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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.



CRETACEOUS EMBAYMENTS 11

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



12 LOWER CRETACEOUS DEFPORITS IN CALIFOENIA AND OREGON

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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