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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,
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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






