, inconapicucus trana-
verae grooves and costee; costae arising on the umbilical walls aa low ribs and hel-
lows, inclining at first buckward, then forward on the umbilical border, where they
tend to divide; both costae and grooves riging on the sides with a slight forward
inclination, ¢rosa the ventral zome without interruption; anture line partly shown
inthe figure. The holotype (Calif. Acad. Sei. type Coll.) congists of a little leas than
balf & whorl, septate throughout, which permits the Fallowing mesgurements (in
part): greatest dismeter (eat.), 138 mm.; width of umbilicus (esat.), 45 mm.; height
of wharl, 53 mm.; thickness of whaorl, 43 mun.; umbilieal ratio, 0,326:1, Thie apeci-
men was found by Mr. M. A, Wileox on the eastern portion of his ranch, 5 milea north
of Peskenta, Tehama County. Aeeording to his statement, and aa shown by the
lithological! sharncter of the matrix, its horlzon is not [ar from that of the preceding
apeeies, although it may he semewhat bigher. It is believed to represent the lower
part of the Horsetown group in the diatrict batween MeCarthy Creek and Elder
Creek, Tehanma County.

Dichotomites lehamaenais Anderaon, o. sp.
{Plare 28, Bgure 2; plate 3D, Bgure 4]

Shell of moderata gize, moderntely robust, narowly umbilicate, finely costate
in young stoges, almost smonth in mature etages; shell besring & fow irregulncly
spaced conetrictiona; umbilicus somewhat funnel shaped, deep, with steeply sloping
walls, rounded on tha border; periphery rounded; umbilical ribe about 40, rather
wesk, branching into three or four mingr riblets near the middle of the side, inclined
atrongly forward; in older stages of growih all the ribe become almost obaclete,
particularly on the inner part of the whorl. The holotype (Calif. Acad, Sel. type
Coll.) afards the following measurements: greatest diameter, 73 mu.; width of
umbilicus, 17 mm.; hoight of whorl, 33 mm.; thickness of whorl, 28 mm,; umbilical
Tatio, 0.233:1.

This speciea oecurs in “Zone My’ of the Paskenta group on the Wileox ranch, &
miles north of Paskents, Tehama County. Its horizon ia at or near the middle of the
Paglenta group sod aleo near the middle of the Valanginian atage. The holotype
was donated to the California Academy of Sciences by Mr. R. B, Fripp of Corning, to
whom the Academy ix indebted for other characteristie apeeies from thiz distriet.

Drichotomites pregeraeni Anderson, n. sp.
{Plats 78, Bgurcs 1, 4)

Bhell of meditim siza, discoidal, moderately compreased, narrowly mmbilicate,
rather coarsely costate, periphery narrowly rounded; interior of umbiliens ribhed,
walls abrupt, nearly vertical, crossed by the intarior ribs which arz inelined back-
ward; after passing the umbilical border these are inclined forward on the lower half
of the side; major ribs brasching near the middie of the side into two in young shells
and into three in mature shells; the minor costae are inelined forwnrd on approaching
the pariphery which they erors without interruption; in matuve shiells the major ribs
often become pinched into narrow ridgea. Normally, there are three branches from
the major ribs. The belotype of this species (Calil. Acad. Sci. type Coll.) was
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found with 10 other examples at Locality 1349 (Calif, Acad. Sci.) im “Zone My’ on
the Wilcox ranch, & miles north of Paskents, Tehama County. It permits of the
following measurements: greatest dismeter, 50 mm.; width of umbiliens, 12 mm.;
height of whotl, 23 mm.; thickness of wharl, 19 mm.; umbilical ratio, 0.250:1.

The species appeara to belong to the group of Dichotomites fragilis (Paviow, not
Trautschold), said to have eome [rom bed 'D-4* of tho Speeton sectior, England.
All specimena of this apecies were found sssociated with Aucalla crossa, A. crassmi-
coltis, Berriasella sp., and Bochionites peskenieensia nov. The paratype (Calil.
Acad, Sei. type Coll.} has the following dimensions: greatest diameter, 46 mm.;
graateat thickness, 15 mm.

The apecies is vamed in recognition of the aid given by Mr. A, 1. Gregersen of the
Texas Compeny, in making the collections, and in the preparstion of traveraes acroas
the Crataceous sections in weatern Tehama Caunty.

Drchotomites burgers Anderson, n. p.
(Plate 24, figurn 3)

Bhell of medium size, discoidal, eompressed, narrowly umbilicate, finely costats;
periphery narrowly rounded; umbilical walls sbrupt, smooth or slightly costate;
meajor ribs arising on the umbilical walla, nearly straight above ita borders, in-
clined forward, and dividing into four smaller costas at or sbove the middle of
the sides; costation tending o become weak or obaolete on the body-chamber. The
holotype (Calif. Acad. Sei. type Cell.) has the following dimenpions: greatest diam-
eter, 60 mm.; width of umbilicus, 18 mm.; thickness of whorl, 18 mm.; umbilical
ratio, 0.268:1.

This spocies differs from the preceding in having hiner costae and a somewhat com-
preased section of whorl, and in ita higher peoint of branching of the ribs. The holo-
type wos obtained at Loecality 1349 (Calil. Acad. 8ei.) in “Zone M," of the Paekenta
group on the Wilcox ranch, 5 milea north of Paskenta, Tehama County. 1t wasfound
with the preceding, and with the same associntes. The species is named in recog-
nition of interest and aid given by Mr. R. W. Burger of the Texas Company in making
traversea neross the Shasta geries in weatern Tehama County, and the making of
important foasil collections in these distriets.

Iricholomites iricholomous (Stanton)

Olcostephanua (Polyplychites) trichotomeus Stanron, U. 8. Geol. Surv,, Bull, 133,
1895, p. 78, pl. 16, ﬁq: 1: 2 milen gouth of Lowry's, “in the uppermost inyers
of the Knoxville beds"* (upper part of the Paskenta group).

As this species soems closely related to the preceding and following forms, it ie
placed with them in Dichotomites Spath. Moat of these forms oceur in nearly the
aame horizon in the upper part of the Paskenta group. In the collections of the
California Academy of Sciences there are numerous examples of this gepus from the
Wilcox ranch § miles north of Paskenta in tha zone of Aucella craveicodlis and A.
crassa, some of which closely resemble the figure of the present apecies as illus-
trated by Staoton (1805, pl. 16, fig. 1). On tbe Wilcox ranch the zone of this and
the asacciated forms is near the top of a thick sequencs of beds dominated by rugose,
heavy-shelled apecica of Aucells, among which A, erassicollis is somewhat rare.
These beds have a thickness of about 1200 feet, henenth which are plant-bearing beda.

Dichotomites oregonenaie Anderaon, n. sp.
{Plate 30, Sgure &)

Shell small, discoidn), compressed, angustumbilicate, sides sloping toward the
petiphery, dengely costate; primary costae arising on the umbilical border in con-
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gpicuous bullee, passing outward nearly normal to this border, but dividing below
the middis of the side intg two, thres, or more Aner cogtna, which bhave a strong
forward slent, croeaing the periphery without interruption, although weakened in the
ventral zone. Poriphery narrowly rounded. The helotypa and two additienal
examples were obtained by E. L. Packard at Locality 268 (Oregeon State Coll.), about
armile east of Riddla, Oregon, and are the property of the Oregon Stata College. The
holotype has the following dimensions: greatest diameter, 23 mm.; width of ym-
bilicus, 3 mm.; greatest thickness, about 7 mim.  Although this apecies has a smaller
umbilical ratio than most members of this ganua thus far found, it seems to belong
to the group of Dicholomiles fragilis (Pavlow, not Trautehold), which according to
Spath reprossnta a Valanginian horizon (bed D-4) at Speeton, England. This form
wag found psgociated with Neocomiles riddlenais, Phylloceras irinilense, and Peclen
(Syneyelonema) sp. in a hiard shaly sandstone in the first ridge cast of Riddle, in
strata overlying thick beds of conglomerate, containing in their upper part Aucella
inflota, and Aducells lahusent, abundant in the lower part of the Prskenta group in
California. The horizen of thia apeciea can hardly ke younger than lower Hau-
tarivian and is believed to be upper Valanginian, eorresponding to the horizen af
Dichotomites iehamaenats in the MeCarthy Creek district tn California.

Dichotemites mutabilis (Stanton)

Olcostephanua (Simbirskiles) mutabilie Sranron, U, 2, Geol. Surv., Bull, 133, 1805,
% 77, pl. 15, figs. 1, 2, 4, only; Shelton’s ranch, 5 miles north of Pukentn,
ehama County. {Not Amm. mulabilis Sowerby, Lower Cretacecus of Eng-

land; not Amm. mutabilis d'Orbigny, Jurassic of France).

From the figures and description of this species given by Stanton (1825, p. 77, pl,
18, fige. 1, 2, 4}, one gets the impreasion that the sbell is compreased and disk-tke;
it is true that compressed forins are pleatiful in the zone of the holotype. However,
among 40 examples of this gepus obtained from thiz zone by the writer, 23 many as
three speoics were recoguized, none of which were much compressed except by rock
presaure, and they do not gupport the view of great variability claimed for any
apecies among this oumber. Changes in the character and number of the riba ean ba
seen in some lorme at different stages of growth, but it seems pomsible that Btanton’s
examples insluded more than o single apaciea. One of these examples should be
selected ae the holotype, and for this we may sccept the firgt. Stanton compares
bis species to ''Olcostephanue’ dacofaleatus Lahusen, which Spath regarda pe Cras-
pedodiscua, Neverthalasa, after a careful comparison of a large number of examples,
both forme figiired by Btanton appear to belong to the group of Dichotomites fregilis
{Pavlow), as do many others obtained from the same zone. Spath (1924, table opp.
p. B0) refers Btenton's specics to a low position in the atratigraphio column—namely,
that of Subcraepeditea slenomphalue (Pavlow)—and therefore to a low Valanginian
horizen, sltheugh most of the Polyptychitidae at Speeton are placed higher in the
ecolumn. The horizon of the present apecies, like that of the next three species to be
diseueeed, is not Jawer than middle, and may better be regarded zs upper Valan-
ginian, corresponding to the herizon of the Bamlin-Braad zone in the Cottonwaond
diatrict of Shaate County.

Spiticeras Ulilig 1903
Spiticeras duncanense Anderson, n. &p.
(Finta 27, Sgures 1, 2)

This species appears to belong to the group of Spiticeras ducale (Matheren), ag
Fgured by ilian (1010, pl. 2, fig. 4}, found in the zone of Thurmdnnie bedaeier!
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(Fictet). The shell is rather large, broadly umbilicate, finely costate, but little
involute; section of whorl gemi-elliptical; baving about 250 costae te the whorl,
arining partly in the umbilical bullas, from which thev separats into two or thrae
thread-like, somewhat sinuous ribe, at firat inclining lorward, then rising normally
ou the side, then alightly backward, and agsin forward, crossing the periphery with-
out interruption; the major riba, helow the umbilical bullae, inelining forward in the
dorsal zone; between the umbilieal bullae, four to eight simple, single costae ariging
in the dorsal zone parallel to the athers; suture lines not yet known. A row of minute
tubereutlen aye visible on either side of the vantial zone on each second or third rib.
The halotype (Calif. Acad. Sci. type Coll.) was found at Locality 1865 (Calif. dcad.
Sci.) on Dunesn Creek, thres-quarters of & mile north of the Ono-Beegum road, It
consints of a little less than one-quartsr of & whorl; ag nearly as can be estimated,
the complete example had the Iollowing dimensions: greatest diameter, 147 mm.;
width of umbilicus, 88 mm.; height of whorl, 33 mim.; thicknees of whorl, 33 mm.
This example was found in a hard, dark calcareous conoretionary bleck, similar in
charecter to the overlying beds, and mingled with others in a breceisted zone,
brought to the surface by faulting from posaibly lawer beds. With it were found the
holotype of Neocomites rusacllt nov. and a large fragment of Crioceras latum Gabb.
This accurrence seems to represent the lowest fogsil-bearing bed yet found in the
Shsata series in the Cottonwood district, although lower beds are exposed farther
to the south.

Horuiripas Hyatt, emend. Spath

In the Lower Cretaceous of California and Oregon there are few Hoplitids as
compared with contemporary deposits in western Europe or in weatern Argentina,
Forma with suleate, or even flattened, periphery are not abundant in the Paskenta
group, and they disappear hefore the close of the Valanginian, although supposedly
derivative forms appear in the middle part of the Horsetown group. There are no
known representatives of either Leopoldia or Acanthodiscus, and few of either Thur-
mannia or Slexeraceras (3. 5.). In restricted arcaa in the middle or upper part of the
Paekenta group are found a few berriaseliids of varisus kinds, eapecially in the dis-
triet south of the delta where the fauns is dominated by heavy-sbelled forms of
Aweella. Few hoplitide have been found in the Cottonwood district north of the
deltsa, as compered to the number at the aouth; only two examples have been found
in the Cottonwacd district, and three species in the Riddle distriet in Oregon, all of
whiceh have come from the Paskenta group. Moat of them ara regarded ae eithet
Berriasells or Neocomites. In all thesa Iforma the periphery is rounded, or only
slightly flattened. The ribs are comparatively simple, or but elightly flexed, and,
when divided, the branching oceurs bigh on the sida of the wherl, ag in the ber-
riasellide. Neocomites ia found in the Paskents group in the districts anorth and
gouth of the delta in California, angd in the Riddle distriet in Oregon, i beds of this
group, although not the same species.

Thurmanaio has been found both north and south of the delta area in California,
but none in the district about Riddle, ner in any pari of the Horsetown group, If
derivatives of any of these types cccur in ateata later than the Pagkenta, they must
be among the Horsetown forms here grouped under Parahoplitidae Spath, but they
do not appear before late Hauterivian time, and then not in great numbers. In the
middle part of the FHorsetown group {Aptian) appear Parakopliloides Spath, and a
little higher Porahopltiee Anthula and Acanfhoplites Sinzow. The latter genus
continues into the Hulen beds (lower Alblan), and with them, possibly belonging
in the same linzage, forma of Cheloniceras and Dourilleiccras.



162 LOWER CRETACEOUS DEPOSITS IN CALIFORNIA AND OREQON

In the Perrin sone, somewhat bigher in the Hulen beds, thera are many species of
Sonneratia and o fow of Cleoniceras, inelyded by Whitehouse in Cleonicaratidna,
The relation of these to Hoplitidae i not clenr, nithough like Baudanticercs and
others that follow they may be regarded ae derivatives of hoplitid types.

The haplitida (s. 8.) now known from the Paskenta group in Califernis and Oregon
may be cummarised as (ollows:

North of the delia, California South of the delia
Upper Valanginian
Thurmannia jupiter nov. Berriasella angulata (Stanton)
B. sp., nov.

Bachianites paskenigensiz nov,
Lower, or Middle Valanginian

Neovomites ruseelli nov. Neacomitea fenkingt nov.
¥. ep. nov. N. atippi nov,
Thurmannic paskenias nov.
In Oregom Berriasella crassiplicaln (Stanton)
B. sp. nov,
Berriasella T Ayoitd (Stanton) Bochioniles poskentaensis nov,

Neocomites riddlensis nov,
Lyticoceras packardi nov.

None of the forma pomsibly derivative from Hoplitidae can be confidently traced
to any of the species in the foregoing liat, whersas mont of the forma included under
Parshoplitidae have near snalogues in the Lower Cretaceous of southwest Asia or in
centemporary deposita in Europe.

Thurmannia Hysit
Thurmonnia poskentae Anderson, n. sp.
§Plats 20, Bgurce 3-4)

Two small examples and a large fragment of Thurmannia wers found with Neo-
comitea jenkingi nov. in “Zone N' on McCarthy Creck, southern Tohams County.
The larger of the more complete examples moeasures 12 mm, in diameter, § mm. in
grantar thickness, and the widih of the ymbilicus is 3.2 mm, The shell is attened
on the sides but rounded en the veniral and umbilical borders; shell bearing about
50 to 52 slightly flaxed costae that divide a little above the middle of the side into two
branches; ventral sone showing a median depreasion in which the ribs are slightly
offzet; costae bearing tarminal-nodes at the borders of the ventral aone; suture line
not well exposed, nlthough the 1aterat lobe is broad, bearing three atout hraneches,
othera not shown, The holotype (Calif, Acad, Sci. type Coll.) was found at Locality
2398 (Calif. Acad. 8ci.) on MeCarthy Creek, above the middle of the Paskenta group,
and therefore in an ypper Valanginian horizon. The species seems to bs nearly
related to Thurmannia chicoenais Weaver (1931, p. 4562, pl. 50, figs, 345, 355) from the
lower Valanginisn beds of southern Mendoza, western Argentinn, although direct
connection with these beds can bardly be shown to have existed. On MeCarthy
Creek ita zone lies above the prineipal part of the Aucella-hearing beds, although not
above the range of the genus,

Thurmannia jupiter Anderson, n. sp.
(Plate 31, figure 1)

Shell large, latumbilicate, little involute, moderately inflated, closely cestate,
without tuborcules, but having elongated bullae on the umbilics] margin; walls of the
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umbilicus abrupt, rounded above, but curving rapidly to the Battened sides; seetion
of whorl semi-elliptical, higher than broad, nacrrowing toward the rounded periphery;
atrong umbilical ribe arieing at the whorl suture, inclining strongly backward, thick-
ened to bullae on the margin; ribe branching from theae into two, or rarely into three,
amagller, rounded, sinuous ribe; between these groups are interpolated o fow simple
tiba; other intermediary riba ariee at intervals abhove the middlo of the sides; all
ribs orossing the ventral zone without intarruption snd with & forward bend; the 60
or mote costae on the periphery are about three times the number occurring on the
umbilical border; the interapaces between the ribs are broader than the ribe, and
are concavely rounded; in adult atages the ribs become heavier and more widely
spaced; the suturea are hoplitid, although not clearly exposed.

This specics greatly ressmbles Thurmanaia bofsster! {Pictet), as figured by Ublig
(1903, pl. 80}, and it may be its nearest California analogue. It differs from this
species in having & more rounded ventral border, in ita more elongated umbilical
bullae, and ite fewer intermediary ribs arising above the middle of the sides.

The holotype (Calif. Aead. Sei. type Coll.) woa found in a caleareaus conoretion
buried in dark shale in the Hamlin-Broad zone 3 miles southwest of Ono, Shasts
County, snd about 1800 feet abowvs the local base of the Paskenta group. Its
stratigraphic position appears to be near that of Dicholomiles, Berriasella, nnd
Aucella crassicollis on the Wilcox ranch and on McCarthy Creek, Tehama County,
and therefors aids in the correlation in the two districts. -

BEARIABELLIDAE Spath 1924
Berriazells Ublig 1903

Berriaaclla angulata (Stanton)

Hopliter angulatus Stawton, U. 8, Geol. Surv., Bull. 133, 1806, p. 80, pl. 18, figs. 3, 4;
Shelton's raneh, 5 miles north of Paakents, Tebhama County.

Concerning this apecies Stanton ssys (in part):

, “This opecien is ovidently related to Hoplites storrsi; but its whorls are propor-
tionally somewhat more convex, its sculptura is relative{y coarser, with broader and
mare strongly curved riba, and the border of the umbilicus is more angular.’”

Stanton also cerpares it to a specimen from Speeton, England, fgured by Paviow,
which the latter regarded ap '"Hoplites”" amblygonius Neumayr and Uhlig. Accord-
ing to Burckhardi (1980, tables 6, 10) "Hoplites" storret Stanton should be regarded
a8 a Berriasella, and seems to bolong to the group of Berriaselln calisto (4°Orbigny).
This chaervation should alas apply to “Hoplites” angulatus Stanton, and to other
forma deecribed from the lower part of the Paskenta group. The association of this
species with ducella cragsa, A. crasvicollis, ' Simbirskites” mulabilia Stanton, and
Boehigniles, and other formo of Berriasells indieate a horizon not higher than the
upper part of the Paskenta group, and therefore not higher than Valanginian.

Berrigsella cragsiplicata (Stanton)

Hoplites cragsiplicatua Branron, U, 8, Geol. Surv., Bull. 133, 1895, p. §1, pl. 18, figure
8;1?_mi1es north of Paskanta, Tebama County, associated with Aucclla crassi-
ealfiy,

Stanton compsres this species with “Russian Lower Voigian speciea *‘Hopliles'
riasengis Lahusen,” ag figured by Nikitin, However, as noted by Stanton, the form
is perisphkineteid, and ia characterized by a

“Surface groamented by relatively large, digtant riba that arige on the edgo of the
umbilicus, and nearly all bifurcate aiter passing over pbout two-thirds of the dis-
tanca to the periphery, on which they are interrupted.”
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A fragment of this apecies was found hy the writer at approximately the horizon
deacribed by 8tanton on MceCarthy Creek; it is here associated with Neocomites
Jenkinsi nov., Thurmannis paskenias nov., and Aucella piriformis Labusen. Its
berriasallid charactera are clearly seem in its hranching ribs and in its Hattened
abdominal surface and ite umbilical fastures,

Berriaseila ? hyatty (Stanton)

Hoplitea hyait{ Staxvron, U, 8. Geol. Surv,, Bull. 123, 1805, p. 79, pl. 18, fig. 2; 2 miles
gouthwest of Riddle, Oregon.

Tha haoplitid character of thia apecies can hardly be questioned, but to what see-
tton of “Hoplitea™ it should be assigned is less easy to determine, Aecording to
Btanton's account, the apecies is charaecterized by an

“abdomen slighitly fiattened, except on the 1ast third of the cuter volution; surface
marked by numerous slightly curved ribs, the rost of which bifureate on the cuter
third Olfat sie d::lutieu and ¢rose the sbdomen, though not quite so prominant there
18 on the 1

As may be aeen in the drawing by Stanton (1885, pl. 18, fig. £}, the periphery
an the lagt whoel appaare nareow, if not angulate, recalling tho early mature atages
of the following species, Lyticoceras packardi, The ssspciation of the proseat
specics with Aucells crassicollis indicates ita age as Valanginian, probably somewhat
lower in the ssction than the preceding. Stuntan (1895, p. 70) states that the

“apering is Falated to H. tetocki Felix and H. ziped Falix, from tha Neocomisn neav
Tlaxiseo, in the Btate of Oaxacs, Mexice, . . . slso that ita oearest relative among
Kunoxville forme is Hoplites storrs:.’’ . ..

Az all these forms aeem referable to Berrtasella, the present {orm probably belongs
to this genua. It appssrs from Stenton’s account that it was found in the uppar part
of & thick sequence of conglomerate bordering the Cow Creek Valley on tha west,
which ia here regarded parepresenting the Paskents group.

Lyticoceras Hyatt
Lyticoceres packsrd{ Anderson, n. ap.
{Plats 31, figurm 2, 3, 4, &)

8hell of modernte size, Oatly discoidsl, narrowly umbilicate, sides of the cast
moatly emooth on the lower hall, or ahowing anly the costal linca, but strongly
coetate on the outer part; costae branching near the middle of the side, mare clearly
vinible on young adult shells; sutures hoplitid in character, but only partially ex-
posed, ahawing atout tripartite lateral lobos; periphery sarrew, sub-angulsr, wot
bordered by visible sodes; ventral zone gently rounded in young stages up to a dism-
eter of 40 mm., after which stage the periphery becomes move ridge-like, and, at o
diameter of 80 mm., the riba on the tswe sides of the shell unite chevron-liks on its
median plane,

In its younger stegeps the shell possesses neocomitid characters in ite small um-
hilizus, Asttened poriphery, And numerous floxuous soatas, bit in more mature stages
it develops the features of Lyticoceras in its general form, costation, and ridge-like
periphery, as in Lyttcogeras regale (Bean).

The helotypa and other figured specimena are at the Oregon State College and
were collected by E. L. Packard at Loecality 268 (Oregon State Call.), o mile east of
Riddle, Oregon. They were found in & steatum of slialy sandstone associanted with
Neocomiles riddlensis, Dichotomites oregonenate, and Phylloceras irinifenge; this
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atratum is underlein by a thick sequence of conglomerates carrying in the upper part
species of Aucella, of the lineage of A ucella crassicollis Keysorfing.

The holotype afiords the following measurements: greatest diameter, 68 mm.;
diemeter of umbilicus, 6.5 mm.; height of whorl, 34 mm.; thickness, 15 mm. As
many aa eight specimena of thia species were obtained from the same stratum.

The resemblance of this species to Subsayneils Spath (1921, p. 31) is interesting
88 suggesting s poesible relationship of the latter to a Valanginian Hoplitid stock.

NEocOMITIDAE Spath 1024
Neocomtles Uhlig
Neocomites yenkinsi Anderson, n. ap.

{Plats 20, Agars 1)

Steuercecrae jenkingi ApEReoN, Geel, Scc. Amer., Bull., vol. 44, 1933, p. 1259; Zone
N. MeCarthy Creek, Tehama County.

Shell of medium size, evolute, diacoidal, densely costate, hiving at the umbilical
bordar about 80, and at the periphery of the [ast whorl about 140, fine rounded costae,
which divide sometimes below, and sometimes sbove the middle of the aide; ribe
arising oa the ymbilical wall, forming & slight swelling on ¢rossing ita border, flexuous
on the side, curving slightly forward near the periphery; veniral zone glightly fiat-
temed, crossed by the yninterrupted costae; umbilical walla steep, rounded oo the
border. The following mensurements are taken from the holotype: greatest dia-
meter, 110 mm.; dismeter of umbilicus, 32 mm. ; height of whorl, 30 mm.; width of
whorl, 23 mm.

Two good examples and many fragments of the apacies have been found with
various other Paskenta species, The smaller and more perfect example has a por-
tion of the shell preserved, showing the raunded ribe, scparated by interspaces
broader than the riba. The holatype (Calif. Acad. Sci., type Coll.) was obtained at
Locality 2398 (Calif. Acad. Sci.), Zone N, on McCarthy Creek, Tehama County.
This example rezembles Sleueraceraa permuliicostaium (Steuer) from castern Ar-
gentina (Nequen and Mendoza, Weaver) (1931, p. 441). It wesfound in the same bed
with Thurmannia paskendze nov,, Subastieria ap., Lyloceros of. traski nov., Aucella
terebretuloides Labusen, Aucella nuciformis Pavlow, and numerous plant remsins.
Ita stratigrephic position ia near the middle of the Paskenta group (middle Valan-
ginian), which is near the position assigned to what may be ita congener in the Lowar
Cretaccous of Argentizs. Because of its resemblance to gpecies of “Steueroreras’
described by Gerth (1925, p. 473), this epecies waa first thought to represent this
genus, but it differa from the genotype, Steusroceraa transgrediens (Steuer), ee inter-
preted by Cosemann, Uhlig, and Spatk, in having s oon-suleste periphery. It
would geem, therefore, according to Spath’s interprotation, that the species here
described belongs motre probably to Neocomites Uhlig, Other species of the genus
are not uncommon in the Pagkente group of California and Cregon. In all cases
except obe, they are associated with Aucellze, of the group represented by Awucells
crasaicollis, and by other forma indicating a horizon not higher than middle Valan-
ginian,

Neocamiles russelli Anderson, n. ap.
(Plate 27, {gures 3, 3a)

Shell of moderate siza, discoidal, costate; umbilicus moderately broad, funnel-
form, eidea sloping, rounded on the borders; periphery rounded or slightly flattened
on the latter part of the whotl; major ribs ariging on the umbilical walls, sinuous
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on the gides, croasing the periphery without interruption) ascondary ribs inter-
palated between the athers, not extending into the umbilicus; total eumber of ribs
(est.}, sbout 50 to the wherl; suture lines unknown.
The holotype of thig spocies (Calif. Aead. Sei. type Coll.), as found by . Dana
Russell at Locality 1686 on Duncan Creek, associated with Crieceras laium Gabb,
" Lyloceran of. traski, and Spiticeraa duncanense nov., has the following dimensiona:
greatest diameter, 73 mm, ] width of umbilicus, 13 mm.; height of wherl, 32 mm.;
thickneas of whorl, 20 mm.

‘This species, although thicker in section and possessing fewer rvibs, mesms to
belong to the group represented by Neocomiles sfippl now. It rapresents the Joweat
fomsil-bearing bed expozed in the Shaata series of the Cottonwoed distriet, although
not the loweat bed exposed in this area, Thia ia one of the two examples of Veocs-
miies that have been found in this district,

Neocomites stippi Andereon, n. ap.
(Plata 29, gure 2}

Two fragmentary exarmples of & hoplitid opevies wera found in the upper part
of the “Aucella crassicallis zane™ on MeCarthy Creek, asgocinted with Aueesila erassa,
Aucelle erossicollts, Acroteuthis onoensis, Lytoceras salurnale nov., and other species.
Although incompleto, these axamplea are sufficiently well preserved for generic
determination aod for partial descriptisn. Thay belong to the group repressnted by
Hoplites (Neocomiles) angulicostatuz {d'Orbigny), altheugh they hove some char-
aeters of “Berriasells’’ benacki (Steuer) from the Valanginian of weatern Argentine.

Tha section of the whorl is Aatly elliptical and alightly inflated; sides costais,
the ribe arisiag on the umbilies] wall, forming on its borders slongated nodes from
which aome of them branch; gthers branch from sbove the middle of the side, all
curving gently forward and crosaing the wentral zane with o slight forward eurve;
umbilicus modarately wide, with abrupt walls; sutures clorely crowded, showing
stout, much-divided lobes and saddles; lateral lobe semewhat extanded, trifid, ench
branch torminating in long, slender digitoid points.

The holotypa {Calif. Acad. Sei. type Coll.) was found by Mr. Thomas Stipp on
tha south bank of McGarthy Creek, about 1,000 feet beweath the zone containing
Neocomilea jenkinet. The horizon i that of the lower part of the Paskents group
(Infra-Valanginian} of the MeCarthy Creek seotion.

The nodes on the umbilicat borders, mora prominent on the shell than on the cast,
somewhat resemble Kilian’s (1010, pl. 1) figure of Thurmanniz bolssiery (Pictot).

Neocomiles neocomiensiz {(d'Orbigny)
(Plata &3, figutes 3, 28]

Amnwm!u neocomieneis D'ORpiewy, Poleont. Francaise, vol. 1, 1840, p. 202, pl. 56,
figa. 8-10; lower beds of the Meocomian terrain, cantral ance

Ounly & single specimen sufficiently well pregarved for illustration has heen fernd
in the Lower Cretacesus of Californis; this was obisined by N. L. Taliaferro in
the Walthom Creek Vallay, on the southwest qunrter of section 17, T.20 8., R. 13 E,
M. D. M., norih of the Corlinga-Priest Valley road. In this example the shell is
compressed, discoidal, ornamented by tranaverse costas, 74 in number, B little Aexy-
ous, bifureating from small nodes on the umbilical border, and again dividing near
the middls of the side into two, three, or mors costae a3 counted near periphery;
pides alightly infated, thickeat in the Tower one-third of tha aide, aloping toward tha
periphery; costne interrupted an the ventral zone, which is slightly exeavated, and
bordered by minute costal noder; maximum width of ventral zone, 2 mm.; maximum
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dismetar, 20 mm.; width of umbilicus, §.5 mm.; height of whorl, 11 mm.; greateat
thickness, 6 mm.

This exampla was found aasociated with Acrotenthis macarthyensis nov., Acrodeu-
thia n. ap., Aucslls crasea, A. tnflala, A. crassicollis, and n few other apecies, in the
baaal conglomerato of the Shasta series (Pagkents group), marking a distinnt uncon-
formity between this seriss and the underlying Knoxville sandy shales.

Neocomites riddlensis Anderson, n. ap.
(Plate 30, Spures 1, 4, 3, 4}

Shell of moderata size, discoidal, compressed, with amall umbilicus; ventral zone
rather broad, flattened, angulated on its bordera; aides moatly smooth below but
costate on the upper balf, with about 38 to 42 rounded costac which earry at their
termini small elongated tuberculea; costae separated by concave interapaces, some-
what broader than the ribs; costal lines Gexed, curving strongly forward helow the
periphery, crossiog the ventral zone withaut interruption, and with a slight forward
bend; costal lines terminating at the umbilical border in umbilical bullse having a
Alight backward slant; suture linea not well exposed, but tripartite, and showing
hoplitid charactara.

The young shell of thia species, with a dinmater less than 30 mm., is nearly smooth,
having only costal lines and faint sub-peripheral costae, torminating in small elon-
gated tubercules on the ventral border; the Aattened ventral zone ia nearly smooth,
the umbilicus small with abrupt walla. Inits young stages this shell has the form of
Neocomiles neocoriensis d'Orbigny, slthough it has a emaller wmbilical ratio. In
examples of o diameter of mora than 50 mm., the umbilical bullas begin to appear,
from which the costal linas radiate in samall groups.

The holotype and paratypes of this species are the property of the Oregon State
College and were obtained by E, L. Packard at Locality 268 {Oreg. State Coll.),
about a mile southeast of Riddle, Oregon, in beds that seom referable to the upper
part of the Paskenta group (Upper Valanginian) aes known in California. The
holotype haa the following dimensiona: greatest diameter, 78 mm.; dismeter of
umbilicus, 22 mm.; height of whorl, 38 mm.; thickness of whorl, 21 mm.; umbilical
ratio, 0.282:1. In form and sculpturet he speciea resembles Neocomiles montanus
Thlig {1908, n. 249, pl. 90) from the Valanginian part of the Spiti shales, to which
form it may be related.

Boehianiles Lory 1838
Bochianifes paskentaensiz Anderson, n. ap.

{Piste 29, figurs 10)

Bochianites poskentcensts ANDEREON, Qeol. Soc. Amer., Bull., vol. 44, 1933, p. 1258;
'"Zone M2," McCurthy Creek, Tebame County.

Thia unusnuel species ie known from s number of fragments of » small, straight
ammonsid shell found in the Paskents group in its type district. In section it is
subcircular or broadly etliptical. The ahell itself iz somewhnt abliquely coatats,
although the cast is usuaily smooth. In form and aculpture the speciea ia not unlike
Bochianites ooglerd Baragin and Schondelmayer, baving the same number of gutural
elements of quite similar character. The holotype (Calif. Acud. Sei. type Coll.)
was obtained from the Wilcox ranch, where it waa associated with “Simbirskites”
mutabiliz Stanton, ab the top of the “Aucella crassicollis zone." It hag the following
dimensionsa: length, 67 mm.; grentest diameter, 7 mm.; dinmeter at smaller ¢nd, 5
mm. The shell tapers very gradually, some of the examples shawing a diameter of
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only ! mm, Like Bochianiies gostert it may ropresent the stratigraphic position of
Bochianites neocomiensis {d’Orbigny). The species has alsa been found near the
base of the Paskenta group, 2 miles northweat of Paskenta. Its range is throughout
ths lower two-thirds of the group in ita type district.

All the examples thus far found have been associated with A ucella erasas, Aucella
inflata, and Aueella crassicallis. Ita horizon iz thought to ba lower and middle
Yalanginian,

ParastorLiTipag Spath 1924
Parahoplilcides Spath
Parchoplitoides shoupt Andersoen, n. ap.
(Plate 32, Bgure 2)

8hell large, discoidal, semewhat compressed, invelute, with moderately broad
wmbilizua; sidea fiattened, closely costate, ribs broad, fexuous, arising at the whor)
suture, non-tubercnlate, although swollen on the umbilical bardar in young stages of
growth, smooth in older stages, branching into paira near the middle of the aide, and
gll coptinuing acrosa the periphery without interruption; ventral zone zcarcely
fattened; section of whorl semi-elliptical, narrowing toward the periphery; whorl
thickest a little above the middle of the side; suture line not well exposad in the
holetype, but showing o tendeney to saymmaetry in the ventral zone and on the sides;
piphonal saddle unsymmetrical, the siphonal notch inelining to the right; in this
respect the suture resembles that of Acanthoplites remondi (Gabh).

The holotype (Calif. Acad. Bei. type Coll.) wag obtained from the Shoup zone
on Bee Creek, immediately above the Argonaut zone on the Shoup ranch, 4 miles
south of Ono, Bhasts County. It hes about 66 ribs and has the following dimensions:
greateat diameter, 202 mm.; width of umbilicus, 62 mm. ; height of whorl, 85 mm.;
thickness of whorl, 50 mm. In form snd ribbing this species closely resembles FParad-
keplitoides wefasi (Neurneyr and Uhlig), although differing from it in some sutural
elements. The halatype was faund with Phylloceras oncense, Tropaeum percostalum,
and a few other species, & little above the Argonaut zane, and somewhat higher
above the horizon of Ausiraliceras argus, sa found on Bee Creek. The bolotype is
septate throughout and, when somplete, muet have exceeded 12 inches in diamater.

FParahoplitoides sentloides Anderann, a. 8p.
{Plats 83, Bguca 1)

Shell large, disvcidal, somewhat compressed, involute; umbilicus relatively
narrow, sides coatate only in young atages, emaooth in older stages; riba fexonous when
vigible, tuberculate in young stages only; umbilicus bordered by abrupt walls, which
are rounded ambove, the curve merging with the almost smaoth sides; periphery
rounded in holotyps. The holotype (Calif. Acnd. Sei. type Coll.) has the following
meagurements: greatast dismeter, 241 mm. (2.5 inchea); diameter of umbilicus, 57
mm.; height of whorl, 40 mm.; thickness of wharl, 80 mm.; ambilieal ratio, 0.236:1.
All examples of this genur go far found have ocourred in the Argonaut zens, char-
ncterized chiefly by Lytueeras argonautarum and FPhylloceras onoenss.

This species clogely resembles Parahoplitoides Inestuscudus {von Koenen), in form
and ernamentation although it may be somewhat thicker in section. The horizon in
the same g8 that of Parafioplitoides shaupt,

Paranhopliteides cerrosensis Anderson, n. ap.
(Plate 33, Ggure 1)

The strongly coatate ahell of this specica ia rather large, discoidal, compressed,
with a moderately broad umbilicys; aboyt 54 peripberal coatae, somewhat fattened,
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braader than the rounded intorspaces, divided, or in two ranka; primary rika arising
on the umbilical walls, slaping backward below the rounded umbilical barder, some-
timea dividing below the middle of the side, more often single, alternating with
secondary ribs; all riba eross the ventral zone without weakening., In ita younger
stagea tha shell of this apecies resembles Parahoplites deshayesi, as figured by Neu-
mayr and Uhlig (1881, pl. 48}, which according to Kilian represents P. consobrinug
d'Orhigny. The suture ling in vory similar to that of Parshopliloides shoupi nov.,
the siphonel saddle being unaymmetrically divided by a deep eleit, the left side being
the larger and mora developed.

The holotype [Calif. Acad. Sei. type Colt.) afiords the (ollowing measurementa:
greatest diameter, 136 mm.; width of umbilicus, 47 mm.; height of whorl, 38 mm.;
thickness of whorl, 62 mm.; umbiliesal ratio, 0.348:1.

Thia upecimen was found near Ronring River, 5§ miles south of Ono, Shaste
County, in the Argonaut zone near the middle of the Harsetown group. It is not
uncommon in thia horizon in the Cottonwood district, from its type locality north to
Hulen Creek and south to the middle fork of the Cottonwood Creek. ‘The spocica
seems to have an analogue in *‘dranthoplites’” laoticoalatus Sinzow (1007, p. 482,
pl. 5, figs. 9-13), from the Caucasus Mountaing, lrom which it differs chiefly in its
more rounded periphery, fattened sides, and slightly mere sinuous ribs.

Parahoplilea Anthuls
Parakoplites alantont Anderson, n. ap.
(Plate 33, figure 2; plate 16, Ggure 3)

Among the interesting hoplitid species found in the Horgetown group of the
Cottonwand district are three species akin to Parahoplites uhligi Anthula, All are
robust forms with a relatively large umbilical ratio. The present specicn ig repre-
sented by only the holotype (Calif. Acad. 8ei. type Coll.), found at Locality 1348
{Calif. Acad. Sei.), near the forks of Alderson Creek, 2 miles south of Ono, Shasta
Caunty.

This example is almost wholly septate and afferds the iollowing moessurementa:
greatest diameter, 14 mm., ; dismeter of umbilicus, 51 mm.; height of whorl, §8 mm.;
width of whorl, 45 mm.; umbiliesl ratic, 0.340:1.

In section the wherl is ellipacidal, somewhat quadrate, the grentest thickness
being below the middle of the side; surface atrongly costate, with ribs of two ranks;
28 stronger primary ribe Aintibus, arising oo the umbilical wall, inclining at firat
backward to the umbilical border, then rising vertically to the middle of the side,
there curving gently backward, then forward to the periphery; secondary ribs
smaller, ariaing singly or in pairs near the middle of the side; on the periphery, about
75 ribs to the whorl; all ribs cross the ventral zone without interruption; ventral sone
slightly flattened, rounded on the borders; umbilical walls abrupt, rounded sbove;
aides flattened, or onty slightly convex; aeptsl gutures not Iully shown, although the
siphona! saddle and lobea show the lack of symmetry common to most of the Cali-
fornin specics of Parahoplitidao. The holotype has the general form and surface
chargsetera of Parahopliles uhligi Anthula, but a somewhst larger umbilical ratio,
more sinuous rihs, and a thicker seetion. [t was found with Trapaeum percottalum,
Parahoplitoides, and other epecies in the middle part of the Horaetown group.

Parahoplites dallgsi Anderson, n. 5p.

(Plats 34, Agurne 1, 2)

A more extreme metnber of the same group was found in the lowar part of the
Shoup zone east of Mitchell Creek. It is considerably thicker and stouter, with
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greater invelution, a smaller umbilical ratio, and fewer and losa sinuous ribe. In
the several axamples found the number of umbilical ribs varies from 24 to 2B, and the
periphersl ribs from 52 ta 60 to the whorl,

The helatype (Calif. Acad. Sei. type Coll.) ia entirely sostate and has the following
dimenaions: greateat diameter, 1356 mm.; dismeter of umbilicus, 44 mm.; height of
whorl, 62 mm.; width of whorl, 58 mm.; umbilical ratin, 0.430:1,

In croas-section the whorl is broadly semi-ellipticsl, the thickest part of the wharl
baing & little above the umbilical border; whorl heavily costata, the riba being of two
ranks; somatimes divided primacy riba ara less sinuous than in the preceding species;
alnost twice ng many peripheral ribs ns those on the umbilieal border; some af the
primary ribs divide into two or threa, some do not divide; all ribg ¢ross the broad and
elightly flattened vontral zone; umbilicus narrow and deep, with steep walls, smooth
below, ribbed abowve,

This apecimen was found not far from the horizon of Tropaoeum percostatum,
Phyiloceras onoense, and Parofoplitoides, about 60 feat sbove the Argonsut zone.
The apecimen waa found by G. D. Hanna, for whom it is npmed, at Locality 1347
{Calif. Acad. Sei.), half a mile east of Mitchell Creek, B miles aouth of Ono, Shasta
County. Anexampla of clorely related species was found by O. W. Friedrich, about
7 miles northeast of Wilbur Springs, western Colues County. The hortzon of both
in near the middle of the Horsetown group and marks a lower Gargasian lavel.

Parchoplites scharfi Andetson, n. ap.
{Flate 74, Agurce 4, B)

The shell of this specica ia moderately robust, of inflated, and in form is inter-
madiste between Perohopliter dalfasi nov. and P. slanioni noy. It more nearly
regemblea Parahoplites aubcampechi Sinzew {(1907), from Maogysehlak, and may be
regarded as its Californis annlogue. The holotypa pozsesses Bbout 40 rather strong,
slightly sinuous ribs, which arige on the umbilical wall, having a backwsrd inclina-
tion, and ahew a glight swelling on tha umbilieal border, cross the sides with & slight
forward slant, banding sharply forward in the ventrsl zone. Most ribs divide inte
two below the middle of the side, although there is an oceasional aingle rib intar-
polated batweon the paira resulting from division. The holokype baa the following
dimensiona: greatest diameter (of complete whorl}, 85 mm.; width of umbilicus, 25
mmn.; height of whorl, 41 mm.; thickness of whorl, 35 mm.; umbilical ratio, 0.204:1.

‘The suture Hoe is not well shawn. This example way faund at the “north end of
the Bald Hilla” by D). W. Scharf and W. P. Popenoe, Locality 988 (Calif. Tnat. Tech.),
for. the firat of whom it has heen named. The apeciea differs from its sualogne at
Mangyschlak in being aomewhat more rebust, in having stronger and fewer ribs,
which show a alightiy more pronounced curvature. The holotype ia the property
af the Californis Inatitute of Technology, Pasadena. Ita horizon is butilittle sbove
that of T'ropaeum percoatatum (Gabb) and beneath that of Hemitboculites mirabilia
nov.; it therefors represents the middle pact of the Aptisn portion of the Herastown
group.

Parshoplites moeforiandi Anderson, n. sp.
(Plats 15, Bgura 1)

8kell large, robust, invelute, with moderately braad umbilicus; section of whorl
semi-elliptical in young stages, becoming sub-qundrate in older age; sides costate,
with closely pet, rounded, depressed riba, which arise on the umbiliral wall with a
backward alant, curving gently forward above; umbilieal walla abrupt, rounded
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above, horder bearing somewhat thickened umbilical ribe; eepta as shown in the
figure; ribs olten dividing.

Tha holotype (Calif. Aead, Sei. type Coll.) was found by Andrew MeFarland on
Alderaon Creek, about 2 milea south of Ono, Shasta County. It has the following
dimensiona: greater diameter, 200.5 mm.; width of umbilicus, 58 mm.; ratio, .277:1,
haight of whorl, 90 mm. ; ratio, .429:1; width of whorl, 786 mm.; ratio, .362:1.

According to accounta given by the discoverer the holotype was found at & horizon
somewhat above the Argonaut zone in beds referable to an upper Aptisn stage. No
more gxact etatement of ita eceurrence ¢an now be given.

Acanthoplites Sinzow

Among the jarge number of parnboplitid forma deseribad by Anthula (1900, p.
102-119), from the Caucasus Mountaine, Sinzow (1907, p. 4T8-506) has distinguished
a group for whick he haa established the genua Acanthoplites. In this group the
whorls are more compressed, tho umbilicus broader, and the venter more rounded
than Parghoplites Anthula, wherein it seema to retein charactors of Parahoplitoides
8path. Ths genotype of this group is *Parshoplites’ aschillacnats (Anthula).
Tnder the genus Acanlhoplites Sinzow has fgured and deseribed as many a8 15
different forma which he regards as dietinct specice. Many of theae forms in their
young stages possess charaoters of 4canthoceras or of Dowritleiceras, such ag spines,
or tubercules on the umbilical borders or at the point of divigion of the ribs. These
fentures are ugually losat in the older stages of growth, and in aome cases new features
aes acquired, as happens in other groupa.

In the middle and upper parts of the Horsetown group (uppet Aptian to middle
Albian) similar forms are abundant and include many epocies that may be regarded
ad analogues af those found in the Caucasus regions. Some of these will be noted
as such in the descriptions, although materials are uot vet at hand for a complete
account of all of them. In their younger stagea some of them approsch, or perhaps
ratain, characters of Parahoplites or even young oxamples of Parahoplitoides, on thse
one hand, and ¢n the other have the epinose sronmentation of Cheloniceras or Dou-
rilleiceras and without the mature shells they may easily be mistaken for auch. In
fact, in the past, some have been referred to A canthoceras and Dourilleiceras.

Acanthoplites aegis Anderson, n. sp.
{Plato 10, Bgure 1}

Shell large, discoidnl, moderately involute, umbilicus moderately broad, sides
cleaely costate, sbout 64 ribs ou the last whorl of the holotype; ribe rounded, slightly
ainuoug, sometimes single, more often divided, erossing the periphery without weak-
ening or dattening; umbilicus berdered by low, abrupt walls, upon which arise the
primary riba; periphery younoded. This species rosembles Porahoplites stantont
nov. but it is readily distinguished by its broader umbilicus, relatively thinner sac-
tion, and its fewer and broader ribs. The holotype {Calif. Acad. Sci. type Coll.)
affords the following measurements: greatest diamater, 235 mm. ; width of umbilicas,
05 mm. } height, of whorl, 83 mm. ; thickneas of whorl, 56 mm.; umbilical ratio, 0.404:1,
The holotype was found by Andrew AMcFarland on Alderson Creek, 2 miles south of
Ono, Shasta County. It represents the upper middle Horsetown group, locality
1348 {Calif, Acad. Sci.). Itaautural characters are not unlike those of Parahaplites.
This is not the largest representative of the genus found, but in diamcter it ap-
proaches the largest. Smaller examples of the species have been found higher in
the gection, near the top of the Cottonwaod beds, or at the base of the Hulen beds,
on the Hulen Creek drainage,
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Acanthopliten remondt (Gabb)

{Plate 39, figurn 1)

Anim. Remondis Garn, Paleont. Calil., val. 1, 1884, p. 68, pl. 12, figs. 14, 14a, (not fig,
15); North fork of Cottonwood (’Jmuk, Sheata County, California.

The holotype of this apecies is in the Mussum of Paleontology, University of
California (type 162}, and has been carefully studied and compared with many
individuale repregenting thia and closely related species. In form, especially io ita
lateral aspect, the holotype greatly resembles *'Parahoplifes” consobrinus (d’Or-
bigny), but it is thicker in section and hes a distinetly different suture line, a3 shown
in the fAgure. The bolotype, No. 162 (Univ. Calif. Cell.), septate throughout, has
the following dimensions: greatest diameter, 137 mm.; width of umbilicus, 57 mm.;
height of whorl, 48 mm. ; thiekness of wherl, 37 mm.

This example possesses I8 thickened, reunded, and somewhat sinuous primary
‘and aacondary ribs, which occur alternately.

This holotype represents & small group of nanrly related forms from the upper
part of the Horsetown group in the Cottonwood district. In this group the wharl
gection is comparatively thick, the ribsstrong and often elovated, and the umbilicus
acoupies about one-third the dismeter of the whorl. The nesrest foreigu analogue
of this spesies known at presant ia probably Acanthoplites abichi (Anthols), from the
Caucasus Mountaing, as figured by Sinzow (1907, pl. 7, figa. 1-3).

The exact borizon of Acanthoplites remondi ia not yet known, although it clearly
belongs to the middle or upper part of the Harsetown group (upper Aptian).

Hyatt relerred this species to Acanthoceras, but upon what basia is not now clear.
A noticeable feature of the suture line is ita deeply cleft siphonal saddle and its
asymmotry, the divisions on the right side being smaller and less developed. This
lack of symmetry runa through the family and extends to other clomanta of the suture
line, but to what extant is not yet fully known. In acme species the left side ahowa
the less developed nutures, but whether thega are individual or accidental features is
oot yet known, Suture lines representing & few of the species will be given.

Acanthoplites gardneri Anderson, n. ep.
(PInts 37, figure 1: plate 54, Agure 1)

8hell large, moderately robust, with rather broad umbilicus and numerous well-
developed ribs, the holotype possesaing 58 to the whorl; involution nearly one-third;
transverae section somewhant elliptical, as shown in the figure; ribs of two ranks,
alternately primary and secondary; primary ribs arize on the abrupt umbilical wallg
in stout ridges sloping backward up to the rounded umbilical border, from which
they pass upward in a slightly sigmoid curve to the ventral zone, which they crass
without interruption or diminution; & faw of the primary riba bifurcate a little below
the middle of the side; aecondary riba arise near the middle of the gide and cross the
ventral zone as do the others.

In transverse pection the shell is somewhat compressed, the sides being Gattened
near the middle; it thus differs from the eonvex form of the preceding species; the
riba are alao narrower and more numerous than in Acanthopliles remondi, but are
rounded in form and are npparently witliout tubercules at any stage. The auture
line is not unlike that of 4. remondi, having the siphonal saddle deeply cleft by an
oblique incision, from which an asymmetry of the line beging, the right side being the
less developed, Whether thia aaymtnetry results from habitual position on the sea
floor ia not known.

The holotype (Calif, Acsd. Sci. typa Coll.) haa the following dimensions: greatest
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diameter, 220 mm.; diameter of umbilirys, 78 mm.; height of whorl, 85.5 mm.; width
of wherl, 68 mm.; umbilical ratio, 0.355:1.

The holotype was obtained from the North fork of Cottonwood Creek, probably
above the Argondut zone, by J. W. Gardner. It ia now in the collections of the Cali-
farnia Aeademy of Sciences.

Acanthopiites perrini Anderson, n. sp.
{Flalg 28, figuwe 1)

Shell large, thickly diseoidal, Iatumbilicate, rounded on the periphery, heavily
costate; umbilicus broad, with abrupt walls, rounded on the borders; having alightly
eurved, rounded primory and secondary ribs; primary ribas mostly simple, occa-
sionally branching, arising on the umbilical wall as & backward sloping ridge, curving
on the umbilical border and riging nearly at right angles across the side to the ventral
zone; nearly twice a8 many sscondary ribs as primary, arising at or above the middie
of the side; all ribs croes the ventral zone without interruption; suture Hne, as shown
in thae figure, has a decply cleft aiphonal saddle, showing ssymmeiry with relerence
to the siphonal plane, and asymmetry in the successive divisiona of tho lobes.

The holotype {Celif. Aced. 8ci. type Call.}, almast whelly septate, affords the
following measurements: greateat diameter, 230 mm.; diameter of umbilicus, 90
mm.; height of whorl, % mm.; width of whorl, 65 mm.; umbilical ratio, 0.39:1.

Thie specimen was obfained in the Petrin zons on the west branch of the esst fork
of Hulen Creek, cast of One, at Locality 145 (Calif. Acad. Sc¢i.). It was associated
with Cheloniceras ap., Cleoniceras cf. lecontei, Nautitus gabbi, and other species. Its
position i sbove that of the Buenaventura zone of the Hulen beds referable 4o alower
middle Albian horizon.

This spacies ssema to bave ita neareat analogue in Acanihoplites nolani (Seunen),
ag llustrated by Sinzow (1907, pl. 8, fig. 1) frem the Caucasus Mountzing. The
specicd is nomed in honor of the late James Perrin Smith, for many years Professor of
Paleontology at Stanford University.

Acanthoplites spathi Anderson, n, ap.
{Plato 4], Hgures 3-5)

Like the preceding forma, thia shell is of moderate size, discoidal, inflated, with
moderately broed umbilicus; seetion of whaerl subesireular, rounded on sides and
periphery; walls of umbilicus sloping, rounded above, blending with the aides; 32
to 38 elevated primary end secondsry ribin; primary ribs arising on the umbilical wsll,
rectiradiate, often branching in younger stages of growth, and bearing shert spine-
like processes at the points of division; secondary ribs, in older atsges of growth,
arising near or above the middle of the side; shell ip younger stages having the aspect
of Chelonicerae; interspaces between riba deep, a8 broad as the riba themaelves.
The holotype (Calif. Acad. Sei. type Coll.) afforde the following measurements:
greatest diometer, 70 mm.; width of umbilicus, 28 mm.; height of wherl, 25 mm.;
thickness of whocl, 25 mm.; umbilical ratio, D.371:1. [n older stages the branching
of the ribe and the spines become obsolete and are finally lost, the ventral zone
becomes finttened, and the ribe hecome more prominent on the periphery. The
species appears to beleng to a group represented by Acanthoplites abicht {Anthyla)
as figured by Sinzow (1807, pl. 6, figs. 1-3). The holotype and the ather figured exam-
ples were found ot Locatity 1348-A (Calif. Acad. Sci.), ou the west branch of Hulen
Creek, in the Buenaventura zone, or just heneath it, in the upper part of the Horge-
town group. It has been found alao on Aldersan Creek and on Bee Creck, pre-
sumably in the eame zone. Its horizon is near the top of the Aptian portion of the
Horactown grobp.
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Acanthoplitea barrpanc Anderson, b. ap.
{Plata 48, Bgures 1, 1n)

Shall of moderats aize, sharply costate, latumbilicate; walls of umbilicus abrupt
below, rounded above; sides of shell flatly convex, periphery rounded; about 28 aharp,
elevated ribs, moetly of one order, occasionally branching s little below the ventral
border; interapaceas broadly concave; riba atraight, apparently weakly spinose in
young stages.

The holotype (Calif. Acad. 8¢i, type Coll,) affords the following measurements:
greatest diameter, 110 mm.; diameter of umbilicua, 44 mm.; hoight of whorl, 40 mm.;
width of whorl, 30 mm. ; umbilieal ratio, 0.4:1,

‘The holotype was found ort Eulen Creek, in the upper part of the Horsstown group,
and geems probably to represcnt the Parrin zone of the Hulen beds. The species
appears to belong to the group represented by Acanthoplites bigoureti (Seunes) ss
interprated and figured by Sinzow (1807, pl. 6, figs. +-8) from tho Caucssus Moun-
taing, outhwest Agia.

Aeanthoplites sub-tigoli Anderson, n, sp.
{Plate 78, figura 2}

Shell small, discoidel, somawhst inflated, with roundly elliptical section of whorls,
about 52 generally prominent riba, with sharp edges and with interspaces broader
than the riba; ribs arising on the umbilical wall, with a backward alant, crossing the
gide in almoat a straight line, or with a slight forward curve on the sidea and on the
periphery; ventral zone alightly flattened on the larger wharl, shell bearing reduced
apinen a4 the middle of the sides on the younger whorls. The holotype has tha
following dimensions: greatest dinmeter, 40 mm.; width of umbilicus, 15 mm.;
height of whorl, 16.5 mm. ; thickness of whorl, 13 mm.

The spocies shows a cloge resemblance to Acanthoplites bigoti Seuncs, from the
Caurasus Mountains, aa figured by Sinzow (1907, pl. 4, figa. 18-20), of which it iz &
near analogue. This exampla was found at Lacality 985 (Calif. Inat. Tech.), in beds
of middle Aptian ago on the Cottonwood Creek, nesr Ono, Shasta County, where it
was asgociated with Dourillelceras mammillalum, var. The holotype is the property
of the Californis Institute of Technology, and was found by W. P. Popence and
D. W. Seharf.

DouviLrerernaTina® Spath, 1021
Dourvilleiceras Grossouvre
Genotype Ammoniies mammillatus Schlotheim
Douvilleiceras nfl. mammillatum (Schlotheim)

(Plata 84, Ogure 3)

Acanthoceras cf. mammillare Stantown, Geol. Soc. Amer.; Bull., vol. 5, 1894, p. 45;
upper Horsetown beds, Bhasta County, California, X

Douvilieiceras mammiilare ANpERSON (in part), Calif. Aead. 8ci., Pr., 3d ser., vol. 2,
1802, p. 108; Hulea Creeck, Shaata County.

Spath (1921-1922s, p. 68=73} has given much critical information concerning the
English and French apecies relerable to this generic group. This information aide
in the study of the relationshipa of the California forma found in the Albian atrata
of the Cottonwood district. OFf these there is a good numbar of examples available,
not all of which seem referable to a single apccies. Some of these examples come
within the range of variatisn indicated by Spath, others do not.
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In the Museum of Peleontology, University of Californis, there are a number of
specimena representing typea found in Frence, end in the Californin Academy of
Sciences &ra others from weatern Eurcpe. [n an earlier atudy of these forms and
their analogues from Califarnia their eloge relationship was indicated by Anderson,
{1802a, p. 108}, although the conclusion was reached that many of the surface char.
mcters in the California examples, as well as those from France, ware not constant.

In addition to the remerks formerly given concerning the forms found in the Cot-
tonwend distriet, Shasta County, the following notes may ba of value.

The most common form in the upper Horsetown beds in the Cattonwood distriet
seema to extend through a considerable stratigraphic range, appearing first in the
Buenaventurs zone, but also at higher levels, up to the Neptune zone, and thus being
found through at least 1350 feet of atratn. A typical example from the Perrin zona
(Locality 168, Calif. Acad. Sei.) afforda the following mesisurements: greateat diam-~
atar, 84 mm.; width of umbilicus, 30 ram.; height of whorl, 30 mm.; width of whorl,
40 mam.; wmbilieal ratio, 0.357:1,

In this example, the lagt whorl is two-thirda septate and includes about 22 ribs;
the moat spinose ribs (diameter 72 mm.) show seven nearly conical tubcrcules, of
which the bases ara slightly elongated in the direction of tha rib, although this ia ot
conatant; in earlier ribs the direction of slongation is transverss to that of the ribs;
in younger whorla the tubercules of the second row above the umbilical border are
more ppine-like, some of the spines rising 2 mm. above their bases. An example
frem the Buenaventura zone, west braneh of Hulen Creek, shows the same form of
whorl, the same number and character of ribs, with the same broad interspaces, and
spinea of the same kind, yat the interval between the two horizons is hardly lesa than
700 feet.

In most examples the riba are narrower and the interspaces broader than in the
exampies illustrated by Spath.

Dougtileiceras gurarium Anderson, n, 8p.
(Plats 53, figure 1)

A single sxample of & species of Douvilisiceras related to the preceding was found
in the Bradley zone on the east branch of Hulen Creek. This example has baen
carelully compared with others of the genus, but it shows specific differences from
all of ita congeners. It poasesses an umbilicus relatively broader than any of the
others, and, although the number of riba i nearly the same a8 in Deuvilleiceras mam-
millatum, the tubercules ure lesa aumerous, more rounded, and on the ventral borders
they are not slways multiple and do net appear to be spinvge. The holotype (Calif,
Acad. Sei. type Coll.) has the following dimensiona: greatest diametor, 85 mm.;
width of umbilicus, 35 mm.; height of whorl, 30 mm.; thickness of whorl, 40 mm.;
umbilieal ratio, 0.412:2, o its younger stages, the costal tubercules sppear in three
rows, in which their size varies greatly. The sulcate ventral zone is rather narrow
and has 6 sone of mostly multiple tubercules bordering it an oither side; a second raw
consigting of single rounded tubersiles appeara near the middle of the side; even in
its youngee stages these rise in rather blunt points, acarcely to be called spines; a
third row, much reducad in size, is developed on the umbilieal border, but only in
young stages of growth, In its mare mature stages all the costal tuberculea tend to
become cbeolete.

Dourilletceras resiituium Anderson, n. ap.
(Plats 54, figure 2)

Ammonites Remondii Gapp (in part), Paleont. Calif,, vol. 1, 1884, p. 04, pl. 12, fig. 15,
ocnly;t“nodm variety" ?not pl. 12, figs. 14, 14a); Cottonwood Creek, Shaata
cunty.
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la Gabb's (183-4 p. 66, pl. 12, fig. 16) demcription of Acanlhophles remondi (Gabb)
he roferred to a *second form,”’ which he slso figured. His specimen has not bean
found, slthough it may later be diacovered among the collestions in the Museum of
Paleontology, University of California.

An example now in the Museum of Paleontology waa ebtained by the writer in
1807 st the old mining camp of Horeetuwn, Shasta County, This specimen seama to
fulfill the essentiala of Gabb's figure and deacription. It is made the haolotype of the
above apecies. In this example the shell ia large, dincoidal, with moderately broad
umbilicus, strongly costate; with 34 riba on the adult whorl, 56 on last whorl; um-
bilicus decp, walls abrupt, reunded or subsangular on the border; ribe arising on the
umbilioal wgll, st firet sloping backward, then restiradiate, tuberculats on younger
whorls only; ribs non-tuherculate above o diameter of 90 mm. ; below this diametar
the ribe bear three to five rounded, spinoss tubercules, not quite evenly spaced;
tubercules near the periphery strenger than below; umbilical nodes weaker in young
whorls, becoming more developed in older stages; body-chamber oocupying two-
thirds of the last whorl upon whichk the umbilical bullae are well developed, giving
rise to two or three alightly sinuoua ribe which cross the roundod ventral zone withous
interruption.

On the holotype the greatest diameter is 153 mm. ; dismeter of umbilicus, 46 mm.;
height of whorl, 85 ram.; width of whorl, 75 mm.; umbilical ratio, 0.301:1

According to Gabb'a statement his figure represents the inner whorls of 8 much
lacger shell, measuring 15 inches in dismeter.

CHELONICERATIDAR Spath 1921

Spath has included in thia family & number of related geners, of which only the
following two bave been lound in the Lower Cretaceous of California:

Procheloniceraa Spath; genotype, Ammoniles sfabieckis (d'Orbigay) and

Cheloniceras Hyatt 1898; genotype Ammonites royerianus (d'Orbigny).

Both of these generic groups have been found in the upper part of the Shests
series, the first in beds near the base of the Horsetown group (upper Barremian)
and the sccond near the base of the Hulen beds in attata that seem raferabls to tha
lower Albian.

Cheloniceras Hyatt 1903

Cheloniceras atolicrkanum (Cabb)
(Flata 47, Egurp 3)

Ammoniles Stolicskents Garn, Paleont. Calif., vol. 2, 1869, p. 135, pl. 23, figs. 186,
10a; “Shasta Group,”’ Cottonwood Cmek Shasta Counf.y, Culitaraia.

Acanthoceras stolicskanum Untio, Wernsdorfer beds, 1883, p.

Douvilleiceras atoliczkanum DooviLLE; Vallay of the Arnazon, Ann. Soe. Zool. Malac,
Belg., T. 41, 1906, p. 145, pl. 1, ﬁg L.

Chelonicerae stoliczkanum BAssr. Soc. Geol. Fraace, Bull. T. 28, 1928, p. 141, pl. 8,
fig.2 ; Middle Cretaceous, Repuhhc of Colombia.

The characterization of thia speeica by Gabb acems to need no apeecial comment.
Nevattheleas, in view of ite exceptionsl accurrences and interest, some additional
notes may be helpful in determining its geographio range,

The holotype of the species is in the Museum of the Academy of Natural Scieneea
of Philadelphia. Gabb'’s drawing seems to bave included a partial reatoration, but
atherwise ie excetlent, The 29 ribs are of two kinds, major and minor, alternating
on parts of the shell only. The major ribs bear three rowa of tubercules, elongated
in the direction of the ribs, ona row being on the umbilieal border, one on the ventral
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border, and one near the middle of the side; the minar ribs have only the twe latter
rows, atd gome of them show scarcely any tubercules, or only swellings.

The holotype affords the [ollowing messurements, differing somewhat from
Gebb's: greatoest dismeter, 80 mm.; diameter of umbilicus, 30 mm.:; height of wherl,
38 mm. ; width of whorl, 48 mm.; umbilical ratin, 0.333:1.

Tha exact harizon from which the holotype was obtained is not definitely known,
although an immature shell that seema te belong to the epecicn was found on Hulen
Creek in the Bradley zone, which also containg Chefoniceras bradicy? and suother
related species. It goerny probable that this is the zone from which Gabb's holotype
cama. Thia zone is situated about 340 feet above the Buenaventurs zone of the
Hulen beds and nearly 1700 fect below the top of the Horgetown group. It3 position
on the chronclogic scale of Europe is probably lower Albian. Gabb has compared it
to Eyrapenn apecica from the Gault. The species does not appear to have been found
at any other place or horizon in Califernin, Whiteaves seems to have figured more
than ene form under this name, 8ll of which he later ineluded under the name Acan-
thoceras spiniferum (*Nom. mut.”). Kossmat, to whom a specimen of ‘A cantho-
ceras spiniferum’’ Whiteaves waa nent, scama ta have regnrded it as belonging to
Douvilleiceras, rather than any type here included in Cheloniceras Hyatt, None of
the forma figured by Whiteaves appear to belong to Gabb's species.

Cheloniceras bredleyd Auderaon, u. sp.
{Ptaie 52, Sgutes 1, 9}

Shell large, robust, very broad, with deep wmbilicus; few whorls, bearing about 20
major riba with intervening smaller riby that oceur in pairs on the larga wherls;
major ribe tubereulate, with three rows of rounded but clongeied, although not
prominent, nodes; poe pair on the ventro-lateral sones, bearing transversely elon-
gited “bulles,’”’ sn inconspicuous one on the umbiliesl border, and a rathar promi-
nent ona on the middle of the side; amaller intervening costae without nades;
umbilicus deep, walls smooth and wertical, or ahowing {sint backward-sloping
grooves; riba crosging the periphery; periphery axcavated on major riba only, rounded
between.

The holotype (Calif. Acad. Sei. type Coll.) hea the following dimensions: grestest
diamater, 155 mun.; width of umbilicus, §4 mm.; height of whorl, 58 mm.; width of
whorl; 86 mm.; umbilical ratio, 0.355:1.

Two incomplete examples of this species were obtained at Loeality 159 (Calif.
Acad. Sci.} near the head of the east fork of Hulen Creek, ahout; 340 feat ahave the
Buenaventursa zone of the Hulen beds. Its horizon is near the Jower limit of the
Albian or possibly in the highest beds of the Aptian division of the Horectown group.

This speciea diffcra from Chelonicerns sloliczkanum (Gabb) in being mueh more
robust and broader, with less prominent ribs, and tubercules. It appears to belong
in nearly the same zone, a8 determined by the etrike of the beda and the stratigraphio
relations. The zone of this gpecies i here known as the Bradley zone. Two young
and immature examples of C. atoliczkenum were obtsined st Toeality 158 {Calif.
Acad, Bei.) saeocinted with the present species,

Cheloniceras populorunt n. ap.
{Flate 83, Agure B

A gingle lurge but incomplete example of a species of Chelenicercs nearly related
to C. bradleyt was found sesociated with it on the head of the east branch of Hulen
Creek (Locolity 156, Calif. Aead. 5¢i.), and a similar example of the same was found:
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on thoe North Fork of Cottonwood Creek, 1% miles above the mouth of Hulen Creck,
in the same zone, sgsociated with dcanthaplifes ap. and Turnus plenus Gabb.

In this specimen the major ribs occur in pairs, and on the latter half of the bady
whorl there aro ahout eight such pairs, some of which unite in a broad bulbous
tubercule on the umbilical border, others unite in a similar tubercule a litile below
the middle of the side; secondary riba occur between these paira arising on the lower
part of the whor) above the umbilical border, not tuberculate except on the ventro-
latersl zone; in younger whorla some of the major ribs bear prominent bulboszs
tubercules upon the border of the ventral zone. In form and geners! dimensions
this speciea is not unlike Cheloniceras bradieyi and securs in the same zone.

Cheloniceras irregulars Auderson, n. sp.
(Piata 44, figuren 3-4)

Shell of medium size, diseotdal, little compressed, with moderately broad umbili-
cus; few ribs, nearly all of one order, uniformly broad, saparated by interspaces &
little broader than the riba; in younger stages the ribg are furnished with threo
rows of low, spinose tubercules, which ara leat at a diameter of 50 mm., becoming
firet rounded, and then obscure except on the veotral bordera where they become
maore strongly developed; riba and interspaces crossing the periphery; ribs much
depressed in the ventral zone, forming a broad saddle between the elevated tubercules
on the ventral borders; tubercules elcngated parallel to the siphonal plane, promi-
nent only in adult stages, becoming lost in older atages, in which the ribs cross the
ventral area ap prominent ridges without tubercules. The holotype (Calif. Acod.
Sei. type Coll.) haa tha following dimensions; greatest diameter, 110 mm.; width
of umbilicus, 35 mm.; height of whorl, 35 mm.; thickneeas of whorl, 33 mm.; umbilical
ratio, 0.318:1,

In form and ornamentation thias speciea recalls “Acanthoceras’ confuaum Gueran-
ger, from the Cenomanian beds near Hanover, Germany, although near relationship
ia not elaimed. Tn general [eatures the form also bears some resemblance to Am-
monilea michelinianua d'Orbigny, referred to by Gabb (1869a, p. 130) in hia deserip-
tion of Chelonicerar stoliczkanum. Tha holotype of the present species was foynd
about 400 feet beneath the Buenaventurs zoue on thoe weat branch of Hulen Creek, 14
miles above ita cotrance into Cottonwood Creek. The shell of this unusual form
possesaes characters of Cheloniceras, but bas no spines in its youngest and oldest
atages, whereas in ita intermediste atages it develope a succession of changing typea
of spines. Ita horizon ix belisved to be near the boundary of Aptisn apd Albisn
atages, in the upper part of the Horsetown graup. Only a single specimen has yot
been found reforable to this species.

Chelonicerae reesidet Andorsan, n. ep.
(Flate 47, figure 1}

8hell moderate in size, discoidal, little compressed, broadly wmbilicate; section
of whorl subelliptical, a little infinted, rounded on the sides and on the umbilical
border, flattened or slightly concave om the periphery in young adult stages of
growth; sides costate, having primary and secondary ribs; primary ribs beating
three narrow, little prominent tubercules, sech mostly on younger whorls; ribs
becoming smoother and narrowly ridge-like at maturity, separated by wide inter-
apneed; gacondary ribg arize on the umbilical border ne fine intermediary costae,
becoming etronger near the ventral horder, without tubercules; all riba crosa tha
ventral area, slightly tuberculate on ita borders, but sag a little near the aiphanal
ling, The holotype (Calif. Acad. Sei. type Coll.} hos the following dimensions:
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greatest diameter, 91 mm.; width of umbilicns, 42 mm.; height of whorl, 28 mm,;
thickness of whorl, 26 mm.; umbhilical ratio, 0.451:1., Thia sapecies greatly rezembles
dcanthoplites multispinatus (Anthula), as Sgured (Anthula, 1900, p. 118, pl. 10)
by this author. There is less resemblance seen in the figures given by Sinzow (1907,
pl. 7, figa. 1-6}, except in the younger stages. Three examples of thiz apecics were
obtained a little beneath the Buenaventuyra zone, on the west branch of Hulen Creck,
where it seeme to be somewhat abundant. In ita younger whorls this species ex-
hibits at their beat the apineas features of Chelontceras, which are largely loat in the
more mature stagen, ag is the caae in other apecies of this genua.

Chelonicerar (Procheloniceras) hindsi Anderson, n. sp.
{Plata: 81, Lgares 1-3)

&Shell of medium size, inflated, broadly umbilicate, strongly costats, section
of whorl aubeireular, broader than high; umbilical walla ateep, rounded above, cury-
ing regularly to the rounded sides; sbout 40 ribs in two ranks, tho stronger arieing
on the umbilical wall, often bifurcating Irom elongated nodes on the umbilioal bor-
der; the alternate weaker ribs ariee on the side near the umbilical horder without
nodes; all riba cross the ventral zone without interruption, but with a slight Satten-
ing. Inyoungeretages of growth the mejor ribg besr two additional nodes, one near
the middle of the side, from which the ribs sometimes divide; the other and weaker
node on the ventiral border produces there 5 wide angls, and in young stages a Aat-
tening of the ventral zone. This shell, atthough heaving fewer ribs, bears much re-
semblance to Douvilletceras seminedosum (Sinzow) from the lower Aptian of France,
a8 figured by Kilian (1810, pl. 8, fig. 1). Tha holatype {Cakif. Acad. Sci. type Coll.)
waa found by N. E. A. Hinds on Fiddler Creek, a mile above its mouth, 10 miles south
of Qno, Shaeta County, in beds containing Acroleuthis shastensis, Acroteuthia im-
presea, and other speciea a little above the horizen of Shasticrioceras ponieniz nov.
The holotype has the following dimensions: greatest diameter, 50 mm.; width of
umbilicus, 34 mm.; height of whorl, 30 mm.; width of whorl, 40 mm.; umbilical ratie,
0.425:1. Threc otber Jeas complete axampleas of the same species were obtained at the
same locality, The horizon in regarded as upper Barremian.

Cheloniceras flenoyi Anderaon, n. ap,
{Flatn 25, Arure 3; plate 24, figure B)

Shell rather large, inflated, broedly umbilicate, heavily ribbed, the ribs separated
by interspaoces somewhat broader than the ribs themselves; ribe often double, cross-
ing the periphery without interruption or diminution; section of whorl broader
than high, elightly coranate. The holotype (Calif. Acad. Sci. type Coll.) consists
of & large fragment having the following dimensiona: length, 88 mm.; height of
whorl, 45 mm.; width of wherl, 50 mm.; width of ymbilicus (est.), 50 mm. This
holotyps wan found in *Zone U in the lower part of the Horsstonn group on Me-
Carthy Creek, near the Lowry-Paskenta rond, associsted with Terebraiula hane
nana. In genaral charaeters it in not unlike ¢. (Procheloniceras) hindst nov. from
near the same horizon on Fiddler Creek, in the Cottonwood district, Shasta County.
I% is, however, relatively broader, a8 compared to ita dinmeter, and iz more cogrsely
ribbed, and npparently larger.

DesuocEraTinAE Zittel, emend. Spath, 1921

Although thia family formsz an important clement in the fauns of the Lower Cre-
taceous of California, insofar ne definitely known, it is confined almost entirely to
the Horsetown group. There are records of the oecurrenes of members of the family
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in almoat the earliest beda of the Paskents group, but at best they are rare, and
the family doea not sttain prominence until the latter part of Horsetown time
fearly-middle Albian). From this time on, they appesr in increasing number up to
the elose of Horgetown time (1ate Albian) and they are plentifut in the lower beds
of the Chira seriea (late Albian and Cenomanian time). It is not supposed that the
several generio groups in this family have had local origin, slthough there are reasons
for belioving that most of them belong in & common lineage., Moreaver, there ap-
perts 10 ba sequential order in their appearance in the Great Valley embaymeonts,
and it may be poesible to find there antecedenta for some of them,

Withaut attempting st thia time a discussion as to their origin and development,
we may at lesst indicate hera & number of generic groups sod their stratigraphi-
cal sequence, ss follows:

Melchioriter Spath firat appesrs in upper-middle Hornetown (mid-Aptian) time,
aod continues only to the hase of the Hulen beda (lower Albian time).

Breamoceras Zittel {group of D. voyi), found only in upper Aptian herizona.

Puzopia Bayle, found in upper beds of the Horsetown group (upper Aptian to
upper Albian time), continuing into tha Chico series (Cenomanian time).

Desmoceras (Latidoraclla) (group of D. merrfami), appesring first in the Perrin
zone with Dousilieiceras mammillatum var. {middle Albian tima), but having its best
dovelopment in the Neptune zone (upper-middle Albian time).

Beudanticeras Hitzel is found Grat in the Neptune sone, with the preceding, and
continues into the Chico series (uppermost Albian time).

It may be sdded that Puzosia (group of P. planulale) is found with Ozyiropideceras
pockardi nov, in the upper part of the Borzetown group {upper Albian); Dennoceras
{group of . jugale and D. alamoense nov.) also appears in the lower beds of the
Chico series with Pervinguieriz inflals var. These forms are followed in the Chico
seriza by various cthers that are referabls to either Desmoceras, Puzosia, or later
to Houericeras, byt these will be eonsidered at s later tims.

Spath bas proposed for certein Valanginian members of this family the generie
name Eodesmoceras, but no forma referable to this group bave yet been recognized
in the Califarnia Crataceous, or perhaps on the Pacific Conat.

It mey be noted in passing that in their atratigraphic arder all the recognized
genera of Desmoccratidae are preceded by the earlicr groups of Parnhoplitidae—
nemely, by Parchopliloides Spath, and, except for Melchiorites of the Aptian, by
soveral apecies of Porahopliter. Spath hos supposed, hewswver, that the family
Desmoceratidae includes a heterogeneows assembloge of types having origin in
Phylloceratidae or in part in Lytoceratidae, both of which abound in the lower
beds of the Shasts geries (Paskenta graup).

Deamuaceras poyi Anderson
(Plate 44, figures 4-7)

Desmoceras voyi AxpERsoN, Calif. Acad. 8ci,, Pr., 3d ser., vol. 2, 190%, p. 100, pl. 3,
fign. 89, 00; North {ork of Cottenwaod Creek, Shasts County.

Shell rather small, discotdsl or slightly inflated; umbilicus deep and narrow;
ventral surface rounded, sides sloping gradually to the ventral border; marked by
numerous fine flaxuous growth fines aod about six flexuous trangversa grooves, seen
more oiten on the cast; grooveas bordered by o slight ridge an the shell; ridges more
prominent on the periphery, here hending strongly forward, forming a sinua; sestion
of whorl semi-elliptical in gpecimena of 50 mm. dismeter, wherens it is more nearly
eircular in younger shells, The involution is deep, the outer whorl embracing mere
than thres-fourthe of the preceding whorl, The suture line is Deamacerstid, similar
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to that shown by d'Orbigny for Ammonites latidorsalue, to which this apecies ssems
clogely related. According to Kilian and Reboul (1801-1808, p. 256), this form should
be referred to Koesmaliceras {group of Madrasiter bhavani (Stoliczka)), but the
bagis for thin view is not clear and needs confirmation. They have included vader
Koasmaticeras various ammonite {orms from widely separated horiaons in California
and British Columbian sections, ranging from Juraasic to Senonian, although moat
of the species deseribad as such from Seymour Island and Snow Hill seem to be
Senonisn in age, Dramocergs voyt somewhat resembles D, datsoni Whitesves, with
which Yabe has compazed it, although regarding them as distinct. D. voyi occurs
in the Argoneut zone (middle Horsetown) where it is aasociated with Lyloceras batesi
(Trask) and Melchiorites shaatensis nov. in a middle Aptian horizon of the Cotton~
wood district, Shasta County. Tha holetype of D, voyf Anderson is in the Museum
of Palecntology, University of Californis, and was found by the writer on the North
lork of Cottonwood Creek, noar Ono, Shasta Coynty. Other examples bave since
been found in or near the Argonaut sone. It has the following dimensiona: grestest
diameter, 53.3 mm.; width of umbilicus, 8.4 mm.; height of whorl, 31.5 mm.; thick-
weess of whorl, 28 mm.; umbilieal ratio, 0.157:1. Specimens from the southeastern
part of Graham Island, 2 miles north of the Indien village of Skidegate, which are
indistinguishable from the California types, sre in the collections of the California
Academy of Sciences. They occur there associated with Eyfoceras argonoutarum
Anderaon, and with Aucells indigenalie nov., and other Aptian apecies. An example
of Deamoceras voyi (rom thia place, with sn example of Aucells adhering to it, is
figured on Plata 40 (figs. 6, 7, 8, and 8a). D. voyi was erroneously referred by Kilian
and Reboul (1900, p. 25) to the upper Qault of the California sedtion, although as
atated in tho original deseription ita atratigraphical position is much lower. It is
the oldest apecies of Desmoceras (2. 5.) yet recorded from the Lower Cretaceous of the
Weat Coast,

Desmocerar (Latidoraella) merriami (Anderson)
{Plato 43, Bgures 1, 2)

Ammonites Hoffmanni Gapa (in part), Paleent. Calif., vol. 2, 1889, p. 131, pl. 20, fga.
8, 8a; Cottonwood Creek, Shaata County.

Pachydiscus merriomi ANDERsON, Calif. Acad, Sei., Pr., 3d wer,, vol. 2, 1002, p. 103,
pl. %, fige. 135-138; Hulen Creek, Shasta County, California.

The holetype of thia species iy in the Museum of Paleontology, University of
California, and ten or more examples of it from the locality of the type are in the
collections of the California Academy of Beiences, including the Ggured specimens.

Tha specimen figured by Gabb aa the thicker form of Ammonites hofmanai is in
the colleations of the Academy of Natural Sciences of Philadelphia and was loaned lor
examination end comparison. Itis a good example of D. merriami snd, according to
Gabb’s notation, sppears to have come from the Neptune zone on tha Nerth fork of
Cottonwood Creek. This example was made the genotype of Hyatt’s proposed
genus "“Pleuropachydiscus,” which, if it bas validity at all, chould be regarded as a
subgenus of Desmoceras Zittel and by priority should replace '*Latidorsella’ Ch.
Jacob. The holotype of Desmoceras merriamt (Anderson) has the following dimen-
sions: greatest dinmeter, 97 mm.; width of umbilicus, 17 mm.; height of whor!, 51
mm.; width of whorl, 47 mm.; umbilieal ratio, 0.175:1. It is acptate throughout,
and ig the inner whorl of a much larger example. Fragmeats hnve been found that

3 Py aome mischance, not dus 1o the author, a page of the arigioal mamscript (1002, Intended for A follow.
|ng apeclea,—Pechpdiscus Aenlepensis,—wus Ineludsd in tha disetiption of D. merriasmi, to which other arrors
wore ndded in comparing the species with ** PacApdiseus™™ susiarmels (Oabl), not Meek,
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indicate s dismeter of 10 inches. The ahell in robuat, little compressed, rounded on
the abdomen, has & amall ymbilicus, of which the walia are abrupt below and rounded
on the border; surface marked by about eight transveras, sballow, somewhat sig-
moidal grooves, seen only on the cast, bordered in front by reunded ridges on tha
shell, more prominent on the abdominal area. The suture line of the spacies, not
shown on Hyait's “holotype," is clearly that of Desmoceras, resembling very closely,
aa far as it ean be fraced on the holotype of D. merrtamt and, on topotypea of the
same, the Bgure of Ammentles latidorsatus given by d’Crbigny, although not shewing
the same number of suxiliary elements at ita dorsal end. This species is plentiful
at Locality 1659 (Calif. Acad. Sci.) in the Neptune zone of the Horsetown groip on
Hulen Creek, where It {8 ansoviated with Douvilleiceras mammiliatum var., Beu-
donticerae brewert (Gabb), Puzozia subquadrelum {Anderson), and other apecies of
middle Albian sspect, Other examples of the same genus, and perhaps species, were
found in the Perrin zone st Locality 152 (Calif. Aead. Sei.), about 450 feet lower
in the section, assceiated with Phylloceras theresce nov. and forms of Sonneratic
and Puzosia.

No example of D. merriom{ has yot been recorded from any strata ar in any asso-
cistion of forms that permit its refersnce to an Aptian horizon. Ite horizen is
eagentially that of the Neptune zone in the upper pert of the Horaetown group;
it bas not been found at old Horaetown iteelf, or in higher beds.

“*Degmocerad’ coltfornicum Stanton

Desmoceraa californicum Svaxtox, U. 8. Geol, Surv,, Bull. 133, 1808, p. 76, pl. 15, figs.
% 7;dahout'3 milea north of i’askeuta, Tebame County, and balf a mils east of
enidarson’s,

The lueality of discovery of thin fossil places it very definitely within the arsa
of the Paskenta group, alithough not far from its base, It iz not known whether
the form figured and described by Stanton under thia nsme is properly referabls to
any genus of Desmoceratidae, since representatives of thia family are absent or mare
in the Pagkenta group. In form, umbilical ratie, ribbing, septal, and other features,
it is unlike any forms belonging to this femily known to the writer. Stanton unfor-
tunately compared it to & nondeecript specimen figured by Gabb urder the pama
Ammonites brewerd, said to have been found in the uppermost bedn of tha Horsetown
group. The comparison leavea much to be desired, and is hardly helpful, Spath
has propesed the generic nama Eodeameceras for certain forms (group of Ammeniiea
celestint Pictet and Compechs) from the Valanginian, but Stanton’s species can
hardly be placed in this group, which otherwiee ia not known in the California Cre-
taceous. A better specimen of an ammeonite that seemed referabla to ‘*Deamocerae"!
colifornicum Stanton was found in nearly ita horizon half a mile south of the Wileox
house, &5 miles north of Paskenta, but it could not ba obteined for deacription. Itis
poesible that hoth examples may represont zome hoplitid derivative form, but neither
the fgure, horizon, nor description given by Stanton seema sufficient basis for a
positive statement aa to ity family relationships.

Melehigritea Spath 1923
Melehioriles shastensts Anderson, n. ap,

. (Plate 40, figures 1, 2)

Shell rather lorge, discoidal, moderately compressed, umbilicus moderately
broad; sides of shell sloping to the somewhat narrowly rounded periphery; urahilical
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walls stesp, rounded above to the slightly fattened sidea; eurlace marked by 9 or
10 alightly sinuous, rounded varices, which bocome more prominant near the periph-
ery, most ol which are bordered by shallow grooves; interspaces occupied by 12 or
more fine radial costae, more pronounced on the outer part ol the whar); suture lines
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F1oURE 3.—Suture lines

1=0f Acaniboplites porini now. Drawn fram the helotype. p. 172, pl 33,

A= Puzoris dilleri (Anderwon). . 183, pl. 42.

3—Partlal sature lins of Amndbopliles aogis oov. Drawi frota bolotypa P, 171, i, 33,

+-0f Sonperelie sienfoni (Andamson). Drawn from young adult example. Mwseumn of Paleontology,
Univemsity of Caldornin, p. 196, pl. 40,

5O Clasmiceysa lasoonisi (Andemson). p. 192, pl. 7.

€00 Pusonio subgquadrale (Anderaan). p. 184, pL 45,

7=01 Sonneraiis ctamioni Anderson. Drawn Irom an inner whorl of holotype.  p. 199, DL, 48,

8—O1 Melehioriiss indigenaa now, p. 1M,

9-~Partial suture lne of Acenthopliler remsmdi {Gabb). p. 172, pl 3,

(Unleos oiborwine noted, suturs llnes wers drawn from brlatypee in. Mwseum of Palesotobegy, Uoimorsity
of Califormis )

gimilar to that shown in the next spaciea. The holotype (Calif. Acad. 3ei. typs
Coll.), septats throughout, bas the following dimensions; greatest diameter, 108
mm.; width of umbilicus, 25 mm.; height of whorl, 49 mm.; thickness of whorl, 3¢
mm.; umbilical ratio, 0.236:1. Thin example and tho syntype (Calif. Acad. Sei.
type Coll.) were obtained at Locality 1348 (Calif. Acad. Sci.), u little above the
Argonaut 20ne on Alderson Creck, Shosta County, associated with Lyloceras batest,
Phyllocerae aldersoni, and other species, a littla above the horizon of Tropaeum
percoatalum (Gabb), Examples of the species are in the Museum of Paleontology,
Univeraity of California; they were apparently labelled by Gabb, “Ammontles
hoffmanni,"” and were left there by the old State Geological Survey. They do not
cloaely resemble Puzosia hoffmaani Gabb of the upper part of the Horsetown group.
The horizon of this apecica in that of the Argonaut zone, or immedirtely above it.
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Melchiorites indigenes Anderson, u. ap.
(Plaia 87, Sgyrs 3: plate 68, Spnes 3)

Desmoceras hoffmannt AxpereoN (not Gann), Calif, Aead, Sei., Pr., 3d ser, vol. 2,
1902, p. 94, pl. 5, figs. 120, 121; Cattonwood Crack, Shasta Count.y.

In the Museum of Paleontology, Univarsity of California, thera are various ex.
amples of desmoceratid ammonites left thers by the old State Geclogical Survey, and
preaumably labelled by Gabb. They represent two or more apecies, all bearing the
label "'Ammoniter Hoffmanni Gabb." Ag Gabb’s (1834, pl. 11, figs. 13, 13s) figures
are probably compuosite, these specimens have been the source of unesrtainty.
Gabbh's type waa sald to have been found at Horastown, where others have singe been
collected, including the lectotype of Puzosis Aoffmanni (Gabb). Moast of the speci-
mens labelied by Gabb as "Ammoniles Hoffmannt’’ ate not very closety related to
the lectotype; some of the compressed specimens, including the holotyps of the
present species, come under the generie group of Meichiorites Spath. Thia apeciman
ig in the Musewn of Paleontalogy, and wae figiirad by Anderson. The plesiatype
(Calif. Acad, Soi. type Coll.) has the following dimensions: greatest diameter,
82 mm.; width of umbilicus, 30 mem.: height of whorl, 35 mm.; thitkness of wharl, 25
mm.; wmhbilical ratie, 0.326:1. The surface of the shell is marked by eight slightly
eurving varices which crosas the periphery, where they become somewhat thickened.
Thesa varices are hordered befora by ghallow grooves, most notizeable on the periph-
ery; between these ridges are wide interspaces occupied by six to eight rounded
costae of uniferm size; section of wherl fatly elliptical, broader on the lowsr thicd
of the whorl; umbilicus of moderate width, with steaply sloping walls, rounded on
the bordera; borders often bearing bullae, which are but little prominent; suture
line not unlika that of Fuzosia hoffmannd (Gabb), an hersin shown.

The figured plesictype was found at Looality 1348 {(Calif. Acad. Sci.) on Aldéerson
Creck, ssociated with Philloceras aldersoni, Lytoceras batest (Trask), and Tropasum
percostotum (Gabb), Ita horizon iathat of the precoding epacies. It differs from the
preceding in that it is less inflated in the lowsr third of the whorl, has & more rounded
gaction at the periphery, and is comparatively smaller and smoother. The species
has been found in the samas horizon, assaciated with its congoener, on Roaring Rivar,
near the Middle fork of Cottonwood Creek, and apparently on McCarthy Creek,
Tehamsa County.

Puzoric Bayle

Bpecies of the genus Puzosia oceur in considerabls variety in the upper part of the
Horsstown group (upper Aptian to upper Albian}, and continae into tha Cenomanian
of the lowsr part of the Chiro geries. Most of the species appesr to belong to tha
group of Puzoria mayoeriana (d'Orbigny), and in the order of their occurrence inelude:
Puzogin bucnaveniurg nov., F. ditleri (Anderson}, P. aldertona nov., P. subquadrals
(Anderson), P. kaffmannt (Gabhb), and P. jimbot nov, Of these formas the first ocours
in the lowest zona in which Douvlieiceras mammillalum var. has beon found, and the
laat in the lower bada of the Chica teries; the others are found in intervening strats,
moatly near the middle of the Hulen beds. With Puszosis buenareniura are found
Puzosia reesidei and P. diadema nov., which perhaps should not be ineluded in the
apme group. Both tha latter ara thinner in ssetion, and the firat of these has fawer
costee intervening between the tranaverse grooves; the second is smsller, has only
faint sonstrictians, and a greater number of costae between them. Puzosia reesidet
has some of the characters of P. jimbot, and athers that recall Melchtorites Tndigenes
of the middle Aptian. To the group of Puzosia diadema of the Buenaventura zone
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muy be added Puzosia onona nov. &t the top of the Horsetown group. Both hava the
fiattened, dizcoidal form, emsall umbilicus, and {aintly impressed constrictions of
Puzoria communis Bpath, aome of the forma of which they resemble (Spath, 1922s,
figs. 3a, 3b}.

Puzosta buenareniura Anderson, 1. ap,
{Flate 40, Egure 3; plate {1, Gguse I, 2)

The shell of this species is rather large, section of whorl subeircular, umbilicus
brood, walls of umbilicus abrupt below, rounded sbove to the curvature of the
inflated side; aurface of side marked by seven or sight sinuous transverse grooves
which arise on the umbilieal wall and eross the ventral ares with a moderate forward
swing; sidea eoatate between the gronves with shout 20 rounded, sinygua costas often
dividing near thy middle of the side; suture line resambling that of P. heffmannd
{Gabb). In its older stages the mbbing on the body whor]l changes to a different
type, developing streng and nestly straight tibs, separated by tonoave interspaces
20 to 3 mm. broad, showing only irregular lines of growth, The holotype (Calif.
Acad. Sei. type Coll.) was found at Loeality 1348-A (Calif. Acad. B¢i.) nn the west
branch of Hulen Creek, a mile above its month, associsted with Douvillelcerar mam-
. millatum var., snd other forma of Puzosta. The septate portlon of the holatype
has the following dimenzions: greatest diamcter, 105 mm.; width of uwmbilicus, 40
m.; height of whorl, 36 mm. ; width of whorl, 41 mm._; umbilirsl ratio, 0.38%:1. The
body-chamber cecupies at lsast two-thirds of a whord; with the body-chamber
attached the dismeter of the antire coil ia 160 mum. This species is believed to belong
exclugively in the Buenavantura zons at the bottom of the Hulen beds in thia district.
It bas been found at the same horizon on Alderson Creek, 2 miles south of Ono, and
fragmentary cxamples have been found on Dey Creek, weat of Rosewond.

Puzosia dilleri {Anderson)
(Plata 43, Squres 1, 2, 3; phata 40, figurs 1]

Desmoeeras diller! Axpensox, Calif. Aead. Sof., Pr., 3d ser., vol. 2, 1802, p. 97, pl. 4,
figa. 118, 117; pl. 10, fig. 199; Cottonwond Creek, 8hsata County.

This species is rather large, diacoidal; a little compressed; umbilicus hrosd,
not deep, walls abrupt below, rounded above, merging with the rounded sides;
section of whorl broadly semi-elliptical, with sides tending to converge toward the
periphery; surface marked by six slightly sinuous, shallow grooves which arise on
the umbilical walls snd sross tha ventral area with only a slight sinus; interspaces
betwesn tha grooves cecupied by 18 to 20 low, rounded costae; suture as shown.
The holotype of this species is in the Museum of Paleantalogy, University of Call-
fornis. It is wholly septate and hau the following dimensions: greatest diameter,
115 mun.; width of wnbilicus, 45 mm.; height of wherl, 45 mum. ; thickness of whorl,
46 mm.; umbilica] ratio, 0.391:1. This species is intermediate in form, surface
groamentation, and atratigraphical position, between P. buenoreniyrs and P. hof-
manni (Gabh). It is not unlikely that the line of descent inelades the three forme;
thia line may terminate abave in P. fimdoi nov, (= Puzosia {shikawai Smith, not
Jimbe). Tha holotype of P, dilleri was found by the writer om the esst branch of
Hulen Creek, about 400 feet beneath the Perrin sone and therefore about 1500 feet
below the top of the Horsetown group. Two sdditionsl specimena are in the collec-
tions of the California Academy of Sciences, obtained from Locality 1688 (Calif.
Acad. Sci.) from a somewhat bigher horizon than that of the holotype; its struti-
graphic poaiitiun is in the lower part of the Hu)en heds {lower Alblan) in this district.
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Puzosia subgusdrata (Anderson)
(Pinte {5, figares 3, 4, 8}

Desmoceras subgquadrala ANpeason, Calif. Aead, Soi., Pr., 3d ser., vol, 2, 1902, p. 96,
pl. 4, ﬁﬁ' 118, 119; pl. 10, fig. 193; Cottonwood Creek, Shaata County, upper
part of Horsetown group.

This apeciss is ¢losely related to P. dilleri but differs in form and ornamentation,
baving no transverae grooves or anly faint traces of them. 'Tho ribs are more nearly
uniform in eize and somewhst cosrser than the minor riba of the preceding specics.
The holotype is in the Mureum of Paleontology, University of Californin. The
plesiotype (Calif. Acad. Sci. type Coll.) hea the following dimensiona: greatest
diameter, 102 sum.; width of umbilizus, 34 mm.; beight of whorl, 43.3 mm.; width
of whorl, 40 mm.; umbilieal ratio, 0.333:1. This example was obtained st Locality
1659 (Calif, Acad. Sci.) on the east hranch of Hulen Creek, in the Neptuna zone,
aseociated with Dourvillsieeran mammillalum var,, Beudaniiceras breweri (Gabh),
Lylaceras neptunium nov., and mapy other species. Its horizan is regarded as upper-
middis Albian, This specics ia among the number indicated by Kilian and Rebeul
(1900, p. 25) as being referable to Kosamaticeras Grossouvre, but it is not apparent
that that gemus, or that sy of the subgenera sought to be established by these
authors, has representatives in the Lower Cretaceous of California. No apecies
mentioned by tham can properly be regarded as within the legitimate limits of either
form or horizon assigned to Kossmaticerns, as defined by Grossouvre or by them-
selves, The genus, as indicated by ils author, should he restricted to-Upper Cre-
taceous atrata,

Puzoria aldersons Anderson, . sp.
{Plate 39, Sgure 2)

Shell robuat, large, slightly compressed ; umbilicus of moderate width, bordered
by steep walls, rounded above; section of whorl broadly elliptieal, higher than broad:
gurface marked by five nearly straight, or alightly eurved, shallow transverse grooves,
bordered by ridges which, on the ahell, form ouly s slight einug in the ventral area;
interspeces between grooves aceupied by about 20 to 22 rounded costas; sutura lines
orowded, but similar to those of P. koffmannt (Gabb). This species is closely re-
lated to P. diflert (Anderaon) but it is more robust, hae & smaller umbilical ratio,
and increases more rapidly in size, having a higher whorl seetion. Its harizen Ia
above that of P. dilleri and below that from which the type of P. hoffmanni came.
The bolotype (Calif. Avad. Bei. type Coll.), eeptate throughout, hes the following
dimensiong; greatest diameter, 180 mm.; width of umbilicus, 53 mm.; height of
whezl, 77 mm. ; width of wharl, 85 mm. ; umbilical ratio, 0.206:1.

The helotype was found on Alderson Creek, 2 miles south of Ong, in the upper paré
of the Boraetown group (upper-middle Albian), a little below the herizon of Ozytropi-
doceras pockardi nov. ; it has not been found in any other horizon, Twe fairly good
examples were found at the type loeality. This is one of the largest species of
Puzogia yet found in the Crotaceous of California. It has some resemblance to P,
matheroni (d'Orbigny), from the lower Aptian of France, but its critical measure-
menta are different, and its stratigraphical position ia much higher.

Puzosia hoffmanni (Gabb)

(Platq 45, figures 1, 3}

Ammonites Hoffmanni Gane, Paleont. Calil., vol. 1, 1984, p. 6%, pl. 11, figs. 13, 13a;
pl. 12, fig. 13b; Horsetown, Shasta Couuty%’rm'rou. Geol. Soc. Am., .fiull..
vol. 4, 1893, p, 260, 261; locality as above.
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Deamocerar hoffmanni SrantoN, Geol. 8se. Am., Bull, vol. 5, 1884—ArvEnson,
Calif. Acad. Bei., Pr., 3d ser., vol, 2, 1902, g g4 (in part), pl. 10, ig, 203;: Cot-
tonwood district, Shasta County (not pl. 5, fige. 120-123); upper beds of the
Horastown group, Horsetown, Shasts County.

"The holotype of this apecies scoms to have been lost, and it is therefora permissible
to chooee a lectotype. Gabb's original figures of the species seem to be compusite,
and to be based upon more than one apecies, and therefore are defective, The
loctotype (Calif. Acad. 8ei. typs Coll.) has the following dimensions: grestest
dizmeter, 86 mm.; width of umbilirus, 21.5 mm,; height of whorl, 38 mm.; thicknesa
of whorl, 30 mm.; umbilical ratio, 0.338:1. This specimen was obtained at the
old mining camp of Horaetown and is the only form of Puzosia found there that can
properly represent Gabb's species, In thin lectotype the section of ths whorl is
more inflated than in Gabb'e figures; the conetrictions are broad snd are borderad
behind by a rounded ridge; there are usually six or seven conatrictions on a single
whorl; they sre flexiradiate, curving at first forward near the umbilical border, then
gently backward to above the middle of the side, then forward again, crossing the
ventral zons with a forward sinus; between the conetrictions the surface in marked
by 18 to 22 rounded costae, atl of which crops the ventrnl zone. The walls of the
umbilicus are abrupt below, rounded above, the curvature merging into that of the
alightly inflated sides. ‘The examples of thin spacics obtained by the writer from the
type loeality may be regarded as topotylies; moat of them have only six conatrietions,
and all have fewer than are shown in Gabb's drawings, but the messurements given
above do not differ materially from thoss obtained from hia figures.

This apeciea appears to belong to the group of Puroria mayoriana (d'Orbigoy), as
Been in jte extarnal form, ernamentation, and sutural charaetars. Other examples of
the apeciea have beon obtained from Loeality 1650 (Calif. Aead. Sei.) in the Neptune
zona on Hulen Creek, and on Bee Creek, and on the Nerth fork of the Cottonwood
Creek,

Puzosia reesided Anderson, B. sp.
{Flaty 38, dgures 2, 1)

Thisg is one of the amaller farma of Pizosis from the Hulen beds of the Cottenweod
distriet. Tha ehell is discoidsl, compressad, moderstely involute, with flattened
pides, narrowly rounded periphery, which becomen alightly flattened in mature stages
of grawth; whorla costate, with low sigmoid c¢ostae, and sbout eight rather narrow
constrictiona cropsing the sides obliquely; umbilical walle sameoth or polished; the
younger atages are more strongly costats than those of later steges. In form and
ornamentation the apeciea differs from any of its congeners, and is distinguished by
itn Anttened gides and its strengly imclined costal features. The suturs Hnessre
not well ehnwn, The holotype (Calif. Acad. Sci. type Coll.) was found st Locality
1848-A (Calif. Acad. 8¢i.) in the Buenaventura zone, nssovisted with P. buenaven-
tura, Douvilleiceras mammillatum var., and Silesites puzosiaformis nov.

The holotype has the following dimensioos: grestest diameter, 49 tum, ; width of
umbilicus, 15 mm.; beight of whorl, 21 mm.; thickness of whorl, 14 mm.; umhbilical
ratio, 0.3068:1. The paratype {Calif. Acad. Sci. type Cell.), a smaller and relatively
thicker form, was found st the same loeality, Although the gpeciea scoms to belong
to the group of P. mayoriang {d'Orbigny) it differs rom other members of this group.
It may represent o transitional form between Melchioriler shaslenais nov, and later
formas of Puzoris, ? group of P, onona nov. in the uppermost Horactown beda,

Spath (1922, p. 127} proposed the generic name Kilchiniles for formse similar to
thig and the follawing flour specica,
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Purosio diadems Anderson, n. sp.
(Plato 43, Bgurss 9, 10, 11, 123}

The four examples of thie species are small, disooidal compressed, with moderata
or small umbilicus and fine ainusus costan; umbilical walls stoping, reundad above
and merging into the convex sides; suriace of sides marked by three or four shal-
low, Hexuous grooves, inelining forward, and crosaing the ventral zene with a for-
ward sinus; interspeces between grooves ocoupied by 20 or mere fine costal Jinea;
gection of whorl narrowly elliptical. The holotypa {(Calif. Aead, 8ci. type Coll.),
almost whally septate, hag the following dimenaiona: greatest diameter, 20 mm.,
width of wmbilicus, § mm.; height of whorl, 9 mm.; thickness of whorl, 6 mm.; um-
bilical ratio, 0.240:1.

The diameter of the syntype is 16 mm.; thicknesa of whorl, 5 mm. All the exam-
ples ware found at Locality 1346-A (Calif. Acad. Sei.), & mila above the mouth of
Hulen Creek, on the west branch, assooisted with Puzosic buenaveniura std Dou-
villeicerar mammillatum var., in the Buenaventura zone, in the lower part of the
Hulen beds, The form may be the precuracr of Puzosia onona nov,

Puzesta jimbel Anderson, n, sp.
(Plats 42, figum 5,0 7)

Desmoceraa izhikawai Smitn -E:gat Jiupo), Calif, State Min, Bur., Bull. 69, 1914,
Folio, opp. front cover, Ag. 6; Jackess Flat, near Horsetown, Shasta County.

Shell small, discoidal, compressed, numernusly costate; umbilicus of moderats
width, walle abrupt, reunded above; surface marlkeed by eight alightly einucus groaves
srising on the ambilies) wall and crossing the ventral area with a forward sinuas;
younger whorls not showing grocves or costae crossing the periphery; interspaces
between grooves aecupied by aix or mare small rounded eostas, often dividiog at the
umbilical berder, ar pear the middle of the side, and stronger on the upper part of
the whorl; sutures not knowm. The holotype (Calif. Acad. 8ei: type Coll.}, hall
septate, has the following dimensions: greatest dinmeter, 23 mm.; width of um-
bilicas, 7 mm.; height of wharl, 10 mm. ! thickness of whorl, 9 mm. ; umbilisel ratic,
0.304:1. The largest example of this species yet scen meagures 40 mm. io diameter.
The paratype (Culif, Acad, Sel type Coll.) baa the following dimenciona: greatest
diameter, 19 mm.; thickness af whorl, 7 mm. The horizon ig that of the uppermost
Horsetown group. Maoy examples were found in 1388 at Jackass Flat, & mile sast
of Horsetown ; moet of thoese were loat in the San Franeisco fire of 1308. The helotype
was among those recovered. The species diffars from ‘‘Desmoceras” ishikawa{
Jimbo {1804) in section, being relatively thinner, the umbilicus being much amaller;
it aleo has a greater number of trangverse grooves; it alao han only abhout 50 costae
to the whorl. The horizon of the present speries is not younger than uppar Albisn,
wherean Jimbo's specics if much later, perhops Senoninn.

Puzosia orona Andersan, n, sp,
(Plate 42, fipurs 8)

This species oecurs with the preceding in the uppermost beds of the Horsetown
group in the Cottonwaod distriet. The shell is small, disccidul, compressed, fat-
tened on the sides, numerausly eostate; umhbilicis small, walls abruypt, rounded on
the border; surfoee marked by five or more faint ginuous grooves which crose the
ventral aren with a distinet forward sinus; interspaces ceeupied by eight or more
fairly well marked, rounded costae; suture line not shown. The holotype (Calif.
Aead. Bei. type Coll.), mostly septate, has the following dimensions: greatest diam-
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eter, 30 mm. ; width of umbilicus, 8 mm.; height of whorl, 12 mm.; thickoess of whorl,
10 mam. ; wmbilisal rato, 0.267:1. The paratyps (Calif. Acad. Sei. typa Coll.) mesa-
grea: dinmeter, 18 mm.; thickness of whorl, 4+ mm. Both of these examples wera
found in 1398 at Jackaas Flat, o mile asat of Horsetown, Shaata County, and wera
among those recovered fram the San Francisco fire of 1008, This species resemblen
Puzoxia diadema, from the Buenaventurn zone, and it may be regarded as a lineal
successar from it.

Purcsta weavert Anderson, n. ap.
(Plata 42, Ggurs 4)

Shell emall, discoidal, compreased, and numercusiy costate; umbilicus relatively
broad, walls not abrupt, but rounded on the border, curving to the convex sides;
giden marked by about five transverse, shallow gooves, inclining forward sod eross-
ing the vantral area with & forward sinus; interspaces between grooves occupied by
eight to ten rounded coatae, separated by equally broad rounded hollowa; seetion of
whorl narrowly elliptical; suture line desmoceratid, although not completely ex-
posed. The halobypn of the species i in the Museurn of Paleontology, University of
California, and was lasned for study and deecription through the courtesy of Dr,
B. L. Clark, to whom the anthor is indebted for information as to ita oceurrenca.
It is well preserved in part, and hea the fallowing dimonaiona: grestest diameter,
55 mm. ; width of urabilicus, 19 mm.; height of whorl, 20 mm.; thickneas of whorl, 20
mrz.; umbilicsl ratio, 0.345:1. This example was found at the Fernandez tunnel
on the Santa Fe Bailroad, about 3 miles sast of Rodea, Contra Coesta County. Ita
herizon is not yet definitely known, but it is presumably from beds of upper Horgo-
town Bge, Blthough thoy may be younger. The beds appear to be nearly equivalent
to those southenst of Crocket, from which s large Eragment of Acanthoplitze hus been
obtained. The species is named for Dr. C. E. Weaver, in recognition of valuabla
sontributions mada to tha geological and paleontological Hierature of California and
of ather western States. One or two sdditicnal ammanoid species of upper Horse-
town aga have been reported from the neighborhood of this tunnel,

Beudanticerga Hitzel
Beudanticeras brawer? (Gahlb)
{Plate 43, fgures 3; plats 44, Ggures 1, 2)

Ammaoniles Brewert Ganp, Paleont. Calil., vol. 2, 1868, § 130, pl. 20, Gg. 6; pl. 18,
fig. &b, only, (not figs. §, €r); Cottonwood ¢reek, hasta County,

Desmoceras braweri SrantoN, Geol. S8oe. Am., Bull., vol. §, 1884, F 446; Horsatown
Beds—(7) Woxrsaves, Geol. Burv. Conada, Mea. Foss., vol. 1, pt. 4, 1800, p.
284; Maude Island—AXNvERaoN, Calif. Acad. Sci., Pr., 3d ser., vol. 2, 1902, p.
62; Horsetown Beds, Shaste County,

Gabb's (1884, pl. 10) criginal figure and description of this species were quite defec-
tive, and be apparsttly abafdoned them.  In the second velumn af his work (Gabb,
1R60s), he gave 4 new figure and an emended description which better rapresents the
gpecies. The belotype ia in the collections of the Academy of Matural Soiences of
FPhiladelphia and was loaned for re-Gruring and description, through the caurtesy of
Dr. H. A, Pilsbry. The species is abundant in the upper part of the Horsetown group
on Hulen Creek and on the Xorth fork of Cottonwooed Creek. Many examples of all
sizes belonging to this apecizs were eollected at Locality 1650 {Culif. Acad. Bei.) ip the
Neptunezone on Holen Creek and also at the old mining camp at Horsetown, on Clear
Creek, Many examples of the apeeirs are in the Museum of Paleontology, Univer-
sity of Californin, and others are in the collections of Stanford Univeraity. With
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but little varistion they conform to the dimeusions and scuiptural features of thae
holotype, which maaaureana follows: graatest diameter, 122 mm. ; width of umbilicus,
36 mm. ; beight of whorl, 52 mm.; thicknesa of whorl, 32 mm. ; umbilical ratio, 0.205:1,
The spocies is found ab other localitiea on the weat border of the Great Valley embay-
ments a8 far south as Puerto Creek, but not abundantly. In the Neptuna zone on
Hulen Creek it is nssociated with Desmoceras merriomi (Anderson), Lyloceras nep-
{unium nov., Lytoceres aurarium nov., and Douvilleiceras mammillatum var. Ita
chronological horizon is regarded as upper-middle Albian, and ita stratigraphic
poeition is about 450 feat below the top of the Horsetown group st this locality
on the east branch of Hulen Creek.

Tha apecies grew to & considerahls size; fragments of it heve been found that
represent examples having a dinmeter of more than one foot (305 mm.), and & thick-
pess of 2 inches or more.  In old age moat of the ribs beeame obsolete,

A small example of the species has been sent to the California Academy of Sciences
by Dr. J. B. Reenide from a loeality “west of the big beod of Young Creel, Chitina
Valley, Alaskn,” elevation 3160 fest,

Beudanticerar hufenense Anderson, n. ap.
{Plate 44, figurea 3, 4)

This apecies ia closoly related to the preceding and occurs with it in meny places;
it diffara from it in ite smoother surface, smaller umbilicus, and thinner section.
The shell is without conspicucua ribs and is often quite amootl; the umbilical walle
are abrupt, angulated at the top at its juncture with the Aattened sides; surface
marked by faint growth lines which eross the ventral arca, ocensionally forming a
varex-like ridge on the periphery which has a slight sinus; surface markings irregu-
larly spaced. Tha holotype (Calif. Acad. 8ci. type Coll.), partly septate, has the
following dimensions: greatest diameter, 125 mm.; width of umbilicus, 35 mm.;
height of whorl, 53 mm.; thickmess of whorl, 32 mm. ; wmbilicsl ratio, 0.280:1. In
the eollections of the Californis Acsdemy of Sciences there are 26 or more examples
representing nesrly all sizes of whorl. They were cbtained at Locality 1659 (Calif.
Acad. 8¢i.), on the saat branch of Hulen Creek, Shasta County. With little varia-
tion they conform to the dimensiona and sculptural characters of the holotype. The
same apecies bas bheen collected at Horsetown and at other points in the Cottonwood
district; it occurs at the aame horizon in westam Glonn County and on Elder Creek,
Tehama County. An example was found by J. A. Taff and G. D. Hanna on Elder
Creek, in a boulder buried in the basal conglomerate of the Chico saries, avidently
derived from the upper part of the Horsetown group. Its herizen is thought te bo
that of the Naptune zone, in which it cecum in its type district.

Baudanticeras haydeni (Cabb)
(Plato 48, fgwm 3, 3)

Ammoniies Haydeni Gann, Paleont, Calif., vol. 1, 1864, p. 82, pl. 10, figs. 8, 8a; North
fork of Cottonweod Creek, Shaatn County.

Desmocerag (Puzosia) Haydent WaiTBAvES, Geol. Burv. Canada, Mes. Foes., vol. 1,
t. 4, 1600, F' 285; Maude Jsland, Queen Charlotte Islands—Avperson, Calif.
Acad. Sci., Pr. ad &or., vol. 2, 1902, p. 41; Horsetown bede, Shasta County.

According to Gobb's deacription, and as observed by the writer, the shell of this
species i3 compresaed, thin, and disecoidal, flattened on the sides and narrowly
rounded on the periphery; umbilicus relatively small, with abrupt walls. Flatteniog
of the ventral zone is rarely if ever seen, although Gabb notes this festure in his
description. Tha species is more frequently found in the basal beds of the Chico
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series, but has baen recorded from the upper part of the Horsetown group associated
with the preceding. Its cceurrence in concretionary blogcks in the pear bassal con-
glomeratea of the Chico series at the mouth of Hulen Creek lends support to the
Lelief that it ocours in the upper beds of the Horsetown group. The helotype is in
the Museum of Paleontology, University of Califorvia, and bas been loaned for com-
parison with the figured plesiotype from Horsetown, Shasta County. The plesiotype
(Calif. Acad. Sei. typoa Coll.) haa the following dimensions: greatest diameter, 57
mm.; width of umbilicus, 12 mm.; height of whorl, 28 rom.; thickness of whorl, 1t
mm. ; umbilisal ratic, 0.211:1.

The epeciea has boan found abundantly at Horsetown and at Texas Springs. It
ie usually without surface ornamantation, and is often smooth or polished.

Sileattes Uhlig 1903
Silesites pusoriafornis Anderson, n. ap.
{Plate 20, figures 0, 10)

Two fairly wall preserved examples of this genus ware found in the Buenaventurs
rone in the lower part of the Hulen beds at Locality 1346-A (Calif. Acad. Sei.) on
the west branch of Hulen Creek, Shasts County. They reprosent a single species.
The shell is small, discoidal, compresead, snd broadly umbilicate; ssetion of wherl
nerrowly eclliptical, with gently convex sides, sloping toward the periphery; sides
marked by alightly siouous transvarss grooves unequally spuced, which cross the
ventral zone with o forward sinus; between the grooves are 7 to 12 narrow costae
conceptric with them, also crossing the periphery without intarruption. The helo-
type (Calif. Acad. Sci. type Coll,) has the following dimensions: greatest diameter,
22 mm.; width of wnbilieus, 8 mm.; height of whorl, 8 mm.; thickness of whorl, 5.5
mm.; umbilical ratio, 0.381: .

This species very closely resembies Silesites desmoceratoides Stolley from Lage
San Martin, western Patagounis, to which it seems to be closely related. Stolley did
not definitely determine the age of the bads contsining this species but thought they
wore probably upper Neocomian, citing the view of Ch. Jacob, however, that the
genus Stlesites in not confined to the Barremian stage but may cceur in Aptian, or
cven in Albian strats in the south of France, At the type locality of our species in
the Cottonwood distriet, it oceurs in the same bods with Dourilleiceras mammiliotum
var., Puzosio dbucnaveniura, end othar aperies that range higher in tho gection. Tha
genus Silerites {a rare in the Cretaesous of Californis, this being the only record of its
oteurrence, Fragmentary specimens that moy pertain to the genus have been found
inbeds Iarther south that are regarded as Aptian, Whiteawes deacribed a amall form
of similar appearanoce to which he gave the name *Holcodiscus'' laperousicnus, re-
ported to hove come from the east end of Maude fsland (Whiteaves, 1878, p. 39, pl. §,
fig. 3). According to Stanton {MacKenzie, 1916, p. 856) the formation may not be
older than Gault, ’

Holeodiseus Uhlig 1883
Genotype, Ammoniiles caillaudianus 4'Orbigny
Holcodiscus tehamaensis Anderson, 0. 8p.
(Plats &, figurn 5)

3bell large, colling lytoceratid, little involute, numerously costste with major
and minor riba and about 24 periodie constrictions to a mature whorl; constrictions
bordered on both sides by slevated ridges bearing irregular elongated spurs (on the
cant), four on each side; surface of shell batwesn major eostae bearing 4 to 8 inter-
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mediary finer coatac, alightly flexed on the side aud croesing the ventral zone without
interruption; umbilicus broad, sestion of wharl broadly elliptisal, a fittle sompresaed:
ribe srising on the umbilical wall with a elight flexure, rectiradiate on the sidea, or
ulightly flexuous. This speciey has the general featuren of, and gemaowhat resambles,
the genotype of Holeodizeur Uhlig, from the Wernsdorfer beds, although larger. It
has aven greater regemblance to H. seunest Kilian (1010, pl. 7, fg. 2) from the Bar-
ramian (Montagne de Luze) of France, from which it differs chiefly in its more Sexu-
qus coatac.

The holotype, No. A-2934 (Univ, Calif. Coll.), congisting of s large fragmentary
example, was found by R. L. Rist on MaCarthy Creek in the lower part of the Horse-
tawn group {lower Barremint), about & third of 3 mile west of the Paskenta-Lowry
rosd. The holotype hes the following dimensions: greatest diameter, 250 mm.;
width of umbiticus, 135 mm. (?}; beight of wherl, 75 mm. ; thickoess of whor, 60 mm. ;
wature lines not exposed.

CLEONICERATIDAE Whitebauea 1628

Whitehouse includes in this family Cleoniceras Parons and Bongrelll, Sennaratio
Bayle, erend. Bpath, and other genera not known in Califernia. The genera here
named are plentiful in the Hulen beds, in strata regarded sz middie Albian. Asfound
here these genera sppear to be closely related, na seen in their forms, ormamentation,
and suture linea, and they are found in & ralatively limited atratigraphies! range of
400 feet; in fact, examples of the two genera have been found within a distanes of 20
feet, aithough oot mingled in the same stratum. The forms referred to Cleontceras
ars lowar in the asction than Senneraffa. The more prolific hoeizona are shout 260
feet apart. The relationship of these genera to desmoceratids is not entirely clesr
but, a8 judged by their more important charaetors, they belang in the same lineage.
Their steatigraphical position is intermediate botween Meolchiorites (middle Aptian}
sed forms of Beudanticerss (upper-middle Albian), and all appear to have genetic
rclationship with Hoplitidas. The relationship of Cleenicerse to Beudanticeran
sanma to have been recognized by Spath (1923, p. 37), wherein he says, in part:

“Cleonicergs, Parona and Bonarelli, with which genus A. beudgndl was Srat in-
cluded, represents a short-lived parallel development, but on seeount of itg strong
ormamentation is here included in Hoplitidas. The suture lines ars closely com-
parable in il these forma until reduced, nnd saa Dr. Kitehin haa pointed out, the
suture lines of the apecies here included in Bewdoniicerss and those of Cleoniceras
show gond agreaments with those of the true Dasemoceraa (Lalidersalla, Jucab), and
the corresponding globoae development.”™

It may be added that the suture lines of Sonneratia sacrameniica, Puzosis subguad-
rata, Melehioritas shasiensis, and Desmocerae merriasi are very aimilar.

Cleonicerae lecontef (Andersan)

{Plate 38, figurs 4; plata 47, figuren 3, 4, 8)

Desmoceras lecontet AvpERson, Calif. Acad. Sel., Pr., 3d ser., vol. 2, 1902, p. 95, pl. 3,
figs. 84, 95; pl. 10, fig. 100; eagt breoch of Hulen Creek, Shasta County,

The holotype of thia spesies is in the Murewm of Paleontelogy, Universily of
Californis; o phatographic figure of it is here given. The shell is af moderate size,
diseoidsl, compressed, deeply involute, narrowly umbilieate; umbilical walls steep,
nearly smooth, [orming right angles with the sides: sides Oattensd, cowtate, with
numerous fexiradiate, rounded coatae, which divide o littie ahove the middle of the
side, sometimes branching into three sub-periphernl costae; interspaces rounded,
equal in width to the ¢ostse. The halotype of the species han the following dimen-
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aiong: greatest dipmeter, 72 mm.; width of umbilicus, 15 mm.; height of whaorl, 35
mm. ; thickness of whorl, 28 mem. ; umbilical ratio, 0.177:1. The costas do not con-
tinue scross the pariphery as a rula, although some of the varices do so with a glight
forward curve, the number heing sbout one to ten costas, Thess varices do not
appear below a dismeter of 35 mm., and often 30 mm. or more, as meaaured on ths
periphety, intervene betweon them. This and the following species somewhat
resemble forms of Berdanticeras, but they diffar from thoge of this genue found higher
in the zection, in baving o relatively amaller umbilicus and a more convex lenticular
section,

Claonicerns lecontei i found in eonsiderable numbers in & reatrictad zone about
1000 feet balow the top of the Horsetown group on Hulen Creek. It hes not yst been
found or recorded at any other horizon in tha Cottenwood district or elsewhere.

Cleonieeras modesinm Aunderson, n. ap.
(Plale 3, Sguros 3, 3, 4)

In size and form thia apecies is near the preceding, but lacks ite mors pronounced
ornamentation, being eithar emooth or only faintly costate and ehowing on its sides
oanly treces of fexiradiste markings, scarcaly to be called costae, even on the shell
itsell; periphery navrow, crossed oaly by a number of weak varices, having a forward
sinua but scarcely extending downward ou the sides; the shell is discoidal, the aides
flattened; umbilicus amsll, with abrupt and amooth walls; sides eloping toward the
periphery. In young atages of growth the chell is relatively thicker snd more
desmoaceratid in form, but in more mature stagea it bacomen more flatly lenticular
and smooth, as in the holotype. In form the shell is intermediate between Cleoni-
ceras leconlei and some lorme of Boudaniicerss, aa soen in B. haydent (Gabb), The
holotype (Calif. Acad. Sei. type Coll.) baa the following dimensions: greatest diam-
eter, 80 mm. ; width of umbilicus, 15 mm. ; height of whorl, 39 mm, ; thickneas of whorl,
24 mm. ; umbilical ratio, 0.187:1,

The suture line is partly shown in the figure and resembles that of the preceding
apecies. The hotrizon of thia form ia the ssme as that of C, leconte{—that is, in or
immediately sbove the Perrin zone, ga found in the Hulen Creek section of the Cot-
tonwood district.

Sonneralia Bayle, emond. Spath, emend. Whitehouse
Ganotype, Ammoniles dulempleanus d'Orbigny

Adopticg the suggestion of Spath (1985, p. 93), the writer here includes a group of
related epecies which oscupy s stratigraphic positien intermediste between middle
Aptian forms of Parahoplitea and middle Albian apecies of Beudaniiceras, aa found
in the Cottonwood district of Califnrnia. It appears that in character also, as well
04 in pouition, they are intermadiate between these genera, although they foreshudow
the latter more clasrly then they reflect the former. They are provisiooally placed
in Sonneratia, as having their nearest Europesn analoguea in the group of “Uhligella™
bafmeriais (Jacob), which, secording to 3path, “might with propristy be included in
Sonneratin.” Their atratigraphical position followa closely upon the principal zone
of Cleoniceras, and some of the forms such as Sonneratic rogerst Hall and Ambrose
could perbaps be placed in this genus. It is not claimed that ony of the specina here
described belongs to the group of Ammonites dulempleanus, but rather to that of
“htgelta’ balmenaia (Jacoh), an already noted.

Tor the proper nssignment of the California forms the greatest practical difficulty
seems to be in the matter of finding a satiafactory distinction between Cleoniceras
and Sonneratia on the one hand, and between Cleaniceras and Beudanticeras on the
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other, This difficulty is in no way clarified by the taxonomic record of the leading
species of the group—namely, Sonneralia sacrameniica—originally described aa
“Paehydiscus’ sacrameniicus Anderson. Spath (1922, p. 125) noted this avident
ervor and has referred the species to “Pleurepachydiscus’ Hyatt, which appesra to
be a nomen nudwn, The genotype of thia proposed group is the thicker form’
described by Gabb (1889a, p. 131) as Ammoniles hoffmanni, o species found in a
higher borizon—the upper-middle Albian—which has little relation to Senneratie
sacramentica.

Sonneralic socromeniica (seq.) bears evidence in itz younger atages of being
sirictly congenerie with the following apecies placed under the genus; it alsc ssems
to belong to the group of "Uhligella’” balmensis (Jacob}, as already indicated. The
views of Spath {1923, p. 35, 36) seem to be illustrated by the following texta:

‘Since Parshoplitidae and Hoplitidae aro considered to be trachyostracous
developmenta of Desmoceratidae, it mey be convenient on account of their tubercu-
laticn, o remove from Desmoceratidas the genug Cleonicerss (with which is included
NUhkitgells balmensis ga.uob}). and Jonneratia, though they are directly ronnectad
with “Thligella,” and Seudanticeras, and show tho same type and variability of the
suture-ling aa does Desmaoceras a. a. (= “Latidorsella,"” Jacab),.”

*Certain Aptian Pleuropachydiscus are often wrongly referrod to " Latidorselln,” ?
ie., Deamoceras 5. 2."

Theso views scem to be somewhat modified in a later paper, from which we learn
in his discusaion of Clessiceras baylel (Spath, 1925, p. 93):

“The epecies iz included in Cleoniceras rather than in Sonneraiia on acoount of the
smoothness of ita adult gtage and the disappearsace of the ribbing on the veater, It
robably represents a direct development of '‘Ulligeila’ balmensis éJMOb) which is
ar more strongly costate, and might with propriety be included in Sonneralia,
although its suture.line iz atill in the ‘Desmoceras’ stage.’’

Sonneratia porrinsmithi Anderson, n. ap.

(Pinta b1, figuren 8, 8, 7}

Shell of moderata size, dispgidal, moderately compressed; umbilicus not broad,
with somawhat abrupt walls, slightly angulated on the border; rides slightly flat-
tened or flatly rounded, numerously costate; costse ‘‘prormiradiate,’’ branching
above the middle of the side into two or three rounded ribs, curving strongly forward,
and crossing the ventral zoma with anly slight weakening, sa seen on the cast; tu-
bereules on the umbilieal borders much reduced.

This species ia distinguished by it greater number of ribs and by the mothad of
their branching: there are about 82 ribs at the veatral border. The ventral zone is
raunded or only faintly fiattened in the younger stagea, The holotype (Calif. Aead.
Sci. type Coll.) has the following dimensions: greatest diameter, 100 mm.; width of
umbilicus, 35 mm.; height of wherl, 32 mm. ; umbilical ratio, 0.35:1. This apecimen
was obiained at Locality 162 {Calif. Aead. 8eci.) oo the east branch of Hulen Creek,
nsmociated with Sonneralic sacrementica and S, tafi nov., and Douvilleiceras mom-
millaium var, at & horizon about 900 feet below the top of the Hulen beds of the
Horsetown group. Its horizon appears to be middle Albien,

Sonncratia {affi Andersen, n. sp.
(Plats 49, Ggures 4, 5)

This apecies bears some resemblanea ta S, perrinsmitht but is amaller, has a smalier
umbilicus and only about 56 to 60 costae; ventral zone smoother and leas strongly
costate than the preceding; suture line only imperfectly shown on the helotype.

The horizan of this apecien is that of the Perriu 1one, ot Locality 152 (Calil. Acad.
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8ei.} oo the east hranch of Hulen Creek, where it was associated with the preceding,
and with Phylloceras theresae, and the other species of this locality, ineluding Dou-
witleiceras mammillatum, var., 900 feet below the top of the Borzetown group. The
holotype {Calif. Acad. S¢i. type Coll.) afords the following measuremonts: greatest
diameter, 74 mun.; width of umbilicus, 24 mm.; height of whorl, 30 mm.; width of
whorl, 24 mm. ; umbilical ratio, 0.324:1.

‘This gpeciea ia named in honor of J. A. Taff, whose work and gooperation in the
field explorations in Shasta and Tebams eounties, in the vicinity of Mount Diable,
Contra Casta County, and in the Disblo Range, have been of much walue and im-
portance in stratigraphic determinationy and mpasureaments.

Sonnercite mullert Anderson, 0. Ap.
(Plate 51, gure 4; plate M, figuros 3, 4

Shell small, discoidal, compressed, umbilicus moderately broad; sides pomawhat
fattened, strongly costats, with “*prorsiradiate’” costas in two ranks: major nostae
arising on the umbilical border in bullze from which they brauch into twe, or
rarely threa, curving atromgly forward, especially upon the ventral border; minor
riba arising near the umhilical horder without nodes, branching Into twa costae; all
tiba aroaning tha ventral border without interruption, although weakened, and with s
pronmounced sinug; saction of whorls thinner than in the preceding species. This
spacics geeme to be somewbat clase to Senneratia ragerst in form and ormamentation,
although it has & wider umbilioua and fewer ribs. The holotype (Calif. Aoad. Sei.
type Coll.) has the Inllowing ditnensions: preatest dinmeter, 35 mm.; width of um-
bilieun, 11 mm. ; height of whorl, 13 mm.; width of sestion, 12 mm.; umhilioal ratio,
0.314:1, Thia exampla was found at Locality 152 (Calil, Acad. Sei.) in the Perrin
zone, where it oocurs sparingly with others of the same genus. Another oxample
uf the same species was found by 8. W, Mtiller in the sanme zone farther fo the west on
Hulen Creek, The apecies is named for this enthusiastin warker.

Senneratin sacramentica (Anderzon)

(Plate 42, Bgures 1, 3, 3)

Pachydiscus sacromeniieus Anpeasoy, Calil. Acad. 8oi., Pr., 34 sar,, vel. 2, 1902, p.
105, pl. 6, fign, 133, 134; pl. 10, fig. 195; east branch of Hulen Creck, Shasta
County.

Shell moderate in size, discoidsl, not strongly compressed, section of whorl in-
fiated in older utagen, sides rounded; sloping toward the roundad periphery; um-
bilicus moderately broad, walls sloping atacply below, rounded abova to meet the
gently inflated sides; involution moderate, embracing balf of the inner whorl; body-
chamber cccupying two-thirda of the laat whorl ; sides almoat emooth on the umbilioal
horder, contate on the upper part of the whorl with sharp, elightly sihuwous riba
inclining forward near the outer border, ribs in the elder stages most prominent
shove the middle of the side separated by wider interspaces, not noded on the um-
bilical bordor, and tending to diminish in strength in the ventral zone; section of
whorl in the body-chamber subeliiptical, showing the inflated form of Sonneratia
kitehini Spath, but possessing s somewhat brosder umbilicus, Tn iteyoungerstages
the shell haa more nearly the [orm and ribbing of Sonneratia sp. ind. Spath (1925, p.
90, pl. 8), which is leea infirted and more closely comtebe than 8. kitchéni, It alse
shows nodes pear the umbilical border, and dividing ribs, similarto those in the young
shell of the speciea here described. The auturs line of 5. sacromentios sa shown in
the original deseription, and bere reproduced, may be somewhat emended, in that the
saddlea show o less rapid slope townrd the dorsum than is shown io the Ggure.

‘The holotype (Univ. Calif. Coll.) hias the following dimensions: grentest diameatar,
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102 mm.; dismetsr of umbilicus, 32 mm.; height of whorl, 43 mm.; width of whorl,
38 mm. ; umbilical ratin, 0.313:1.

The inner whorls are more compressed than the suter whorls, and the riba tend te
develop tubercules on the umbhilical bordera, which later disappear, leaving the bar-
der of the oldar whaorls smooth. Only three examples of this shell have been found.
Ita horizon is near that of ita congeners, which ia about 900 feet below the top of tha
Horsetown group in the Hulen Creek district. Tho holotype was found in the Perrin
zone at Loeality 152 (Calif. Aead. Soi.) on tha aast branch of Hulen Creek, where it
waz pssociated with Desmoceras merriami, Dourilleicerss mammiilalum var,, and
Phylloceras theresas nov.  Spath hag referred S. sacromentica (Anderaon) to ““Pleuro-
pachydiseus’’ Hyatt, whose genctype i8 Desmoceras merriami (Anderson), to which
it has little resemblance except in the character of the suture lines. The name
Y Pleuropachydiscus'’ Hyatt is clearly a nomen nudum.

Sonneraiic stanfont Anderson

(Flats 50, Sgurcs 5,4, 7)

Sonneralio stantoni Awpensox, Calif. Acad. Sei., Pr., 3d sar., val, 2, 1902, p. 105, pl. 3,
figs, 91-93; pl. 10, fig. 108; Horsetown, Shasts éou.nty, Califarnia,

The origina! description ol this species, somewhat emended, resds in part as
follows:

‘3hell smaall, not often above & dismeter of 35 mm. ; discoidal, Iaterally comprensed
and flattened; sidea ml_nnargiul;1 gently toward the periphery; ventral surfsce reunded
or subquadrate; umbilicus not large, lesa than one-third the total diameter, generally
funnel-form, due to its sloping sides and the ineroasing thickness of the whorls;
surface ornamented by about 30 tranaverse flexuous riba which uwsually erosa the
vantral surface, arising at the umbilical bordar in distinetly tuberculate nodes, from
which they braneh in paira. The surface of the sholl, both on the riba and in the
interapaces, shows fine atrine, slwoys parallel to tho riba. The suture line ia simple,
coneisting of & few broadiy rounded saddles, and wide lobes with very short branehes.
The saddlea are but little indented, are divided by rounded incisions; lobes un-
equally tripartita.”’

Thia species was onee abundant at Horsetown, and many were collected at this
place by the writer but most ol them wers lost in the San Francizce fire of 1008,
Muny of its congeners have sincs been found on the east branch of Hulen Cresk,
about 000 feet below tha top of the Horsatown group.

This species waa praposed as the genotype of *‘Colobeceras’ by Crickimay (1927,
p. 503-516) but upon what characteristics and for what praotical use in not made
clear, and 1t is therefore dinregarded as not aufficiently definad far adoption.

Senneralin crossi Anderson, n. sp.
{Pinte 48, figures 4, 5, 8,7)

Shell amall, diacoidal, compresged, having a emalt umbilicus snd rounded, nearly
amooth sides and ventral border; sides Battened, ornamented chicfly by lines of
growth, costate oaly on and neer the umhbilica) border, upon which appear 20 or more
rounded linear nodes, not rising to the middle of the side; only faint costal lines
uppear on the ventrsl barder, inclining (orward ; section of whorl narrowly elliptiosl;
suture lines similar to those of Sonneroita staniont, witl which it oceura.

The holotype {Calif. Acad. Sci, type Coll.} was found by tha writer at the old
mining camp of Horgstown, where it was ssgsociated with Purosia hoffmanni, Beu-
danticeras breweri, and Beudanficeras haydeni Gabb, This ia Loeality 1344 (Calif.
Acad. 8el) on Clear Creck, Shasta County. Four examples of the species werg
found here, but it has not been [ound at noy other locality,
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The holotype sffords the following measurements: greatest diameter, 60 mm.;
width of umbilicus, 15 mm.; height of whorl, 23 mm.; thicknesa of whorl, 17 mm.;
umbilical ratio, 0.300:1.

This species is moat closely related to Sonneralio stantoni Anderson. It is named
in homor of Mr. C. M. Cross, whose work with J. A. Taff on the Cretaceous seotions
it the Diable Range and in Tehams County haa been of great help and value.

Sonneratia regersi Hall and Ambrose

{Plate 20, figurse &, 7)

Sonneratia rogersi Hatt and Ausaose, Nautilus, vel. 30, 1916, p. 66, {not figured);
thrae-quarters of & mile south of Carnegie, Alameda County, California.

The holotype of thia species is in the Museum of Paleontology, Stanford Uni.
versity, and has been carefully examined. Its original description shows clearly
ita relation to the (oregoing, to which it conforms in most eseential featirss, except
for the number of costae on a single whorl. The surlace of the ahell is ornamoented
by about 80 transverse flexusus costas, which ususlly cross the ventral zone, and
terminate at the umbilical border in about one-fourth as many distinet tubercules.
This apecies was compared by the suthors to Sonncratia atanton? Anderaon. It has
since been found sparingly on the east branches of Hulen Creek, nsscoiated with
other apecies of the ganus, and with Phylioceroe theresae, Nemodon braweriana, and
Pholadomyn harrigani Hall and Ambrose. Its horizon is about 900 feet balow the
top of the Horsetown group, and the Hulsn beds, and therefore somewhat lower than
the horizon of Senneratia s(anioni, The holotype affords tha following measure-
ments: greateat diameter, 46 mm,; diameter of umbilicus, 12 mum.; height of whorl,
20 mm. ; thickness of wherl, 13 mm.; umbilical ratio, §.28:1,

Its horizon is regarded as near the middle, ar a littla below the middle, of the
Albian in the Cottonwood district,

PurcRELLIIDAR Douvillé
Pulchetita Douvillé
Pulchellia popencei Anderson, n. sp,
(Piate 73, Hgures 1, 2)

The shell of this specics is of moderata size, diseoidal, moderately inflated, broadly
coutate; ribg Aattened, branching noar the middle of the aide, strongly flexed, bearing
numerous growih lines; vibe terminating at the ventral border in thin, elongated
nodes; umbilicua narrow, deep, with ateeply sloping walls, fAaring abeve, with
vounded berders; siphonsl zone narrow, flattened, bordared on either side by mod-
erately elevated costal nodes. Bepeath these terminal nodes the ribs are alightly
awollen, giving the appearance of & distinct ridge comeentric with the periphery.
The holotype, septate throughout, has the follewing dimensions: greatsst diameter,
57 mm.; width of umbilicus, 5.5 mm.; height of whorl, 32 mm.; thicknesa of whorl,
17 mm. umbilical ratio, 0.008:1.

This example iz the first recorded oncurrence of Pulchellia in the Cretaceous of
California, although it is common in the Barremian strata of the nocthern Andes and
has been found in Japan. The species belangs to the group represented by Pulchellio
lesi (Forbes), from which it differs chiefly in the greater curvature of the ribs and in
the form of the umbiligys. The holotype was found by W. P. Popenoe and D. W,
8charf{ on Roaring River, Loeslity 967, (Calif. Tnzt. Tech.), & quarter of a mile west
of the Milleap road, and benesth the Mitchell zone of the Haorsetown group.

Only four identifisble examples have been found; they were gssociated with
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Lytoceras cf. sulaeum nov. and Acroteuthis shaatensia novy, ‘The holotype is the prop-
arty of the California Institute of Technolagy, Pasadena, California,

Ozyiropidoceras Sticler 1920
Genotype Ammonites roiasyanus d'Orbigny
Ozytropidoceras packard{ Anderson, n. sp,

(Plats 50, Sgpare 1)

8hell large, discoidal, inflated near and below the middle of the sides, which
converge toward the periphery; keel high and thin; sidea hasvily costate with shout
40 “'prorairadiate’ ribs; umbilieus moderately broad, bordered by sloping walls, the
alope blending evenly with the convex sides; costae arising at the umbilical auture,
inclining forward, cressing the sides in a sigmoid curve, hending strongly forward
upon approaching the keel; aides of keel-marked by growth lines slmost paraliel
with the periphery; septe numerous, but not well shown.

The helotype i a large fragment meking two-thirds of a whorl. It fa in the
Museum of Poleontology, University of Califorais, It was found by E. L. Packard,
of the University of Oregon, about 2 miles south of Ono and near the top of the Horze-
town group, wherse it was assacizted with Puzosia hoffmanni (Gabb) and Doutil-
leiceras mammillaium var, It has the following dimensions: greatest diameter, 176
mm. ; width of umbilicus, 47 mm.; height of whorl, 80 mm.; apparent thickvess, 45
mm, Tbe specice appeara to be most closnly related to Oryiropidoceras belknapd
{Marcou), as figured by Adkins {1928, pl. 4, fig. 3), although it posseasea fewer and
coarser ribs, has 8 mors elevatad keel, a gentlor umbilical alope, and mare strongly
curved ribs. It is also closely related to the genotype Ammonites rofsayanus
d'Orbigny.

Three examples of this apecias, obtained at the type losality by G. D. Hanna aad
the writer, are now in the Museum of the California Academy of Sciences. [ta hori-
zon ia near, or shove, that of the Neptune zone of the Hulen beds as found on Hulen
Cresk.

Pervinguiesipax Spath
Persinguteria J, Bohm 1910
Pervinguierias hulenana Anderson, uv. 8p.
(Plate &2, Agure 3)

Speciea of Pervinguierie have long been known in the uppermost Albian beds
in the Cottonwood district, but thus far hove been confined to the Chico series.
The holotype of the present species waa found in the Hulen beds below the lowest
strata aseignable to tha Chico seriea, and beneath the uncenformity that marks its
base. Its horigou is vear the middle of thie stage, but within & few hundred leat of
the top of the Hulen heds.

The shall ia large and brondly umbilicate, strongly eontate with a distinctly ovate
soction In its mature atages; umbilicsl walia in its younger stagea abrupt, rounded aad
sloping in older shells; in younger whorls the periphery is flattened, but in the older
whorls it becomes aloping and ridge-like; keel elavated, wedge-shaped, and promi-
nent; in younger stages of growth {diameter 65 mm.) the section of the whorl ia in-
flated, na broad as high; in clder stages (diameter 150 mm.) the section becomes
thinner; in youth the ribs on ths ventral border are faintly muerked by flutings, but
with growth these are lost.

The holotype, found by E, L. Packard, is the property of the Oregon State College.
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It would have, if completa, a grenter diameter of 325 mm.; widsh of umbilicus, 185
mm.; beight of whorl, 85 mm. ; thicknesa of whorl, 60 mm,

The "“juvenile” ribs are not knawn, but those of the glder atages hecome heavy and
widely spaced, and ench bears a prominent vemtro-latoral tuberculs, an elongated
swelling on the middle of the pide, and a similar swelling on the umbilical border;
in some coaes tha ribs divide Ffrom bullae, but this seems to be rarve, and most of them
rige aingly. The suture line is not yet well known, but the second lateral lobe i3
broad, terminating in atout tripartite branches; the second saddle ia decply and nar-
rowly eleft, with rounded terminations, This specios appears to balong to the gen-
oral type of Pervinguieria trinodosa (Boese), from the lower Cenomanian of Cerro
de Muleron, Mexsico. :

In ths Hulen beda it oocura a little above the horizon of tha Neptune zons, and
therefore near that of Oxyiropidoceras packardi nov.

At lenst two other species of Pervinguieria are known from the overlying Chice
seriea, but they differ in section and in other laatures from the present form. Com-
pared to the number of species of this geous koown in Texss “middle Cretaceous,”
the number appearing in Celifornia seems small at best,

Caroceratmoar Hyatt 1808

The “family™ group Criocoratidae was originally proposed to include certain
smaller groupa of degencrate, evolute, but often highly omamented cophalopod
forma that aeem 10 hava been derived from differeny oider stocks. Besides the genera
Crioceran Laveille and Acrioceras Hyatt, Spath (1924, p. 77, 86) has more recently
segregated other groups from the general assemblage under several names, ag 4 egocri-
oceras, Preudocrivceras, and Parocrioceras, and under the family name Hemihopli-
tidae he has ineluded Hoplocriaceraa ns a vew genua, As judged by their forma and
othet characteristics, moet of thess genera seem to have had lytoceratid nuncestry,
although there are others that asem to have descended frem hoplitid stocks or from
others farther in the background. By his use of the terms Hemihoplitidae and
Hoplocrioceras, Spath may have intended to suggest thair derivation from Hoplitidae,
although no clear statement of this view haa been found.

Neaverson (1928, p. 380) says only:

““The genus Hoploerioceras, including uncoiled Ammonoids with a characteristio
bundling of the ribs at the umbilical tubercule, furaishea a name for the Hoplo-
eriocaratan fauna."

Such arrangements aid only partially in the dispoaition of tha crinceratid forms
from the Shuate serics of California. Tf umbilical tubercules and a "bundling of the
riba" at such points are easentinle for entranes into thia new ammouncid family, there
are few California species that could be included in it, even by a generous inter-
pretation of the rula. As far as known at present, only three species show guch
tubercules, or a bundling on the ribs at these points, but there is good evidencs that
“Crioceraa’ remondi (Gabb) had such tuberculea up to a diameter of 60 mm., with &
bundling of the costse at these points. ‘Theee featurcs are lost io Ister stages of
grawth, the tubercules being altered to mere swellings on the umbilical border frem
which costal lines radiate. However, Spath himealf (1924, p. 77-80) has ineluded io
Hoplocrioceras soma apecies that do not show these charactars, as far as can he seen
in the figures, as for example Hoplocrioceray lasriusenium (von Koenen, 1002, pl. 28,
figa. 4n, 5).

Another group of crioceratids appears in the middle Horsetown (Barremian)
beds. As judged by form, ornamentation, and autures, this group seems to have
come from mn hoplitid stoek, cither {from Necocomites or from some nosr ally, but
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from none 8o far known on the Pacific Coast. There is little satisfactory evidance
of the adopiebility of thess forme into any group already mentioned, although
possibly they eould be included in Hemihoplitidas Spath,

Uhlig (1903, p. 253-255) has illustrated many hoplitid forms {rom the Valanginian
part of the Spiti ahales, including some with reduced umbilicus, sinuous divided ribs
and peripheral nodes, as for example Neocomiles walkert and Neocomiles aff. walkeri
Thlig. Such forma may possibly represent the progenitors of our crioceratid group,
and it may be that the parent stocks of these California types should be sought in
these distant regions.

However, for the present, the name Shasticrioceras may Le adopted for these
forms. The sttention of students wha may seek s more suitable name for them iz
here directad to the neocomitid characters of the speciea described under this name,
eapecislly appearing in their forms, ribbing, and umbilical features, and espeoinlly
in the reaemblance of the suture lines to those of Neocomites aff. walkeri Uhlig (1903,
pl. 87, fig. 4d.).

Crisreras Leveille

Crioceras lotum Gabb

(Pisty 55, figure 1)

Crivcercs latum Gasp, Paleont, Calif., vol, 1, 1864, p. 76, pl. 14, fig. 25b; pl. 15, figs.
25, 25a; ‘‘near V}es.varville. in the Trinity River; vol. 2, 1880, p. 218—StaNTON,
U. 8. deol. Burv., Bull. 133, p. 17, 18, 83; Elder Creek district,

The holotype of this species iz in the Museum of Paleontology, University of
Celifornia, snd bas been loaned for study and lustration. Gabb states that it is
very elasely allied to Criocsras duvali Leveille, but as Gabb referred to the deacrip-
tion and figure given by d’Orbigny, which Kilian has renamed Crioceran nolant,
Qabb'a statement may be cmended accordingly. Gabb atated that tha holotype
had been abtained in the Trigity River from a boulder.”” As Weaverville ia not
very near any part of the Trinity River, and aa no Cretacsaous deposiis are nrar the
town, the words ‘‘mear Weaverville” may be interpreted to mean ‘“‘near Douglas
City,"” where the river doea approach such deposits, The ‘boulder’ is & sandy con-
cretion and containg mot only the holotype of this species but other identifiable
molluscsn species, as Feclan opercul{formiz Gabb and a bivalve shell resembling
Nucula gabdl Stanton. This "boulder” may esasily have been carried down from the
Lower Cretaceous beda on Redding Creck, whers various sther Bhasts species, in-
cluding Pecten opervculijormis, Pleuromya popyrocea, and various cephalopods, have
been found.

Stanton (1805, p. 83) reports the spacies from the Shasta series south of Elder
Creek, in hede here regerded as belonging in the Paskenta group, and alea in the
“hasal Horsetown beds' immedistely overlying the Paskenta group.

~ The several examples referable to this species obtainad by the writar were found
in the Cottonwood district, as on the North fork of thigstream above Ono; at Losality
118 (Celif. Acad. Sei.), 4 miles southwest of Ono; at Loeslity 1666, Duncan Creek,
and in the Pagkenta group; at Locality 1353 (Calil. Aced. Soi.), snd on Eagle Creek,
neat Ono, which is in the lowest bads of the Hometown group. The stratigraphic
range of the epecies is, tharefore, nearly that of Hoplocrioecras remondi (Gabb)—
that is, from upper Valanginian to Hauterivian.

Crioceras duncanense Anderson, m. sp.
(FMats &, e 2)

Bhell smell or moderate in size, a8 known from the holotype; coiling crioceratid,
numercusly costate, coils barely touching in young stagee, more opanly sailing
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in older stages; costae of two kinds, major and minor; major cestas trituberoulate,
with one row on each side of the siphonal line, apinose, witk alender slovated apinen;
the two other rows of tubercules low and rounded, lower row transverssly elongate;
minor costae finer, non-tuberculate, rounded; thera are normally five hetween each
pair of major costee; sention of whorl broadly elliptiesl, highar than brosd; suturs
line not shown.

The holotype (Calif. Acad. Sol. type Coll.) waa found at Locality 1685 (Calif,
Acad. Sci.) on Duncan Creek, & mile above the County road, in a calearetus conore-
tion embedded in sandstona ovarlying a local conglomerate. It balongs to the group
of Criocerse nolani Xilian, being somewhat closely telated to the form figured by
Kilisn (1910, pl. 4, Hgs. 3a, 3b) under this naw name.

This specimen was found with the preceding species and with Nescomites rusaslli
nov., Lytoceras of. iraski nov., Pleuromye papyraces Gabb, and vaziouy other forms.
A fragmentary bud goad apecimen of Spificeras, closely reiated to Spiticeras ducals
{Matharon), was obtained from B block of limestone lodged in the conplomerate
beneath the sandatone.

Crioceras duncanense is doubtless related to Crfeceras latum Gasbb but differs
from it in the relative width of eoil, the whorla being lesa widely separatsd and the
minor costae being more numarous, Both formsa occur at this locality.

Hesiaortrtivan Spath 1924
Hoplecrioceras remondi (Gabb)
(Plate 62, Sgure 1, 2, 3, 4, by nints 8, Agures 1, 33

Crisseraa (? Ancyloceras) Remondi Gasa, Paleont. Calif., vol. 1, 1864, p. 75, pl. 14,
figs. 24, 24a; North fork of Cottonwood Craek, Shasta éﬂunty, (not Aney-
feceras sp, indet, pl. 16, fig. 30).

Ancyloceras Remondi Gans (in part), Paleont. Calif., vol. 2, 1868, p. 138, pl, 23, 6ig. 17.

Thia species appears to have been mych misinterpreted oot only by later writers,
but by Gabb himaell; other species, and even genera, have been included undor the
name. The lactotype (probably the holotype) was taken by Gabb to the Academy
of Natursl Sciences of Philadelphis where it atill remains, 1t was loaned to the Cali-
fornia Acadomy for exnmination apd illustration. It benrs no distinctive label but
is conteined in & tray with other specimens Iabelled 'Ancyloceras Remondi.! Some
of thesa specimens do not belong to this specien. The locality of discovery is not
definitaly given, but tha matrix and associated apeciea in it indieate a locality near
Ono, probably in the Ono zone near the hase of the Horsetown group, where they hava
all been found.

Tha ppecies aeema to belong to the group of Cricceras laeviusculum von Koanen,
which Spath (1924, p. 78) ineludes in hia genus Hoplocrfoceraa.

Tha holotype is not well illustrated by Gabb's (1884, pl. 14, fig. 24) drawing, hut
the charactera of the species are better shown in the photographio illustrations here
given. ‘The costre nre faseicled on the dorssl border, arising (rom elongated bullae
in ita younger stages, which diesppear with the growth of the shell.

Acearding to Gabb, the

“riba are often dichotomous, and occasionally, though rarely, anastomoes near
tha dorsum (venter). In ope oase, remaine of & few doreal spines were observed."

This reference to “dorsal apines’ should be understood to refor to tubercules on
the ventro-lateral naglea, not true spinea.

These tubercules arp indieated in his figure and are asen on the lectotype. They
dissppear when the ghell attains a diameter of 60 mm. or less.  In scction the wherls
are nnrrowly elliptical, the sides rounding rbruptly on the doraal border, but sloping
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more gradually to the ventral border. A siogle constriotion appears at a diameter
of 70 mm. on the laat whor! of the lectotype, which is septate throughout, but this is
not found on all examples. The largest exzmple found has o total leagth of 10
inehrs, more than half of whivh is formed by the somewhat straightened arm, or bady
chamber,

This upccies has been found on the Cottonwood Creek (Loeslity 1353, Calil. Acad.
Sei.), and in the sama zane on Eagle Creek, near Ono, where it was associated with
Acroteuthia kernensis nov., Neocrospedites aguila nov., Shasticrioceras ponients, and
Inoceramus colonics nov., A1l of which are found in the loweat beds of the Horsetown
group in the Cottonwood district. Heplocrioceras remondi has aleo beon found in
the middle part of the Horsetown group in thia district, in beds believed to be below
the middle of the Paskenta group, as st Locality 1688 (Calif, Acad. Se¢i.) on Duncan
Cresk, at Silvester's ranch on the Middle fork of Cottonwood Creek, snd an Diry
Creck, st about tha same stratigraphie horizen, Its stratigraphic range in this
digtrict in from the lower or middle Paskenta group (Valanginian) to tha middle of
the Horsetown group (Bedoulian). In the MeCarthy Creok diatriet, as recorded by
Stanten, its range may be somewhat more regtricted, but it haa besn found in both
Paskeanta and Horsetown beds.

Hoplocrinceras onoenge Anderson, 1, 8,
(Platn 83, figures 3, 38, 3b; plats 01, Agueon 4)

In the callection of the Academy of Natural Seisnees of Philadelphia thera is a
fragment of Hoplocrioesraa, related to K. remondi (Gabh), but pousessing much finer
flexuous costas, which are bundled on the dorsal border and have & section relstively
much brosder. It is Na. 12838 (Phila. Acad. Nat. Sel.}, and although it has ne
leeality Iabel the lithology, preservation, and sssociation with other forms under
the sama number indicate that it wos found in the Ono zone, either oo Eagle Creek
or on the Cottonwnod Creek, near Locslity 1353 (Calif. Acad. Bei}.  The suture line
is aimilar to that of M. remondi (Gabb). It bears the same number as & small exam-
ple of Crisceraz latum and alac of Hoplocrioceras remondi from the same plage. The
holotype hus the following dimensions: length, 45 mm.; height, 22 mm.; widih of
wharl, 18 mm. As seen on the periphery there are sbout 9 linear ribs to the centi-
meter. Thesa ara slightly flexucus and nearly normal to the ourvature of the periph-
ery. Thepguturelines ave trifid, possessing long alender elamants. No other example
of this species haa yat been peen.

Hoplocrioceras wintunium Andereen, n. sp.
(Flate 80, fgures 3, 4)

Shell ot large, coiling in first arioceratid, but later more opanly, the whorl of
the bedy chamber departing from the earlier coil and forming s short curved ahsft,
gpparently not forming a hook; early eceils not quite contignous and gradually
spreading; section of the whorls sub-quadrate, narrowing toward the rounded
periphery; ahell alightly excavated on the dorssl zone; costae heginning in a back-
ward sinpus an tha dorsal zene, corving vpward in erossing tho umbilical border,
glightly flexed on the side of the shell, somewhat swollen and oftan dividing on the
doresl berder, or & little below the middle of the side on the septate portion of the
ehell; costae on tha younger whorl nosrly equal, but on the body chamber elton
ghowing intermedinry riba on the upper part of the side; all ¢nstae crossing the
ventral zonas without interraption, but slightly 8attened; sutural characters not well
shown, but the septumn beginning with s siphonal saddie semewhat rertangular in
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form, and having & tripartite firat lateral lobe, in which the finer elemeata terminate
in sharp digiteid pointa.

This species belonga to the group of Hoplocricceraa laeviusenlum {von Kosnen).
The holotype {(Calif. Acad. Sel. type Coll.) was obtained at Locality 16681 (Calif.
Acad, Sei.), a mile weat of the Murphy house in the Roaring River district, where it
waa sssociated with Paeudocrioceras indopacificum nov., Shoslicrioceras ponients
nov., snd fnoceramus ovalotdes nov.

The holotype is much broken but permits of restoration, and its general form is
shown in the drawing, which is made from careful measurementa.

Hoploerioceras yollabollium Anderson, n. sp.
(Plate 72, Sigure 3)

Because of the apparent “bundling" of ths riba at the umbhilical border, this
species i placed here with some doubt aa to its proper lineage. The shell inlarge,
discoidal, spparcently compressed, having a crioceratid coil and strong, somewhat
“rursiradinte” primary ribs, between which the intorapaces are relntively hroad;
interspaces oceupied by two to four fine secondary costae, which merge with the
primaty ribs near the umbilieal border; sides sfightly flattened, section of whorl
higher than broad; wherls not contiguous, but apparently not leaving a regular spiral.
The holotype is & rook mald, represented by the plastotype (Calif, Acad. Sei, type
Coll.), shown in the figure. It was found by A. 1. Gregersen, on Browns Creek, 1}
miles southweat of the Clements ranch in eastern Trinity County. Ita stratigraphio
position is apparently about 600 feet benesth the z0ne exposed at Clements ranch,
and prabably not far from the horizon of Cricceras letum Gabb, It is thought to
rapresent an upper Paskenta horizon, not {ar from that of the Hamlin-Broad zone,
Locality 112 (Calif. Acad, Sei.), southwest of Oao, Shasta County,

In ita ribbing and form this spocies s some resemblance to Crioceras bederd
Gerth, though less to Crioceras andinum Gerth, from the Lower Cretaceous of the
Rio Diamante, Argentina.

Shasiterioceras Anderson, n. gen.

In the group of crioceratid forma for which this name iz proposed hoplitid char-
soters are more prominent than in otlher related groupse found in the Shasta series
in California. These characters seem to reflect Neocomites more nearly than any of
the other hoplitid groups, althcugh no close relationship is apparent. Charanteris-
tics of the gemus are seen in its form, ribbing, ornamentation, manner of uncoiling,
and, with growth, its progressive changes in form and ornsmentation. In its earlier
stages the coils are closely approximate but they soan become separated, and finally
the shell gends off a long, curvad arm (body-chamber), although without developing
a recurved limb, Yo none of the several apecies of this group so far found have any
traces of dorsal (umbilical) tubercules heen observed, even in young atages of growtb,
having a diameter of 25 mm. or less.  In all cases the costae begin in n short forward
flexureon the dorsal horder, cross the sidesin an openly sigmoid cyrve, and on the ven-
tral borders develop rounded tubercules, which in adult stages become the most nota=~
ble feature of the shall. The sidesare finttened, or but little convex, the saction of the
whor! is subquadrate, the thickest part being n little above the dorsal margin, from
which zone the sides converge towsrd the poriphery. The costae are at firat fine and
crowded but with growth become henvier and more widely saparated; in young stages
these often divide, though no such tendeney ia seen later; all costao (or ribs) crosa the
ventral zone without intarruption, although on the ventar they may be somewhat
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fiattened. .The suture line ia well developed and clearly is hoplitid in character,
strongly resembling that of Neocomiles. The small siphonal eaddle is high and
nerrow, and all the saddles are deeply cleft;: the firat lateral lobe with o broad atem
has thirec main braaches, showing saymmetry, and terminating in long, narrow,
digitoid pointa.

Shaatieriocerar poniente Anderson, n. 8p.
{Pinta 67, Dguros 1-3; Plate &7, Agures 4, 5)

Shell large, discoidsl, coiling crioceratid; coila closely spproximate in young
gtages, becoming more separated with growth, the final body chamber departing
widely from the eoil, forming a long straightened arm; section of whorls subquadrate,
flattened on the sides in young stages, hecoming mora inflated in older ghells; aidea
numerously costate in yeuth with fine, mostly simple, sometimes divided costae,
which ot firat ara slightly sigmoid, but become heavier and straightor in old age;
coatae closely apaced in youth, becoming progreasively more widely spaced in luter
whorls; costae (or ribs) tabersulate only oo the angulated ventra! border, with
tubercules slightly elongated laterally, sometimen prominent; all ribs erossing the
ventral zone without interruption, but weakened on the periphery; ventral zone
flattened with respeat to rike, rounded with respect to interapaces.

A pingle detached large fragment found with the holotype memsures noarly 18
inches in length, has widely separated ribs which are rounded and swollen on the
dorsal border, roundly tuberculate on the ventral border, and aelightly inflated be-
tween. The holotype (Calif. Acad. Sei. type Coll.) was found at Locslity 1657
(Calif. Acad. Sci.), & mile east of the Jordan house near Mitehell Creek, in the
Mitchell zone, associated with Pseudocrioceras sp., Plychoceras nolrice nov., and
Acroteuthis shastensis nov. Other apacies of this genus have been found in or near
the same zono not (ar distant. Whiteaves has figured a similar form from the Cum-
shews Inlet, Queen Cherlotie Islands, under the name ‘“*Ancyloceras’ remondi Gabb,
but its relationship seema to be nearer to Shastierioceras ponienie than to Hoplo-
crioceras remondi (Gabb). This is the moat widely distributed crioceratid species
found in the Cottonwood district in California.

Shasticrioceras kesperum Anderaon, n. sp.
(Plate 84, Sgoroe 1, 2; Plate 68, figure 2)

Shell large, form similar to the preceding specisa but more finely senlptured;
young whorla in contact, more separated in older stages, and finnlly forming o
straightened arm, or body-chamber; whorls quadrats in section with distinetly flat-
tened sides, the ratio aof height to width of wharl boing abont 24 to 17; sides closely
costate in young stages of growth, but with age the costas {(or ribs) become thicker,
straighter, snd more distant; ribs tuberculate only on the ventro-lateral angle,
each rib besring e small, slightly ablique, spineless node; aithough weakened in
the ventral zone all ribs cross it without interruption; ventral zone flattened. The
holotype (Calif. Aead. Sei. type Coll.) waa found ncar Locality 16681 (Calif. Acad.
Sci.) but in strata about 200 feet higher in tha seetion than the strata exposed here,
It occurs with the preceding apecies, and also above it, and a little below the horizon
of Ancyloceras gjar nov., and within the Mitehell zone. The holotype has about
108 peripheral costae to the whorl in adult stages of growth, moat of which arise
singly oa the dorsal wall, cross the side, ou which they occasionally branch, and
ocoasionally produce short intermediary ribe, all of which bear tubercules on the
ventral border. The holotype, with the cuter whoel somewhat displaced, measures
175 mm. in diametor. Inform, coatation, and sutural characters it suggests hoplitid,
pecheps & neovcomitid, ancestry, and for this reason is considered with the proceding
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a8 referable to the family of Hemihoplitidse Spath, aithough it shows no tendanoy
taward a bundling of tha nba on the doreal border, ag is found in Heploeriscerar
remondt {Gabb).

Shasticrioceras whilneyt Andaraon, n. sp.
(Plate 18, Bgure 1)

Shell of moderate size, coiling at first crioceratid, whorls apparantly not con-
tiguous; with growth, leaving the early eoil and forming o broadly curved limb in
ene plane; scetion of whorl narrowly quadrata, twice as high aa braad; sides sloping
gently toward the periphery, mora abruptly toward the doraum; sides costate, having
monily simple, sometimes branching, rounded, alightly Bexucus rvibs without pro-
nounced tubereules; having only amsll rounded swellinga on the ventral border; riba
ariging an the dorsal side in & amall forward sinus; sideg crossed by a few brond
grooves between which there ars about eight intervaning costae; ventral zone nar-
rowly raunded or slightly depressed slong the siphonal line; aides a little convex;
septa not well axposed, but the firat latersl lobe in naymmetrically tripartite, saddles
deeply eléft. Thig specica is undoubtedly congeneric with Shasticrioceraa heaperum
but is smaller and has a moras open coil, mora compressed section, and aimpler, more
rounded costas. The holotype (Calif. Acad. 8¢i. typs Coll.) was found at Locality
1853 (Calif. Acad. Sci,) near Mitchsll Creek, half o mile northwaat of Barr's corral,
by G. D. Hanns. Iia horizon ia near that of Lacality 1861 (Calif, SAcad. 8ei) and a
few hundred feet bonenth the Mitehell 20ne containing its congener, S. hesperuni.

£ the spucies here described under this genus the present ope has the more open
coll in ite younger atages. An examplie, lezs than an ineh in diameter, possesses
fine tubereulea on the ventrsl border and has somewhat more flaxuona ribs than
thoee of the holotype.

Bhaaticrioceras fnflalum Anderson, f. 8p.
{Pinte 39, figures 1, 4; plate 5%, Sgum &)

Various fragmentary specimens, representing s distinet form of this genus, found
in or near the Mitchell zone, have a broader and more rounded section than any of
the precedieg forma. The fragment gelected for the holotype consista of a quarter
of & completa whorl, sepiate throughout and baving the following dimensionn: total
length, 118 mm.; measured on the periphary, 135 mm.; maximus height, 48 mm.§
maximum thickness, 33 mm.; section of whorl semi-elliptical, the greatest width
boing at abont one-third the height above the dorswm; about 20 ribe on the holotype,
low, reunded, and searcely flexucus; only a few are divided on the cuter one-third
of the gide. The ventral zonns ia a little fiatiened, but not culeste; ribe only faintly
tubereulate an the ventral border. The species is probably mors clogely related to
S. poniente nov. than to any of the other ferms described but it is relatively broader
and is not Aattened on the sides or on the dorsum. The holotype (Calif. Acad. Sei.
type Coll.) wea found in the Mitchell zone at Locality 1347 (Calif. Acad. 8¢i), 6
miles south of Ono, Shasta County.

Paeudocrioceras Spath 1924
Genotyps, “Cricceray’” abichi (Bacevie and Simonovic) in ANTHULA,
Beitr. zu Pal., Geol. Qest, Ungarve, vol. 12, 1899, p. 124, pl. 12

Spath hae propased thias gensrie name for ammonoids of the group of “Cricceras’
abichi, giving no further characterization. If one may judge from the fgure and
description given by Anthula, the shell is large or massive, closely coiled in ita
younger stages, having a somewhat elliptical or subquadrate section; heavily costato
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with two kinds of ribs, of which each third, fourth, or ifth rib is tuberculate, with
rounded mammillary tubercules in three rows on sither side of the siphonal plane;
the intervening riba are simple and without tubercules; the coiling ia crioceratid in
it early stages but later departa from this manner and forms a partly straightened
shaft (eyrtocone) on which the ribs become coarser. The ribs have an ancyloceratid
aspect which, according to Anthula, racalls Aneyloceror urbani Nenymayr and Ublig.
At leant two speciea of this genus seem to bave been found in the Lower Cretaceous
(Barremian) of California, but, for lack of sufficient charactorization perhaps, this
cannot be atated with entire confidence.

Paeudocrioceras stendor Anderson, 1. sp.
(Flata 81, Fguree 1, 14)

Shell large, robust, coiling openly erioceratid, coily not eontigueus; seetion of
whorl circular, slightly Battened on the dorsum, closely cestate; ribs of two classes,
major and minor; major ribs arising as broad, trassvorse, trituberculate ridgea,
batween which are six to eight alightly sinuous costae extending around the whorl
almost at right angles to ita axia, but withk a slight deviation, or ginus, in the dorasl
zone; sutures not woll shown, The holotype (Calif, Acad. Sci. type Cotl.} waa found
at Locslity 1861 {Calif. Acad. Soi.}, a mile west of the Murphy house in the Roaring
River distriet, 7 miles south of Ono, Shasta Coeunty. It has tha [ollowing dimen-
siona: leagth of come along the siphonal zone, 260 mm.; transverse diameter atb
larger end, 66 mm.; tapering to a dismeter of 27 mm. Thia speeies was found tsgo-
ciated with Hoplocrioceras wintunium, Shasticriocerns pontente, Acroteuthts kernensts,
and Inoceramus orgloides nov. The apecies beara some resemblanee to Auglraliceras
trregulare (Tenison-Woods) es illustrated by Whitehouse, slthough the similarityis
probably in form oniy. The horizon is believed to be upper Barremian, and it can
bardly be younger,

derigeeras Byatt 1808
Acrioceras woyonum Anderaocn, n. 8p.

(Flats 59, Sgure 1)

Shell of modium eize, eoiling at firat erioceratid, but later forming a shaft and
body-chamber havipg & recurved limb; section of early whorly nearly cirenlar,
beeoming gradusally compressed on the sides, particularly on the shaft and boedy-
chamber; surfacs marked by major and minor costas; major costae trituberculats,
the tubercules on the ventral barder being spinose in early stages, but depressed in
iater stages of growth; minor costae simple, sormelly three or four intervening
between pairs of major costaa; costation on the shaft obligue, without spines; on the
later part of the shaft all costae tending to hecome equal and smooth, only & few
showing tubercules; three or four constrictioms appear on the holotype near the
top of the ersaler. Tha halotype of this apesies is in the Museumn of Paleontology,
TVniversity of California {No. 1103 and was a part of the Yoy collection. It ia said
to have been found on Cottonwood Creek, Shasta County, but more definite indira-
tion of its position was not given. It iy partly encased in a hard calearcous conere-
tion, such a8 abounds in the lower part of the Horsetown group, and secnia to have
come from & zone somewhat above the base of the group. The species belangs to
the group reprozentad by thoe gonotype, “*Aneyloseras™ tabarelli (Astier), as illus-
trated by Sarasin and Schoendelmeyer, differing from it ehiefly in the thickness
of the shaft and in the number of minor costae. The concretion conéaining the holo-
typs containg algs remasnta of earbonized wood, in which there are various frag-
ments of & wood-boring ghell, posaibly that of Twrnus plenus Gabh.
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Acrioceras sarrkingt Anderson, n. ap.
{Plate 8, Spures ¢, 4A; plats 85, Ggure 44}

Shell of medium size, early whorls not known; shell forming & shalt and bent
body-chsamber, with an enlarged recurved limb; sbaft clesely coatate, with amall
pimple costae arising in the dorsal zone at its median line, curving at first stroogly
forward to the dorsal border, thence rising with a gentle forward elope toward the
ventral zone; costae prominently tubersilate on the ventral border only, whera twe,
three, ar four lateral costne are gathered into knot-like, rounded tubercules; ventrsl
zone depressed, with costae crassing it somewhat irregularly, either singly, in pairs,
or in trioa, On the body-chamber the ribs become greatly altered, forming coares
ridges, which are tybersulate chiefly on the dorsal horder; ribs a littla prominent,
often dividing at the dorso-lateral node, separated by interspaces wider than the
ribe; from aome of the dorac-Interal nodes the ribs branch into pairs, from others they
srise singly, sll orossing the ventral zone without interruption; above the dorsal
border are two rows of inconspicuous tubercules on moet of the ribe, one sbove and
another below the median line of the side, and a single row on the ventral border,
tending to produes an angle on the rib; section of both limbs gnbeireular, flattensad
on the dorsal zene, narrowed alightly toward the ventral zone. This species appears
to belong to the group of Acrivgeras silesinsum (Uhlig) from the Wernsdorfer bads;
A. rilestaciiri seema to be its nearest analogus. The holotype (Calif. Acad. Sei.
type Coll.} was obtainad at Locality 1881 (Calif. Aead. 3ci.), & mile west of the
Murphy house in the Roearing River district, It was foynd with Shasticrioceras
ponienie, Pstudocrioctras slenlor, Acroteuthie shastensis, and Imocsramus ovsloides
nov. Its horizon is probably lower Barremian, somewhbat below that of the
Mitchell zone.

Asgpiniocerds o. gon.
Genotypes, dapincceros hantlint, n. ap.

Among the smmonoid formes found in the Hamlin-Broad zone {uppsr Valanginian)
in tha Cottonwaad diatrict there is an unususl crioceratid typs for which no suitable
generic name has been found, although ihe typo itself is not unknown. [te peri-
sphinetoid (? sulacosphinetoid) chsracter seems to appear in its genersl form,
subquadrate seetion of whorl, and manner of costation—that s, in the alternation
of simple and divided ribs. As far as ¢an be seen in the holotype-genotype thers
in no evidence of vastal spines or tubercules at any atage of its development, and in
this simplicity of ornamentation, aa wall as in its manner of cotling, it recalla #“Cri-
oeeras (Ancylocerca)”’ dilatatum d'Qrbigny, from the Neocomizn of Framce, To
this group probably belongs “Crioceras’ mulsanie Astier, as fgured by Saraain and
Bohoendelmayer (1902, p. 138, pl. 18, figs. 1, 2}, who have compared it alee with
“Criocerus” dilalgtum d4'Orbigny. Neither d'Orbigny, Astier, nor later authora
have described any costal ornamentsation for thess species, and, as far as can be seen
in thair figures, none exists at Aoy stage of growth. Nea desctiption or Sgure has been
found Hlustrating the suturs line of either of them, and this feature is poorly shown
in the proposed genotype. The only suturel elements exposed are s atont first
lateral lobe which has asymmmetrical, tripartite divisions and an asymmetrieal,
deeply cleft second gsaddle. These add little to the characterization of the genus,
although they conform to a perisphinetaid type of ancestry.

Aspinoceras hamiing Anderson, n. ap.
(Flato 60, figurem 1, 2)
Shell of medium size, moderately inflated, coiling at Brat erioceratid, later form-
ing o short, gently curved shaft and & retroversal bucal limb; section of early whorls
pearly cireulnr, becoming semi-elliptical on the shaft, higher than broad; dorsal
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zons fattened; ebell costate thromghout, havieg the cosiae somewhat reduced
on the doraal side of the shaft, stronger on the ventral border, especiaily on the
body-chamber; coatae rounded, peparated by nerrow, rounded intarapaces; on tha
pmaller coil the costae are narrow and the interspaces broader; costae not showing
epines or tubercules an any pard of the shell, ineluding ita earlior coile; coutas often
dividing near the dorsal border and on the upper pert of the side; two conatrictions
vigible, crosaing tha sides and ventral zans near the erosier, deep and narraw. Tha
holotype (Calif, Acad. Sci, type Coll.} wae lound by E. J. Broad in the Hamlie-
Brond zone st Loeality 113 (Calif. Aead. Sei.), 4 miles southwest of Onc, Shasts
County, and was donated by him to the Californiz Academy of Sciences. Tha hori-
zon of discovery ia about 500 feet beneath the lowast beda of the Horsetown group.
1t was associnted with Polyptychifes shastensis nov., Lyloceras nulgeum nov., Aeroleu-
this ahastensts, and other upper Velanginian species. The holotype haa the following
dimensiens: langth (incomplets), 85 mm.; maximum height of wharl, 30 mm. ; maxi-
mum thickness, 27.5 mm.; sutures known only in part, including & stout first latersl
lobe having asymmetrical, tripartite divisionn, and an asymmetrical, deoply cleit
second saddle, the secondary lobe being tripartits, terminating in aruminats points.
The speciea appears to belong to the group of “Crioceras’’ dilatatum d4'Orbigny,
from the Neotomian of France.

AxcrrocERaTIDAE Hyatt, emend. Whitehours

Hyatt included in this family many Lower Cretaceous trituberculate genera, not
only belonging to the type of Ancyloceras matheronianum d'Orbigny and 4. renguzia
anum d'Orbigny, but also other widely divergent formes, According to Whitehouse
(1026, p. 207-217), “Even if reatricted to the tritubercunlate genera, the family ia
certainly heterogensous.” FHowaver, with Ancyloceras (2. a.), which ia tritubar-
vilate, he ineludes in the family other genera which sre non-tuberculate, and which
do oot eoil in the manner of Aneyloceras. He atates that the immediate ancastar of
Ancyloceraa is unknown but suggests s succession of gemera which may possibly
balong in this lineage, including Ausiralicerce, which is trituberoulate in ite sarly
atages, Tropartm (Sawerby) Hyatt, which ia non-tuberculate, and Ammontlocsras,
which is bituberoutate. These are found in the Aptian (Bedoulian and lowar Gar-
gaaian), occurring in the order in which they are here named, insofar a8 they oceur,
or ate known in eastern Auatealia. In the Lowar Crataceous of California the se-
quenea i8 the same, but it seems to begin with Aneyloceras in the Barremisn, and as
far as known it closes without any known epecies of Ammondlocercs. In later Gar-
gasipn tima the smaller forma, here included In Hamiticerar (0. gen.), make their
appearance, bus any relationship to Ancyloceras has yet to be dotermined, although
they are included in this family.

To the getera included by Whitehouse in the family the writer hae added Shex-
toceras, n. gen., and Homiticeros nov,, and it may later appear that some genora hore
aseigned to Crioceratidae would be better placed in Ancyloceratidae.

Aneyloceras d'Orbigny
Genolype, Ancyloceras matheronianum d'Orbigny

In the Lower Cretacoous of California thore are many ammonoid forms referable
to Aneyloceras (4. 2.}, most of them orcurring in uppar Barremian and lower Aptian
strata. No ancesiral forme are known in earlier beds of the Shasta series, or in fack
in any West Coast Mesozoin deposits, and, although species of Lyloceras and Crioceras
are well known in the Paskenta group (Vslanginian), the ancestry of Ancyloceras
is nat at all clear. The ganue appears rather suddenly in the stratigraphie seetion,
geems to have lived ouly a short life in the Great Valley embayments, and to bave
disappeared as suddenly an it came. It ia not evident that it several species left any
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descendants, although certain smaller forms included in this family appear in latar
Aptian time, including two or more species of Hamiticeras n. gen.

Little has been found in the literature bearing upon the life history or habits of
Ancyloceras species.  Judging from their protective armmament, especially about the
body-chamber, it may be inferred that in this basin they had powerful adversaries
and that theae may have bean the cause of their short carecr in theao waters, Most
of the shells found here bear evidence of battle and of death from injury, especially
evident in the crushing of the ahaft or septate part of the cone. In many cases the
shaft is erushed immediately beneath the body-chamber, leaving other parta atill
entive. Popaibly sych injuries were inflicted by other cephalopod forms baving no
shell. That at least some species of Ancylocerss were earnivorous, preying upen
weaker mombers of their elasy, is indicated in an example of Aneyloceras altroz nov.,
the lower part of whose body-chamber was found, showing clearly that immediately
above the last septum, in the space presumably vccupied by the stomach of the
animal, the shell was filled with fragmented shells of other smaller apecies of vephslo-
pods. In ona oxample of Tropacum pereestaiurs a number of amall belemnoide wora
found mt the aperture, in such position a8 to indicate that they had been taken by it
Similar facts were obeerved in an example of Lytaceras aulaeum, wherein belemnoids
and other small molluscan species were found similarly situated.

Ancyloceras efephay Andergon, n. sp.
[Plats B4, Bgures 1, 2; plats 84, Agure 1

Shell large, robust, coiling ancyloceratid, closely costate, costae changing with
growth; earlier coils trituberculate; shaft with close-set nearly straight, rounded
ribs epcireling it, at first normal to the dorsal border; later becoming oblique,
especially on the body-chamber; each 6fth or sixth rib trituberculate; the tu-
bercules on the younger whorle emall, mammillary; on the older part at ficat low
and tumid, confined to the two inner {dorsal) rows, and on the bedy chamber bacom-
ing prominent and spinose in three outer rows; body-chamber broadly inflated, espe-
cially below the bend, but near the aparture tha section becomes narrowed to a slot-
lika opening about one-fourth the width of the body-chamber; recurved partion of
the shell bearing thick and nearly straight riba, aurmounted by broad, strong epines;
section of recurved limb quadrate, higher than broad. The species belongs to the
group of A. renausisnum d'Orbigny, having & similer form and protective equip-
ment. ‘The msjor ribs and spines develap from the point where septation ends and
increage in strength and prominence with the further growth of the body chamber.
The holotype (Calif. Acnd. Sei. type Coll.} was found in the Mitebell zone, near
Rosring River, 8 miles south of Ono, Shasts County, associated with Shasticrioceras
poniente, Inoceramus ovotoides, and other cepbalopeds. The holotyps has the fol-
lowing dimensions, total length, 16 inches; the shaft, comewhat elliptical in section,
increases in greater diameter from 2.6 to 4.5 inchea near the Jast septum, where the
greater exis changes from a dorso-ventral to & transverse direction. The greatest
width of the shell is near the midd!e of the body-chamber, where the transverse width
ie nearly 5 inches. The horizon of this species in thought to be near the upper limit
of the Barremian. The shait of the bolotype is crushed beneath the body-chamber.
Only fragments of other examples of the species have been found.

Ancylaceras gitrox Anderson, n. ep.
(Plate 09, Ggures 1, 2, 3, 38)

Shell large, robust, cailing ancyloceratid, heavily costate, trituberculate, having
msajor and minor ribe; major ribs tuberculate, with one or two minorunadorned
ribs intervening betwesn them; arnamentation of shait and younger coiled portions



210 LOWER CRETACEOUS DEPOSITR IN CALIFORNLIA AND OREGON

not known; tuberewlon on bedy-chamber at first low and rounded, beeoming atronger
and more prominent above; heavisat ribs and tubercules near the top of the erosier;
vaptral zone relatively narrow, bordered on each side by rounded tubercules on the
ghaft and lower part of the body-chamber; section of shaft sub-elliptieal, higher
than broad, but becoming in the body-chamber transveraely axpapnded, breader than
high; bend of crosier abrupt; sutures not shown. The holotype (Calif. Acad. Sei,
type Call.} waa found in the Mitehell zone, & mile narth of Bart's corral on Mitehell
Creek, sccompanied by Parahoplitoides cerrozensis nov. in strata that may be re-
ferred to 8 lower Aptian horizon. As far as knawn thia is the lstest species of An-
eyfoceras fonnd in the Cottonwond distriet. A large fragmeant of this species includ-
ing the body-chamber showing the last septum was {ound near the holotype; the
body-chamber near this septum was compactly filled with Iragmenta of smaller shells,
including smeller cephalapods.

Ancyloceras ajaz Anderson, n. sp.
(Plate 85, Gpures 1, 2, 3}

Shell large, robuat, coiling ancyloceratid, closely coatats, costne changing with
growth of the shell; earlieat colls unknown, shaflt incressing regularly in dinmeter
up to the position of the last septum; costan at firat nearly straight, simple, and
normal to the dorsal harder, becoming graduslly ablique, and at the sime time
more distinet, and on the body-chamber developing tubercules on sach fifth or sixth
rib, a8 in 4, elephas, to which it is nearly related; tubercules at first smicll, elongated
in the dircction of the rib; later tubercules be¢oming strounger, those at the top
of the crogier being heavier, but most devaloped on the reverse limb; aperture un-
known; body-chamber inflated transversely, but loss so than in either A. oliresz
or 4, elephos; shaft expanding less ynifarmly than in A. alirez, the teansition from
ghaft to bodychamher being more sbrupt; greatest dinmeter of the body-chamber
iz near the top of the crosicr and transverse to median plane; section of the shaft
always bigher than broad; on the body-chamber the reverse is true.

‘Tha holotype (Calif. Aend. Sei. type Coll.} was found at the top of the Mitchell
£one, south of Roaring River, stratigraphically about 200 fect sbove the barizon of
Locality 1661 (Calil. Acad. Bei.); its horizon is thought to be near the boundary of
Barremian and Aptian strata. In this specimen the shaft is crushed immediately
below the body-chember as if from an injury while living, the sides being broken
longitudinally by everthrust of the shell, as by compression. All parta of the shell
wate found in place in the position shown in the Ggure,

Ancyloceras durrelli Anderson, n. ap.
{Plsla 87, guren 1, 3; piatn 88, gura 1)

Bhell large, robust, eniling ancyloteratid, clasely cogtate in early eoil and on the
shalt; coatas non-tuberculate on the shaft, trituberculate on the carlier enil aad on
the bedy-chamber; section of shaft nearly circular; section of body-chamber beeom-
ing sub-elliptical; ribs oo body-chamber becoming suddenly thick and brond, besring
low, tumid tubercules; riba on bucal limb narrow and elevated, but strong. In its
manner of enstation and orpamentation, this apecies is intermediate between A#n-
eyloceras, of the type of A. ajaz, and Shasloceras {gen. nov.), tha latter possessing oo
tubercules except on the earliest coils, which are weakly tubereylate on the ventral
border. The holotype (Calif. Acad. Sei. type Coll.) consiata of the larger part of the
shaft, geotly curved, bearing alightly oblique, and nearly straight, rounded costas,
which vecasionally divide sbove the dorsal border. The suture line consista of long,
tripartite, and branching lobes and broad, deeply cleft saddies, showing hoplitid {or
possibly perisphinctaid} charactera. The paratype (Calif. Aead. Sei. type Coll)
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congists of B body-chamber, not known to belong to the same individuel, although
to one of the same size. The holotype, parstype, and smaller fragmenta of other
individuale were found at Loeality 1661 (Calif. Agad. S¢i.) in bads near the bottom
of the Mitchell zone in the lower part of the Horsetown group, 6 mile weat of the
Murphy house south of Roaring River, The holotype haa the following dimensiona:
length along siphonal line, 230 mm. ; diameter of shaft at top, 60 mm.

Ausiraliceras Whitehouse 1926
Genotype, “Crioceras’ jacki Etheridge Jr.

According to ite suthor, “the genus is proposed for & group of species richly
rapresented in the Australian Aptian,” and it ia known alao in other countries. He
given the following diagnostic notes {Whitehouse, 1928, p. 213):

‘“Crioceratid shells with initial whorls trituberculate, later whorls without ta-
bersules until the adult body-ohember, which in trituberculate; costae simple or
bifurcating near the umbilical margin; saptal suture (I. U. L. E.} with promirently
bifid, relatively short-stemmed saddies and regularly trifid lobes."

No less than six species of this genus sre described by Whitehouse {rom the Aptian
of Australia. The number of apecies found in corresponding horizens in California
ig less, although it appears thal at least two exist, and there are indications of still
others in fragmentary examplea.

Australicerns argus Anderson, n. sp.
(Plate 70, figares 1, 1a, 1%, 1)

Shell rather large, robust, subeirzular in section of whorl, coiling cricceratid,
heavily costate; riba nearly straight, or curving forward in mature examplea (5 to
8 inches in diameter); in young stages below 76 mm. costae alternately simple and
trituberculate, the latter being much heavier; at a dismeter of 85 to 90 mm. the costae
&ll become simple and rounded, without tubercules, except an occasional ono near
the ventral border; costae cross the ventral zone with a forwsrd sinus, and the flat-
tened dorsal area with a backward bend; ahell asptate up to a dinmetor of 8.5 inches,
not known beyond this point; sapta not well exposed. In ite mode of coiling, costa-
tion, and other characters, thia shell bears acme resemblance to Australiceras ro-
bustum Whitehouse (not von Kaenen), from the upper Bedoulian of central Queens-
land, Australia. However, there are chvious differences, as in the single minor rihs
in the present species, instead of two or more, in its less prominent outer tubercules,
in ite forward curving ribs, snd in its relatively higher gection. The holotype (Calif.
Acad. 8¢i. type Coll.) waa found on Bee Creek, 4 miles south of Ono, Shasta County,
on the Shoup ranch, snd stratigraphically s little below the Argonmut zone con-
taining Tropasum percostsium (Gabk), Phylloceras onoense Stanton, and Para-
hoplitoides shoupi nov. A larger example, somewhat distorted by rock pressure, was
found in the same zone 1% miles farther south. Fragments of this, acd perhaps other
apecies of the genus, have been found at other places it the Bald Hilla of the Roaring
River district south of Ono, but nat sufficiently complete for description,

Tropasum J, de C, Sowerby, 1837
Genotype, “Crisceratiles” beserbanki Sowerby

The geaus Tropasum of Sowerby waa revived by Hyatt (1900, p. 571). According
to Whitehouse (1926, p. 213):

“'the genus was derived from Ausirgliceras, with which it is identical in coil'm!h
costation nnd septal sutures, but it appears to bave developed along severel lines.

Tropacum, as represented by its genotype, is non-tuberculate, while most if not sll
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species of Ausiraliceros bear tubercules, st least in their younger atages, White-
house believed that Tropacum waa achieved by the abrupt cessation of tubersulation.
The number of species of thia genus occurring in the Lower Cretaceous of Californis
is not known, but feagmentary examples ol the genus indicate more thaa one. Ex-
amples are not rere in the Argonaut zone and appear in strata juast above it, but in
all casea they are found in cither Barramisn or Aptian strata. The range appears
to be from upper Barremian to lower Gargasian. Examples of the genus have been
found in the Lower Cretaceous of the Alasken coast, near Cook Intet.

Tropacum percostatum (Gabb)

{Piate 71, Ggurs 1; plate 72, figure 1)

Crioceraa percosiatus Gaen, Paleont. Calif., vol. 1, 1864, p. 77, pl. 16, fig. 26; lpl. 17,
fig. 268a; North fork of Cottonwood émek, Shasta County {uot ' Ancyloceras
percosiaius’’ Gabb, vol. 2, 1889, p. 138, pl. 24, fig. 19, Voy collection).

. Gabb's (1864, p. 77, pls. 18, 17) criginal fgures and description of this species
efford a fair conception of its form and other charactera, although thoy are not ot
all complete. Hia account (Gabb, 1869, p. 138a, pl. 24) included under this name a
quite diatinct species and genus.  Aa no later figures and description of either form
have sppesred, the earlier figures of “Crioceras’’ percostatus ara selected as repre-
senting Gabb’s apedies. The second form included by him is described herein as
Shaatoceran behemoth n. sp. The present species Tropaeum percostatum (Gabb) is
not uncommon in the Harsetown group in the Cottonwood diatrict and has been
found as far south as Hayward, Alemeda County. Good examples have been found
or Hulea Creek, Cottonwood Creek, Alderson Creek, Bee Creek, Mitchell Creek,
Roaring River, and MeCarthy Creek, in all cases in nearly the same horizon. Inits
general features it is not unlike T. bowerbanki (Sowerby). In form, costation, and
suture lines in its younger stages of development, it resembles Australiceras, as
guggested by Whitehouse, although it lacks the tubarculate riba belonging te the
latter. Inita older stages it develops tha thick, heavy ribs to which its name refers.
In mature shells the section of the whorl is subquadrate, the ribs nearly straight or &
Little Aexed forward ncar the periphery in examples below a diameter of 5 inches,
and it tends to divide, either nesr the dorasl border, or in some cases abovae the middie
of the side; sides are flattened, sloping toward the periphery. In older stages the
shell of the body-chamber departs a little from the earlier whorls. The largest
example seen has a dinmater of 17 inchea.

Shaaloceraa Anderson, n. genua

The genotype of tha present group is its leading apecies Shastoceras californicum
nov. ‘The spacimen is in the Museum of Paleontology, Univereity of Califoraia,
and was mentioned by Gabb under the name “Ancyloceras percosiaiua® as being “in
the cabinat of Mr, Voy, now depesited in the museum of the College of California.”
In ita final stages the shell of this genus acquirea the ganeral form of Ancyloceras,
leaving the early coiled stage snd forming a straightened or gently curved shaft
which incresses rapidly in section, and finally forming s thick crosier having &
narrowed recurved limb. The earlier whorls are sub-elliptical in section, and the
esrly part of the shaft retaina thia form, but with growth it becomes less compressed;
in its body-chamber the shell becomes mora inflated, and in the recurved limb it is
much reduced in diameter and nearly cireular in section; the sheil here formsa &
few strong costal ridges, more prominent on the veniral side. o its younger whaorls
(at lemst in one species}, there are costal ridges which are interrupted an the ventrs)
border by the development of emall bullae which scon disappear with growth.
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The surface of the cant is nearly smonth, but fragments of the shell show oblique,
relatively fine, rounded costas, eapecially visible on tha shaft; thess arise on the
doresl zone and slope forward toward the ventral zone which they cross without
interruption. The sapia are not perfectly shown on the genatype, but as they appaar
on & lurge fragment of 5. behemoth nov. the firat lateral lobe is aaymmetrically di-
vided, snd its branches are divided in 8 similar manner. In form snd arnamentation
the ahell resernbles the genotypa of Dirrinnoceras Hyatt (Aneyloceras simplaz d'Or-
bigny), but as no complete description of this genua hag been found which shows its
relationship, generin identity cannot be claimed. Spath bas included Dirrymocercs
in his Heteroceratidae, aad it is possible that it may include "Helsroceras'! lardieut
Kilian (1910, pl. 7). This form begins with helicoid early whorls, differing greatly
fram those of Shaatoceras which show ne tendeney toward helicoid whorls.

Four apacies of this genus have been found, «ll of tham in nearly the aame atrati-
graphic zone, namely, in the upper part of the Horsetown group (lower Gargnsian},
and all in the Cottonwood diatriof, Shasta County, above the Mitehell zone, snd &
little above the zone of Tropacum percostaium (Gabh),

Shaztoceras californieum Anderson, n. ap.
(Eiata T4, Sgure 1; plate 78, Hgure 1)

In Gabb’s attempted revision of “Crioceras’ percostalus {(Gabb, 1869a, p. 138, 139)
ke refers to the holotype of this species, now in the Musenm of Paleontology, Uni-
versity of California, giving its length ss 17 inches. The shell is large, robust, or
massive, its general form being that of Ancyloceras. The carly coil i3 diseoidal,
crioceratid, slightly flattened an the dorsum; the ahaft increazen rapidly in section
after leaving the early coil; shel] costate, the small rounded costee boing oblique,-
arising in the dorzal 2ene and erossing the sides with forward inclinstion at an sngie
of about 18 degreea from the normal and also erossing the ventral zone without inter-
ruption but with redueed atrength. On the resurved limb of the crosier a few strong
rounded ridges, more prominent on the ventral side, are developed; orosier slasely
bant on the dorsal side, mare broadly eurved on the periphery; section of early
whorls broadly elliptical, that of the shaft more compressed; sestion of bucal limb
nearly circular. ‘The holotype of the species has # length of 17.5 inches and & width
across hoth limbe of the erosier of nonrly 10 inches. The type locality and horizon
of this spacimen sre not definitely koown, but the horizon of its known congenera,
herein describad, is ln the upper part of the Horsetawn group (lower Gargasian),
as found in the Cottonwoond distriet, Shasta County. Mszay fragments of shella
balonging to thia genus, but not to one species, have been found on Hulen Creek, and
on Mitchetl Crask and Roaring River, a little sbove the zone of Tropacum per-
eoslatum, and this is prebably the horizon of the holotyps af tha present apesies,

Shostoceras shastanse Anderson, n. §p.
{Plats 73, figure 3; plate 75, figuro 1)

Thia shell has the form of Aneyloceras but is devoid of tubercules and spines,
such ag charneterize this genus.  The surface of the shell is emonth, slthough showing
faint rounded, obligue riba, similar to those of the genotype; seetion of early whorl
and lower park of shaft dattened or moderately elliptical; seation of hody-chamber
moro inflated; costae not conspicuous on the shait, more pronounced on the enrly
¢oil; bucal imb furnished with heavy trangverse ribs, more prominent on the ventral
gide; section of bucal limb broadly elliptienl, flattened on the dorsal horder; deraal
border of the shaft peariy streight. In form this species somewhat rezembles Shas-
tecergs califernicum bt differa from it in some importunt respects. Thoe shell is



2]4 LOWER CRETACEOUS DEPOSITS IN CALIFORNIA AND ORBAON

more inflated, the early coil is broadar and more developed, and the riba on this
portion of the shell are strong and rounded and terminate on tha ventral border in
clearly visible ventro-latarsl nodes. The ventral surface of the coil is Onttened;
with growth the ventral side becomes more rounded, the costal nedes diaappear, snd
the ribs beeome meore numerous and fainter. The early whorles are more nearly of the
typo shown in 8. behemath, gured by Cabb (1869, pl. 24). In scction of whorl, shait,
and bady-chamber the present species in less inflated, is smallar in size, and the bycal
limh is broader and less heavily ribbed. The holotype is the property of the Cali-
fornin Inatitute of Technclogy and bes the {ollowing dimensions: total length of
shell, 18.5 inchies; total width of shell (both limba), 11 inches; greateat thickness, 3.4
inohes; greatest dismeter of bucal limb, 4.7 inchen; lemor diameter, 3.9 inches. This
example was found by W. P. Popence and D, Y. Scharf on Roaring River, immea-
disntely heneath the conglomarata of the Barr zone and not far above the top of the
Mitehell zone, enst of the Milleep road. Tts position marks the lowest known ocenr-
rence of this genun in the Cottonwood diatrict,

Shastocerar behemoth Anderson, n. sp.
(Plate 78, figurs L plats 77, fgars &)

Ancyloceras percoatatua Gann {in part), Poleont. Calif., vol, 2, 1289, v, 138, pl, 24, fig.
%}? (nlz;;: “Crioceras perevstatus Gans, vol. 1, 1364, p, 77, pla. 18, 17; Cottonweod
reek).

This remarkablo species waa known to Gabb, although he confused it with Tro-
pacum percosiaium (Gabb). However, both forma were well illustrated by bim.
Coneerning the holotype of the present species (Gahb, 1864, p. 77, pl. 24), he saya
in part:

“The sgfcimeﬂ figured wasz about thirty inehes in lapgth, whils one very perfect

geqimaq  the cabinet of Mr, Voy, now depoesited in the museum of the Callega of
alifornia, in but 17 inches long."’

In this statement Gabb refers to two distinet apecies represented by the respective
speeitnens. The second specimen mentioned is the halotype of 8. californicum, as
already explained. The Brat, said to be 30 inches in length, sod fgured by him
{Gabb, 1849, pl. 24), baa not been foand, nor has any complete example of such size
bean seeh by the writer. Fragments of the species possrssing the characters ahosm
in the figurs have bean obtained, which indieate by their proportional massurements
& length of 32 inthes, No satiefactory deacription of the earlier whorls of this form
waa given, although Gebb's figure indicates & cricearatid eciling, with close-zet
ribs separated by narcow interspeces. ‘The earliest whorls seem to have been cop-
tiguous, since they are slightly flattened on the dorasl border, ae seen in a large frag-
mant of the species found at Loeality 1857 (Calif. Acad. Sei.) near Mitehell Creek,
In gize, form, and ribbing, this example corresponds well with Gabb's (1868a, pl. 24)
drawing. In seotion the younger whorls are aub-clliptical and somewhat flattensd
on the doranl border; the ribs are low and rounded, inelined o little forward on the
pidey and elightly tuberendate on the wentral border. This conditien of the whorl
ie soon lost with growth, tha periphery becomea rounded, and the ribs betome Ontter
and almost disappesr on the shaft. The bedy-shambar of this species i somewhat
inflated, and the recurved limb becomes heavily ribbed an the sides and on the ven-
{ral border, but the ribs are mueh raduced on the doraal side.

Gabb gove no information as to the horizon of thia specics, but, as many large
fragments which geem to represent it have been found on both Hulen Creek and near
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Mitchell Creek, in all cases about 150 to 250 feet above the Argonaut zone, it may he
aesymed that ite horizon is in the upper part of the Horsstown group {lower Gay-
gasian) in the Cottonwood diatrict, Shueta County. The species is not known from
any ather district.

Bhastoceras ventricoaum Andemon, n. sp.
{Fiate 17, figuea 1)

In the collestions of the California Academy of Sciences there is a body-chamber
of an example representing this genun which possesses zome striking features not seen
in aomy of the preceding forms. It represents o mature ghell with s much-infated
erosier, although the sdjacent psrta—namely, the recurved limb and the part of the
ghaft still remaining—are contracted, eapecinlly at and about the aperture, where
it ahows & few atout ribs, well developed on the outer barder. In section the bucal
limb is nearly circular rather than elliptical. This apecimen is the holotype of the
present species (Calif. Azad, Sei. type Coll). [t hus the following dimensiona:
the ventricoge crosier has 8 maximum eircumferance of 20.3 inches snd & maximum
diameter of 6.5 inches; graster diameter at the position of the last sepium, 6 inches,
leager dinameter, 3.3 inches; diameter at end of buesl limb, 4.1 inches; estimated
length of complete shell, about 11.5 inehea. The suture line ia-not shown but is
supposedly not ynlike that of 5. behemoth. This specimen was found an Hulen Creek
in the zone of the preceding species, some 200 feet above the Argopiitt zone. Frag-
ments of the species ara not uncomman on the west branch of Hulen Creek, but none
have been found farther south. '

Hamiticeras Andersan, n. genus

Many smaller ancyloceratid forms have been found in the Aptian strata in Cali-
fornia and in other countries, which it seems desirable to unite under & new generio
pame, Among the number obinined in Californis by Gabb he ineluded at least three
apecies under the name “‘Helicancylus' aeguicosiaius, but no satisfectory disgnosia
of any of them waa given. Asshown in another place, the name Helicancylus prop-
erly attachea to only one of these spacies. To this genus the other forms hora men-
tioned cannat bo shown to have close relationship, and for them the name Hamilicoras
geems to be appropriate and is suggeated for the group. The forma hera placed under
it kave the cutward aspect of Hamiles Parkinson (s. 8.}, but they posaess diztinetly
tuberculate ribe, and fike Hamitidne seem to have priginsted in a hoplitid {(possibly a
parshoplitid) stock. However, in the posseasion of tuberculate ribs, they differ
much from true Hamites and {rom other typee ineluded in Hamitidse, as restricted
by Spath.

The tritubereulate ribs of the ganotype, H. pilabryt nov., and the tripartite lohes
of the septum seem to place them clearly nmong the Ancylaceratidae, a8 emonded by
Whitehouse. In some characters, namely, in ribbing and perhaps in form, they may
repreacnt o development somewhut parallel to that of Porancyloceras Spath; among
them the ribs on the smaller limb, at leaat, poyscss two or three rows of tubereules
similar to thoae of ancylaceratids, The group appears te include “dneyloceras’
patagontcim Stalley and perbaps alap “Aneyloceras™ obovatum von Keenen. Tha
smagther or less copepicuously tuberculate forma here included appear ta be geneti-
eally connected with Shostoceras n. gen. Hamiticeras may alan include some of the
tubarevlate forma provisionally placed by W. 5. Adkine (1928 p. 207-210) under
“Hamitza,”  Another {form described by Gayle Seott (1928, p. 116, pl, 16, figs. 10, 13)
may alse find & place in Hamiticeras,
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Hamiticeray pilsbryd Anderaon, n. ap.
(Flate 1, figure I}

Helicancylus gequiconiaiue Gans {in part only), Paleont. Calif,, vol. 2, 1886, p. 141,
pl. 25, figs. 20b, e, d, e, f, é? g?, all belonging to & single individual; tocality
not certainly known.

This remarkable species is of medium gize; ita imba are eiveular in section but
are diverge in form and erpamentation; the smaller limb, which is also the longer,
posgeased oblique riba of two kinds, alternately smonth and simple, and tritubereulats
thicker ribs; body-chamber sharply bent, not shown in Gabb's figures; ribs en the
smalier limb interrupted on the siphonal line by & nearly smooth depreassion bordered
by veatro-lateral tubersules; larger limb heavily costate, with simple non-tubersuo-
late ribs, much stronger than those on the amaller limb; near the dorsal horder the
tibs are reduced in strength and bent forwerd; all are mote prominent on the ventral
side; intercoatal spaces beondar than tha ribs. The trituberculate ribs on the emallar
limb show its ancyloceratid character, as do alaa the aepta, as drawn by Gabb {1864,
pl. 25, fig. 20g). The several fragments tliustrated by Gabb (1869, pl. 25, Ags. 20b,
¢. d. e. ) have oo elose relation to the others {Gabb, pl. 25, figs. 20, 20a) which belong
to a distinot geous. The holotype of this species is in the mugeum of the Academy
of Naturn] Seiences of Philadelphia and wos loaned to the Californis Academy of
Selencen for study and illustration. It has the (ollowing dimensions: iotal length,
92 mm.: maximum digmeter of larger limb, 33 mm.; maximurm: diameter of smaller
limb, 26 mm.; width aeroas both limbe, 58 mm. An example of this gpecies has becn
found by W. P. Popence and D. W. Scharf in the Argonsut zone on the North fork of
Cottonwood Creek, near Ono, Shasta Counby, and the horizen of tho helotype is
believad to be the sama,

Hamiliceras philadelphivm Anderson, n. ep.
{Plnta T, figures 2, 3)

In the cellectiona of the Academy of Natural Seiencen of Philadelphia there is a
well-preserved example of this genus—the holotyps of the preaent species. It bears
Gabib'a label, “Heliconcylus aequicosialus” Gabb, and is No. 4707 {Acad. Nat. Seci,
Phila.); it ie said to hawe besn found on the Narth fork of Cottonwood Creek, Shasta
County. It has the following dimensions: total length, 81 mm.; width neross both
Hmba, 45 mm.; maximum diameter of larger limb, 26 mm.; section of both limbs,
nearly circular. A line of faint tubercoles appoars on the gide of the smaller limb,
and & row of depresged bullae is shown on the ventral berder. Aa far as cen be
geen this species is not unlike the figures given by Stoiley (12, p. 11, 14, pi. I} for
Y Aneyloceras” patagonicum, from the distriet of Lago San Martin in western Argen-
tina. Stolley regards his species as ropreseoting an upper Xeocomian or Aptian
horizon, perhaps near that of the present species. The nearcat European analogue
for which o deseription bes beon found is “Ancyloceras’ sbovatum von Koenen. Moat
of the species and examples of Hamilicerar se {ar obtained from the Cottonweod
district belong in; or ahove, the Argonaut zope of the Horsetown group, here re-
gorded as being middie Aptian in age.

Hmniticeras nequicostalum {Gabb)
[Plate 3T, figuren 2, Ta, 3; piate 79, Ggure 6)

Piychoceras aequicostatus Gann, Paleont. Calif,, vol. 1, 1884, p. 74, pl. 13, G, 20;
North fork of Cottanwood Creek (not J elicancylus aequicosiatus Ganp, vol. 2,
1869.;. 141; ple. 25, 20, 20a). )

Hamiles (Ptychoceras) aeguicesiatus (Gabb) Axoersox, Calif. Acsd. 3¢i, Pr.,
3d ger., vol. 2, 1802, p. 90; Loeality as by Gabb.
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The holotype of this apecies, & fragment of the body-chamber only, is in the
Miiseum of Paleontology, University of Calilornia., More completa examples of the
same species have been obtained from Alderson Creck and have been compared with
the holotype. The shell ia small, with limbs not closely spproximate; the amsller
limb hee a subcircular section, and that of the larger limb is more nearly circular;
hoth limba are costate; the rilis on the amaller limb are mueh more oblique than those
of the other; ribg without pronounced ornament, more elevated on the ventral sur-
face; on the smaller limb the ribs are leas prominent and the interspaces shallow;
some of the ribs on the emaller lival bear faint nodes on the ventral border, but they
croea the ventral zone without interruption. The figured apecimen (Califl. Acad.
Bei. type Coll.} was found on Alderaon Creek, in the Alderaon zone, asgocisted with
Lytoceras batesi (Trask) and Phyllaceras aldersoni nov, Gsbb's statement that

“‘from one imperfect impression, showing 28 ribg, it aeems that on a single riv there
have been two tubercules, or spines, one near the dorsal and the other near the ventral

gide,"* did not refer to hia hqutyEe, but o0 aome other gpecimen not Sgured, Faint
nodeg are found on the ventral border of the smalier Izmb only, 88 alrendy noted.

Tozaceras d'Qrbigny
Tozoceras cornucapri Anderson, n. ep.
(Plats 10, Agure 3)

8hell small, openly curved, tapering somewhat regulerly, tranaversely costate,
with rounded ribs, most of which bear small, inconspicuous spines on the ventral
border and a lesger number on the side of the shell; the ventro-lateral spines are
somewhat more prominent than the lateral; the lateral spinea seen only at irregular
intervals. The curvature of the shell increases graduslly with growth, the shell
being elmost straight at first but curving more rapidly toward ¢he bucal end. This
shell resemblea Tozoceras emericianum d’Orbigny from Vergons (Bassea-Alpes),
France. The holotype (Calif. Inst. Tech. Coll.) has the following dimensions:
length of cone (incomplete), 67 mm.; ventro-dorsal width, 8 mm,; transverse thick-
nens, 7 mim.

This example waa found by W. F. Popence and D). W. Scharf on Alderson Creek,
half a2 mile poutheast of the Barr ranch house, south of Ono, It position appears to
be below the Argonaut 2one of the Alderson Creek section. Ita lacality number is
989 (Calif. Inst. Tech.) and is not known to have had sssociates of other species.

HEaarmar Hyatt, emend. Spath, 1922

Although Spath hag included in this [amily many later Cretaceous types, only a
birief consideration is here given the pre-Cenomanian, codtate, and non-tuberculate
hamitids, and = single tuberculate form that cannot well be omitted {rom the list.

The lamily ie here regarded as including the followlng:

Hamiles Parkinaon; genotype, Hamiles aftanuaius Bowerby (not 4'Orbigny)
Tarnutocerces Hyatt; genotype, Hamifea oltenuaius d'Orbigny (not Sowerby)
Helicoceras d’Orbigny; genotype, "Hamites'! annulatus d’Orbigny

Ptyeheceras d’Orbigny; genotype, Piychoceras gaulitanum (Piotet)

Whitehouse (1926, p. 224-228) haa questioned the practical value of Tornuloceras
a8 n generie term; he believes that the forms placed under it may well be included
in Hamites. It would appear aleo that along with Ptychoceras ¢'Orbigny, it would be
permissible to include Diptychoceras Gabb; genotype, Diptycheceras laere, and e mod-
crately tuberculate form, both of which are found in the Perrin zone of the Hulen
beds in the Cottoowood district. The single unquestionable specier of Hamrtes
below the Cenomanian is a rather large form found near the middle part of the Albian
and is represented by only a {ragment of n shell.
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Hamiles imitator Anderson, n. sp.
(Plate 43, figures 4, 5)

A single [ragmentary example of a hamitid species was found in the Perrin zone
at Locality 1668 (Calif, Acad. Sei.) in the upper part of the Horsetown group. [t
gcems to be closely related to Hamiles armalus Sowerby, although it ia from s lower
atratigraphic horizon, here regarded as middle Albian. As far as the apecica can be
deseribed from this example, it bas the following eharacters:

Shell lorge, tapering slowly, section of costate limb elliptical, rounded on both
doraal and ventral borders; surface marked by numerous oblique, rounded riba,
geparated by wider interapaces, the interval being about 3 mm. broad; ventral zone
bordered on both sides by single rows of broad, low, rounded tubercules, which
appear upon each third rib, although their exact relation to the rib is not elearly
acen; septum aa eeen it the Ggure, the lobes and their prineipal branches being bi-
partite, in the manner of Lytoceras. The holotype (Calif. Aead. Sei. type Coll.)
haa the following dimensiona: length, 67 mm.; dorso-ventral diameter, at larger end,
43 mm.; tranaverse diameter, larger end, 31 mm.; same diamster at smaller end,
30 mm.

This specice haa the general chatactera of Hamites armatus Sowerby, as figured by
Boule and Theverin (1008-1907, p. 56) especially with respect to the suture line. The
holotype of the present species was assoeinted with Acanthoplites perrint, Cleoniceras
lecontei, Phylloceras theresae, and Dipiychoceras laeve Gabb, all of which are found
100 to 200 feet baneath the Neptune zone in the upper part of the Horsetown group.

Ptychoceras d'Orbigny
Piyehoceras natrice Anderson, n. ap.
{Plate 81, figura )

Shell small or of moderate size having the two limbs folded closely together;
section of the two limbs anbgquadrate; smaller limb subcircular in section, nearly
smooth, tapering graduslly; larger limh quadrate in eection, slightly concave on its
dorsal contect with the smaller limb; costate, with gently inelined, simple coatae
crossing the ventral zone a8 amooth rounded ridges; ventral rone rounded; septa nat
exposed on holotype. The apecies belongs to the group represented by Piycheceras
puzasianum d'Orbigny, found in the Neocomian (Barremian) of France, which is its
nearest known anslogue. The holotype {Calif. Acad. Sci. type Coll.) was found in
the Mitchell zone at Locality 1657 (Calif. Acad. Sei.) on the west branch of Mitchell
Creek, s mile above the mouth of this stream. It has the following dimensions:
tofal length, 52 mm.; transverse messure {both limbs), 24 mm.; height of apartuce,
13 mm.; width of aperture, 13 mm.; top of crosier roundly curved. This example
was found associated with Skasticrieceras poniente, Peeudoerioceras sp., and fnocera-
mus cvalotdes nov., in atrata regarded os upper Barremian in nge.

Diptychoceras Gabh

Diptychacerae laeve Gabb

Diptychaceras laevie Gasn, Paleont. Calif., vol. 2, 1869, p. 144, pl. 25, figs. 21, 21s,
21b; “'Shasta Group,” Cottonwood Creek, Shasta County.

Gabb's account reads in part as follows:

"Shell moderate in size, limbs long and slender, seetion of the smaller limb sub-
elliptical, slightly fiattened on the ventrnl (dorsal)} side; second limb subcircular,
very elightly emarginate by the eacronchment of the preceding braoeh; laat limb
suddenly incurved, and extending to (or beyond ?) the middle of the shell. Surface
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plain or golihpd ornamented only by a few extremely (aint undulations. The
outer, or final limb, whieh ia in places very much broken, had one or more gonstric-
tions, or internal ribe, which de not seem to have been viaible on the externsl surface ;
one or two such internal ribs seem to have existed, though in much lesa degrec on the
middle limb.""

The bolotype of this species is in the museum of the Academy of Natural Sciences
of Philadelphia and waa loaned to the California Acndemy of Sciences for compariaon
with othera found at the type loeality. Three good examples were found in the
Perrin zone at Locality 1668 (Calif. Acad. Sei.) associated with Cleoniceras lecontei,
Phylloceraa theresae, and other spacies. According to Gabb (13G8a, p. 127}, this
species was found with Ptilsfeuthis folfalus and a species of erustacean. Gabb’s
helotype probably came from Hulan Creck, near the losality mentioned. It has not
heen found ot any other place.

Hamulina d'Orbigny
Genotype, Hamulina subcylindrica (d'Orbigny)
Hamuling aldersona Anderson, n, sp.
[Plats 58, Agures 2, 28)

Shell of medium size, limbe moderately separated, straight, finely costate with
major and miner contas; section of esch limb subeircular; smaller limb septate, the
septum resembling that of the genotype; costae on the amaller limb fine, rounded,
ablique, peparated by wider interspaces; major costae faintly tuberculate on the
side, bearing spines on the ventro-lnters! and dorsal borders; on the smaller limb,
cight to ten finer costae intervene betwean the major, non-tuberculate costae; on
larger limb, costae trituberculate and occasionally epinose; minor costee boaring no
tubercules. On the larger limb the costae are oblique near the bend but become less
50 near the middle and at the extremity of the body-chamber. The holotype of this
species was obtained at Locality 1348 {Calif. Acad. Sci.) on Alderson Creek, about
2 milea south of Onao, Shasta County, 8t 4 horizon about 200 feet abowve the Argonaut
zopa. It resembles Hamulina lorioli Uhlig in its cireular sestion, in its abrupt
bend, by which the two limbs become nearly parallel, and in its costation, which on
the smaller limb is oblique, becoming more nearly normal on the larger limb. In the
present species, however, the amaller Hmb bears o doubls row of elevated apines on
the ventral borders and on the dorsum, with evidence of having hed laternl tubercules
on the major contan. The holotype (Calif. Aead. Sci. type Coll.) has the following
dimensiana: totsl length, 112 men.; width between limbs, 12 to 15 mm.; maximum
diameter of body-chambar, 22 mm.; maximum dismeter of smaller limb, 12 mm.

Anatigmuling Hyatt
Anakamuling vesperting Anderson, n. ap.
{Plata 22, Fgures 3, 3s)

Two axamples of this gpecies, consisting for the most part of the body-chambera
only, were found at Loeality 113 {Calif. Acad. Seci.) in the Hamlin-Broad zone, in
the upper port of the Paskenta group. The shell is of moderate gize, hamitid in its
genernl aspect, closely costate, the costre on the two limbs being dissimilar in
hoth gize and dircetion; costae rounded, with equally broad and rounded interspaces;
costae on larger limb crossing it at nearly right angles to ita darsal border, in part
branching into two or three divisions below the middle of the side and occasionally
at higher polots; costae bearing elongated nodes at points of division; costae on
zmoller limb oblique, inclined strongly farward; in part branching into two or three



220 LOWER CRETACEQUS DEFOBITS IN CALIFOENIA AND OREGON

divisions, in part singla; branching riba bearing tuberculate nodss at pointa of
division more praminent than on the larger limb; section of limba subeirqular, fiat-
tened on the dorsum, where the ribs bend strougly farward; septa enly imperfeatly
ghown, sutyrea gimilar to those of Hamuling. Insofar as the body-chambers indi-
eate, this apecies has characters similar to 4. ("Hamufing') lorioli Dhlig, deseribed
from the Warnadorfer beds of the Carpathian Mountains, eastern Silesia. As Hyntt
included this specice in Anghamuling, its California analogue should slso he
admitted.

In form this epecies is somewhat more robust than Uhlig's, the costae are heavier
and Iess numerowe, and the costal nodes are mors prominent on the smaller limb,
whereas in Ublig's species they are more prominent on the largerlimb. The holotype
[Calif. Aead. Sei. type Coll.) has the following dimepsions: width of body-chamber
sicross both limbsg, 61 mm. ; doreo-ventral dismeter of lurger limb, 21 mm.; diameter
of emaller limb, 18 mm.; holotype found 3 miles southwest of Ono, Shasts County.

Berenoceraiba® Spath 1924
Hamibaculiler Hyatt 1848
Genotypae, "Toroceras' obifguatum 4'Orbigny

No formal demcription of this genus has been found in the literaturs, hut, s the
genotyps is sufficiently characterized and distinetive, a further deseription may
have been thought unmercessary by the author, D’Orbigny makes no statement as
to the early stages of the apecies or to & retroveras] body-chamber, if such exiated.
Few ather writers seem to have recognized forma of this group, although it peems to
have been wall represented in Europe. In the Lower Cretaceous sequence in the
Cottonwood distriet, Shasta Counly, various distinct spesies have been found,
apparently referable to thin genus, the earliest sppearing in beds thought to be Bar-
remian (upper “Heteraceratan’), and othera at higher levela, These several forms
differ much in size, form, surface markings, and other charactars, an well as in the
horizons of their oceurrence. AW oecur below the top of the Cottonwood Beds
(Aptian) and thevefora range from Barremian to middle or upper Gargasian,

Hemiboculites mirabilis Anderson, n. ap.
{Plata T4, Ggares 3, 28, 3)

Aneyloceras (gp. indet.), Gass, Paleont, Calif., vol. 1, 1884, p. 78, pl. 15, figs. 30, 30a;
Cottonwond Creek, Shasta County; (not “C."” {Aneyloceras 1) Remondi Gasa,
Paleont. Calif,, vol. 1, 1884, p. 78).

Gabb'a confusion of this species with Hoplosrioeercs remondi {Gabb) sesms sur-
prising, even though there iz some resemblance in the character of the septum, The
apecies here deseribed is quite distinet and is not closely rvelated to H. remondd
(Gebb). This form is the largest of the four or five species of the genus found in
the Hameetown group in the Great Valley embaymant deposits. The holofypo of
the species has not been racagnized, although similar examples are in the Museum
of Paleontology, University of Crlifornis, and others have been found in the field.

According to Gahb’s atatement, the fragment from which his drawing was made
measured 6 inches in length and 2.25 inches in greater diameter. A fragment with
nearly thege dimensions was found at Locatity 1347 (Calif. Acad. Sei.), caat of
Mitehell Creek, nmocinted with Phylloceras onoense, Belemnotcuthis pocifica nov.,
and Lytoceras argonautarum (Anderson) in the Argonant zone, about 200 fect abevs
the Baorr conglomirate, and 100 feet above the zone of Tropacum percostoium. The
figured example was found by W. P. Popenoe and D. W, Scharf half o mile farther
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gauth at Locslity 998 (Calif. Inst. Tech.), and half a mile eaat of the Jordan house.
The stratigraphic position of the species ia thought to be upper Aptian (Gargagian).

Hemibaculites nguplius Andersom, n. 8p.
(Plata 83, figurce 2, Iu)

Shell small, scction alliptical, narrowing slightly toward the ventral horder,
contate, with low rounded, and nesrly straight costae, inclining forward and croas-
ing the ventral zone without interruption; ribs non-tuberculato; dorsal zone nearly
smooth, showing only depressed costae; pepta a3 shown in the figure. The holotype
{Cnlif. Acad. Sci. type Coll.) was found at Loeality 1347 (Calif. Aead. Sei.) near
Mitcheil Creek, in the Mitchell zane, 5 miles south of Ono, Shasta County. It bas
the following dimensions: length, 100 mm.; grestest width, 30 mm.; gresteat thick-
ness, 22 mm.; ghell tapering graduntly and showing enly a slight tendency to curve.
Atitslarger end there is a slight swelling and possibly the beginning of a more definite
curve. Whether this shell posscased o retroversal body-chambor is not known,
This specics appesra to belang to the group of unediled ammonoids represented by
“Toroceras’’ obliguatum d'Orbigny, the genotype of Hyatt's genus. It was found
at the top of the Mitchell zone, in a bed containing Shasticrioceras ponienle nov.,
Inoceramus ovafoides, and other species thought to represent an upper Barremisn
horizon. Ttis the oldeat form of the genus found in the Cottonwood distriet. Onlya
single example of the apecics waa found.

Hemibaculites cyclopius Anderson, n. sp.
(Piats 58, figuve 3; plate 68, Gguren 3, Ja)

Shell large, nearly straight, tapering gradually; aection broadly ovate, narrowing
in outline section toward the ventral border, broadest near the opposite border, a
little flatiened on the dorsal zone, nsrrowly rounded on the ventral zone; sides
moderately costate, with oblique, rounded, unequal ribs, 2 to 4 mm. in width, ar-
ranged in groups of five or six, the central one stranger than the others; castal groups
separated by slight depressiona; septa shown in the figure. The helotype (Calif,
Acad. Sci, typo Coll.) has the following dimensiona: total length (incomplete),
388.6 mm. (15.3 inches); maximum diameter, 76 mm.; greatest diameter at emaller
end, 38 mm.; median diameter, 87 mm. Thisexsmple was found on Alderson Creek,
2 miles south of Ono, Shasta County, in o shale bed about 200 feat above the hotizen
of Tropasum percorfatum (Gabb), and 800 to D00 feet above the Mitchell zone with
Shaaticrioceras ponlenie nov. [t was associated with Lytoceras batest (Trask), Acroten-
this impresza (Gabb), and Phyiloceras onoense Stanton. This example showa no
early coil nor any recurved body-chamber, although it exhibits some evidence of
having possessed the latter, having s slight expansion in the ventro-doraal diameter
at its bucal end. Thia ia the longest example of this genua that haa been found,
although not the largeet in diameter, being exceeded in this regpeet by H. mirabilis
nov. Only a single specimen of this epecies has been found.

Hemtbaculites neleus Anderaon, n. sp.
(Plats 80, Oguces 2, 2w, 3)

Shel) of medium size, tapering very graduvally, only slightly curved, section of
shaft broadly elliptical, surface costate, with low, rounded, slightly curviog ribs
which cross the ventral zane without interruption, becoming faint in tha dorsal zona;
septa not well preserved. The holotype (Calif. Aead. Sci, type Coll.) consists of a
iragment of the shaft whicl ia costate throughout. It measures 81 mm. in length;
greatest diameter, 33 mm.; greatest transverse diameter, 30 mm. It waa found at
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Lacality 1657 (Calif. Acad. Bei.} near Mitchell Creek, o mile above it mouth. The
horizon was abaut 250 feet above that of the preceding epecies. In size, section,
and in the character of its ribbing, this species is intermediate batween M, nauplits
and H., mirsbilie, and ita stratigraphic position i likewise intermediats between
them. It was found in strata containing Acroteuthis aboriginalis, Parahoplilofdes
ef. cerrosensis, and othera believed to represent s lower Aptian horizon,

Helteanclus Gabb, emend.

The name Heltcancylus has been sontinued in paleontologieal fiterature since itg
first appesrance (Gabb, 1809a, p. 140). It seema to have been regarded as a valid
generin name by many authors, including Hyatt, J. P. Smith, Spath, and others,
and should be retained. Yet an inspection of the figures given by Gabb may well
cauge suapicion that they are not all identical, specifically or generically, None
of them has been indicated ns the genoiype, but they may readily be acen to include
three digtinet species; two of them are ¢ongenerie, but are not elogely related to the
third. It seems possible, however, to select one of these as & geootype, and thue
preserve the suphonious name Helfeancylus, without otherwise disturbing it accept-
ance. Dut the deeeription given by Gabb so invelves the three forms referred to
that it should be emended accordingly. Two of the throe species more near)y related
are degcribad in another place under the name Hamiticeras nov, The third form
included in Gabh'a delineation of the genus (Gabb, 1869a, pl. 25, figs. 20, 20s) repre-
senta s heliceid type, but it has no ciose relationship to the others.

Althowgh this form resembles Helicoeeras, it ia the anly one to which the name
Helicancylus secms to be applicable, and may be regerded as the genotype of Heli-
caricylur. This speeiman s in the museum of the Aeademy of Natural Sciencea of
Philadelphia and is the only exampls of the genus thus far recognized or recorded
from the Lower Cretacecus of California. It s the coil of an immntura shell and
gives only & partial eoneaption of its mature form. Its asymmetry is readily scen,
not only in Gabb’s figure, but in the photographs of the specimen here given, It
manner of coiling is thus given by Gabb: “Shell commencing with o dextral, open,
degsending epirsl, as in Helicoceras, the ppiral alterward opening. ... But his
statement eannot be followed further without caution. The riks are all of one kind,
arising on the dorsal wall, where they at first curve hackward, then macend nearly
narmal to the doral barder and eross the ventral zone without interruption; they
are soparated by interspases broader than the ribs; ribe trituberculate, the tuber-
cules first appearing on the ribs at a dismeter of 10 or 12 mm., hecoming more prom-
inent with the growth of the shell; section of wiworl hroader than high, the ratioe of
width to beight being about 7:3.5; dorsal walla steep, sides nnd ventral part of the
section reunded, nearly cireular; sutures not knonn. The apparent straightening
of the coil in its later atoge perbaps led Gabb to associate it with the forms here
placed in Homiticeraz, but their near relationship can hardly be maintained, even
granting that the early stages of the latter are not yet known. Nor is the adultstage
of the eoil relerred to Helicancylus yet known, and it should not be gasumed from
the known data. Some further conception of the genus may be gathered from the
degeription of the only koosin species, namely, Helfcaneylus gabbi nov.

Helicancylus gabbi Andersan, n. ap.
{Plste 73, fguren 4, 5}

Helicancylus aequicoziatus Gapn (in park only), Paleont. Calif., vol.
E

1860, p. 141,
pl. 35, fige. 20, 208 {not figs, 20,

2
£); Cottonwoed Creek, Shasta dﬂun&y.
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The composita character of “ Helicancylur gequicosiatus’ Gabb has slready been
shown., Nevertheless the name Helicancylus may be applied to the coiled form in~
volved in his attempted delineation. Merriam supposed that the holotype of Heli-
~ancylus was among the materiale left at the University of California by the ald State
Geological Survey. In a list of “type apecimens’ at the University, prepared by
Merrinm in 1885, is the name ‘‘Helicancylus aeguicosiatua’ Gabb. In the Museum of
Paleontology there is & small ammonoid bearing this label, hut it has no further
notation. The label was apparently attached to the specimen by Gabb himself and
probably is the specimen referred to by Merriam aa the “type.” It has a quite
symmetrical ¢oil and two typea of ribs, and is an example of the young stage of Aus-
troliceras argus nov., described in this memoir. Incidentally, this is the fourth
speciea that was included by Gabb undor the name “Helicancylus aequicosiatus.’
The holatype of Heliconcylus gabbhi nov.—the genotype of Helicancylus, as here
emended-—ig in the museum of the Academy of Natural Sciences at Philadelphia, as
already stated. As to its locality and horizon, little can be said at present; it is
thought to have been found on the Cottonwood Creek mear Ona, Shasta County,
and to represent an Aptian, or possibly a Barremian, horizon.

BELEMNOIDEA

In the upper Mesozoia, namely, the Knoxville and the Shasta series in California
and Oregon, fossil remains of no less than 35 gpeciea of cephalopods of the ordar
Belemnoiden are recognizable at present, and there are indications that others will
soon be added to the list. OFf this number 19 or more are found in the Knoxville
geries, and at least 16 are confined to the Shasta series. In the Knoxville the great
majority of the known specica are referahle to either Cylindroleuthis Bayle and
Zeiler, Belemnopais Boyle, or to Pachyleutkis Bayle, of which few, if any, survived
into Cretaceous time. Asp far a3 known, there is little or no relationship between
any in the Knoxville assemblage and thase in the Shasta series. Nor is their strati-
graphic occurrence continuous. Most of the forms constituting the Knoxville
assemblage appear o be confined to the upper (Tithonian) part of the series, and
at its close they quickly and eompletely disappesr, leaving no recognizable descend-
ants. The earliest faunas referable to the Cretaceous sequence contain no distinet
traces of the Knoxville types, whereaa the belemnaids of the Sheatn series belong
to distinct geners, for the most part, such as characterize the early Cretaceous of
other regions (Englund, western Burape, and Ruesia). In the Cretacoous assem-
blage the following genern, recognized by Stolley, are fairly well represented, al-
though not equally:

Acroleuthis 8tolley, 10 species Belemnoteuthis Pierca, 2 speoieas
Autacotcuthis Stolley, 2 apocing Belemnopsiz Bayle, 2 apeciea
Hibolites Montfort, 1 spociea

From the generic character of this sseemblage, as contrasted with that of the
Knoxville series, it is believed that they eniered the California province as immi-
grant races, following some profound changes in sen and land conditions in western
America and in the Pacific basin, which opened new connections or avenucs of
migration. Although theic stratigraphieal order is not vet fully known, some of the
Cretaceous aseerablage seem to be canfined to restricted zomes. It ig perbaps too
early in their study to give the vertical range of many of them, although we may
pote the zones in which they have been found up to the present.

The earliest representatives of the order appear in almost the lowest Cretaceous
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strain, a8 in the basal conglomeratens of the Paskenta group, with which are ssso-
ciated various evidences of disturbance and of unconformity, They increase in
numbers and vaeriety through the lower part of the Horsetown group. At its top, or
in beds that may repreaeat ita latest epoch, tho last of the belerunoide in the Cali-
fornin province appesrs in a single apecies of Neohibolites, although it is rather
widely separated siratigraphically fram any earlier known form. By far the greater
number of apacies agd individuala occur in the lower and middle parta of the Shasta
peries (mid-Valenginian to mid-Aptisn). The earlizat forms seem referable to the
genua Aeroteuihia Stolley, and moat of the succeeding forms belong to this group, al-
though they show considernble variety, among which at least 10 species are recog-
nizable. Although present knowledge of the assemblage and of the vertical range of
ite various species is incompleta, the following tentative table shown their known
distribution:

TABLE 3.—Veriteal diatribution of Belemnoidea tn the Shasla sorica

3
|

Neohiboliles foniinalia nov,

< Ptiioteuthis foliaius Gabb

Buenaven-
tura zone

b o

.g. E" E § Belemnoteushis ap. nov.
=% -<
-]
.E., =l Acroteuthis aboriginalia nov.
g n E A. barrana nov.
3
E % 2, Htboliles cigarroider nov.
a 3 § Acrotenthis milchelit nov.

a b Actoteuthis impreasa (Gabb)

A. shasiensiz nov,
Hiliolites diventroides nov.
Acroteuthis kernensis nov.
A. ongangis nov.

Hauterivian
One
zone

A. shastensis nov.

A. impreasa (Gabb)

A. wilcozt nov,
Belemnoleuthis pacifica nov.

Valanginian
Hamlin-
Broad zone

Acroteuthis wileozi nov.
A. kernensyis nov.
A, cf. shastensis nov.

Paskenta group

A. winslowensis

Infrs-Val-
anginian
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BrrmaiiTivae de Blainville
Acrateuthis Stolley 1911
Acrolruthis tmpressa (Gabb)
(Plate 81, Baurv 0; plata 82, Ggure 1, 1a, Ib)

Belsmnites impreasus Gann, Paleont. Calil., vol, 1, 1884, p. B8, pl. §, fige. 2, 2a; North
fork of Cottonwood Creek, Shaats County; vol, 2, 18&6, PP. 125, 209; “‘Shaata
group"—s'mwmx, U. 8. Geol. SBurv., Bull. 133, 1895, p. & (in part, pl. 20,

.1,2,5).
Acm!augr‘a impresaa (Qabb) Sroripy, Foss. Catal., 1820, p. 207.

The holotype of this speciea is in the Museum of Paleontology, University of Cali-
fornia, and bas been carcfnlly studied and compared with many forms from the
Shasta serice in California, The holotype hias a total length of 172 mm. snd & maxi-
mum normal dismoter of 25 mrm. ; it ia nearly cirenlar in section but at the upper end
haa been crushed snd flattened, giving it the appearancs of having a flare, aa in shown
in Gebb's figure. This fare is obviously due almost entirely to erushing and ia
accordingly negligible. On ths side figured by Gabb this is almost covered by a thia
Isyer of the prolonged guard, but on the apposite side the wholly septate wall of
the phragmacone is exposed, protruding from the upper cod of the reatrum about 46
mm. on this side. Critieal measurements of the holotype necessitate some emond-
ment of ita description. The actusl dimensione of the rostrum, below the point at
which the “flare’ begina, are aa {ollowa: total length, 127 mm.; maximum diameter,
25 mm, Gabb's figure of the holotype does not conform to the facts and makes the
form appear much more slender. The apical angle of the phragmacons cannot be
determined from the holotype but, ad found in other examples and aa indicated in the
figure of the plasiotype, it extenda thirough about one-fifth of the gusard, and the angle
is about 26 degrees. There is no avidencs in auy of the examples studied that the
axis of the phragmacone, or of the guard, is excantric; on tha contraty, it is normally
central to the guard. The figured plesiotyps (Calil. Acad. Sci. type Coll.) was
found with others of tha same gpacies in the Mitchell zone in the lower part of the
Horzetown group, at Locality 1347 (Calif, Acsd. Sei.), on Mitohell Creek, about &
miles south of Ono, Sheata County. It occurs in the same zone on the North fork
of Cottonwood Creek and in other places and is wsually messociated with Shashi-
erioceras poniente or with sema form of Ancylocerse, indicating that ite horizon
ia 8 little lower then Aptinn. [t hae also been found balow the Mitchell zone. It
haa been reported from near Wilbur Bprings, Colusa County, in strata of probable
Paskonta age. (abb'e reference to its cecurrense nesr Mount Diable, associated
with Aucella piochi, is probably due to mistaken Identity. It does not geem Lo lisve
bean found st apy place in the Knoxville sories (Tithonian) in either Californis ar
Qregon.

Acroteuthia aboriginalis Anderson, n. sp.
(Plate 50, Sirwe 2)

The guard of this spacies i3 the largeat yet described from the Cretaceous of Cali-
fornia. The guard of the holotype {Calif, Acad. Sei. type Coll,) bas u length of
nearly 7 inches (175 mm.) and a width of 30 mm. The vantral side is marked by &
broad shallow groove extending (rom near the apex along the lower one-third of the
guard; girard tapering from nesr the middle, rounded on the back; section nearly
circular; section of phregmacone eirculsr, concentric to the surface, axia nearly
central. This speciea is not uncommon in the Barr zone near the middle of the
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Horsctown group, 6 miles south of Ono, Shaata County. The holotype and other
examples were found at Loceality 1347 (Calif. Aead. Sci.) associated with Noutilus
averilli nov., Parahoplitoides sp., and other ammonoids of the Barr sone. The
guard of this speties is very similar in aize, form, and surface appearance to that of
the European specien ‘' Belemnites'' magnifica d'Orbigny, aa figured by Pavlow end
Lamplugh; aceording to Stolley (1920, p. 208), the latier form is included in Acroten-
this. It has not yet been found in any other district ot horizon in California.

Acroteuthis shasienais Anderson, n. sp.

(Flava 81, figurs 5)

Belemnities impressus STANTON, in part (not Gann), UV, S, Geol. Surv., Bull. 133, 1305,
]é. &l.tp . 20, fige. 3, 4; “Lower Horsetown beds,” neighborhooci of Ono, Shagts
ounty.
Acroleuthis impreasn (Stanton) StoLLEY, Fosa. Catal., 1020, p. 207 (in part, STantox,
U. 8. Geol. Surv., Bull. 133, 1895, pl. 20, fige. 3, 4).

.

Thia apecies ig obvioualy distinet from ““Belemniiza' impreseus Gabb, and its
stratigraphic range in the Shasts serics ie lower. A comparison of many examples
from bath the Cottonwood and MeCarthy Creek disiricts confirme thie view. In the
present species the guard is relatively thicker, and the lorm is ageordingly maore
robust. The guard is heavy, tha sides nearly parailel for most of ite length, but
tapora to s blunter point than in A. fmpressa (Gabb). The ventral groove is broad,
maoderately deep, roundly concave at bottom, and extends downward nearly to the
point. The phragmacone in circular 1n seetion, the sides forming an angle of about 13
degreea; the axis is semewhat central, but elightly nearar the ventral gide of the
guard. Tbe holotype (Calif. Acad. 8ci. type Coll.} waa found at Locality 113 (Calif.
Acad. Sei.), near the head of Mitchell Creek, 4 milea southwest of Ono, Shasta
County. It has the following dimensions; length (incompleto), 152 mm.; greatest
diameter, 31.7 mm.; length of phragmacone, 75 mm. The walla of the alveolus are
thin above, much thicker below. Gaad examples of the species were obtained on
the Middle fork of Cottonwoond Creek, Shasta County, from Redbank Creek, Tehamn
County, and from pointa farther south. This species appenrs to belong to the group
of “'Belemniica’’ magnificas d'Orbigny aa atated by Stanton (1895, p. 84). The hola-
type was found with Polypiychites shasienxis nov. nnd other species of this genus
in the Hamlin-Broad zone of the Paskenta group.

Acroteuihis kernensis Anderson, n. ap.
(Plate 80, Bgure §)

The guard of this species ia of moderate size, nearly cireular in soction; sides
nearly parallel for much of its length, tapering in the lower one-third to an acuminate
point; ventrsl groove deep and bhroadly V-shaped, extending to the lower one-sixth
of the guard; ventral surface Anttened below; phragmacozne circular, ceatral above;
axig inclining o littls toward the ventral side; sides of phragmacone forming an
angle of ebout 18 degrees, extending enn-thicd the length of the guard. The halo-
type (Calif. Acad. Sci. type Coll)) was found by G. D, Hanna and C. C. Church at
Locality 27605 (Calif. Aead. Sei.), in the west balf of eoction 32, T. 26 8., R. 18 E.,
on ihe northeast slope of Orchard Peak, Kern County. This examyple represcents the
lower two-thirds of the guard and shows no alveolar pit. It has the following dimen-
sions: length, 98 mm.; thickness, 20 mm.; total length (est.), 149 mm. This apecies
is cloacly related to A. mitchelli nov. from the lower part of the Horgetown group
in the Cottonwood diatrict, where both species have been found. It iz more slender
than A. mitchelli, the ratio of lenpth to width is greater, and the ventral groove iz
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relatively narrower. The holotype was found with Lytoceras safuraale, Acroleuthis
shastensis, Aucella solida Lahusen, and A. inflaia Toula. According to information
given by the collcctors, all these apecies came from the lowest sedimentary beds
exposed in this district, with the exception of some thought to belong to the Fran-
ciscan sertes. A specimen of A. kernensis baa been found in the upper part of the
Paskenta group in the Hamlin-Broad zone in the Cottonwood distriet, and sppar-
ently also in the Ono sone near Ono, Shasta County.

Acroteuthia keawgna Anderson, n. sp.
(Flata 24, Bgurm 3, 4

Guard moderately stout, short, somewhat fusiform in outline, the sides convarging
slightly upward e well as townrd the apex; ventril groove pronounced, deep, ex-
tending nearly to the apex; phragmacone short, angle of ita sides about 30 degrees;
axig excentrie, nenrer the ventrsl groove; apex acuminate. The holotype (Calif.
Acad, Sei. type Coll.) has a total length of 93 mm.; greatest diameter, 21 mm.;
depth of alveolus, 22 mm.; width of alveolus at top, 11 mm. The species has some
resemblance to A. onoensis nov., especially in size and excentricity of axiy, but it is
mare robust and differs notably in outline of guard, The holotype and large frag-
menta of other examples of the apecies were obtained by W, 8. W, Kaw and Carl
Bromner on Honda Creek, 3.3 miles southwest of Lompac, Santa Barbara County,
at the west end of the Santa Ynez range; they were associated with species of Aucella
resembling A, lghuseni Pavlow. As other species of Lower Cretaceous Aucella
have heen found a fow miles farther east in the same range, it is probable that A.
kewana also represents & Lowsr Cretaceous horizan, not higher than the top of the
Paekentn group of the Shuasta series.

Acrotenthis onconsis Anderson, n. ap,
(Plsts 81, Sgures 3, In)

In outward appearance the guard of this speciea hus some reseroblance to that of
Acroteuthie impressa (Gabb), although it is relatively a little more slender and
poseceges & More acWminate point. In saction it is subeircular, the dorso-ventral
diameter being & little greater than that at right angles, and the ventral surface
ia a littlo Aattened. The ventral groove is moderately developed and terminates
much above the apex. The axia of the guard and of the phragmacone is exsentrie,
being B little nearer the ventral side of the guard, as shown in the figured section.
No complete example of thia apecies hag yet been found, nlthough the form is well
koown in the lower part of the Horsetown group in the Cottonwood and McCarthy
Creek districts, and has been found farther south. The holotype (Calif. Acad. 8ei.
type Coll.), repregenting the upper four-ffths of the guard, includes moat of the
phragmacone. It has the following dimensions: length (incomplete), 125 mm.; width
of the guard, 20.3 mm.; dorso~ventral diameter. 20 mm. or less. Thia example was
found 2 little above the Mitchell zone in the lower part of the Horsetown group, at
Loeality 1657 (Calif. Acad. Sei.}, on Mitchell Creek, half a mile north of Roaring
River. Frogments of the same species have been found in the lower part of the
group and at the top of the Paskenta group or the Cottonwood Creek, near Ona.

Acrotevthis wileori Anderson, n. sp.
(Plate 3i, figases 1, 15, 2)

Belemnitessp. (1), Sranvoy, U. 5. Geol. Sury,, Bull. 133, 1895, p. 85; Shelton'sraneh, &
miles north of Paskenta, Tebhama County,
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Although Stanton scems to have noticed the species he did not have sxamples
complete encugh for a satisfactory desoription and illustration, and this condition
haa been bud little improved since. Many fragments have been found in the arca
between Elder and Thomea creeks, Tehams County, and similar {ragments have been
found in the upper part of the Paskenta group in tha Cottonwood district, Shasta
County. According to Stanton's partial description:

It spparently hea about the form of B. {ehamaens(s, but the alveolus, with an
apical angle of aboyt 26° iz inclined toward the ventral side, £o that its apex is mid-
way be_twgen tho conter and the ventral side, making the axis of the guard very
eccentric.

In the excentricity of ita axis this species resembles 4. onoensie nov. but, in
addition to baving a thicker and stouter guard and a more pearly circular seotion,
it represents & lawer position in the sestion, namely, for the most part the upparmoat
portion of the Pugkents group. The holotype (Calif. Acad. Sei. type Coll.) congists
of a fragment of the upper half of a gunrd, baving & length of 38 mm. and o latersl
diameter of 27 mm. It containg the lower part of the alveolar pit, which is sxcentric
to the surface of the guard, and shows the axis inelined toward the ventral gide. At
ita lower end the axin is midway botween the center of the guard and ita ventral aur-
face. The figured axamples were obtained on the Wilcox ranch, 5 miles north of
Paskentn, where they wers associated with Aucells crossa, A. crassicollis, Dichote-
miles gregersent nov., snd Bochianiles paskentaensis nav, It stratigraphic position
iz in the upper part of the Paskentn group.

Acroleuthis milchelli Anderson, n. sp.
(Tislo B0, figures ), In)

‘The guard of this apeciea ia rather large, with aides nearly parallel in the upper
half but tapering to an acuminete point below; the section of the guard ia aubeircutur
above, but becomes somewhat flatiened below, the lnteral diameter being greater
thon the dorsc-ventral; ventral groove deep and broad, extending along moat of the
guard, and terminating belaw at a point near the apex. Apparently the phragma-
cone ia concentrie with the sides of the guard, and no evidence has baen geen that the
axis is excentrio. The holotype (Calif. Acad. 8¢i. type Coll.) was found in the
Mitchell zone of the Harsatown group, st Locality 1657 (Calif. Acad. Bei.), not far
above the mouth of Mitchell Creek, 7 miles south of Ono, Shaats County. It has ths
following dimengions: length of guard (incomplete), 115 mm.; greatest diameter, 21
mm. The species appeara to bo ralated to A. kernsnsis nov. but is larger, has &
broader and longer ventral groove, and a relatively broader section. Its strati-
graphio position is ateo higher in the Shasta sorics, being but little below the Barr
2one, whereas the highest porition of 4. kernensiz yot found was in the One zone,
near Ono. A. mitchell{ has heen found on Fiddler Creek, aesociated with A, shasten-
213 and Shasticrioceras poniente, in strata thought to be of Barramian age.

Acroteuthts barrana Anderson, n. ap.
(Plato 82, Spures 2, 28)

‘The guard of this species is relatively short and stout and somewhat ¢onical in
form; the section i3 subcircular, flattened on the ventral side; lateral diameter a
little greater than the dorao-ventral; ventral graove broad and shallow, extending
from the lower part of the alveolar pit to near the apex of the guard; alveolar pit
copcentric with the sides, eentral, ahort. The holotype (Calif. Acad. Sci. type Coll.)
was found in the Barr zone at Locality 1347 (Calif. Aead. Sei.) in the lower part of the
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Hometown group on Mitehell Creek, where it is associated with A. aboriginalis nov.,
Parahoplitoides &p., Nautilue averilli nov., and Aucella ap., with strine radiating
from the beak. It has the following dimensions: length (incomplete}, 84 mm.;
greatest lateral diameter, 23 mm.; dorso-ventral diameter, 21.5 mm.; phragmacone
broad and short.

‘The ventral side is but little curved longitudinally, whereas the dorsal side is
arched, thue inclining the apex toward the ventral side. Only a single example of
this species has been found.

Acroteuthia dipergens Anderson, n. sp.
(Plata £, Bgures 8, 5a)

The complete guard of this apeciea i evidently very long, although it is known
euly from fragments, the longest of which is the holotype. This consista of the
central portion of the guard. At the top it shows the outline in section of the lower
part of the phraegmecons, which is ecatrally placed and extends below the top of the
ventral groove, uniting with s centrally placed axis. The section of the guard is
subcircular, narrower at the top, and increaeing in diameter downward. The most
siriking feature of the guard is the divergence of its sides downward below the
terminus of the phragmacone. The ventral furrow is rather broad and shallow; the
langth of the holotype and ita divergent gidea indicate that the originel length was s
much as 140 mm.; it could have been greater, The holatype (Calif. Acad. Sei. typo
Coll.) measurea: length (incomplete}, 98 mm.; diameter at top, 20 mm.; dismeter at
lower end, 23 mm. Thia example waa found in the lower part of the Mitchell zone
on Fiddler Creek, 10 miles south of Ono, Shasta County, whaera it was associated with
A. shastensia, Shasticrioceras op., end specics of Tercbratula. It has some resem-
blance to, although not a near relationship with, A. mitchelli, from which it differs
in section, in the smaller depth of the ventral furrow, and in the divergence of ita
mides.

Aulocotzuthis Stallay 1911
Genotype, Belamniles abasluiiformis Sincow
Anlocoteuthis wynleonium Anderson, n. Bp.

{Plate 50, Bguren 4, éa; plata 81, fig, §)

The guard of this apeciea is small, tronaversely elliptical in seetion, with & deep
and broad ventral furrow extending nearly the antire length of the guard; guard
slightly fusiform, broadly rounded on the dorsel side, tapering to an acuminate
point; axia of guard very excentrie, situated near the ventral furrow, na seen at the
extramitiss of the holotypa. The holotype (Calif. Acad. Sci. type Coll.) wea found
& little below the horizon of Tropaeum percostatum {Gabb), and probably in the
Argonaut zon0, oh Fiddler Creck, 10 milea south of One, and about 1§ miles above
its mouth, in the lower part of the Horeetown group, and above the position of the
Mitchell zone with Shasticricceras pp.  The holotype hae the following dimensiona:
langth {fncomplete), 75 mm. ; groateat dismeter, 13 mm. ;| axis excentri¢, phragmacone
not ehown.

A pear foreign analogue of this speciea seems to be ¥ Belemnitea® absoluttformis
Sinzow, whith hag been taken by Stolley as the genotype. As Bgured by Paview
and Lamplugh (1892a, pl. 7. figs. 11, 12), from “Bed B,” at Speeton, there ia great
resemblance, although not sufficient to prove identity. Fragmenta of thie species
were found in the same horizan on the Nearth fork of Cottonwoad Creek, assoriated
with Lytoceras aulacum nov., Potamides diadema, and Plicatula variate Gabb,
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Aeroteuthis winslowenais Anderson, n. ap.
(Plate &3, figuzm 1, 18)

The guard of the species i5 large and heavy, with thick, dense walls, and a rela-
tively narrow alveolar pit and phragmacone, The guard ia auheireular in aection,
the lataral diameter being greater than the dorso-ventral; sides generslly paraliel
in the ypper hell, stoping te o blunt point below; phragraacone and axis nearly cen-
trol, & little pearer the ventral side; alveclus apparently deep, the sidea forming
an angle of 15.5 degrees; ventral groove deep and narrow, extending nearly the entire
lengih of the guard. The holatype (Calif. Acad. type Coll.) has the following dimen-
giona: length (invomplete), 147 mm.; dorso-ventral diameter, 30 mm.; lateral diam-
eter, 35 mm.; depth and width of ventral groove, 6.5 mm.

This apecies is related to Acroteuthis shastensiz nov., from tho upper part of the
Pazkeata group, of which it may be & precursor. When complete, this example must
bave meagured 180 mm. in length. The holotype was lound by T. H. Crook on Elk
Creak, about 2¥ wiles north of the Winslow bridge, western Glenn County, in the
lowest bada of the Packenta group, Shasta sories, & Jittla above the basal conglom-
erate, and 300 Lo 400 [ect beneath the second conglomerate of Ehe serics,

Acrateuthis mararthyensiz Anderson, n. sp.
(Plate &2, figure 8)

"The guard of this specica ie rather short and robust, tapering unifornaly to a point;
guard sub-guadrate in section, this feature forming one of its chief charaeterirtios;
ventral surfoce Battened at the forward end, suleate near the apex, with a mather
broad groove; phragmaconc oceupying nearly one-half the langth of the guard, axis
esntral. The holotype (Calif. Asad. Sei. type Coll.) hos the {ollowing dimcnsions:
length, 115 mm. ; diameter, 20 mm.; ventral groove about 50 mm. in length, oxtending
to the apex,

This example wag found by C. M. Crosa at Locality 28107 (Calil. Aead. Sei.}, on
MoCarthy Creck, Tehama County; in 4 noar basal bed of the Paskenta group., In
form, though nat in size, it greatly resembles Acroleuthis subquedralus Roemer, us
illastrated by Pavlow and Lamplugh (18925, pl. 3).

Belemnopsis Bayle (Hibotilcs de Montfort)
Belemnopeta (Hiboliles) cigarroides Anderson, o, ap.
[Plate 80, figure 71

Hibolites cigarroides Avpunsow, Geol. Soc, Am,, Buil,, vel. 44, 1633, p. 124, "*Zone
8, MeCurthy Creek section, Tebama County.

The guard of this specice is amall, fusilorm, tapering gracefully toward both ex-
tremities from nesr the middle, terminating below in s sharply asuminate poing;
veniral groove, if it exists, is searcely visible, or ia marked only by a flattened zone;
section of guard mearly cireular; phrogmecone not exposnd, axis seermingly central.
The holotype {Calif. Acad. Bei. type Coll.), the only complete example {ound, hes
the follewing dimensions; length {(incomplete), 81 mm. ; diameter st middle, 10 mm,
This specimen wag found in the lower part of the Horsetown group (“Zone T™),
on MeCarthy Creek, Tebama County, about 120 feet west of the Lowry-Paskents
road. It was associpted with Acroteuthis onoensis nov. and Imoceramus colonicus
nov. The species greatly reeembles Hibalites jaculum (Phillips) from the Neocomisn
of England and may posaibly belong to the same group. The only other example
thought to belong to this genus— Belemnopaia diveniroides—wns found in nearly the
same harizan on Fiddler Creek, 10 miles south of Ono, Shasta County.
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Belemnopsiz (Hibolites) diveniroides Anderson, n. sp.
(Plate 80, Ggucs 3, I, 3b)

Ougly fragmentary examples of this species have yet been found. Two such frag-
monts found nesr together seem to have been parts of & single individual and have
been figured a8 such. Both show the eharscteristic diventroid section and rounded
dorsal side of the guard. Nevertheless, the larger of these fragments is taken as
the holotype, to which the other may be regarded as supplementary. In the holotype
{Calif. Acad. Sci. type Coll.}, the doreal side is semicircular in section, wherena the
ventral gide i8 traversed by two parallel grooves, between which thoro is a low,
rounded ventrol ridge, of which the ecurvature hns a shorter radius. The guard (s
alightly fusiform, taparing from near the middle toward bath ends, but mora rapidly
toward the apex. The holotyps has the following dimensiona: length (incamplete),
64 mm.; maximum diamater, 9.5 mm. It was found in the lower part of the Horze-
town group on Fiddler Creek, half a mile north of the big bend of the creek at which
the Mitchell zope is exposed, and not less than 600 feet beneath it. The nearest
knowno akalogue appeats to ba “Belemniies' bicangliculata de Blainville, as figured by
d’Orbigny (1842, pl. 3, figs. 13-16), which Stolley places in the genus Hiboliles de
Montfort, According to d’Orbigny (1850, p. €2), this specics is of Neocominn or
lower Xeotamian age.

Neokibolites Stolley 1011
Neshibolites fonitnalis Anderson, n. sp.

(Plate 91, figures 7, 8)

Belemnitles sp. Axpenrsox, Calif, Acad. 8ei., Pr., 3d ser., vol. 2, 1902, p. 146, pl. 8, figa.
169, 170; Texas Springs, Shasta County.

The guard of this species is long and slender, slightly fusiorm in ita lower two-
thirds, expanded in its alveolar portion; section of guard nearly circular, axis cen-
tral; phregmacene only slightly inserted, with an spical angle of about 26 degrees;
ventrsl groove rather faint, not showing on the bolotyps; apex ascuminate. The
holotype (Calif. Acad. Sei. type Coll.) measurea: length, 88 mm.; greatoat diameter,
7 mm.; dismoter below alveclus, 5mm. This example, with various others less com-
plete, was found at Texes Springs, 3 miles east of Horaetown, sssociated with Son-
neretia stantoni, Beudantieeres haydeni, and Terébratella densleonis Andereon. The
species has some rosemblance to Neohibolites ultimue (d"Crbigny) from the Cenoman-
ian of England, but ita relation is perhape agly generie. It is longer, more slendar,
and has 8 more scuminate point.  Its horizon, o8 shewn by ita associates, is near that
at Horsetown which is believed to be near the upper limit of the group. It has besn
thought by enrlier writers to represent the lawest beds of the Chico series; in either
cuae the horizon i in the upper part of the Albicn.

BereunoTEUTHIDAE Zittel
Belemnoteuthis Plerce (Conoleuthis d'Orbigny)
Belemnoteuthia (Conotorthis) pacifica Anderson, n. sp.
(Plate 77, figwres 2, 3)

Phragmacone large, circular in seetion, apparently straight, tapering slowly;
septa thin, numerous, “nested”; holotype (Calif. Acad. Sci. type Coll.) is an ineom-
plete example, showing only eight septa; dinmeter of largest septum, 76 mm.; diam-
eter of smalleat septum, 65 mm.; deeply snd uniformly concave; average interval at
center, 5 mm.; total length of holotyps (est.), 200 mm.; pbragmacone without guard
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or calcarsous sheath; surrounded by only & thin horny envelope, erystalliziog in
minute prisms; siphuncle small, marginal, sonsisting of short funnels, pinched st the
perforations, expanding between the septa toward the apex of the cone; other char-
aetera ot known. A amsll fragmentary example found with the holotype, showing
10 gepta, has & total Jength of 40 mm. and a maximum diameter of 29 mm.; il thia
represents the anterior end of the phragmacene, its computed length would be not
les than 160 mm. In this axample the snvelopa ¢onwists of threa thin concentric
Jayers, the central one being thicker than the others and showing the tracs of the
gapta on its outer aurfpce. Threa examples were (ound at tho type loeslity, Loco,
113 (Calif. Acad. Sel), nt the head of Mitchell Creek, 4 miles aguthwest of One,
Shasta County. The holotype was aesociated with Polypiyechites shastensts, Ly-
loceras saturnale, I. aulasum, and derotenthis shastensis, in the uypper part of the
Puskents group.

SEPIOIDEA Zittel
CHONDROPHORIDAR Fisthor
Piilotewthia Gabb

Ptiloteuihia foligius Gabb

Plilateuthis foliatus Gang, Paleont. Calif., vol. 2, 1869, p. 128, pl, 19, fig. 4; *Shasta
Group,"' Cottonwood Creek, Shasta County.

This unuaual species, tha only one of its order yet described from the Crotaceous of
California, is known only from Gabb’s drawing snd desoription. Along with hia
figure of the apacies, Gabb {18884, pl. 19, figs. 2a-f) alee illustrates various fragmenta
of crab claws, of which he says {p. 127):

‘*Thay are from a denge Emy cinyntone pasociated with Pitloteuthis Joltatug and
Dipiychoceras laens, from the vicinity of Cottonwood Creek."”

‘This note serves to indieats the horizon of all thres spesian, since they have been
found only at Locality 1868 (Calif, Acad. Sei.) on the west branch of tha caat fork of
Hulen Creek, in the Perrin zone of the Horsetown group. Here, many erustacean
remaing gimiler to thoes Sgured by Gabb have alea heon found by the writer. None
of these specics baa hean found at any other placa; all probably cames from the abua-
dant gray concretions found in this zone.
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Prare L.—CrETaczous Fossins FAOM CALIFORNIA

(1, 2) Oslrea tndigens nov. Holotype and paratype. (1) Holotype, right valve;
length, 146 mm.; width, 95 mm. (2) Paratype, left valve; length, 130 mm. Pas-
kenta group, Cottonwood distriet. p. 108,

(3) Venus collinium nov. Holotype, right valve; length, 39 mm. ; height, 30 mm.
Upper part of Paskents group; Loe. 113 (C. A. 8.}, Hamlin~-Broad zone, Cottonwood
district. p. 122

(4, 5) Terebratells whileane (Anderson}. Reproduetion ef original drawings.
(4) Upper view of holotype. (5) Front view of holotype. Length, 13 mm.; width,
15 mm, Upper part of Horaetown group; Loc. 1344 {(C. A. 8.), old Hersetown,
Bhasta County. p. 94,

(6, 7) Tercbratells densleonis (Anderson). Reproduction of original drawings.
(6) Upper view of holotype. (7) Front view of holotype. Length, 14 mm.; width,
17 mm. Upper part of Horselown group; Loe. 1344 (C. A. 8.), old Horsetown,
Shasta County. p. 84

(8) Mytilus erlingloni L. W, Henry. Holotype, left valve; length, 91 mm.;

height, 40 mm. Lower part of Paskents group; north border of Berkeley, Berkeley
Hills, Contra Conta County. p. 113,
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PraTe 2.—CrETaczovs Fossine prRoM CALIFORNIA

(1) Pinna eguivillana nov. Holotype. Length (incomplete), 144 mm.; greatest
width, 70 mm. Perrin zowve, upper part of Horsetown group; Lee. 1888 (C. A, 8.),
east branch of Hulen Creek, Shasta County, . 98.

{2} Pinna pomtiez nov. Holotype. Length (incomplete), 88 mm.; greatest wideh,
35 mm, ; lower part of Horsetown group; Lee. 1353 (C. A. 8.), Cottonwood Croel,
nesr DOna, Shasts County. p. 08,

(3, 4) Nemodon breweriana (Gabb). Topotype, Narth fork of Cottonwood
Creek. (3) Left valve;longth, 33 mm, ; beight, 21 mm. (4) Inner view of specimen,
showing hinge plate; bassl beds of Chico series; Loe. 1340 (C. A. 8.), Cottonwaod
Creek, Shasta County. p. 36.

{8) Modiolus (Voleells} onoenzis nov. Holotype, right valve; length, 47 mm.;
height, 17 mm. Lowest bed of Horsetown group; Loeality, North lork of Cetton.
wood Creek, near Ono, Shasts County. p. 114,

{6) Modiolus (Valeella) henryi nov. Holotype. ILength, 20 mm.; height, 13 mm.
Lower part of Paskenta group; north horder of Berkeley, Berkeley Hills, Contrs
Coeta County. p. 114,

() Periplomya {rigifenais nov. Holotype. Length, 52 mm.; height, 27 mm.;
Upper part of Paskenta group; Clementa Raneh, Trinity County, Californis. p. 118,
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Prare 3. —Creracrous Fosurls raom CALIFORNIA

{1, 2) Pholadomya hulenans nov. Holotype. (1) Lelt valve. Length (incom-
plete), 80 mm.; height, 40 muot. Perrin sone, upper part of Horsetown group;
Loc. 1648 {C. A 8.), HEulen Creek. (2) Front view of same exampla, p, 115,

{2) Pholadomya clemeniina fiov, Holotype, enlarged. Length, 37 mm.;  haight,
28 mm. Upper part of Paskenta group; Clementa ranch, Trinity County. p. 118.

4, 8 Gommya reapera nov. Holutype, anlarged. Length 16 mm.; beight,
2 mm. (4) Top view. (&) Side view, Upper part of Paskents group; Loc 1681
(C. A. 8.), Clements ranch, Trinity County. p.117. ‘

{8) Panopa subaequilaterois nov. Holotype, Length, 8 mm.; height, 55 mm.
Upper part of Horsatown group; Loo, 1344 (C. A. 8.), old Horsetown, Shasta County.

. 124,

(7) Panopa ahawxwh nov. Holotype. Length, 58 mm.; height, below beak.
48 mm. Upper pm‘t of Horutown group; Loc. 1344 (C. A 3.), old Horsetown,
Shesta County. "p, 124,

(8) Periplomya reddmgcnas nov. Holotype. Length, 50 mm,; height, 32 mm.
Upper part of Pmkenmgroup,Lec 1801 (C. A 8.}, Clements rauch, Trinity County
p-- 118,

(9, 10y Pholadomya dutortu nov. (9 Holotypa Length, 35 mm, Uppbr part
of Paskenta group; Loe, 1651 (C. A. 8.}, Clements ranch. (10) Plesiotype. Upper
pert of Horsetown gtqup, Toa. 3344 (C. A. 8.), old Horsetown, Shasta County.
p. 117,



ANDERSON PLATE 30

CRETACEQUS FOSSILS FROM CXLIFORNIA



EXPLANATION OF PLATES 249

Poate 4. ~—CreETscE0Us FossiLe rroM CALIFORNIA

{1-3) Plicatulaoneensinnov. (1) Holotyps, upper valve, naturalsize. (2} Pars~
type, lower valve, natursl size. {(3) Flesiotype, lower valve, natural slze. Upper
part of Paskenta group; Loc. 113 {C. A. 8.), Hamlin—Broad zone, Cottonwond
diatrict, Shasta County. p. 111

{4, 3) Opiz shaxtaliz nov, (1) Holotype, right valve, natural size. (5) Plesio-
type, natural size, Barr zone, lower part of Hometown group; Loe. k347 (C. A. 8.,
Mitchell Croek, Shasta County. p. 121,

{6, T) Venus corefla nov. Holotype. (8) Front view, enlarged. (7} Right
valve, enlarged. Length 11 mm,; beight, 12 mm.; thickneans, 11 min. Perrin zone,
upper part of Horsetown group; Loe. 146-A (C. A. 8.), Hulen Creek, Shasta County.
p. 122,

(8) Venus collinium nov. Parstype, right wvalve, slightly enlarged. Tpper
part of Paskanta group; Lee. 113 (C. A. B.). p. 122,

(9) I'noceramus ovatug Stanton. Example from west border of Berryesss Valley,
Naps County., Natural size, Paskenta group, p. 09,

(10-12} Inoceramus coloviizus nov. Plesiotypes. {10} Right valve (incomplete),
natural size: lewer part of Horsetown group; Loe. 1353 (C. A. 8.); near Ono, Shaata
County. (11} Plesictype, same locality and horizon. {12} Right valve, natural
gize; Lowet part of Horsetown group; *Zone T", MeCarthy Creek, Tehama County.
p. 100.
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PLaTE 5.—CneTaceous Fossily PRoM CALIFORNIA

(1, 2) Inoceramus coelonicus nov. (1) Holotype, left valve; length, 110 mm.;
width, 50 mm. (2) Paratype, left valve, natural size., Lower part of Horsstown
group; Loe. 1801 (C. A. 8.), Roaring River district, Shaste County. p. 100.

(38, 4) Pholadomya russellt mov. Holotype. {(3) Left valve; length, 63 mm.;
height, 45 mm. (4) Froot view olsame, Upper part of Hometown group; Loo. 1050
{C. A. 8.), Neptune zone, Hulen Creek. p. 118,

{5, 8) Pholadomys sliumbonain nov. Holetype, slightly enlarged. (B5) Sidae
view; length, 41 mm.; height, 33 mm. (8) Front view of same example. Upper
part of Paskenta group; Loo. 1891 (C. A. 3.}, Clements ranch, Trinity County.
p, 118,

(7} Lucina aleatroris nov. Holotype. Plastor csaf from reck mold, slightly
enlarged. Length 53 mm.; height, 41 mm. Probably Paskents group; Aleatra:z
Island, 8an Franciseo Bay, California. p. 121.
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Prare 8,—CreEricEoUs Fossins FrRoM CALIFORNIA

(1} I'ncceramus vollejoensia nov., Sketch of holotype, Length, 10 inches; width,
7 inches. Paskents group; “Cement rack quarry, Napa Junction, Napa County,
p. 100.

(2) fnoceramus ovatoider nov., Holetype, left valve; length, 160 mm.; greatent
width, 38 mm. Lower part of Horsetown group; Loe. 1347 (C. A. 8.), Mitchell Creek,
Sbasts County. p. 100,

(3) I'noceramus colontcus nov. Besk of example from the type locality, Loe. 1353
(C. A. 8.), near bridge, Cottonwood Creek, at Ono, Shasta County. Lower part of
Horaetown group, Ono zone. p. 100.
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PraTte 7.—CRETACRODS FOSEILS FROM CALIFORNLA, DREGON, AND Batvisi COLTMBIL

{1) Inoceramus elifoli Gabb. Sketeh of holotype, showing restored outline.
Neatural size. Probably Paskents group; Aleatraz Telamd, San Franciseo Bay,
California. p. 89.

{2) Clizocalus ¥ndubitus nov. Holotype, enlnrged. Left valve; length, 20 mm.;
height, 25 ram.; Ono zone, bassl beds of Horsetown graup; Loe. 1353 (Q. A, 8.),
nesr Opo, Cottanwood Creek, Shasta County, p. 121

(3, 3a) Telling (Areopagic) tekama nov. Holotype. (3) Left walva; length,
85 mun.; height, 62mm.  (3a) Toterior of left valve, shawing hinge piate and eardinal
teeth. Lower Chiso beds; Middle fork of Cottonwood Creek, northern Tehama
County. p. 123.

(#) Prigonia kayana nov. Holotype. Reproduction of Gigure by Diller and Kayx,
enlarged. Paskenta group; Riddle quadrangle, Oregon, p. 10R.

(5, 8) Aucella indigenalis nov. Hclotype. (3) Left wvalve, natural size.
{8} Right valve, and heak of left valve; matural size. Lower Cretaceows beds,
Graham Island, British Columbia. p. 107,

{7) Turnus gregarius nov, Cemposito drawing of left walve, X5. Average
jength, 5 mum.; height, 3.5 mm. XNeptune zone, upper part of Horsetown group,
eagt branch of Hulen Creek, Shasta County. p. 125.
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PraTh 8,—Cauraceous Fossine pros CALIFORNIA AND BrrTian CoLouars

{1, 2). Augella craseicoliis Keyeerling. Baok and front viows of an exampla from
Winslow bridge, Glenn County. Length (incomplete), 55 mm.; grer.tea& width,
40 mm, ; thickness, 25 mm. Base of Paskenta group. p. 113

(3, 4) Aucelle piriformiz Lahusen. Back and front views of left valve. Length,
50 mm.; width, 37 mm. ; thickness 23 mm. Lower part of Paskenta group; Winslow
bridge, Glenn County. p. 1085,

- (5, 6) Aucells inflata Toula., Top and side views of an axampls from Winslow
bridge, Glenn County. Length, 55 mm.; width of left valve, 42 mm.; thickness
of both valves, 37 mm. Lower part of Paskenta group. p. 104,

(7) Aucella crassa Paviow. Left valve of an example from “Zane L', MeCarthy
Creek, Tehama County. Length, 3% mm.; width, 40 mm. Lower partt of Paskenta
group., p. 103.

(8, 9) Aucelia lahuseni Pavlow. Examples from Stony Gorge dam, near Elk
Creek village, Glenn County. (8) Left valve; length, 47 mm.; width (if complete),
24 mm, (B) Left valve of smaller example. Longth, 40 mm. ; width, 20 mm. Lower
beds of Paskenta group. p. 108,

(10) Aucelle indigenalis nov. Holotype, showing right valve and upper part
of left valve, Length, 535 mm.; width of right valve, 33 mm. Lower Cretaceous beds,
Graham Island, British Columbin, p. 107.
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Prat 9.—CreETacEoTs Fopsins yroxn CALIFORNIA

{1} Nerines orchimedis nov. Holotype. Height of spira (ingemplete}, 51 mm,;
width at bese, 13 mm. Ono zone, lower part of Horsetown group: Loo. 1353(C. AL 8)),
Cottonwood Creek, near Ono, Bhasts County. p. 132

(2, 3) Nerinee sp. indet. (2) Exterior of part of splre, (3) Another example,
showing interior spire. Lower beds of Horsetown group; Loe. 1353 {C. A. 8.}
near Ono, Shasta County, p. 133,

4-6) Anchura biongulais mov. (3) Holotype. Height (ntomplete), 57 mm.;
width of body wherl, 25 ram. (5) Paratype, rear view. (6) Another example,
showing front view with triangulata aperture, and spur an suter part of wing.
Lower beds of Chico eeries; Loc. 1346 {C. A. 3.), Cottonwood Creek, Shaasts County,
p. 134.

(1) Pleurotomaria californiee nov. Holotype. Height of spire, 24 mm.; width
of hage, 43 mm. Argonasut zone, Horsetown group; Loe. 1348 (C. A, 8.}, Alderson
Craek, Bhasta County. p. 126.

(8, D) Glauronia Resperic nev, Holotype. (8) Wax east from rock mold.
{8y Roek cast of same, shell removed. Ono zone, lower part of Horsetown group;
Loa. 1353 (C. A. 8.), Cottonwood Creek, Shasta County. p. 132

{10-13) Terebratalia averillinov, (10} Holotype. Length, 14vam.; width, 1§ mm.
(11) Paratype. Length, 16 mm.; width, 18 mm. (12, 13} Other examples of rame,
Lower part of Horeetown group; Barr sone, Loe. 1347 (C. A. 8.), Mitohell Creek.

{14, 15) Terebrofula hannana nov. (14) Heolotyps, upper valve; length (incom-
plete), 22 mm.; width, 24 mm. Tength of lower walve (incompleta), 30 mm,
(15} Paratype, lower valve; length, 38 mm.; width, 35 am. “Zone U", Mc{arthy
Crovk, Tebatma County. p. 65,

{16} Terchratula durrellf nov. Holotype, enlarged. Length of lawer (ventral)
valve, 25 mm.; width, 28 mm. Lower part of Horsetown group, Fiddler Creck, 10
miles south of One, Bhasta County. p. 95.

(17, 1B) Terebralells ovicla nov. Holotypa. (17) Ventral velve; length, 20 mm.;
width, 16 mm. Neptune zone, upper part of Horsetown group. Log. 1858 (C, 4. 8.),
ennt branch of Hulon Cresk, Shasts County. (18) Drawing showing thicknesa of
both valves, p. M.
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Prate 0. —Creraceova Fosarns FrRoM CaLiFoniia

(1) Nauitlue gabld Andersen. A large example found in the Perrin zone on the
east branch of Hulen Creek, SBhasta County. Figure reduced; greatest diameter,
150 mm. ; thickneuss of whorl, 70 mm. Loe. 1868 (C. 4. 8.). p. 138,

(2) Nautilus averilli nov. Holotype. Greatest diameter, 72 mm.; thickness of
whorl, 48 min. Barr zone, middls part of Horectown group; Loo. 1347 {C. A. 8.},
Mitehell Creek, 8hasta County. p. 130.

{3, 4) Aucella aolida Labusen. Reproduction of fgures by Pavlow {1907, pl. §,
fgs, 25, 26}, Shelton's ranch, Tehame County. *“Zone M,'', Paskenta group,
MeCarthy Croek seotion. p. 105

(5) Turbo festivug mov. Holotype. Helght of spire, 25 mm.; width at base,
17 mm. Ono zone, Loo. 1383 (€. A. 8.), near Ono, Cottonwood Creek, Bhasts
County, lowar beds of Heraetown group. p. 1260.






250 LOWER CRETACEOUS DEPOSITS IN CALIFORNIA AND OREGON

Prare 11.—CreEvACEOUSs PossiLg PAONM CALIFORNIA

(1,2} Phyllaceraa onoense Stanton. (1) Lectotype. Greatest diameter, 120 mm.;
thickness of whorl, 55 mm. Argonaut zove, middle of Horactown group; Loc. 1347
(C. A. 8, Mitohell Creck, Shasta County. (2} Fragment of snother exampie
with portion of shell, showing sculpture. p. 142,

(3-8} Phyllocerns aldarsoni nov. (3) Holotype. Grosteat dismeter, 40 mm.;
thickness of whorl, 17 mm. Argonaut zone, middie of Horsetown group; Loe. 1348
(C. A, 8.), Aldereon Creek, 2 miles south of Ono, Shasta County. (4} Paratype.
Bame locality and hericon. (5, 4) Plesiotypes, showing sculpture of ahell; same
lecabity apd horizon. p. 143,
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Piars 12.~CrEracrors Fossins FroM CALIFOBSIA

{1, 2) Phylloceras oceidentgle mov. (1) Holotype. Greatest diameter, 48 mm.:
thickncss of whorl, 28.6 mm. Near Barr zone, middle of Horsetown group; Loc. 1347
{C. A. 8.}, east of Mitehell Creek, § miles south of Dno, Shasta County. {2) Para.
type. Fragment showing only cuter portion of whorl, without umbilical pit. Onon
zone, lower part of Horsetown group, near One.  p. 138,

(3} Phylloceras sexioni nov. Holotype, Grestest dismeter, 27 mm.; thickness
of whnrl, 14 mr. Mitchell zone, lower part of Horsetown group; near Jordan gate,
5 miles south of Ono, Shasts County, p. 140.

(i, 5) Phylloceras iheresae mov, (1) Holotype. Greatest diameter, 85 mm.;
thicknesa of whorl, 32 mm, Perria zone, upper part of Horsetown group; Loc. 1868
{C. A. 8.), eagt branch of Hulen Creek, Shasta County. {5) Faratype. Greatest
diameter, 30 mm.: Perrin 2o0ue; Loe. 152 (C. A. §.), sast branch of Hulen Cresk,
Bhasta County. p. 141, -

(6} Phylloceras shastalense Anderson. Topobype. Greatest diameter, 25 mm,
Loc. 1344 {C. A, 8.), old Horsetown, upper part of Horsetown group, Shasta County.
g 141,

{7 PhyMloceras californicum nov. Holotype, Large fragment of whorl, much
teduced. Greotest diametor {eat.}, 203 mm.; Neptune zane, upper part of Horga-
town group; Loc. 1689 (C. A. 8.), east bransh of Hulen Creek, Shasta County. p. 143,

{8, 9) Phylloceras of. aregonenae nov, (8} Example (rom Ono zone, lowar beds of
Horsetown group; Esgle Creek, near Ono, Shasta County. Naturalsize. p. 144;
(8) Example from Ono zone, Eagle Creek, near Ono, Shosta County. p. 14.
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Prati 14.—-Caeracrons Fossin FEOM CALIFORNIA

Lytocerns aulasum nov, {1) Holotypa. Greatest dismstor, 237.6 mm.; greatest
thickness of whorl, 61.6 mm. Upper part of Paskenta group; Loc. 113 (C. A, 8.},
Eamlin—PBroad zone, 4 miles southwest of One, Skasta County. (2) Fragment of
ghell showing sculpture af mature ahell. Lower part of Horsctown group, near
Ono, Staata County. (3) Fragment of shellshowing peristome, aide view, (4) Mir-
ror reflection of Fig. 3, showing front of peristome. Lawer part of Horsetown group,
near Ono, Shasta County. p. 148,
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PLatB 15.—CReTACEOUS Fossits FROM CALIPORNIA

(1, 2) Lytereras iraski nov. (1) Helotype. Greatest diametor, 128 mm.; thick-
ness of whorl, 43 mm. Lower part of Horsetown group; Loe. 1347 (C. A, 8.), Argo-
naut zone, east of Mitohell Creek, § miles sonth of Ono, Shasta Counnty. (2) Lyfo-
céras tragki nov. Paratype. Greatest diameter, 78 mm. ; same locality and berizon;
middle part of Horsetown group, as above, p. 146,

(3, &) Lyloceras {Gabbioreras) engulatum Andersen. Plesiotype. (3} Mature
example; greatest diameter, 65 mm. Argonaut zope, middle of Horsetown group;
Log, 1347 (C. A. 8.); 6 milea gouth of One. #) Youog example; dismeter 28 min.;
game locality; Bhosta County. p. 150

() Lytoceraz (Gablioceras) wintunittmi nov. Holotype. Greatest diameter,
57 mm.; thickness of whorl, 24 mm. Argonaut zoune, middle part of Horsetown
group; Loc. 847 (C. A, B}, east of Mitchell Creek, § miles south of Ono, Sheatn
County. p. 150.
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PraT 16.—Creraczous Foossils PROM CALIPORNIA

(1) Lyloceras butesi (Trask),  Flesiotype. .Well-preserved example from the
Aoademy of Natural Sciences, Philadelphia. - Greateat dismeter, 134 mun, ; probably
found in Argonant sone, Cottonwood distriet, Shaste County. p. 147,

(2-5) Lyloceras (Gabbioeeras) winjuniumnov. (2) Helotype. Greatest dismeter,
&8 mrm.; thickness of whorl, 26 mm. {3) Paratype. Groatest dimmetor, 40 mrn.;
thickness of whorl, 17 mm. Argonaut zone, middle of Horsetown group; Los. 1348
(C. A.8.}, Alderson Creok, 2 mileasouth of Ono, Bhasts County. {4, 5)-Plesiotypes;
showing form of nmbilical pit. Argonayb zone; Toe. 1247 (C. A. 8.}, mf«ai Mltohnil
Creak, 5 miles south of One, Shasta County. p. 180, K



ANDERSON

CRETACEOQUS FOSSILS FROM CALIFORNIA



262 LOWER CRETACEDUS DEPOSITB IN CALIFOBRNIA AND COREGON

Prate 17.—CRETACEOUS F083118 FROM CALIFORNIA

{1) Lytoceras batesi (Traak). Lectotype. Greatest diameter, 165 mm.; thickness
of whorl, 51.5 mm, Argomaut gone, middle part of Horsetown group; Loe. 1347
{C. A. B.), esst of Mitchell Creek, near Roaring River, Shasta County, p. MT.

(2) Lytoeeras troaki nov. Plesiotype; showing form and soulpture of inner
whorls: dismeter, 60 mm. Argonsut zone} Loo. 1347 (C. A. 8.), east of Mitchell
Cresk, Shaste County. p. 148.

{3) Lytoceras (Argonauticeras) argonaulorum Anderson. Young shell, dinmeter,
T7I mm. Argooact zone; Loo, 1348 (C. A, 8.), Alderacn Creek, 2 miles south of Ono,
Shasta County. p.149.
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Prate 18, —Cueraceows FossiL raom CarironNia

Lytoceras (? Gaudryceras) nepluniumnov. Holotype. Grestest diameter {(incom-
plete), 16.5 inches (120 mm.). Neptune zone, upper part of Horaetown group;
Loc. 1660 (C. A. 8.}, east branch of Hulen Crenk, 8hnsta County. p. 152,
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PrLaTE 19.—CRETacECUS FosgiLts rrou CALIFORNIA

(1, 2) Lytoceras (Argomauticeras) argonautarum (Anderaon). Holotype. Copics
of original figures. (1) Bide view. Greatest diametor, 171 mm. ; greatest thickneas,
86 mm. Museum of Paleontalogy, Stanford University, California. Found in the
Argonaut zone, 14 miles east of Ono, Hulen Creek, Shasta County. p. 149.

(3) Toxaceras cornucapri noy. Holotype. Length, 67 mm.; transverse diameter,
7 mm. Aldersin Creek, 2 milea south of One, 8hasta County. Found a tittls below
the Argonaut zone, by W. P, Popenoe and D. W. Scharf, California Inatitute of
Technology. p. 217.
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(1, 2} Lyloceras (Kowsmatella) aurarium nov. {1) Helotype. Greatest diameter,
83 mm. : greatest thickness, 30 mm. (2} Young adoit shell of same. Naptupe zone,
upper part of Horsetown group; Loc. 1658 (C. A. 8,), east branch of Hulen Creek,
Shesta County, p. 161,

{3-8) Lyteceras (Kossmatella} painesi nav. (3) Holotype, Greatest diameter,
58 mm. ; greatest thickness, 22 mm. (1) Paratype. Yeung adult example; greatest
diameter, 42 mm. {8 Young Example; dismeter, 30 mm. Nepfune zome, upper
part of Horsetown group:; Loe. 1659 (O, A, B.), east branch of Hulen Creck, Shasta
County. p. 153,

{8, 7) Sonneratic rogersi Hall and Ambrose. Examples from Perrin zone, upper
part of Hersetown group; Loe. 182 (C. A. 8.}, east branch of Hulen Creek, Shasta
County. ) Youngexampls; greatest diameter, 3 mm. ; thicknezs of whorl, 11 mm.
() Maturc example; grestest dismeter, 41 min.; thickness of who!, 14 ram. p. 197,

(8) Cleoniceras el. lecontet (Anderson), Greateot diameter, 38 mm. ;) thieknesg of
whorl, 13 mm. Perrin zone, upper part of Horsetown group; Loe. 152 (C. A. 8.),
enst branch of Hulen Creek, Shasta County. p. 192,

{9, 10} Silesites puzostaformis nov. (§) Heolstype; mature axample; greatest
diameter, 22 mm.; thicknees of whorl, 5.5 pm. Buenavantora zone, upper part of
Borietown group; Lec. [346-A (C. A. 8.3, west branch of Hulen Creek, Shasts
County. (10) Same example enlarged. p. 101,
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Prate 21.—CneTaceogs Fossius

(1, 2} Lytoceras (Kossmatella) whitneyi (Gabb)., Holotype, front and side views,
Greatest diameter, 108 mm.; thickness of swhorl, 30 mm. Probably found near
Perrin 2ane, upper part of Horsetown group: definite lacality not known. The
holotype i3 in the collectiona of the Academy of Natural Sciences of Philade'phia.
p. 152,

(3) Homites imilaior nov. Holotype, ventro-lateral view. Length, 67 mm.;
ventro-doraal diameter, 44 mm, Perrin zone, upper part of Horsetown group;
Loc. 1868 (C. A. 8.), east branch of Hulen Creek, Shasta County. (3a) Crosa sec-
tion of holotypa. p. 218.






PrLarp 22,~CRETACEODS FOBSILS FROM DALIFORNIA

(1) Polyptychitesleconteinov. Holotype. Greatest dismeter, 185 mm.; thickness
of whorl, 62 mm. Hamlin—Broad zone, upper port of Paskenta group; Loe. 113
(C. A, 8.}, 4 miles southwest of Ono, Shasta County. p. 15,

(2, 3y Simbirskites broadinov. Holotype. (2) Left side view, showing umbilicuys
and charaeter of ribbing. (3) Right side of aame, from plaster cazt of partial rock
mold. Loe. 113 (C. A. 8.}, Hamlin-—Broad zaue, upper part of Paskenta greup,
4 miles southwast of Ono, Shaate County. p. 155.

{4, 5) Subastierio chanchelula nov. (1} Helotype, {ragmentary example; greatest
diameter, 22 mm. {est.); height of whorl, 10 mm.; thickness of whorl, 12 mm.
{5} Plaster cast from a rock mold of same example. Hamlin—Broad zone, upper

part of Paskenta group; Loe. 112 {C. A, 8.), 4 miles southwest of One, Shasta County.
p. 1568
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Prare 23.—Creraceovus Fossins rnox Carrronsia

(1) Polyptychites leconiei nov. Paratype., Greatest diameter, 191 mm.; thiek-
ness of whotl, 64 mm. Hamlin—Hronad zone, upper part of Paskenta group; Loe. 113
{C. A. 8.), 4 miles southwest of Ono, Shasta County. p. 154,

(2) Neocraspedites recloris nov. Halotype., Greatest dinmeter, 53 mm.; thick-
neas of whorl, 26 mm. Lower beda of the Horsetown group; Ono zone; Loe. 1353
{C. A. 8.), near bridge at Ono, Shasta County. p. 157,

(3, 3a) Anakamuline vespertina nov. Holotype. Width of body-chamber, across
both limbe, 81 mm.; dorse-ventral dinmeter, of Jarger limb, 21 mm.; dinmeter of
smaller limb, 18 mm. Hamlin—Broad zone, upper part of Prskents group; Loc, 113
(C. A. 8.), 1 miles southweat of Ono, Shasta County. (3a) Section of Bucal end of
holotype. p. 219.
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Prare M. —CRETACEODS Fossils proM CALIFORNIA

(1, 2) Polyptychites hesperius nov., Helotype. Fragment of whotl. (1} Right
gide; greatest length, 180 mm. (2) End view of same, showing section of wharl;
grentest width, 105 mm.; height of whorl, 97 mm. Hamlin=—Broad zone, upper
part of Paskenta group; Loe. 113 (C, A. 8.}, 4 miles southwest of Ono, Shaata County.,
p. 154,

(3, 4) Acrofeuthis bewang nov. Holotype. Ventral and side views, with mirror
reflections, showing end (eross-section). Length of holotype, 93 mm.; greatest
diameter, 21 mm, Paskents group; 3.2 miles southwest of Lompoe, Santa Barbara
County. p. 227.
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PLaTE 35 —CrETAcROUSs Fossil ProM CALIPORNIA

Neocragpedites aguils nov. (1) Bide wiew; plaster cast made from rock mold of
holotype. (2) Fragment of holotype, showing part of the suture line. Greatest
dismeter of holotype, 185 mm. (est.); thickness of whotl, 60 mm. In Ono zone,
Ipwest heds of the Horaetown group; Loe. 1353 (C. A. 8.}, near bridge at Ono, Shasta

unty. (2) Paratype. Greatest diameter, 202 mm.; thicknesa of whorl, 65.9 mm.
3ame locality as the holotype. p. 136.
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Prate 26.—CreracEous Fosatis raoy CALIFORNIA

{1} Neocraspedites signalis nov. Holotype. Gresteat dimmeter, 143 mm;
thickness of whorl, 30 mm. Lower part of Horsetown Group; found on the Wilcox
ranch, 5 miles narth of Paskents, Tohama County. p. 167,

(2) Neocraspedifes wilcezi oy, Holotype. Greatest diametor (est.), 138 mm.;
thickness of whorl, 48 mm. Lewer part of Horsetawn Group; found on the Wileox
ranch, § miles north of Pagkenta, Tehamu County. p. 158,

(8} Cheloniceras flenoyi. noy. Fragment of holotype, reduced, showing right
pide; length, 98 mm.; greatest height of whotl, 46 mm. Lower part of Haractown
Group; “ZFone U ; near Paskenta—Lowry road, Tehama County. p. 374,
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(1, 2) Spiticoras duncanense nov. Holotype. A fragment of the cuter, non-
geptate part of the cail.  Greatest diameter (est.), 147 mm. ; height of wharl, 33 mm. ;
width of whozl, 33 mm. Xiddle part of Paskenta Group; Loc. 1685 {C. A. 8.),
Duncan Creek, Shasta County. (2) Tranaverge scetion of holotype. p. 160

(3, s} Neocomites rusaellf nov. Holotype. Greatest diameter, 73 mm,; thick-
ness of wharl, 20 mm.; height of whorl, 37 mm. Middle part of Paskenta Group;
Loc. 16685 (C. A. 5.), Duncan Creeck, Shasta County. (3n) Seetion of outer whaorl,
slightiy reduced. p. 163.

{4) Section of Neocraspedites wilcoxi nov., holotype; Wilcox raunch, Tehamn
County. p.158.

(3, 5a) Duscoheltx planigyroidss Hrana nov. Drawing of holotype, much en-
larged. Greatest dinmeter %.0 mm.; height of body whorl, 1 mm. (5a) Section of
body whorl, greatly enlarged. Upper part of Paskenta Group; Cottonwood Creek,
3 miles southwest of Ono, Shasta County. p, 128,
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PraTe 28.—CrEracrovs Fossirs FRoM CALIFDRNIA

(1, 18) Simbirakites broadi nov. Paratype. Grostest diameter, 45 mm.; thick-
nese of wherl, 205 mm. HamlinwPBroad :one, upper part of Paskenta Group;
Loc. 113 (C. A. 8.}, 4 wiles southwest of Ono, Shasta County. (la) Plaster onat
from rock mold, showing ventra] zooe and ribbing on the periphery of the ghell,
p- 155.

{2} Dichotomites tehemacnsiz nov. Holotype. Greateat diameter, 70 mm.;
thickness of whorl, 27 mm. “Zowne M,"”, Paskents Group; Loc. 1243 {C. A. 8.,
Wileax ranch, 5 miles narth of Poskenta, Tebama County. p. 158,

(3, 4) Dichotomites gregeraeni nov.  {3) Holotype, somewhat enlarged. Createst
diameter, 51 mm.; thicknesa of whorl, 20 mm. “Zone M,", Paskents Greup;
Loce. 1343 {C. A. B.), Wileox ranch, Tehams County. {4) Paratype, reduced.
Greatest diameter, 46 mm. Same locslity and borizon a8 the holotype. p. 158

(6} Dickolomiies burgeri nov. Holotype. Greatest diameter, 60 mm.; thickness
of whozl, I8 mm. ‘Zone M,'', Paskenta Group: Loo, 1343 {C. A. 8.}, Wiloox ranch,
5miles north of Paskenta, Tehama County. p. 189, .

(6) Cheloniceras flenoyi nov. Bolotype. Length of fragment, 98 mm.; hoight
of whorl, 46 mm.; width of whorl, 87.4 mm. ‘‘Zone U, lower part of Horsetown
Group: McCarthy Creek, near Paskenta—Lowry rond, Tehama County. p. 79,
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Prate 29.—CnETacEorva Foossius Faow CALIFORNIA

(1) Neocomiies jenkinsi nov. Holotype. Greatest diameter, 110 mm.; thickness
of whorl, 23 mm, *Zone X", Paskenta Group; McCarthy Creek, § miles north of
Paskenta, Tehams County, p. 165,

(2} Neacomilea siippi nov. Holotype; east ol one-fourth of the outer whorl,
partly septate. Greatest diameter fest.), 105 mm,; thickness of whorf, 21 mm.
“'Zone M’!, Paskents Group; MeCarthy Creek, 3 miles north of Paskenta, Tebama
County. p. 166,

(3-6) Thurmannia paskenioe nov, (3, 4) side and tep views of holotype, natural
aize. (5, 6) Side and top views of paratype, enlarged two diametera. '“Zone N",
Paskenta Group; MeCarthy Crock, 3 miles north of Paskenta, Tehama County.
p. 162.

(7-0) Aucella nuciformis Pavlow. Examples from '“Zone N, Paskenta Group;
AeCarthy Creek, 3 miles north of Faskenta, Tebama County. (7) Right valve.
(8, 9) Left valve; back and front views. p. 106.

(10) Bachianiles paskenlaensis nov. Holotype. Length, 67 mm.; greatest
dinmeter, ¥ mm. ‘‘Zone M;"’, Paskenta Greup; Wilecox ranch, 5 miles north of
Paskenta, Tehama County. p. 167,
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Prite 30.—Creraceoos Fossirs ewom QOREGON

{1-4) Neocomiles yiddlenais nov. (1, 2) Holotype, side and tep views. Frag-
mentary specimen. Greatest diameter {est.), 78 mm.; thickness of whorl, 21 mm.
(3) Paratype. Dismeter, 61 mm. (1) S8mall cxample of same. Dismeter, 30 mm.
Middle part of Paskenta Greup; Loo, 268 (Q. 3. C.), a mile southeast of Riddle
QOregon. p. 167,

(5) Dicholomites oregonensis nov, Holotype. Greateat diameter, 23 mm,;
thickness of whorl, 7 mm. MMiddle part of Paskenta Group; Loc. 268 (0. 8. C.),
2 mile southenat of Riddle, Oregon. p. 158.

{68) Dishotomiles tehamaensis nov. Section of whorle of holotype. p. 138.

(7) Phylloceros myrtlense nov, Diameter, 35 mm.; thickness of whorl, 10 mm.
Middle part of Paskenta Group; Loe. 263 (0. 8. C.), a mile southeast of Riddle,
Oregon. p. 144,

(8) Phylloceras oregonense nov. Holotype, Greatest diameter, 40 mm.; thiek-
neas of whorl, 16 mm. Maiddle part of Paskenta Group; Loc. 208 (0. 8, C.), & mile
southeast of Riddle, Oregon. p. I44.

(0, 10) Phylloceras umpquanum nov. (3) Holotype. Greatest diamoter, 33 mm.;
thickness of whorl, 20 mm. 2Middle pert of Paakenta Group; Loc, 268 (0. 8. C),
a mile southeast of Riddle, Oregon. (10) Small example of same species; Loc. 268
{0, 8, C.), Riddls, Oregon. p. 143,
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Pratr 31.—CreTaceous Fossins FROM CALIFORNIA AND OREGON

(1) Thurmannia jupiter nov. Holotype. Greatest diameter, 230 mm.; thickness
of whorl, 65 mam. Hamlin—Broad zone, upper part of Paskenta Group; 3 milea
southweat of One, Shasta County. p. 162.

(2-8) Lyticoceras packardi nov, (2) Holotype. Greatest diameter, 66 mm.;
thickness of whorl, 15 mm. (3) Bide view of paratype. (1) Peripheral view of
same fragment. Middle part of Paskenta Group; Loc. 268 (0. 8. C.), a mile south-
east of Riddle, Oregon. p. 164, (5) Plesiotype, enlarged; greatest diameter, 31
mm.; width of umbilicua, 5 mm.; Loc. 268 {O. 9. C.), as above.
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PrLaTE 32.—CRETACEOUS FossiLg FROM CALIFORNIA

{1) Parahoplitoides seniloides nov. Halotype. Createst diameter, 24 mm.;
thickness of whorl, 60 mm. Shoup zone, middle part of Horsetown (iroup; south
of the Shoup ranch, 4.6 miles south of Ono, Shasta County. p. J68.

(2) Parakoplitoider shoupi nov. Holotype. Greatest diameter, 202 mm.; thick-
nesa of whorl, 30 mmm. Shoup zone, immediately above the Argonaut zone, on the
Shoup ranch on Bee Creek, 4 miles south of Ona, Bhaata County. p. 168.
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PraTe 33.—CRETAcEOTS FossiLe FROM CALIYORNIA

(1) Perghoplitoider cerromentis nov. Holotype. Greatest dlameter, 135 mm.;
thickness of whorl, 58 mm. Shoup zone, B little above the Argonaut zone of the
Horsetown Group; Log. 1347 (C. A, 8.) eaat of Mitchell Creek, 6 miles south of Ong,
Shaata County, p. 108,

{2) Parghoplifes atantoni nov., Holotype. Grestest diameter, 146 mm.; thiek-
ness of whor), 45 mm, TUpper middle Harsatown Group; Loc. 1348 {C. A. 8.), Alder-
gon Creek, 2 miles sputh of Ona, Shasts County. p. 169,
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PLATE 34.—CrETACEOUE FoBsIL FROW CALIFORNIA

Poarahoplites dallasi nov, (1) Holotype. Greatest diameter, 135 mm.; thickneas
of whotl, 58 mm. Shoup zone, upper middle Horsetown Group; Loe. 1347 (C. A. 8.),
eaat of Mitchell Creek, 5.5 miloa south of Ono, Shasta County. (2) Fragment of en
example showing suture line. Horizon and locality, as given above. p. 180,
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PrLaTE 35, —~CrETacEoUS FO3sILs FROM CALIFORNIA

(1) Parahopliter macfarlandi nav. Holotype. Greatest diameter, 200.5 nm.;
thicknees of whorl, 75 mm. Probably from the Shoup zene, upper middle Horgetown
Group; Loc. 1348 (C. A. 8.), Alderson Creek, 2 miles south of Ono, Shasta County.
p. 170. _ -

(3} Lytoceras (Gabbioceras) omgelafum Anderson. Plesiotype. Near natural
gize. Middle Horgetown Group; Loc. 1347 {C. A, S.), eaat of Mitchell Creek, 8 miles
south of Ono, Sheata County. p. 150,
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Prate 38.—Creraceovs FossiLe Frou CaLIFORVIA

{1) Acanthoplites acgiz nov. Hplotype., Greatest dinmeter, 235 mm.; thicknesa
of wherl, 56 mm. Upper middle Horsetown Group; Lee. 1248 {C. A, 8.), Alderson
Creek, 2 milea south of Ono, Shasta County, p. 171.

(2) Parahoplites stantoni nov, Paratype. Young example from the Barr zone,
middle Horsctown Group; Loe. 1347 {C. A. 8.), Mitchell Craek, 8 miles squth of Ono,
Shasta County. p. 169.

(3) Douvilleiceras off. mammillatum (Schlotheim}), var. Anexample from the up-
per part of the Horsetown Group; Loc. 1668 (C. A, 8.}, east branch of Hulen Creek,
Shaesta County. Greatest diameter, 83 mm.; thickness of whori, 45 mm. p. 174,
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Prare 37.—CRETACE0US Fosairs FroM CALIFORNIA

(1) Acanthoplites gordneri nov. Holotype. Gresatest diameter, 220 mm.; thick-
ness of whorl, 69 mm. Prohably near the Bhoup zone, upper middle Horactown
Group; Nerth fork of Cottonwood Creek, saat of Ono, Shaata County. p. 172,

(2, 2a, 3) Hamiliceras acguicostatum (Gabb). Topotype, showing the more
complete form of the apecies. (2} Side view, shawing the manner of ribbing, and
change in obliquity. (2a) Bection of smallerlimb, (3) Oblique view of both limba,
showlng the siphonal zone, and tho weslk tubercules bordering it. p. 218,
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Prate 38, —Cnetaceovs Fosalls FRoOM CALIFOANIA

{1) Acanthoplites perrini nov. Holotype. Greatest diameter, 230 mm.; thick-
ness of whorl, 65 mm. Perrin zone, upper part of Horsetown Group; Loc. 1888
(C. A. 8.), enst branch of Hulen Creek, Shasts County. p. 173.

(2, 3) Puzosia reesidei nov. (2) Holotype, o little enlarged. Greatest diameter,
49 mm.; thickness of whorl, 14 mm. (3) Paratype. Diameter, 38 mm. Buena-
ventura zone, upper part of Horsetown Group; Loc. 1346-A, west branch of Hulen
Creek, Shpsts County. p. 187.

(1) Section of Cleoniceras lecontti {Andersan), Greatest dinmeter of holotype,
85 mm. p. 192
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Prate 39.—CrETACECDS Fogsing ProM CALiPoRNIA

(1) Acanthoplites remondt {Gabb). Holotype, Greatest diameter, 137 mm.;
thickness of whorl, 37 mm. Upper part of Horsetown Group; Locality of discovery
not deflnitely known, but probably from near the Buenaventura zone on the North
fork of Cottonwood Creek, Shasta County. p. 172,

(2) Puzosia aldersona nov. Holotype, Greatest dicmeter, 180 mm.; thickness
of whorl, 65 mm. Necar Perrin zone, upper part of Horsetown Group; Alderson
Creek, 2 miles south of Ono, Shasta Caunty. p. 186,



ANDERSON PLATE 4ft



EXPLANATION OF PLATEB 285

Prate 40.—Cretaceouvs Fosarig room Carrpomyia aNp BritTisg Corvunia

(1, 2) Melehiorites shaslensis nov. (1) Holotype. Gresteat diameter, 108 mm.;
thickness of wherl, 39 mm, (2) Paratype, young example; diameter, 46 mm, Near
the Argensut zone, upper middle Horsetown Group; Leoe. 134B (C. A. 8.), Alderasn
Creck, 2 miles south of Ono, Shasta County. p. 182.

(3) Puzosia buenaveniura nov. Young example, showing character of coatation
and constrictions in youth. p. 135

{1-7) Desmoceras voyi Anderaon. (4, 5) Holotypn, side and front views. Great-
est diamoter, 53.3 mm.; thickness of whorl, 28 mm. Near Argenaut zone, middle
part of Horsetown Group; Cottonwood Creeck, enst of Ono, Shasta County.
(6, 7) Example from Lower Cretaccoua heds on Grabam Island, British Columbia,
with Aucctlo tadigenalie adbering, Side aud oblique views, natural size. p. 180,

(8, 8a) Aucella indigenolis nov. Plesiotype; showing back and side views of right
valve, adhering to Desmoceras voyi Anderson. Laoe., 2 miles north of Skidegate
Indian village, Grabam Island, B. C. p. 107,
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Prate 41.-=Creticeorvs Fossine raoyM CALIFORNIA

(1, 2) Pucosia buanaveniura nov. Holotype. (1) [nner coil, showing character
of ribbing st maturity. (2} Body chambaer, detached, showing ribbing in senal stage
of growth. Greatest diameter, including body-chamber, 160 mm.; diameter exclu-
sive of detnched portion, 105 mm.; thickness of whorl, 41 rmm. Buenaventura zone,
upper part of Horsetown Group; near Loe. 1348-A {C, A, 8.), west branch of Hylen
Croek, Shastn County. p. 185.

(3-6) Acanthoplitea apathi nov. (3) Holotype. Greatest diameter, 70 mm.;
thickneas of wheorl, 28 mm. (1) Paratype, Greatest diameter, 22 mm.; thicknesa
of whorl, 15 mm., showing spine-like processea of the younger whorla near whorl
suture. (5) An example of intermedinte siza, Buenaventura zons, upper part of
Horectown Group; Loc, 1H8-A (C. A, 8.), west branoh of Hulen Creek, Shasta
Caunty. p. 173.
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PraTE 42.—CakTiceous Fossins Faos CALIFORKIA

(1-3) Pusosia dilleri (Anderson). (1) Holotyps. Grentest diameter, 115 mm.;
thicknesa of whorl, 46 mm. (2, 3) Plesiotypes. Gecurs above the Buenaventura
zone, upper part of Horsetown Groyp; east branch of Hulen Creek, Shasta County.
p. 185

(4) Puzosia weavery nov. Holotype. Grestest diameter, 35 mm.; thickness of
whorl, 20 mm. Three miles east of Rodeo, Contra Coata County. p. 189,

(6-7) Puzogia jimboi mov. (5) Holotype. Greatest diameter, 23 mm. ; thickness
of whorl, 9 mm. (6) Paratype. Greateat diameter, 19 mm. (7} Plesiotype.
From tha uppermaost beds of the Horsetown Group, a mile east of Horsetown. p. 188.

(8) Puzosic onona nov. Holotype. Greatest diameter, 30 mm.; thickness of
whott, 10mm. A mile east of Horsetown, Shasta County. p. 188,

{3~12) Puzosia diadema nov. (9} Holotype. Greatest diameter, 20 rm.; thick-
ness of whorl, § mm. (10) Paratype. Diameter, 18 mm. (11, 12} Plesiotypes.
Foundin Buenaventura zone, upper part of Horsetown Group; Loe. 12468-A (C. A. 8.},
weat branch of Hulen Creek, Shasta Cpunty. p. 188,



ANDERSON PLATE 82

CRETACEOWS FOSSILS FROM CALIFORNIAANDBRITISHCOLUMBIA



238 LOWER CHETACEOUB DEPGSITS IN CALIFORNIA AND OREGON

Prate 43.—CRETACEOUS Fo3s1ns FROM CALIFORNIA

{1, 2) Dagmoceras merricmi Andersan. Topotypes, a little enlarged. (1) Sap-
tate throughout, showing form ond surfnce fentures. (2) Showing ventral aren,
thicknesa and soptation. Found in Neptune zone, upper part of Horsetown Group;
Loe. 1858 (C. A, 3.}, enst branch of Hulen Cresl, Bhasta Caunty. p. 181,

(3) Beudanticeras breweri (Gabh), Example from the Cottonnood Creek, Col-
lestions of Stanford Univeraity. Septate throughout, much reduced in size. Cour-
tesy of 8. W. Muller. p, 180,

(4, 5) Hamites imitaior nov. Holotype, and reflected end view., Reduyced in
#ize, Langth 87 mun.; dorse-ventral dismeter, 43 mm. Found in Perrin zone,
Loc, 1068 (C, A, 8.), east branch of Hulsn Creek, Shasta County. p. 21B.
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Prate #.—Crerackovs FPossins Pro CavtrorNTA

{1, 2) Beudanéiveras breweri (Gabb). Holotype, eide and front viewn. Greatest
diameter, wholly septate, 122 mm.; thickness of whorl, 22 mm. Property of the
Acsdemy of Natursl Scisness, Philadelphin. Courtesy of H. A, Pilsbry. p. 188,

{3, 4) Beudaniicerns hulenenze nov. Folotype. Much reduced in pize. Greateat
diameter, partly non-septate, 128 mm.; thickness of whorl, 32 mm. Found in

Meptune seua, uppar part of Horsctown Group, Loc. 1669 (C, A, 8.), east branch
of Hulen Creek. p. 19,
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Prars 45.—CreTaczous Fossis FROM CaLIFORNIA

(1, 2) Puzcsia kaffmanni (Gahb). Topotypes, (1) Lectotype. Greatest diame-
ter, 88 mm.; thickness of whorl, 30 mm. Upper beds of the Horsotown Group;
Loe. 1344 (C. A. 8.), old Horsetown, Shasta County. {2) Plesiotype, from the
game losality and horizon. p. 186,

{3-8) Puszosic subquadrels (Anderson). (3) Hololype, sizo reduced. Greatest
diameter, 72 mm.; thickneea of whorl, 20 mm. - Neptune zone, upper part of Horse-
town Group; Loe, 1850 (C. A, 8.), east branch of Hulsn Creek, Shasta County.
(4} Plesiotype. QGreatest diameter, 102 mm.; thickness of whorl, 40 mm. (5) A
emaller exaraple of the eame, from the sarme locality. All specimena from Loe. 1650
(C. A.8). p, 188,
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Puxte 48, —CreTacEous Fossing

(1) Puzosiz ditleri (Anderson). Holotype, front view. (Sez Pl 42). p. 185,

(2-4) Chelonicerds irregulare nov. Holotype. (2) Side view of inner (moatly
septate) whorl. Createst diameter, 110 mm,; thiskness of whorl, 33 mm. (3) De-
tached portion ol body-chamber, aize reduced, showing lose of ventro-lateral tuber-
cules. {4) Plaster caest made from mold an the dorsal side of body-chamber (Fig. 3)
ahowing tubercules. p. 178.
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PLATE 47.—CRETACEOUS Foasirs PrOM CALIFORNIA

(1} Cheloniceras receidet nov. Holotype. Greateat dinmeter, 90 mm,; thickness
of whorl (est.), 30 mm. Found o little below the Buenaventura zone, upper part
of Horsetown Group; near Lo, 1346-A, west braneh of Hulen Creek, Shasta County.
p. 178

(2) Cheloniceras stolicchanum (Gabb)., Holotype. Academy of Natural Sei-
encea, Philadelphia. Greatest diamater, 90 mm. ; thickness of whorl, 46 mm. Prob-
ably from the Bradley zone, upper part of Horsetown Group; Hulen Creck, Shaata
County. p. 176.

(3-5) Cleonicerae leconfei (Anderson). (3) Holotype. Greatest dismeter,
72 mm.; thickness of whorl, 26 mm. Perrin zone, upper part of Horsetown Group;
Loc. 152 (C. A. S.), east branch of Hulen Creek, Shasta County. (4, 3) Plesiotypes.
Perrin zone, Loe. 1688 (C. A, 8.}, enst branch of Hulen Craek, Shasta County. p. 182,
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PLate 48.~Creractoys Fossirs Prou CALIFORNIA

{1, 1a} Acanthoplitrs barryans nov. Holotype. (1) lnnper coil, almost wholly
septate. (la) Detached portion of body-chamber. Greatest diameter of eoiled
portion, 110 mm.: thickness of whorl, 30 mm. Probably from horizen shove the
Perrin zoae, Hulen Crack, Shasta County. p. 174

{2, 3) Beudaniicerar haydeni (Gabb). Plesiotype. Greatest diameter, 57 mu.;
thiekness of whorl, 14 mm. XNear top of Horsetown Group; Toe. 134 (C. A. 8.}, old
Horsetown, Shasta County. p. 190

{(+-7) Sonneratic crossi nov. (4) Holotype. Greatest dizsmeter, 50 mm.; thick-
neas of whorl, 17 mm. Near top of Hoeraetown Group; Loc. 1342 {C. A, 8.), old
Horsetovmn, Shasts County. (5-7). Smaller examples of same, (rom type locality.
p. 198,
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Prate ) —~CRETACEOUS Fo3a1Ls PRoM CALIFORNIA

{1-3) Senneralia sacramentica (Anderson). (1, 2} Holotype, s littln enlarged.
Side and front views. Greatest diameter, 102 mm.; thickness of whorl, 36 mm.
Probably from the Perrin zone, upper part of Horsetown Group; Loe. 152 (C. A. 8),
east branch of Hulen Creek. {3) Young example of same species from the same
loeality. p. 195.

(4, 5) Somneratia {ofi nov., (4) Holotype. Greatest diameter, 71 mm.; thickness
of whorl, 25 mm. (5) Paratype. Greatest diameter, 43 mm. Perrin zone, upper

Horsetown Group; Loc. 152 (C. A. B8.), east branch of Hulen Creek, Shastoe
County, p. 194
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PrLuTe 30.—CrETACEOUS Foss1ts FrOM CALIFORNIA

{1} Ozyiropidoceras packardi nov. Holotype, size a littls reduced. Greatest
diameter (est.), 176 mm.; thickneas of whorl, 45 mm. Nesr Neptune zone, upper
part of Horsetown Group; Alderson Creek, 2 miles south of Ono, Shasta County.
p. 198,

(2-1) Cleoniceran modestim nov. (2) Holotype. Greatest diasmeter, 80 mm.;
thiekness of whorl, 24 mm. (3) Paratype. Greatest diameter, 43 mm.; thickness
of whorl, 13 mm. (4) Young example of the same, diameter, 3 mm. A little above
the Perrin zone, upper part of tha Horsetown Group; near Loe. 1688 (C. A. 8.), east
branch of Hulen Creck, Shasta County. p. 193,

(6~7) Sonneralia slaniont Anderson. Plesiotypes. Upper bedas of the Horsetown
Group; Loc. 1344 (C. A, 8.), old Horsetown, Shasta County, p. 108
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PLATE 51.—CaeTacE0Us FossiLs FROM CALIFORNIA

(1-3) Cheloniceras (Prockcloniceras) hindsi nav. (1) Holotype, Greateat diame-
ter, 80 mm. ; thickneaa of whorl, 40 mm. {2, 3) Smaller examples of the same species,
showing changea in ribbing and in ornamentation with growth. Probably near
the Barr zone, lower Horsetown Group; Fiddler Creck, near Middle fork of Cotton-
wood Creak, Shasta County. p. 179.

(4) Sonneralin mulleri nov. Paratype. Greateat diameter, 38 mee.; thickness
of whotl, 12mm. Abont 300 feat beneath the Perrin zane, upper part of the Horge-
town Group; east branch of Hulen Creek, Shasta County. p. 195.

{5-T) Sonneratia perringmithi nov. (5) Holotype. Greatest diameter, 100 mm.;
thickness of whorl, 32 mm. (8, 7) Smaller examples of the same species from the
type loeality. Perrin zone, upper part of the Horsetawn Gronp; Loe. 152 (C. A, 8.),
eagt branch of Hulen Creek, Shasta County. p. 194.
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oo PLATE §8.—CRETACEOTE Fossinu FROM CALIFORNIA -

Cheloniceras  brodieyt nov. Holotype. Size reduced. Greatest diameter,
155 mm.; thickness of whorl, 85 mm. Biadley zone, upper part of the Hometown
Group; Loc. 159 (C. A. 8.), near head of the enst branch of Hulen Creek, Shasta
County. p. 177,
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Prate 53.—CrETACEOUS Fossius FROM CALIFORNIA

(1) Dauvilleiceras aurerivm nov. Halotype, a little enlarged. Greatest diame-
ter, 85 mm.; thickness of whorl, 35 mm. Bradley zone, upper part of tha Herse-
town Group; near head of the east braneh of Hulen Creek, Shasta County. p. 175

(2) Cheloniceras populorum nav. Holotype. Greaiest dismeter {est.}, 160 mm.;
thickness of whorl (est.), 30 mm. Length of fragment on the periphery, 200 mm.
Bradley zone, upper part of Horsetown Group; Cottonwood Creelk, 1.5 miles above
the mouth of Hulen Creek, Shasta County. p. 177,

(3, 3o, 3b) Hoplocrioceras onoenge nov. (See Pt 61). (3, 3s) Drawn from
holotype. (3b) Suture line from holotype (Pl. 61), p. 202,
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PraTE 8t.—CrETacEovs Foasiea rrox Cal1PonNIA

(1) Acanthopliles gardneri nov. Paratype., Greatest dlemeter, 95 mm.; thick-
ncss of whorl, 36 mm. A little sbove the Argonaut zone, upper middle Horsetown
Group! Loc, 148 {C. A. 8.}, on Aldereon Creek, 2 miles south of Ono, Shaata County.
p. 172,

(2) Douwilleiceras restitutum nov. Holotype. Greatest diameter, 153 mm.;
thickness of whorl (eat.), 75 mm. Upper beds of the Horsctown Group; Loc. 1344
{C. A. 8.}, old Horsetown, Shasta County. p. 175.

(3, 4) Sonncratic mullert nov. (3) Paratype. Diameter 38 mm. (1) Plesio-
type. Perrin zone of Hulen beds, Hulen Creck. p. 135
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Prate 55.—CreTaceoUs Fossils FRox CALIFGRNIA

(1) Criocerae latum. Gabb, Holotypa. Greatest dinmeter of whorl, as figured,
125 tam. ; thickness of whorl, 3% mm. Holotype from the Museum of Paleontology,
Univeraity of California. Upper part of Paskents Group; probably from nesr
Loc. 1691 (C. A. 8.), Clements rench, Trinity County. p. 200,

{2) Crioceras duncancrae nov. Holotype. A fragment of an inner eoil. Great-
ent diameter, 38 mm.; thickness of whorl, 11mm. Middle part of the Paskenta
Loe. 1665 (C. A. 8.), Dunean Creek, Shasta County. p. 200

(3-8} Phyllocerag trinitense nov. (3, 4) Plaster cast of holotype. Grestest
diameter, 52 mm. ; thickness of whorl, 24 mm. Upper part of the Paskenta Group;
Loc. 1601 {C. A. 8.), Clements Raneh, Redding Creek, Trinity County. (5, 6) Ex-
amples {rom near Riddle, Orcgon, Probably upper part of the Paskenta Group.
(5) Maoturs ghell. (8) Young shell of same apecies, p. 110.
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PLATE 58, ~~CRETACEOUS F0ossins FROY CALIFDANIA

{1) Shasticrioceras heaperum nov. Holotype. Greatest dinmeter (of coiled
portion), 127 mm.; height of body-chamber, 60 mtn.; greatest thicknesa of same,
40 mm. Mitehell zone, lower part of Horsetown Group; near Loe. 1861 (C. A. 5.),
south of Roaring River, Shasta County. (2) Fragment of small example. Near
Ono, Shasta County. Lower part of Foreetown Group. p. 204,

(3, 4) Shasticrioceras inflatum nov. Holotype. Leogth of fragment (measyred
on peripbery), 135 mm.; thickness of whorl, 33 mm. (1) Small fragment of same,
showing the siphonal zone. p. 205.
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Prate 57.—CrETackous Fogsil Prod CALIFORNIA

Shaslicrioceros pontents nov, (1) Holotype. Greatest diameter, 225 mm,;
thickness of whorl, 45 mm. (2) Fragment of small exemple, showing choracter of
vibbing, Greatest diameter, 54 mm.; thickness of whorl, 13 mm. (3) Paratype.
Fragmeat of straightened arm, much reduced in size.  Total length, 206 mm. ; thick-
ness of arm (including ribs), 80 mm. All from Mitchell zome, lower part of Horse-
town Group; Loe. 16857 {C. A. 8.}, Mitchell Creek, Shasta County. p. 204,
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Prare 58 —~CaETacEoUs Fossits FroM CALIFORNIA

{1) Shasticrioceres whitneyinov. Holotype. Grestest diameter (est.), 120 mm.;
height of whorl, 30 mm.; thickness of whorl, 10 mm. Mitchell zone, lower part of
Horsetown Group; Loo. 1347 (C. A. 8.), Mitehell Creak, Shasta County, 6 miles
south of Ono. p. 205.

(2, 28) Hamuline aldersona nov. Holotype, slightly enlarged. Length of smaller
arm, 110 mm.; thiekness of larger arm, 20 mm. About 200 feet above the Argonaut
zone, Horsetown Group; near Loe. 1348 (C. A. 8.), Alderson Creek, Shesta County.
(28} First lateral lobe of suturs line, near top of smaller arm. p. 218

{3) Suture lino of Hemibaculites syclopius, taken from holotype. p. 221.

(1) Section of Shaaticrioceras infatum nov. (See P, 66, fig. 3.) p. 205.
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PLATE 39.—CrETsaceous Fossiis FaoM CaLirorsIA

{1) Aerieceras voyanum nov, Holotype. Length of shell (incomplete), 95 mm.;
width of ¢rosier, 09 mam. ; thickness of body-chamber, 24 mm. Lower part of Horae-
town Group; probably from, or just sbove, the Ono sone, Cottonwwood Creek, Shasta
County. p. 206,

{2, 2a, 3) Hemibaculiles nefeus nov. (2) Holotype, a little enlarged, length
Bl mm.; greator diameter, 33 mm. Mlitchell zone, lower part of Harsetown Group;
Loe. 1857 {C. A. 8.), near Mitchell Creek, Shasta County. (28} Bection ol shaft.
(3) Fragment of an axample from a samewhat lower bad; lower Hoesetawn Group;
Lac, 1601 (C. A. 8.}, south of Roaring River, Shasts, County. p. 221

(1) Aerioceras starrkingi nov. Holotype (partly reatored). A little below
Mitehell zone, lower part of Horgetown Group; Loc. 1881 {C. A, 8.), souih of Rosring
River, Shosts County, (4a) Cross section of (4) at point indieated. Natural size.
p. 207.
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Prare 80.—CrETACEOTS FoRSILS PROM CALIFORNIA

{1, 2) Aspinoceras hemlini nov. (1) Holotype, Length of shell (incomplete),
86 man.; maximum thickness, 27 mm. Hamlin—Brond zone, upper part of Paskanta
Group; Lae. 113 {C. A. 8.), 4 milea aouthwest of Ono, Shasta County. (2) Drawing
of asme, showing form indicated in holotype. p. 207.

(3, 4y Hoplocrioceras wintunium nov. (3) Part of holotype as found. Greatest
diameter of eoiled portion, 45 mm.; thicknees of same, 8 mm. (4) Drawing made
from holotype, showing more complete form, asindicated in holotype. Stratigraphic
position a little below the Mlitchell zone, lower Horeetown Group; Loc. 1661
(C. A. 8.}, south of Rosring River, Shasta County. p. 202,
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Prate 62.--CreTaceovs Foszizs Froy CALIFORNIA NG DREGON

{1-5) Hoplocriocerat remondi (Gabb). (1) Holotype, from Academy of Natural
Seiencon, Philadelphin, Greatest diameter, 77 mm.; thickness of whorl, 13 mm.
Probably from Ono zone, lower heds of Horsetown Group; near One. (2) Hople-
crioceras remondi, nov., Example found in place, Eagle Creok, near Ono. (3, §)
Bame apecies, [rom vollections in the Aeademy of Natural Sciences, Philadelphia.
Probably {rom the Ono zone, near Ono, Shasta County. (4) Fragment of same ape-
cies, from Loe. 1865 (C. A. 8.}, Duncan Creck, Shasts County. p. 201.

(6) Hoplocrinceras remondi {Gabb). Fragment, found st Loec. 268 (0. A, C.),
near Riddle, Oregon. (2n) Section of example seen in Figure 2. p. 201,
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Prate §1,—CRETACEOTS FossiLs FRouw CaLIPonyIa

(1, 18) Pscudoerioceras stentor nov, Holotype. Length aleng siphonal zone,
250 mm.; greatest diameter, 55 mm.: dismeter at amaliler end, 27 mm. (Note frog-
ment of smaller coil, displaced.} Found 200 (eet below Mitchell zone, lower part
of Horsetown Group; Loe. 1661 {C. A. 5.), south of Roarieg River, Shasts County.
p. 206.

{2} Ptychoceras nalricenov. Holotype. Length 52 mm.; width across both arms,
23 mm. Mitchell zone, lower part of Horsetown Group; Loe. 1657 (C. A. 8.), north
of Roariog River, Shasta County. p. 218,

(3, 3a) Psoudocrioceras ap. (3a) Refleeted end view. p. 208,

(1) Hoplocriceeras onoense nov. Holotvpe. XNatural gize. Found on Eagle
Creek, near Ono, Shasta County. (See PL. 53.) p. 202,
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PLATE 83.—CnETacEoUs Fossit rromM CALIFORNIA

Hoplocrioceras remond! (Gabb). (1) Large example, showing mature form,
straightened arm, chenge of ribbing, cte. (2) Section of same, near bucal end.
Length of gpecimen, 225 mm. Upper middla Horsetown Group; enst of Mitchell
Creek, Shasta County. p. 201.
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PraTe 64.—CrETACEODS FossiL FROYM CALIFORNIA

Ancyloceras elephas nov. (1) View showing right side of holotype. (2) Obliqus
front view of same, Totallength, 16.5 inches (119 mm.), incomplete; grestest width
{not including spines) 4.25 inches (108 mm.). Mitchell zone, lower part of Horse-

town Group; Loe. 1857 {C. A. 8.), Mitchell Creek, Shasta County., p. 200, (See
Pl. 68.)
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Prars 65 —CnreTAscEots Fossis

(1-3) Ancyloceras ejax nov. {1) Right side view. Total length of holotype,
14 inches (355 mm.); width of hody-chamber, 4 inches (101.6 mm.). Note crushing
of shaft during life of animal; all parts of specimen found in place. (2) Obliguefront
view of same specimen. (3} Fragment of early whorl of another example of the game
species, showing tubercules in early stoge of growth. p. 210.

{4n) Acrioceros starrbingt nov. Enlerged section of shaft (smaller orm), s
shown on Plate 89, figure 4. p. 207,
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PrATE 86.~CeETAcEOTA FosRILa FROM CALIFORNIA

(1) Ancyloceraa elephae nov. Holotype. Dorsal view, showing aperture (dark
area above the shaft). Note erushing of ahaft belew body-chamber during life of
the animal, (Ses PL. 84.) p. 200.

(2, 2a) Hemibaculites nauplius nov. Holotype. (2) Bide view, showing suture
lipe, in part. Length 100 mm.; greatest width, 30 mm. {2s) Section of holotype,
near middle, Xlitchell zone, lower part of Horsetown Group; Loe. 1347 (C. A. 8.},
near Mitchell Creek, Shaata County. p. 221.

(3, 3a) Hemiboculites eyclopiue nov. Helotype. (3) Length of holotype, 15.3
inchea (388,6 mm.); greatest digmeter, 76 mm, Above the Argonaut zone, upper
part of Horaetown Group; Loo. 1348 (C. A. 8.}, Alderson Creek, 2 miles south of Ona,
Shasta County. (3a) Section of same. p. Z21.
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PrLaTE 67.—CRETACECTS FossiLe FROM CALIFORNLA

(1) Arcyloceras durrelii nov. Holotype. Total length of figured part of the
sheft, 230 mm.; greatest diameter, 63 mm. Found about 200 feet benesth the
Mitehell zone, lower part of Horsetown Group: Los, 1861 (C, A. 8.), south of Roaring
River, Shasta County, p. 210.

{2) Suture line of Aneyleceras durrelli, drawn from a detached feagment found at
the same tocality and horizon. p. 210,

{3) Melchiorites indigenes nov. Flesiotype. Greatest dinmeter, 02 mm.; thick-
ness of whorl, 25 mm.; apparently & littls above the Argonout zone, upper part of
the Horaetown Group; Loo. 1348 (C, A. 8.), Alderson Creek, Shasta County. p. 184

(4, 5) Shagticrioceras ponientenov. Small examples from the Mitchell zone, chow-
ing the manuer of eoiling and costation in young stages of growth. p. 204.
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PraTE 68,—CRETAcEOUS Fossing Fnom CALIFORNIA

(1) dneyloceras durrelli nov. FParatype, coneisting of the body chamber of an
oxample found with the holotype. Position about 200 feet benenth the Mitchell
zone, lower part of the Horsetown Group; Loe. 1661 (C, A. 8.), south of Roaring
River, Shaata County. p. 210.

(2) Melchioriles indigenea nov. Plesiotype, Greatest digmeter, 55 mm.; thick-
neas of whorl, 15 mm. PFound & littla above the Argonaut zone, upper part of the
Horsetown Group: Loe. 1348 (C. A. 8.), Adderson Creek, 2 miles south of Ono,
Shastn County. p. 184,

(3) Shasticrigceras hesperum (1), nov. Young coil, showing character of rilibing
in early stages of growth. Mitehell zone, lower part of Horsetown Group; Loc, 1857
{C. A. 8.), near Mitchell Creek. p. 204,

(4) First Interal lobe of Neocrospedites aguila nov. (See¢ Pl. 25.) p. 156.
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Prate 80.—CRETAcEODE Fossin FRoM CALIFORNTA

Ancyloceras attroz mov, Holotype. (1) Left aide view, mueh reduced. (2) Ob-
ligne ventral view of holotype, showing strong, trituberculate ribs on the body
chamber. Length of haletype along siphopal line, 230 mm.; greateat width of body
chamber, 88 mm.; greatest diameter at top of shalt, 70 mm. (3) Seetion of body
chamber below bend. (3a) Section of shaft at ond of fgured (ragment. Mitchell
zone, lower part of Horsetown. Group; 8 mile north of Loe, 1347 (C. A, 8.), eaat of
Mitehell Creek, Shasta County. p. 209.
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PraTE 70.—CnETAcR0DE Fossins srou CALIFORNIA

{1, 1a, 1b, 2} Australiceras crgus nov. Holotype. (1) Left side view, showing
tuberculea on early part of whorl. (1a) Section of tubereulate portion of wherl.
(lb) Section of non-tuberculate portion of whorl, at A. A Jittle below Argonaut
zone on Bee Creek. (2) Paratype. Greatest dinmeter, 164 mm, ; thicknese of whorl,
44 mm. Tuberculate on inner whorls, only. Larger whorl broken and elightly
digplaced. Below Argonaut zome, between Bee Creek and Roaring River, east of
Mitchell Creek, Shasta County. . 211,
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Prare 71,—CRETACEODE Fossin ProM CALIFORNIA

Tropazum percoatatum (Gubb). Large example, showing change in ribbing and
other features from youth to old age. MMuch reduced in size. Greatest diamater,
17 inehes (432 mm.}. A little above the Argonsut zone, upper middle part of Horse-

town Group; near Loe. 1347 (G A, 8.), cast of Mitchell Creek, Shasts County.
p. 212,
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Prate 72, =CreETACEOUS FoBILs PROM CALIFORNIA

(1) Tropasum percoatatum (Gabb). Pleslotyps. Young example, septate
throughout. Somareduced ingsize. Greatest dismeter, 130 mm.; thickness of whorl,
30 mm. Near Argonaut zone, east of Mitchell Creek, and & mile north of Loe, 1347
(C. A. 8.), Shasta County. p, 212,

(2) Hoploerinceras yollabollium nov. Helotype, consisting of a plaster cast, made
frem s rock mold. Upper part of Paskenta Group; Browne Creek, Trinity County.
Greatest dinmeter, shout 220 mm. p. 203.
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Prate 13 —CreETaceous Fossins

(1, 2) Pulchellic popenscel nov. Holotype. (1) Greatest diamoter, 57 mm.;
thickness of whorl, 17 mm. Stratigraphie position, & little below the Mitchell zone,
Horsotown Group, Roaring River district. Holotypoe found by W. P. Popenoe and
D, W.3charf, Loe. 987 (C. 1. T.}. (2} Front view of holotype, showing the periphery
and flattened ventral zone, p. 197.

(3) Shasioceras shastense nov, Part of holotype, showing tha neded periphery
of the coiled portion, and a dorsal view of the same. p. 213.

(4, 6} Parahoplites scharfi, mov. Holatype. (4} Side view. Greatest dinmeter,
(acrose more complete whorl), 85 mm.; thickness of whorl, 38 mm. (5) Rear view
of holotype, showing opposite side ond rear view and curvature of the ribs.  p. 170,
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PLaTE 74.—CRETACEDUS F0ssIL FOoM CALIFORNIA

Shastoceras califernicum nov. Holotype. Total length, 17.5 inches (445 mm.);
width of crosier, 10 inches (251 mm.). Probably a little above the Argonaut zone,
upper middle Horsetown Group; Cottonwood district, Shasta County. p. 213
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PratE 75.—CnETAcE0Ds FossiL

Shastoceras shastense, nov., Holotype. Greateat length, 18.5 inches; width of
coil, 11 inches. The fgured specimen izin the enllectione of the California Institute
of Teehnology. It wae found by W. P. Popenoe and I, W. Scharf on Ronring River,
juet beneath the Barr zons, half & mile cast of the Millaap read, p. 213.
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Prate 78.—CneTscmous Fossirs Frov CariForsia

(1} Shostoceras behemoth nov. Holotype {rot vet found). Total length, appar-
ently acar 31 inches (787 mm.). Stratigraphic position probably s little sbove ths
Argonaut zone, upper middle part of the Horsetown CGroup; Cottonwood district,
Shasta County. p. 214.

(2) Acanthoplites sub-bigoti nov. Holotype. Greatest dismeter, 40 mm. ; thick-
ness of whorl, 13 mm.; Cottonwood Creele, Loc. 965 (C. I. T.). Holotype in the col-
lecticn of the Californin Instituie of Technology. p. 174.
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Prare 77.—CRETACEOUS Fossins FroM CALIFORNIA

(1) Shasloceraz veniricosum nov, Holotyps, Maximum circumference of body
chambar at bend, 20.3 inches (815 mm.): maximum diameter, 6.6 inches. Found
alittleabove the Argonsut sone, upper middle part of Horsetown Group; west branch
of Hulen Creek, Shasta County. p. 215

(2, 3) Belemnoteuthia pacifica nov. (2} Holotype, showing the edges and an
oblique view of the septa. Greatest diameter, 76 mm.; a small part only of & com-
plete phragmacone. Lo, 113 (C. A. 8.), Hamlin-Broad zone, Upper part of tha
Paskenta Group, 4 miles southwest of Ono, Shasta County. {3} Top view of plesto-
type. Upper part of Argonant zone; Loe. 147 (C. A_8.), middle part of the Horse-
town Group, east of Mitchell Creck, Shasta County. p. 23L

(4) Suture line of Shasioceras bekemoth nov. drawn from a fragment found above
the Argonaut zone, west branch of Hulen Creek, Sheata County. p. 214.
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Prate 78.—CreTacE0Us FossiLg

(1) Shasloceras californicum nov. Front view of holotype (pl. 74). (Note poar-
tial erushing of shaft below body chamber.) p. 213.

(2, 2a) Hemtbarulitza mirabilis nov. Holotype. {Example figured by Gabb not
found.) Found by W. P. Popenoe and D, W. Scharf near Mitehell Creek, half o mile
north of Roaring River, and half a mile east of the Jordan house, 6 miles south of
Ono, Shasts County. (2s) Croas section of (2) at point indicated. Property of the
Californin Inssitute of Technology, Pasadena. p. 220,

{3) Suture line of Hemibaculites mirabilis, nov. taken from an example found in
the same zonn as the holotype, 100 fect above the zone of Tropacum percosiatum
(Gabh). p. 220
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Prate 19.—Crrraceovs Fessivs

(1) Hamiliceras pilsbryi nov. Holotype, Total length, 92 mm.; maximum
diameter of larger limb, 33 mm, Probably in, or near, the Argonout zone, middle
of Horsctown Group. Locelity of discovery not known, Holotype from the
Academy of Natural Scienees, Philudelphia. p. 216.

(2, 3) Hamiticerae philadelphium nov. Holotype, right side and ablique ventral
view. Total length, 61 mm.; width acrcss both limbs, 45 mm. Probably near
Argonaut zone, Cottonwood distriet, Shasta County. Holotype from Academy of
Natural Scienees. p. 218,

(4, 5) Helicancylua gabbi nov. Two views of holotype. Greatest diameter of
whorl, 36 mm. Cottonwood district, Shasta County. Loecality and horizen net
more definitely known, Holotype from Academy of Natural Sciences. Courtesy
of H. A, Pilsbry. p. 222

(6) Suturo line of Hamiliceras degquicostatum (Gabb). (PL 37.) p. 216.
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Prare 3).—CreTacEoms Fossig Frou CALIFORNIA

(1, 1a) Acrolewthia milchelli nov. Holotype with reflected end. Length of
guard {incomplete), 114 mm. ; maximum diameter, 21 mam.  Mitehell 20ne, lower part
of Horsetown Group; Loo. 1857 (C. A. 8.}, near Mitchell Creek, 7 miles south of One,
Shaste County. p. 228.

{2) Acroteuthis aboriginalis nov. Holotype. Leugth of guard, 175 mm. ; greatest
dinmeter, 30 mm. DBarr zone, middle part of Horsetown Group; Loc. 1247 (C. 4. 8.),
6 milea south of Ono, Bhasta County. p. 225,

{4, 3a, 3b) Hiboliles diveniroides nov. (3} Holotype. Length, 52 mm.; groatest
diameter, 9 mm.; length of lower section, probably part of the same individual,
22mm. Found 600 feet below Mitchell zone, Fiddler Creek, Shasta County. (3a, 3b)
Sections of holotype. p. 231.

(4, 4a) Avlacoteuthis twynteoriium nov. Holotype, with reflected end view,
Length (incomplete}, 68 mm.; greatest width, 12 mm. A little above the Mitehell
zone, middle part of Horaetown Group; Fiddler Cresk, Shasta County. p. 220,

(58) Aerolesthis kernensia nov. Holotype. Length of guard (incomplete),
98 mm.; greatest diameter, 20 mm. Paskenta Group, Devils Den distriet, Kern
County. p. 226,

(8, 6a) Acvoleuthis divergéns nov, Holotype, with reflected end view. Length
of holotype (incomplete), 98 mm.; greatest width, 23 mm. Lower part of Mitehell
zone, Fiddler Creek, Shasta County, p. 225,

(7) Hibolilea cigarroides nov. Holotype. Length (incomplete), 81 mm.; width
near middle, 10 mm. Lower part of Horsetown Group, MeCarthy Creek, Tohams
County. p. 0.
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Prave 81.—CreTacEous Fossins ProM CALIFORNIA

(1, 18, 2) Acroteuthis wilcozd nov. (1, 1a} Holotype, with reficcted end view.
{2) Longi-gection of another oxample, showing the lower part of tho slvealar pit,
and the excentric position of the same, and of the axia. p. 227,

(3, 3n) Acrotenthis onoensis nov. (3) Holatype. Length (incomplete), 125 mm. ;
dismeter, 20.2 mm. (3s) Section of the holotype, at point of break. Prohably
from the Barr zone, lower part of the Horsetown Group; Loc, 1657 (C. A, 8.),
Mitchell Creek, Shaste County. p. 227.

4) Awlacoteuthic wynioonivm nov. Plesiotype, found at bucal end of a specimen
of Lytoceras aulaeum with other fragmenta of the sama species. Near bridge at Ono,
Shasta County. p. 220.

{5) Acroteuthis shastensiz nov, Holotype. Length (incomplete), 162 mm.;
greateat diameter, 31.7 mm. Upper part of Paskenta Group, in the Hamlin-Broad
zane; Loe. 113 (C. A. 8.}, 4 miles santhweat of Ono, Shaets County. p. 226.

(6) Acroleuthia impressa (Gabh). Plesiotype. Length, 123 mm.; greateat width,
22 mm. Mitchell zone, lower part of Horsetown Group; Loe. 1347 (C. A. 8.), nesr
Mitchell Creek, Shasta County. p. 2325,

{7, 8) Neohitolitea fontinalis nov. (7) Holotype. Length, 93 mm.; thickness,
7 mm. (8) Lower half of plesiotype, showing epindle-like form. Uppermost beda
of Borsetown Group; Loe. 1345 {C. A. 8.), Texss Springs, Shasta County. p. 231.
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Prare 32.—~Cretaceovs Foesiis yrou CALIFORNIA

{1, 1a, 1b} Acrotcuthis impresss (Gabb). (1) Holotype. Total length, 172 mm.;
normal dismeter, 27 mm. Museum of Paleontology, University of California col-
lection. Probably lower Horsstawn Group; Cottonwood Creeck, Shasta County.
(la, 1b) Sections of holotypoat A and B. p. 225,

{2, 2a) Acroteuthis barrana nov. Holotype, with reflected end view. Barr zone,
lower part of Horsetown Group; Lon, 1347 (C. A. 8.), near Mitchell Creek, Shasta
County. p. 228,

{3) Pervinguieria hulenana nov. Holotype. Greatest diameter (est.), 325 mm.;
thickness of whorl, 60 mm. FProbably above the Neptune zone, upper part of Horse-

town Group; found on Cottonwood Creek, S8hasta County. Oregon State Collegs
golleotion. p. 188,
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PraTE 83.—CrevacEous Fossins FRoM CALIFORNIA

(1, 1a) Acroteuthis winalowensis nov. Holotype. Length {incomplete), 147 mm.;
dorzo-ventral diameter, 30 mm.; lateral diameter, 35 mm. Found 2.5 miles norih
of Winslow bridge on Elk Creek, Glenn County. Basal beds of Paskoenta group.
(la) Top view by reflection. p. 230,

(2, 20) Neocomites neacemiensia (d'Orbigny). (2) Example found in Waltham
Creek Valley, aouthwest of Coalingn, Fresno County, in basal conglemerates of
Peskenta group. Greateat dinmeter, 20 mm.; thickness of whorl, 6 mm. (2a)
Oblique poeripberal view of same example. p. 186,

(3, 4) Berriasella cf. craseiplicata (Stanton). (3) Example found in near bass!
bed of Paskenta group on MeCarthy Creek. Enlarged. (1) Plaster cast made
from rock mold of same example. Natural size. p. 163,

(5} Holcodizcus tehamaensiznov. Helotype. Muchreduced. Grentest diameter
(est.}, 250 mm.; height of whorl, 75 mm. ; thickness of wherl, 60 mm. Lower part of
Horsetown group; MeCarthy Creek, Tehama County. p. 191,

(8, fia) Acrofcuthis macarthyensis nov. Holotype. (8} Ventral view; reduced.
{8a} Cross seotion of sama. Basal beds of Parkenta group; McCarthy Creek,
Tebama County. p. 230.
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Atanthocerar, 171, 172 Ammonifes—coendinued
* Acantboceras’” confuaum, 178 caillaudionee, 191
Aecanthseeray cf. mammiliare, 174 eeleeting, 153

s Acanthocerss apinifarum’, 117
Acanthoceras solicskarum, 178
Aecanthadiscus, 39, 161
Acenthoplites, 88, T3, 84, 122, 161, 171, 176; Table 3
abicki, 172, 1
aspis, &3, 171, 183
barrysne, 67, 174; Table 2
bigoti, 174
Slgeurel, 174
prerdnprel, 86, 172
" dcaniboplites’ talizoatatus, 100

renocoelatuy, 143

dutemplsanus, 153

durelianum, 151

Haydani. 180

fiafmanni, 181, 161, 150, 194
* Ammanitea Hofmanni Gabb,” 154, W
Ammonites

Sauberiianw, 149

Ldidersatise, 181, 142

mammslaiue, 1T

michelinianue, 178

Acanthaplites mevesmiensin, 168
multipinalus, 19 ramaatag, T2
nedoni, 173 Ramondii, 172, 138

prring, 48, 99, 138, 153; Tahls 2
remardy, 68, 168, 172, 170
apathi, 173; Trbln 3§
ef. spothi, 88, 87; Tabln 2
aubeBigoti, 174

Acmasdine, 124

Acriocaraa, 38, B4, 198, 36
starrkingi, 45, 100; Tablo 2
sepanum, 208

Acrolentbia, 40, 31, 84, 137, 187

retrsyonue, 10§
sacys, 151
Stodiczkanwie, 176
subfimbriatus, 147
tragki, 48, 135
IWAitreeys, 152
Ammoboides, 139
Amaputling, 130
avellana, &, $31
Ansdamuling resperiing, 15¢; Table 2

abarfginalis, 83, 110, 121, 139, 1O, W2; Table 2 Anelogues, B¢
impresso, 53, 54, 87, 06, 04, 100, 120, L79; Table 2 Anntintdne, t17Y
Rernoneis, 54, 64, 98, 128, 133, 137, 202, 204; Table2 Anchura, 14

mazarthyeniie, 43, 04, 167

enoenuia, 45, 47, M, 15, 100, 106; Tahls T

ef. onosmeis, 53 tnangulata, &3, 134

ahaylensir, 45, 47, 85, 95, 100, 108, §64; 179, 198, 24 Ancplocorss, 39, 73, 84, 55

Tabts 2 ajar, 63, 100, S04; Table 2

wileond, 45 attror, 85; Tuble 2
Actacon (Tornalella) impresrus, 135 derelis, 85, 100; Table 2
Acleens politua, 136 elephas, &3; Tabla 2
Acteanelln owiformia, 138 “* A neylocevna remondy,'™ 70
Acleonides, 138 Ascploceras Bemondi, 201

engulote, 134
? angulata, 134

Aelsoning eaigfia, 138
rAcfeoning pupoides, 138
Admiralty, 78
Admiralty Island, 8
Aepocriocernse, 199
Alnakn, 15, 40, 6
Albisn time, 18
Alderson zone, &5
Amberiya, 130

diflery, 54
Ammanites

Baleri, 7T, 149, 160 *

bateni, 48

Breweri, 189

deawerd, 162

remandi, 24
taborelli, 200

Aneylocerss urbany, 208
* Ancploceras' ap.. 18
Anssomyon, 120

mseeks, 128

Anomia, 112

linenada, 112
enescens, 112

Anomiidae, Fi2
Aphrodina ¢f. nitida, H
Apcirbaidae, 134
Aperrhais angulata, 134
Aptinp {faunss), L6
Arhuekle Diggingy, 45, 49
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Arco Breweriana, 98
{Macrodon) eufalensis, 98
iehamaensis, 97
textrina, 97; Table 2
Arcidne, 97
Arcopagia eireinalis, 123
Arctuom, 118, 119
cctvdetitalis, 118
Argentios, 60, 80
Argonaut rone, 65
*“Ackoale," 285
Asin, Bouthwat, 79, 51, 82, 89
Aspinsceras Aamiing, 47, 184; Table 2
Astorts, 20, 50, 119
californica, 54, 170
corrupoda, 110
fropesoidalia, 53, 120, 1¥0
Adotider, 31§
Anlieria, 163
[o.0.}, 108
of. anliers, 156
Atremin, 130
tiratus, 83, 53, 109, 139, 130
[}- -]
Aucello, 2,8, 90, 39, 40, 47, 44, 45, 47, 51, 50, 72, 77. 78,
9, B2, B4, &8, 102, 103, 107, 130, 143, 148, 150,
101, 185
coracmirica WAL, 103, 104, 108
erausg, 45, 51, 58, 54, 45, 67, ¢0, B3, 109, 163, 105,
150, MO, 188, 187, 163; PI. &, fig. 7
crasnecllic, 40, 45, 50, 52, 53, 34, 58, 57, 3%, 50, 77,
70, ™, §7, 101, 102, 103, 110, 112, 113, §iD, 120,
128, 127, 130, 131, 133, 150, 103, 104, )45, 168,
167, 168: P1. 8, fign. 1, 2
"eraaricoliis,' 108
croanisollia var, graniis, 103
eraasicollia var, solids, 105
" Aueells eroasicolits gome,™ 84, 93, 104, 133
Auaalls
hpotti, 59, 64
indigrnalis, 71, 107, 149, 181; P4, 7, Qgs. 5, ; Pi.
8, fig. 10
inftote, 40, 45, 81, 52, 53, 54, 55, 57, 60, 03, 102,
104, 108, 180, 147, 108: F1. 8, fige. 5, B
kepserlings, 45, 52, &0, 101, 103, 109, 107, 142
frogoxl, 54
Tahusent, 40, 45, 57, 102, 103, 104, 180: Pl 8,
fige. 9, 0
nusiformis, 45, 48, 109, 105, 186, 105; P. 29, Gga,
T.8. %
pachi, 51, 83, 68, B7, 102, 14, 107, 108
of, pioehi, 78
picedid, T, 103
piochis var, otols, 104, 105
piriformir, 46, 48, 32, 53, 102, 105, 108, 114, 163;
Pl 9 ;. 2,4
rodvosirioto, 65
sclide, 48, 50, 102, 104, 105; Pi, 10, figs 1, §
atandond, 84
Lredvatulotdes, 45, 40, 57, 71, 102, LM, 140, 105
unriodes, 45, 51, 52, 85, 102, 104, 108
Austealls, 73, 79, 92, §9
Awstralicerss, 83, B4
argus, 83, 108; Table 2
trregulare, 200

Asteuls, 101

" Avieuls moseuensds, 102
Avicula (Ozyloma) wiilearesi, 101
Axinl area, W

— phatt of delta, 88

Baoculites chicoensir, 46
BRalonus, 53
berkeleye s, 53
Baid fille. Shauta County, 145, 148
Harr zoae, 15
Barremian (fsunaa), 18
Bassl conglomerates of Chico series, &
Bocker, G, F.. 1, 28
Heegum, 14
— Creak, 2, 4
Belemniter, 51, 32, 83, 77
smpresaon, 58, 14, 120
“Belamniles’ imprasra, 97, 98
imgresaud, 118
Belemnopria, 33, 137
Belemnoteuthia, 137
(Conoteulhss} pocifica, 164
Berkeloy Hills, 13, 41, 8
Berriasella, 18, 48, 42, 47, 79, 82, 103, 108, 137, 157, 150,
181, 163
angulgie, 162, 1483
' Bearioseila’ denecki, 106
Derrissella caliste, 40, 137, 163
croanplizala, 162, 143
Ayoiti, 57
? Ayanid, 109, 164
rjoacnsia, 13
ap., 45
Berrinsallidax, 163
Destisginng time, 17, 18
Hevtlasian-Valangiolan, 42
Berrymes Volley, 23, 24, 25, 19, 43
Baudandicooa, H, 80, T3, 84, 182, 180, 89, 103, 1M
browers, B8, 88, M, 115, 118, 117, 124, 143, 151, 142,
162, 308, 180, 108; Table 3
kaydeni, 08, 134, 190, 193, 198
Aulenenss, ¢8; Table 2
Big Ber, 8. 35
— — pi Trinity River, 50
— Lagoon, 15, 30
Binbeo. Arizons, 10
Blue Maonialns, 8, 12
Bochisnites, 4T, 73. TV, 137, 163, 187
neopamisnadia, 108
oorieri, 187, 168
paskentarneis, 48, 103, 187, 139, 162, 107
Bles. E.. 75
Brachiopoda, 83
Brsdley, W. W.. 3
Bradley zone, 47
Prower, W. H., 1, 19
Britiah Columbia, 80
Rrowns Creek, 203
*“Buchia', 102
Buchis ¢alisto, 107
"Huzhia®
aosado, 193
croamcatice, 103
Buckis piochi, 107
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Bucaaventuts zoue, 07 Conglamerate beds, 81
Burckhardt, Catlos, t, 78 Copiacian, 26
Burger, R, W,, 3 Conotewthis sp., Toble 2
Butte Creele, 23 Coos Bay (folio), 10
Conullle River, 15
Coche Croek, 30 Cordula, 30, 54
Culiforain Instituce of Teohsaolagy, 174 fAlosa, 64, 123
Callionassa sismpeoni, G Corbylidag, |1
“cascadin" (Cancadia), 34 Cordiera mitracformia, 135
Caucsaua Mountaics, 73, W, &2, §9, 174 Corral Hollow; 39
Cedroa, 12 Corvelations, 70
Cenamaoian, 19, 21 Cottonwaod beds, 38, 61
Cephalopods, 137 — Creck, 22, 40, 128
Cesithiidna, 133 — dlstricn, 41, 48
Cerithium. aprigosum, 133 Cowolo, 0
Claraster of doposits, 25 Cow Creok. 22
Chelomicersa, 67, 84, BS, 181, 131, 173, 109, 177, 118, Creb remaips, 88
1w “Eroapedites frogilia”, 153
bradieyi, 07, 177, 178; Table 2 “Craapediied" tennia, 157
Lanoyi, ITO Craspedodiscus, 160
Aindei, 85 Cretaceoun, Thres major ayents of knte, §9
ef, AMdsi, 08 Crataceous depcaita, 18, 21
irvequlare, 60, 178; Table 2 = in Grest Valley, 17
medrate, 16— emmboayments, 37
populorum, 03, 177: Table 2 e gmbhoy ments, &
[Proeheloniesraa) Aindel, 173 — sedimentary divisiona, 37
reexidet, 88, 178; Table 2 — stratigraphla sequeace, 37
stolictkanum, 07, 68, 176, 177, 175; Table 2 - atrearna, 28
ap, &7, 92, 130 Criocerar, 3%, 73, 199, 2
Cheloniteratidne, 136 “Crivceroa’’ abichi, 30§
Chico Creek, 22 Criveeras
— neries, 23, 26, 28, 41, 50 (? Ancplocerns Remand(), 200
Clile, 50 andynum, 203
Chitiza Valley, 40 bedert, 203
Chawchills, 17, 12 dumcananae, 200, 200
— wall, 22 disraly, 200
Chubb, L, J., 83 {asrriusculum, 201
Church. C. C., 3 latum, 47, 48, 50, 04, 104, 113, 119, 122, 181, 200,
Cldaridas, 92 202; Table 2
Cidaris, 92 ef. latum, 111, T4
tadamaenei, ¢ rolond, 291
Clark, B, L., 189 ol nodani, 48; Table 2
“Clariscala'’ clameniing, 133 “Criogeras™
Clear Creak, 23 perocatatum, 49
«= Lake, § remendi, 199
— — Valloy, 12 Criocerar sp,, Table 3
Cironiceras, 30, T3, 84, 163, 192, 193, 134 Cricceratidar, 199
Bayle, 104 Crockes, 158
Leconeet, 08, 159, 102, 163 Table 2 Croaka, B H., 4
ef, reonied, 172 Croma, . M 3
modeaie, 116 Cutry County, I, 1t
mateatur, 08, 193: Table 2 Cutch, 1, T, 62, 60
p., &8 Cuynma-Sinquoo region. 12
Cleaniceratidne, 102, 192 Cyclogyra, 126
Clisocolua, 121 Cylindredautive, 40, 137
dubiua, 121 Cyprina, 60
indubitza, 121 oceidentalis, 04, 110, t16
Coslings, 18 Cyrena, 30, 5D
Coulinga-Primt Valiey Road, 166
Constal embeyments, Southern, § Dall, 128
— = of Cotlonwood Creek, 25, 37, 40, 42, &1, 17 do Kooinck's Inmily Euomphalldas, 137
HColoboceras'”, 196 Drel Norte County, §
Comanche yeries in Mexico and Texas, 70 Dentatiidoe, 125
Coneeptidn, 78 Dentalium, 125

Coanditioms of depoaicion, 18 californicunt, 125
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Drueription of species, 80
Dearnocaraa, 3, 180, 181, 182, 194
algmoetiae, 180
brecerd, 158
 Dapzaveerca’ colifornioum, 45, 153
Treamoceras
dezsani, 151
digdems, 57; Tabls 2
ditlers, 183; P, 49, fige. 1, 2, 2; V1. 48, 6ig. 1
Aaffmannd, 184, 187
telibawat, 188
Jupsl , 160
{Latidorseiia), 150
o.r, (o "' Latidoraelle.” Tacob), 14
(Latidorsella) merrioms, TR
meriami, 88, 157, 181, 152, 190, 103, 188; Table 3
{Pusoris) Hapieni, 190
subquodraia, 188
oyd, 68, 71, 107, 149, 180, 181; Teble 2
Desmoceratidas, 170, 18¢
Dovils Den, 39 .
Diahle Range, 10, 10, 3, 40, M4
Distioma accidenialis, 4
Disstrophio histary, T4
—records, 7
Dichelomiles, 18, 38, §0, 60, 153, 167, 160, 183
burpot, 158
Srogilis, 59, 160, 160
greperreni, 158
muledilte, 108, 104, 180
oreganenain, 57, 144, 159, 164
Tehemaoeniis, 45, 80, 158, 160
trichotomour, 139
Gone ol), 102
Dillard (ares of), & 11,35
Dillard, Oregon., 43
Driller, J. 8., 1, 23, 28, 28, 4
Diptpehoceros losre, §3; Tuble 3
Driveoheliz, 127, 128
calew{formin, 127

Diseohelix planigyroides, 128; Tublo 3
Driscosolis
tamillifera, 128
nolnliz, 128
rottelin, 128
aetifer, 128,
Distributlon of Paskants group, 49
Dlvlafons of Horselown grouyp, B3
Dos Hios, 9
Daybtful arens, 8
Douglas (County), 14, 43
Dourilleiceres, 89, 79, 54, 165, 171, 174,077
shrarium, 175
mammsilare, 174
mammillalue, 87, 08, 49, 04, 115, 116, 132, 18},
152, 174, 180, 182, J4, 1B5, 1A6, 157, 159, 190,
191, 194, 108, 108; Tuble 2
afl. mammsliiatum, 174
ef. mammillatum, 122
resdituium, 178
aeminoadeaurm, 170
Halieskanum, 178
Douvilleiceratidoe, 194
Drainage #rea of [ower Klamath River, 28

INDEX

~= of present Trinity River ayatem 28
Dufrencia, T

Duncaa Creale, 24, 100

Durrell, Cordell, 3, 39

Ebb tidee, 36

Ecbinodmrmata, $4

Ecological conditions, 88

Edsl River, 9, 29

Elder Crogk, 37, 40

Emarginula, 137

Embaymeot currents, 38

Embayments of the tmugh, 18

Enclosing land arvas, 11

Focons deponlta, 10

Ecdeamoceros, 180, 153

Evipochpo perfovaia, 138

Eatimaios of thickness of Lower Cretacrous ln
Texna, 10

Euomphalldss, 137

European eections, 56

Fnirbanka, H. W., 23
Falriedd, 22
Founal cootrnatn in the Shasta serlm, 71
— roncs, 43
Faunas of the Paskents group, 44
-, Snyrces of, 72
Features of the Horsctown group, 01
Picaurella, 127
dipuncioto, 137
Pimarellidos, 127
Falsom, 22
Formt Glen, 3%
Fort Toes, 8
Founil wocd? 84
Fraaciscan aetbos, 13

Ciabb, W. M,, 1, 127
Gobbioeeras, 149, 130
anpulatuts, &3, HO, 145, 140, 149; Table 2
windunium, 127, 120, 143
eyntunivm, 65; Table 3
Gallilier, E. W., I3, 149
Gardner, J. W, 172
Goreaa Creek, 19
Gawudrpeeras, 145, 151
duraliferme, B8; Table 2
aacpa, 162
Gavilan range, 8
Gealogic maps of Callfornis, 8
Goological cotnposition of Klamathonia, 1
Geologieal Socdoly of Ametias, 4
Guater, G, C., 4
Qlauconic, 131
beaperio, 132 Table 2
Glycymaria, BT
oarafur, 97
Gontomya, 30, 30, 517
reapers, W7 PL 3, dgs. 4, &
“*Gramatodon™ inormots, 97
Great. Yallsy of Cnlifornia, 8, 9, 11, 78
— — embaymonts, 7, ¥, 27
we = irough, 10, 18
Gregeomen, A, L, 3, 203



Gregory, J. W, 83
Grossouvre, 151
CGualala, B

Hamites fmidater, 88; Table 2
Hamiticerar asguicostatum, 88, 143; Table 2
Hamlin-Broad zone, 47, 200
Hamuling slderaana, 88; Table 5
Haona, G. D., §, 5
Harrison Lake, &), 10
Havericeres, 180
Hagtorivian {faunas), 1§
Hayfark Valtey, 20
Hiltion, 120
ranudoier, 108
Helicaules dWearinate, 104, 134
Hamibaculites, 84, 80, 84
cpeloprine, &4 Tnbilo 2
mirabniia, 45; Tabln §
nawplive, 85; Tabls 2
nelipy, 03; Table 2
Hemihaplitidns, 100, 300, 201, 208
RBenry, L. W,, 41
Hibolites clgarraides, 100
Himalayay, §9
Hinds, M. E. A, 3, 50, 179
Holeadiscus, 38, 191, 192
“ Holendireud™ loperouti 191
Heloodisonus
asune, 192
T slantant,
ighamaennz, 181
" Homompa'' concenirico, 133
**Iaplites™, 54, 38, 101
amblyponiur, 183
Hoplites angulatus, 163
“Hapiiies'' anpudarur, 45, 119, 128, 133, 183
Hoplies erasmiplizatus, 163
“ Hoplitea™
crasn plizaius, 46
dilleri, 68
Hoplites hyalls, 164
* Hoplites™ Ayolii, 56
Hopliles
{Neocomiles) snpulicariotuy, 166
rinaensis, 183
"Hﬂﬂl‘m" r_hmui‘, 1
Hopditex slovrss, 10
" Hoplifes™ storref, 163
Hoplitea
tencchi, 164
sipet, 184
“Hoplites*’ 3p,, 53
Hopliddas, 162, 194, 179
Hoplacriocras, 38, 84, 109, 201, 207
larsiusculusm, 190, 203
choenie, 202, Table 3
of. onoenee, 57
remandi, 48, 64, 99, 200, 201, 202 204, 205; Tabls 2
of, remandi, 144; Table 2
whitneyy, 85
wintuntum, 203, 208; Toabla 2
wyniconium, &3
sollabeliium, 50, 20%
Ap., 47; Tabla

Hornbroak, 40
Horsvtown eposh, 30
- group, 36, 41, 43, 43, 78
- time, 13
Huspltal Creek, 30
Hulen beds, 38, 07
~ Creek, 2, 30
Humbaldt Bay, 18
Hympom vallsy, 79
Hypaipleurs
greparia, 131
Jekem, 121

Tduntity of tha group, 49
Illinals River, 8
Imlay, R.W., 19
foding village of Skidegata, 71
Iodn-Pacific afinities, 78
Inoceramidos Heing, 99
Inoceramua, 54, T8, W, 101
coloniews, M, B4, 85, 08, 100, 132, 133, 157, 203;
Pi, . figa. 10, 11, 12; PL 6, fig. 1; Tabls 3
olfioly, 80, W, 121: PL. 7, fig. 1
oralaider, 44, 85, 100, 203, 208; PL. 5, fig. 2; L &,
Gig. 2: Table 2
aratus, 45, 47, 40, 02, 64, 60, €0, 100. 114: Pl 4, fig.
9; Table 2
piocdis, 107
cualsinoenals, 84, 00
rallefornaia, 52, 4, U1 PG, Gg. 2
Interrelstion of troughs, @
Teocardlideas, 121

Jockasa Mountain, 60

Jockesnvilie, 40

Jaubertelia, 149, 150

“Faubertalla" jaubirtionn, 150

Jenkine, H. D,, 3

Jeoking, Q. P, 3

Joaquin smbayment, 10, 18, 20, 21, 37, &7, 90
Juramis, 43

Kellum, 1.. B, 78
Koyeetling, A., 102
Kimmeridgisn, &

Kirby, J. M., ¢

Kltehin, P. L,, 80
Kitekinties, 187

Kiamath Mountains, 0, 14
— Penepluin, 28

— River, 25, 20. 21

— — dminnge, 18
Klsmathonix, 13, 14, 15, 14, 21, 27, 2§, 29, 31
— bloek, 20

Hieinpell, R, 3., 138, W3
HKhnight, J, B, 127
Koowltee, F. H.. 1, M
Knoxvyille sctiea, 1, 2, 6, 42
Koasmaticarar, 181, 186
Kialkokwim Valloy, 40

Labhusan, J., 102

*“Laiskallsioin am Heinberg bol Gotdlgen't, 127
“Laanen Strait", 0, 13

Lassic Peak, 30
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" Latidoesells'" 181, 194
LeCoota zona, 48
Lada, 08
glabra, 98
Ladins, 58
Leypaldia, 75, 181
Lapiomya, 117, 118
Lima, 111
mitrotis, 111
muitilineata, 52, 7, 101, 111, 120
akqatenais, 111
spiadenentis, %
Limetonem, 23
Limidas, 111
Limis of subsidencs, &7
Lioeium, 131
puactatum, E3E, 136, 138
Litereture ol Alnskn, 77
Locality 168% at Dunoan Creek, 49
Lodogs Eills, &
Loa Gaton, 30
Lawsr Calitornle, 13
= Credaceoun dopaslis (Alssks), T8
- {aunes, 81
— == 0f Runals, 12
Lowest past of Homstown group, &0
Lusina
oleatrosie, 00, 121; P), &, g, 7
colusaeneis, 5T, B3, 130
Lunotis arellang, 13}
LyNeooerus, 35, 68, 164
packerdi, 57, 14, 102, 14
regale, 184
Lytocerax, 40, 43, 71, B3, 84, 100, 137, 144, 1406, 151
amisaptyehum, 144
argennuicrum, 85, 88, 71, 107, M2, L6, 144, 148,
108, 151; Toble 2
el. srponautarum, 05
{ Argonouherrar), 148
{4r B tarum, 145, 149
auwlarum, 84, 123, 128, 144, 145, 1440, W47, 184
af. sulseum, 108; Table 2
avrarium, 47, 85, 190; Table 2
botea, 48, 88, 7O, 112, 142, 145, 248, 197, 146, 146,
130, 181, 183, 184; Table 2
bellireplainm, 148
dusalionuxd, 163
rab. duralianum, 150, 153
duvedifovme, 118
exoticum, H8
esoersn, B
(Gablrierrar) angulaium, 121, HS, 150
(Cablioerras) winiunium, 150
{1Gaudryceras) neplunianum, 143
(Gonadryeeras?) nepdunium, 142
(Gaudryerraa} sacya, 1435, 150
{Koarmaotella) ourarium, 145, 151
{ Kossmadalin) poinen, 146, 153
(Hemalells) whilneys, 145, 142
Iebipi, HE
negtunianum, M
nepunium, B8, 154, WO; Table 2
saturnaly, <0, 45, 40, 4T, <8, 104, 135, 100, H4, 145,
148, 147, 182, ¥54; Table 2
of. 1olurnale, 32, H

Y
‘an) @y

INDEX

sl
{Saturnoceres) safurnals, 145
trauki, 44, 84, &5, 14, 18, 146157; Table 3
of, trasis, 185, 180, 301
vel. traaky, 145
Lytocerntidas, 144, 180

Mad River, 8, 9, 14, 30
Madranites bAarony, 163
Mustrichtian time, 17, 18
Matiposs-Mevnt Jurs, §, 15
Martig. G. C., 77
Muinnneka {rogion}, 78
Mazwell, 24
Mnaapil, 78
MeCarthy Creel, 23, 39
— ~— +Elder Croak distrios, 40
MaFarland, Apdrew, 171
MeLellam, R I, 80
Melehiorites, 150, 162, 184
sndigenes, 183, 184; P, 87, Gg. 3; PL 83, g, 2
ahaslensis, 88, 149, 181, 183, 197, 192; Takle 2
Mexico, 13, 15, 78
Mid-early Cretaceaus movements, 78
— — uplift, 75
Middle fork of Cottonwaad, 23, . 42
Mltehell Crosk, 148
— zome, &3
Modioda maofor, B, 114
"Modiola'' majov, 114
Modlolopaidses, 112
Modiadur, 113
major, 52, 53 03, 113, 130
onoenais, 100, 118
stantémi, 82, 114
{ Volsila} henryi, 114; Pl 2, fig. 6
{ Polseils) onsemsia, 52: P, 3, fig. 5; Tabls 2
Mohnvis, 12 i
Molluscs, 33
Molluscoides, 0
{Montagne de Lure), |02
Mooticello, 2, 24, 43
Marenc ahales, 19
Morgan Valley, 13, 43, 61
Maunt Disblo, 50, 20, 24, 39, W0
— — distriet, 82
= Hamilton, 24
— Bhinsts, 28
Murphy's, 206
Myalinidae, 101
Myoeonchs, 112
omerteana, 112
major, 113
. 53
Myrile Creek, 8, 11
— [ormation, 38, 70
Mytilidas, L13
Mytitwa. 50, 53, 112
oriingtond 83, 113, PL. 1, 6. &

Napa Junstion, 53
Nutlaidas, 121
Nuuotilidne, 138



INDEX

Mautiloides, 138
Nowrihun, H, 138, 139
swerilli, 85, 139
charloibenyls, &, 128
pabbi, 0B, 115, 118, 173; Table 2
tesanue 1), 138
Netihea, 110
+  grandicoais, 45, 110; Table &
{ N atheope) prandicanis, 110
Nemodon, 8, 97
(Aree) besiceriana, b
brewerinne, 84, 00, 98, 197: P19, Bge, 3, 4
conorady, ¢4
Yrufaletis, 96
) whamaening, 17
(?) texirima, 97
ef. tezirins, 128
vaticouverensia, 90, 97
Neocormiier, 38, 40, 12, 47, 56, 79, 82, 127, (61, 184, 199,

04
aibid Herriaselfa {vona of), 102
Sfenkainad, 45, 106, 156, 102, 14, 106, 168
neczomiensis, M. 144, 187
riddlamefs, 47, 144, 180, 182, 184, 187
rinaalli, 47, 48, 101, 163, 168, 201; Table 2
Mippi, {6, 105, 103, 164
walker], $00
afl. walters, 200
Neocomnltidas, 165
Neoocraspedites, 3. 54, M, 128, 153, 138
opuide, 64, 98, 100, 122, 134, 134, 150, 202; Tabla 2
rectoris, 157; Tablo 3
semiimeziy, JAT
mignalin, 93, 157
fenists, 158
wilcosy, 166
Naplune sones, 08
Neptunet pevfivoie, 138
Nevinea, 132
arehimadi, &4; Tahls 3
trchimmadis, 132
"Nerines™ dliper, 153
Nerines
maidanria, 70, 132
p., 192
Werineidus, 133
Nerita, 131
deformis, 181
Heritidan, 131
Nevadlan revalation, &, 8, 16
New Caledonla, %1
Narth Covtonwood distriot, S8
— fotk af Cottonwond Creal, 30
Narthers Chlhushun, &
Nuculny
oodin, 05, 200
aclitoria, 95
"nofitario,” 93

Cak Run Creek, 22
Oakdale, 22

Ocheco, §

Dleostephanysy, 77, 153

" Oleostaphonua,” 104
MNeordephanic {dotienia), T

o 30

“Dlccatsphaniee {datisrio)"" deansd, T1
“Oleogiephanus’

{ Antierin) mulziruy, 158

discofaleaius, 160

Meind, 188

mutabitia, 07, 100, 116, 128, 130, 100
"Dicoslaphan s mutabilis"’, 5§
Cleeatephonua (Polypiychiden) trickotomaua, 159
"Qleartaphanuy' gusteinceneis, 0
Disoptephsnur

{Simbirakites) mutabidis, 100

traakd, 158
"Olzostepbonis'!

tragks, 154

trechotomaous, 112
Oldest Coatasennn beds, 54
Opening of Horsatown (Hauterivian) tima, §4
Ophisplypia ?, 53
Opin, 120

californice, 8, 120

shantaliy, 191; PL 4, fige. 4, §
Orppelie {Strebdiles), 54
Drebrrd Peak, 19, 30
Oregon, 42
— Cretarsonn areas, 55
— amhayments, f
- Binte College, 198
Qrtigalite Creek, 19
Outrea, 108

coulont, 108

indigena, 47, 108; P), | Ggn. 1, 2; Tuble 3
Datreldne, 108
Gther land arces, 18
Qxytropidoceraa, T4, 19§

belknapi, 108

packardi, &, 190, 158, 108, 109; Tuble 3

Poehndiscux
Menteyensia, 101
marviami, 151
* Pochpdiscus’
sacramenticus, 184, 195
rucjosnasin, 151
Prabfic basin, 85
Packard, E. L., 4, 117, 108
Polodmcts, 130
Aofmanny, 137
perfirais, 136
Poaleatranius crgaany, 135
Panochs Hllk, 12
Panape, 123
concenirico, 63, 133
mandibula, 124
akoatacels, 124; FL 4, G 7
subsequidateralis, 134; FL 3, Or. 8
sp.. 118
Paragricessar, 198
Paraliaplites, 08, 13, 10, 84, 181, 180, 171, 180, 163
" Porahoplites’” aschiltagnaiy, 101
Parahoplites sanscbrinus, 166
" Parahoplites’ conacdminus, 172
Parskaplited
dalleai 85, 184, 170; Table 2
dulayed, &
mueferlondi, 08, 170
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Parabapliler—eantinued
ko, 170
stanloni, 83, 163, 170; Takle 2
aubeampechi, 170
]
Parahoplitidae, 168, 169, 194
Parakoplitoides, 84, 161, t48, 171, 180
crrrosanats, 85, 143, 148, 184; Tabte 2
lactueculus, 188
eenilaides, 89, 168
ahoupi, 63, M9, 169, 108; Tobka 2
weiamn, 168
Bp.. 110, 136, 189, 170, 171
Parnllolidontidas, 98, &0
Paralletodon, 9B
[ Nancnoria) brewwriana, Uk
Paakents, 24
—group 3, 41, 40, 43, T8
Patsllldas, 128
Pavlow, A. P., 1,2
~ aad Lamplagh, 1531
pecten, 30, 101, 109
ealifornicua, 53, (4, 109, 112, 124
complesicaeia, B, 3%, 53, §3, 109, 113, 120, 120, 120
operculiformis, 108, 200
(Syncyclomemal, 160
(Synceelonema) opereuliformis, 58
(Syneyelonema’ sp., 57, H
Peotinidas, 100
Bectunculue () orafua, 97
Pelocypads, 95
Penlnyular eoastal rangos, 12
Pentacrinidae, 53
Pertacrinus, 92
fafamasnais, 13
ap. 53, 88
Pemta, 32
Periploma
mpplicata, 118
e mianaia, 118
of. reddigenmis, 67
' Periploma’ rebinalding, 11§
Periploina
Hmplar, 118
trinitensis, 117
Periploemgas, 117
reddinpennia, 122: P14, dg. 8
robinaldines, 118
trimitdnsis, 118; Pl 2, fig, 7
Berfapkineter, 53, 77
Perrin zone, 88
Pavinqueigia, 108
Mulenana, 198
imfate var., 60, 180
frinaduan, 199
0. 80., 122
Porvinquioridas, 183
Pholadidae 124
Pholsdomya, 115
elivrabonada, n. sp., 118, 522 PL 6, gs. 6, 8
clementina, 118, 118; PL. 3, Bz, 4; Tabla 2
diztortn, 117; PL. 8, Sg0. 8, 10
Aarripani, 115, 107
hulenare, 63; P12, 6gs. 1,2
ruszelti, 118; PL S, figs. 3. 1

INDEX

Phyliverrar, 34, 40, 45, 69, 7, 23, 84, 104, 137, 120, 149
aldersond, 84, U2, 143, 183, 124; Tabie 3
ealifornisum, H2, 143
etementai, TI7, 118
consanguineuns, 44
fafundibuium, 130, 142
Enoysitlenas, 2
Knorniilenaa? 51
ol. Knosrillenss, 105
cf. Kncpeillemgs {zans of), 1072
myrilanee, 14
oozidentals, 100, 130 Table 2
oceidentaliy, 57, 84, 43, 13, 140. 142, 157
ancenae, 65, U2, 143, 146, W9, 188, 1T0; Tabla 2
arepemenss, 57, M4
ramosum, 142
resyanum, 139
aexioni, 140
ahastalanar, 140, 141
apiedenenes, 39, 80
hercane, B8, 25, 112, MO, 141, 162, 105, 164, 107,

Tuhlis 3
irinflonse, 50, 57, 140, 144, 140, 104
of. frinitense, Ha
umpquanum, 148, 144
retledis, &9, 132, 142, 143

Phylloearatidee, 133, 150

Pire Mountsin, 35

Finnc, 08
calamitoides, DB
squinitlana, &3, 98, 115; PL & fig. §
pontica, 98; Bk, 2, Gy, 2

Pioridne, 38

Pit, Réver, 39, 27

Plewrompd, 118
aliumbanata, 84
tosripnic, 57
pagyraced, 84, 16, LIT, 118, 200, 201; Tabla 2
thor, 58
fypa, 33

Plowramyacidae, §L§

Flauropachpdiscun, BN

"J‘hwﬂpﬂeb'dilrul,“ 1El, 1B, 196

Flonrophorides, 11§

Pleursiomaria, 140
salifornica, 128
dogheatanies, 137
skidepaternin, 70, 127

Plourotomnriidae 128

Plicatula, 1D,
onoensis, H1; PL 4, fign. 1, 0.3
rardg, 34
rarioda, 110, 114, 125

Polypigchites, 58, 47, 40, 79, W7, 153, 155
Berperiug, 47, 154; Table 2
famplughi, 154
leconiei, 47, 122, 154, 188, 154; Table 2
polpplpchus, 47, 104, 154
rhaatenain, 1R
pharricus, 18
trogki, 49, 156

Polyrivabitidse, 18

Pompeckj, 102

Pope Vallay, 48, 52

Papenos, W, P., 170, 1M



Port Mollee, 77
Portlacdiay, §, 18
Post-Knoxvills disturbance, 74
Polamidas diatema, 5§, 113
pre-Horsotowa, 31
Protocardium, H
Pasudocrisciras, 100, 204, 305
indopasifieum, 203
skenfov, 885, 100, 206; Table 2
Preudomalasie
amplsfeata, 128
ripleyana, 128
Pteriidas, 100
Ftilabeuiiis
Jaliatus, 48
(1} foliatus, 63
Pigelocesas natrizs, 65, 204; Table 2
Puerto Crook, 19
Pruledotlia, 79, 167
popenoss, 63, 107; Table 2
Fulchelllidas, 107
Puxosin, 35, 73, 180, 182, 184
oldevasna, 49; Fl. 30, 8g. 2
bumatendura, 87, 184, 165, 167, 1R4, 181; Tahla I;
PL 40, fg. 3: PL AL, B £, 2
communis, 185
diodema, 18¢, 188, 180; P1. 41, fgs, B, 10, 11, 12
dillert, 6f, 183, 184, 189, 186; Tuble 3
Mffmannd, 83, 117, 123, 134, 142, 183, 184, 135, 158,
198, 198; PL 48, Ggs. 1, 2: Table 3
simbod, 184; PL 43, Bpe. 5, B, §
Fimbai { = Puposia ishikasad Bmith), 183
maporiana, 184, 187
onona, 185, 187, 108
of, planujats, 08
resridei, &7, 18¢; PL 28, i, 2, 3;: Tubla 2
subguodrate, 87, 08, 116, 162, LGS, 134, 184, 102;
PL 48, 6. 3, 4, 5; Tabled .
wemery, 190
Pywmmidellidas, 131

Queen Charlotia Islands, T0, 78
"Quoen Charlotie secice,” 70
Quinte Croek, 19, 39

Rattleanakeo Creek, 29, 35, 10
Ted Blugl, Callfornin, 15, 34
Roedbank Creele, 213, 29, 35, 30
Roeod, R.D., &
Rowide, J. B,, 190
Reealda zons, 88
Ralations of the Shasta series, 39
Restricted Morsetawn areas, 08
“ RAgnehonalla®’

gnathoplore,

mowdensis, 4
Riynchonella

wificana, 04

whitnepd, 51, 53, 113, 130
Rbysehopellidno, $3
Riddls, Oregoo, 8, 11, 43, 41
Ringinallc polits, 133, 130
Rio Diamanto, 203
Roaring Nives, 23

INDEX

Raden, Contrs Costa Cogatry, 109
Rogus River Mauntain §

—— Vallsy, 4l

Ragoburg {{odia), 10

Resawoad, 12

Fumdl, R. D., 3

Fuming Lower Volgian specios, 163
— River, 13

— — Valloy, 0, 40

B 1o smbaymant, 18, 21, 13, 25, 17, 87, 00

— Rlver, B3

=~ Vallay, 4. 28

Zalinas Rlivar Valloy, 8

— Valloy, 13

Batlnla, 19, 13

San Frawcigoo Bay, 16, H

— Juan, 78

— v= Inlnnds, $§

— Luis quedmngls, 7

— Rapha:l Mountains, 7

Ssmta Ana Mountaine, 7

— Barbara County, 58

— Catalina, 12

— Clare Velley, 41, &

- Cruy, 1§

— — Raoge, 13

— Lueia, 12

== = [noge, 6, 55

— — troughb, 8, €

— Mourzarits, 12

— Mopica, 13

— Ynesx, 12

Saxieavidaoe, 123

Semphopoda, 125

Schiart, D. W, 170, 174

Sehuchort, Charles, 14

Bodiment, Sources of, 20, 37

Senonlan, 26

"“Bheata-Chico seriea,” 25

Bhesta County, 23

— (Lawer Crutacacin) serign, |

— {Pankanta), 39

= River, 8

_m'i-. 3 “- r’p asl 0

Shaata-Tehamn Connty llns, 34

Shoxtierioeeras, 203
Nesperum, 85, M, 205; Twble 2
in fatun, 206
ponsenda, 88, TO, 55, 100, 170, 203, 200, 204, MM

Tahts 3

whitneys, 208

Sheatncerny, 45, §0, 84
californicum, 86; Table 3
shaslarase, 857 Tabla 2

*“Sheil Mountaln”, @

Siarra Nevada, §), 10

—da Parras,

Selesiies, 102
dexmaceratoides, I
puzaniaformis, 87, 187, (915 Tablo 2

Stmbirekites, 38, 147, 153
Sromdi, 47, 184, 186, 156; Tabls 2
dechend, 47, 153, 153

“Simbirakites" mptabilis, 45, 163, 167
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Sinsow, 173

Biakiyou, N

Smith, J, Pu 1,3

Bolesurtus, 110
4 dubtus, 110

Solenidae, 119

Sonneralia, 54, T8, B4, 162, 182, 163, 194, 1938
crouss, 198
tcding, 193
mulfieri, 08, 185
perminesnibs, 68, 1H4; Tablo 2
sogeryd, 04, 08, 118, 303, 195, 197; Tabls 2
saeramaniiea, 88, 132, 104, 195, 108; Takle 2
aandoni, 124, 183, 194, 197
fafff, 88, 132, 194; Table 3

Bouth Amerien, 80

Bpath, L. F., I, 183

Bpleden formation, 5P

= Dlnod, 50

Bpiti, 82

Spiticeran, 38, 70, 83, ¥, 137, 10
ducals, 180, 201
duncansnde, 47, 48, 100, 168; Table 2
of. duncanenyy, 115

Spoodylidae, 110

Spandpiug, 110
Seogidia, 110

Standsrd Ol Company of California, 4

Snford Univessity, 4

Swaoton, T. W, 1

State Agncoltural Collegs of Oregon, 4

- geclogic map, B

Steinmann, G, 1

Atephuoncerntidne, 153

Seephenson’s, 43, 100, 126

Steweroerray, 161, 165
jenkinas, 108
=7 muddicostatuen, {68
roanspredicns, W5

Btewart, 125

Adpp, Thomas, 3

Buratbgraphic groupe, 41

Strustures, 1

Subasiiaria, 43, 48, 47, 153, 134, 165
chanchelila, 122, 158; Table 2

Subcroapadiles slanomphalas, 45, 105, 104, 160

Snbaaymneila, 185

femmary of slrata, 26

Butter Buttes, 32

Bylvester reach, 48

Syneyelonsrma, 100
californico, 130
eperewliformis, 109

Syatom af mountaing, 2

Tafl. J. &, 3
Tulisfarro, N, L., 40
Tutlayoco Lake, 80, 78
Tehinma County, 23, 28
Tellina, 123
(Arcopagia) fehame, 123; P). 5, Bge. 3, 28
Telllnidae, 133
Terebiatalla, 13, 96
anerdli, 110
californiea, 50, W

T eretratallo—eondinuad

al. californiza, 53
densleonis, 04; L 1, ign. 6, 7
orula, $4: L. &, Bgn. 17, 18
whiteana, M; P, 1, B¢s. 4, §
Whitnays, B

Torebratallidas, 83
Tordmrxtula

averdli, 65

durralli, 85; PL 0, fg. 18
hannana, 98, [T0; PL. 9, fige, 14, 15
apale, 64

Teebratylidas, 08
Tertiary denudstion, 20
Tesaarolos, 134

birarinata, M, 132, 184

Tebrogonites, 145

Texas, 18

Thicknam of Cratecscus sedlmetils, 28
— — Lawwr Cratacoous, 50

Thomem Cresk, 238, 36

Throcia, 118

Thurmannie, 47, 9, B4, 137, 141, 163

botusierd, 47, 100, 163, 162
ebipownaiy, 163

Fumiter, 47, 128, 162; Table 2

poskenioa, 49, 108, 168, 182, 154, 165
paakente, 142

Tidal currents, 28
Tithoolan, 15, 40
Tornatellaca, 133

impreesa, 135

Troos-Paclile land bridge, &3
Trask, P. D, 3
Trigonio, 10§, 128

, 108
kayano, 108; PL. 7, Bg. 4; Table 2

Trigonlidas, 108
Trinity Range, 30, 21
«= River, 16, 21, 28
Tropasrum, §0, 83, 84

prrooatatum, 40, 45, 148, 100, 170, 163, 184; Tublo 2

Trough of tha Great Vallsy, 57
Turbinidas, 128, 131
Turba, 139, 130

Sealizua, 84, 120: Table 4
T humarcaus, 51

“Turda™ dumerorus, 130
Turbo morganensin, 52, 54, 129

{rilincains, 120
wilbisrenss, 120, 130
np,. 8

Turnue, 14

¢reparine, 08, 125 PL 2, B, 7
plenur, 87, 134, 125, 178, 206; Table 2

Turonisn, 1% 20
Turrilella ap,, 128
Turritellidae, 192
Typo diatrict, 42, 01
Typleal delta, 57

" Uhligella'™, 194

bolmenaie, 103, 1M

Umpqua Rivar, 9, 15



INDEX

Umpqus River Valley, & Woaver, C. £, 180
Onis, &0 e Wativarvills, 200
Ualvarsity of Californis, & Wernadorfer beds, 148, 192
; = Orogon, 108 _— Wast Coast Mamoxoie bistory, 18
Ppor Croteoous strals, _
— Jartmls (THtbonian) fosla, 20 i o Ly Rivie, 10
Usage of Bpath, 91 Whitshouss, ¥, W., 1, 91
xint Whitnoy, J, D, 1, #

Mo 'Dm"‘g::": W, 30 Wilbur Springs, 25, 0. &, 51
Vansoswsr, 78 Wileox, M. A., 157, 153
Vaneridas, 122 Willinmy, 22
Venue, 123 Willows, 24

collinae, 57, 119 Winta, 26

elinium, 323; FL 1, 8g. 9; PL. &, fg. B; Table 2

worells, 87; FL 4, Ogn. ¢, 7, Table 2 Yolla Beofly Basin, 29, 30, 31, 35, 34, 48, 4
Virgabifes, 153 = — delta, 31
Volosnle agglomerates, 21 — — range, 30, 11
Yolome of sediment, 3 e Rlyer, 30
Valutidas, 135 - — ecllmenta, 30
Volutsderms, 135 v b

Aty oaformia, 188 oaung Crovk, Chitins Valley, Abuska, (00

Yukon Valley, 40

Wade, 198

Waltham Creek Valloy, 19, 39, 54, 164 Zono of Polyptychitss polypipehue, 4



