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THE GEOLOGY OF WASHINGTON

PART I

GENERAL FEATURES OF WASHINGTON
GEOLOGY

By HAROLD E. CULVER

INTRODUCTION

This brief pamphlet, Part I of a comprehensive report on the
Geology of Washington, has been written with the double pur-
pose of presenting the generalized geologic features of Wash-
ington and of explaining the mode of their presentation on the
accompanying geologic map. The great mass of stratigraphie
and structural data on which the generalizations were based find
no place in this summary. They are presented and discussed in
some detail in Part IT of this report, ‘“‘Index to the Stratigraphy
of Washington.”’

The preparation of areal maps showing the distribution of
rock formations is the culmination of a great amount of field and
office work and constitutes the one satisfactory way of repre-
senting what is known of the rocks of specific regions. To the
layman, there may be some confusion in the multiplicity of
colors, the variation in pattern, and the extreme irregularity in
shape exhibited on the map. Hence it will be advantageous to
note some of the conventions which have been developed for the
presentation of geologic information on a map. Some of these
are extremely simple; all are more or less technical.

The reader will readily recognize that the violet color shown
in the area about Mount Baker represents the volcanic rocks
making up this cone. Immediately to the east is Mount Shuksan,
shown by two different colors which mean that rocks of two dif-
ferent formations make up this mountain peak. A total of
twenty-five different rock formations is shown on the map by
means of the several colors and patterns, and, in addition, each
is given a printed symbol composed of two or more letters. It
will be noted by reference to the time scale presented subse-
quently that the first letter, usually a capital, refers to the major
time period to which the rock in question belongs. Thus, the
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formation making up Mount Baker has the designation Qv, an
abbreviation for Quaternary volcanic rocks.

Another convention is in the mapping of rock formations
without regard to the cover of loose material which conceals
most of the bedrock below. Glacial drift, for example, covers a
large part of the bedrock in the northern counties but is mapped
only where it is so thick that the hedrock beneath is not known
or where its presence is significant.

It will be noted further that igneous rocks, whether intrusive
or extrusive, are always shown with a pattern of triangles or
rhombs. Rocks of sedimentary origin, consolidated in char-
acter, are shown with straight ruling on the background color,
while all loose mantle rocks are shown with an all-over pattern
of dots or circles. This convention introduces a difficulty in
representing the geology of Washington, for it so happens that
here, particularly in the eastern part of the state, are sedimen-
tary formations locally loose and unconsolidated but distinetly
different from the true mantle rock which generally conceals
them. They are therefore classed with the sedimentary forma-
tions and given the symbol Qe¢ bhut are presented with the all-
over pattern which is used to designate all loose surficial ma-
terial.

Boundaries between formations are commonly marked by
solid lines where the position is well established and by broken
lines where it is less certain. On a map of as small a scale as
eight miles to the inch, it is extremely difficult to place such
bhoundaries accurately even where their true position is known.
A measure of generalization is necessitated and so it has seemed
best to show all boundaries with solid lines. In some instances,
however, the limits of adjacent formations are not well enough
known to warrant presenting a boundary. Along the west coast
of the Olympics, for example, no line separates the marine
Mesozoic area from the Tertiary marine area to the west. This
is a convention indicating a quite indefinite boundary.

THE PLAN OF THE GEOLOGIC MAP

An areal geologic map not only records the observations
made in the field but shows also the interpretations of these ob-
servations in the light of present geologic knowledge. As the
general geologic concepts are modified on the basis of new dis-
coveries, all interpretations of locally observed data will be sub-
jected to alterations. Different observers reflecting differences
in training and experience originally make different interpreta-
tions of observed facts. These factors in the compilation of a
general map for the State of Washington necessitated the
formulation of a definite plan of operation to obviate as far as
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possible the contradictions appearing in the records of previous
workers. It is thought that an understanding of the essential
features of this plan will make clear just what is represented
and what is not, and aid materially in the use of the map.

The data used in the compilation have come from widely
different sources, and with few exceptions relate to small sep-
arated areas. Some are from completed detailed studies; others
from work equally detailed but far from complete, and hence
largely fragmentary. Considerable information has come from
reconnaissance studies of more or less satisfactory character
but largely not available in the form presented. Some of this
work is of high reliability; some reveals lack of diserimination
both in the field observations and in inferences recorded. This
factor necessitated great care in the final selection of data used
on the map.

To one acquainted with the thousands of articles and reports
that have been written on the geology and mineral resources of
the State of Washington, it may be surprising to learn that they
present the geology of less than 40 per cent of the total area of
the state. The remainder, over 40,000 square miles, has been
mapped during the past decade by the staff of the Division of
Geology. To provide results of requisite accuracy, a consider-
able amount of detailed stratigraphie and structural work was
undertaken and this supplemented by careful reconnaissance.
There was the additional task of tying in these results with the
work done by those nunconnected with the State Division.

Not infrequently reports from adjacent areas show marked
diserepancy in the stratigraphic position of several formations.
In most cases, special reconnaissance studies served to clear up
the diffieulty, but in a few instances this could not be done with-
out more field work than was possible and the diserepancy is
shown on the map. An example of this appears in Snohomish
County west of Monte Cristo, where a series of beds in the
Monte Cristo area appears as ““Tertiary.”” Beds which appear
to be extensions of these sediments to the west and south have
been mapped by other workers as Mesozoic and Paleozoic, re-
spectively. Future work will reveal whether all these rocks are
of the same age or whether two or all three groups are repre-
sented. There is reason to believe the designation of each unit
is correct; hence on the present map the boundaries are drawn
as straight lines indicating that they have been arbitrarily
placed.

Perhaps the most difficult feature of the compilation lies in
the fact that in few cases were the formations in one area
correlated successfully with those of any other or with a State-
wide column. A total of more than two hundred formations has
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been more or less satisfactorily deseribed within the boundaries
of the State. In very large part, the mapping of these forma-
tions has been restricted to small areas and in but few instances
have entire boundaries been presented. In order to produce a
more generally useful map as well as to bring the production
within the limitations of the printer’s art and reasonable cost,
it was necessary to reduce the total number of map units by al-
most 90 per cent.

This drastic cut has necessitated a careful examination of
practically all of the available information on the geology of the
State. It has been necessary to examine every description of
rock formations, every assignment to a position in the strati-
graphic column, and, finally, each proposed extension outside
the original type locality. Only on the basis of such serutiny
could any change from the previously completed work be con-
sidered.

In the main, the needed reduction has been accomplished by
generalization applied in the case of both sedimentary and
igneous rocks. Examples will appear in the ensuing discussion
of the mapped units but the principle will be made clear with a
single illustration. The Stevens series has long been recognized
as comprising a score of geographically distinet units whose
mutnal stratigraphic relations were not yet determined. On the
present map all of this large group was placed in one unit and
there were added to this several other formations mapped and
described by different workers. By this means, the probable
stratigraphic relation of previously uncorrelated formations
was indicated and the whole brought into a single mappable
unit.

Some modification of existing distribution of rock formations
has been necessitated by the secale of the map, which does not
permit the representation of small areas of rock. For example,
the voleanic rocks designated by Tmv in the Colville Indian
Reservation actually appear in a great number of small areas
isolated by erosion. Some of these have been omitted, others
united, and still others enlarged to mappable proportions. By
this procedure, the essential distribution of the formation is in-
dicated, although the precise details are not shown.

THE BASIS FOR MAKING UP MAP UNITS

Use of the map will be enhanced if the basis used in the
formulation of the map units is clearly understood. Kach unit
presents ifs own peculiarities, but the principles used in making
up the groups are the same in all instances. For example, in
the “‘Explanation’’ column it will be noted that the formation
unit marked Tme is designated ‘‘Miocene continental deposits.”’
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The rocks so mapped are all considered to be of ‘‘Tertiary’’ age
and to be of continental origin. Most of the beds so designated
are Miocene, that is, approximately mid-Tertiary in age. Promi-
nent among such formations already recognized are the Ellens-
burg, the Latah, and some interbasalt beds of lesser importance;
but, in addition to these beds, the map unit has been made to in-
clude the so-called ‘‘Lake beds’ of several areas of eastern
Washington which are continental in character and believed to
be Tertiary in age but not yet assigned to the Miocene or, in-
deed, to any other epoch.

Practically each of the map units has such inclusions. A
little care in examination of both the ‘‘Explanation’’ and the
text of the accompanying bulletin will make the mapping pro-
cedure clear and prevent misinterpretation.

THE TIME SCALE FOR WASHINGTON

For the convenience of the reader, there is inserted here a
statement regarding the standard time scale and its application
in Washington. The subdivision of all geologie time into eras,
periods, and epochs is, of course, based upon studies carried on
throughout the world. It will be at once clear that no one place
will have rock formations representing all of these subdivisions.
As a matter of faect, only a few will be represented at any one
place, the whole geologic column having been built up from the
correlated fragments found in many parts of the globe. For
North America a rather complete column has been constructed to
which all local geologic sections have been referred. In Cali-
fornia, a great amount of study has already resulted in the con-
struction of a column which is especially complete in the two
later eras, and it is customary to consider it the standard sec-
tion for the Pacific Coast.

There are recognized in Washington one or more formations
representative of each of the four major divisions of geologic
time, the Cenozoic, Mesozoie, Paleozoic, and the Proterozoic
eras. In the following table will be found the more important
subdivisions of time, together with a single formation of Wash-
ington which is illustrative of each. It should be understood
that these rock masses, although selected to represent each unit
of time, are in no sense typical, and that a number of other for-
mations would serve the present purpose equally well.
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STANDARD GEOLOGIC TIME SCALE WITH ILLUSTRATIVE
WASHINGTON FORMATIONS
Time Scale Illustrative
- Washington
Era Period Epoch formations
[ R . =
ecent ......... Alluvinm
Juaternary .... oA : ;
Wut . %P]mstocene Glacial drift
. ( i : ; &« x_- R
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Tertiary ....... RSN MeRer | Astoria
Oligocene .. .... Lincoln-Blakely
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. | Jurassic Middle Mt. Stuart
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Gieneral inspection of the foregoing table will show that a
surprising number of the recognized time units are represented
by rock formations in Washington. This, indeed, is one of the
complicating factors in the solution of problems of geology in
this State.

Reference to the ““Explanation’’ column on the margin of the
map will show four formations of the Quaternary period and
ten of the Tertiary period. It will be noted, however, that these
are not referred to each of the several accepted time units of
these two periods. A vast amount of additional work remains
to be done before this assignment to detailed position can be
made. Comparison of the Mesozoic and the Paleozoic units in
the “‘Explanation’’ column with the foregoing time scale will
reveal an even greater discrepancy. Here again insufficient
work makes the assignment to individual periods inadvisable.
As explained in some detail in the discussion of the various rock
units, the Tertiary and Recent formations are much more ac-
cessible, more easily interpreted, and, in general, better known
than those of earlier time which are not only generally concealed
but have suffered great metamorphic changes, making their in-
terpretation a matter of the greatest difficulty.
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THE PHYSIOGRAPHIC PROVINCES

The simplest approach to an understanding of the essential
features of the geology of Washington is through its physio-
graphic aspects. Although exceedingly complicated in detail,
the physiography of the State is superficially simple.

During the past half century many students have given at-
tention to the physiographic features of the State. As a result
of this work, certain natural physiographic provinces have come
to be recognized and the following discussion is based on this
division.

A group of seven provinces comprises the whole. On the
west are two facing the Pacific, the Olympic Mountains at the
north, and the Willapa Hills at the south. Just east lieg the
Puget Sound Trough, a structural depression occupied at the
north by Puget Sound and adjacent lowlands, while southward
it includes a part of the Nisqually, Chehalis, and Cowlitz drain-
ages, as well as that portion of the Columbia from the vicinity
of Vancouver to below Longview. Immediately east lies the ex-
tensive Cascade Mountain province which, although breached by
prominent drainage lines, nevertheless constitutes a north-south
geographic barrier across the State. Still farther east is the
Okanogan Highland province, lying north of the Spokane and
Columbia rivers and having much in common with the Cascade
Mountain province. South of the Okanogan Highlands, the Col-
umbia Lava Plateau occupies the rest of eastern Washington ex-
cept for the small portion east of Walla Walla where an up-
lifted mass constitutes an extension of the Blue Mountains of
Oregon and has been called the Blue Mountains province.

There the simplicity of the distinetions between the provinces
stops. Even so prominent a feature as the Columbia River
Valley does not provide an adequate boundary between the Col-
umbia Lava Plateau and the Cascade Mountain province on the
west. Althongh the Okanogan Highland province is sharply
delimited in the vieinity of Grand Coulee, it merges into the
Columbia Lava Plateau to the east, and to the west no semblance
of a physiographic break can be detected on the contoured map.
Arbitrarily, the Okanogan Valley is frequently used as the west
limit of the Okanogan Highland province. Bounded on three
sides by salt water, the Olympic Mountains province shows no
well-defined boundary on the south. If must be borne in mind
that the designations for the physiographic provinces are gen-
eralizations and subject to correction for details; that all
boundaries are essentially arbitrary, these departures from
striet accuracy being necessitated by a desire to acquaint the
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reader with the outstanding features stripped of all complicat-
ing detail.

The Olympic Mountains province—"The Olympiec Mountains
province lies between the Puget Sound area and the Pacific and
is separated from the Willapa Hills area to the south by the
valley of the Chehalis. The relief is slightly over 8,000 feet,
roughness characterizing the central portion where stream and
glacial erosion have worn the sharply folded sandstones and
slaty rocks into a series of rugged peaks and steep-walled val-
leys. Many streams take the upland water to the sea, the Sko-
komish, Duckabush, and Dosewallips leading eastward to Hood
Canal, the Dungeness and Elwha northward to the Strait of
Juan de Fuea, while the Soleduck, Queets, Hoh, and Quinault
empty into the Pacific. The Humptulips and Wynooche lead
south but have limited drainage areas in the Olympie upland.
Essentially all of Clallam and Jefferson counties lies within the
province, which includes also adjacent parts of Gravs Harbor
and Mason counties. Climatically, great variation is exhibited
with maximum rainfall on the west of 160 inches and a minimum
of less than 10 inches in the Dungeness zone. Water is abundant,
soils are extremely fertile, and vegetation is rank below the
timber line, fixed at approximately 6,000 feet.

The Willapa Hills province.—Although characterized as an
extension of the Oregon Coast Range by some, there seems little
in the Willapa province to justify this relationship. This area
of Tertiary rock formations, both sedimentary and igneous, is
one of low relief with the maximum elevation well below 3,000
feet. It comprises rather rough country, nevertheless, where
the short streams have cut sharp gashes in the upturned lava
flows and associated sandstones. Relatively abrupt where they
face the Columbia, the hills merge into the lowlands at the north
almost imperceptibly. This area is largely within Pacific and
Wahkiakum counties but includes part of adjacent Grays Har-
bor, Lewis and Cowlitz counties. Less water falls here than in
the province to the north, yet it is plentiful and furnishes flow
for a large number of streams. The Chehalis, Willapa, and
Naselle rivers carry most of this water to the sea while a num-
ber of smaller streams enter the Columbia drainage or empty
directly into Willapa Bay. As in the Olympic province, vegeta-
tion here is rank, a result that would be expected from the com-
bination of abundant water and rich soil.

The Puget Sound province—This well-defined area appears
to constitute a struetural downwarp, since it is underlain almost
everywhere by Cenozoic rocks and is probably related to cor-
responding depression zones bhoth in British Columbia and Ore-
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gon. From north to south, this province has an irregular but
tairly definite boundary separating it from the Cascade Moun-
tains on the east, although at the north the province includes
some island-like masses ranging well above the general level.
To the south, this relationship is replaced by a sharper line of
demarkation which is broken only by a few ridges leading onto
the lowlands of the trough zone.

With minor exceptions, the Puget Sound province lies below
the 1,000-foot level. It comprises a slightly sinuous belt which
is readllv divisible into (1) a north section extending through
Island County in which most of the provinece is below sea ]evel
(2) a broader mid-section extending nearly across Thurston
County in which the land masses predominate; and (3) a south-
ern section, very narrow in Cowlitz County but spreading south-
ward to include a strip on either side of Columbia River above
Longview. The Puget Sound province is one of moderate rain-
fall, and in spite of its proximity to the sea, is, in the main, well-
drained so that the fertile soils have given rise to a widespread
vegetal cover.

The Cascade Mountains province.—A belt of elevated land
trending slightly west of south crosses the State just east of
the Puget Sound provincee and comprises the Cascade Mountains
province. Its east boundary at the north is arbitrarily placed
at the Chewack Valley, whence it spreads westward for nearly
one hundred miles. In the mid-section, it is about half as wide
but reaches full width again at the south.

It is marked by the presence of the five voleanic cones:
Baker, Rainier, Glacier Peak, Adams, and St. Helens. Aside
from these, it reveals some outstanding characteristics. There
is, first, the remarkably even summit level of the peaks and
ridges. Above this surface, which has been taken to represent an
early planation of the rocks of this region, rise the isolated vol-
canic cones. There is, second, the sharp incision of the upland by
such streams as the Skagit and Methow at the north, the Yakima
and Snoqualmie in the mid-section, and the Cowlitz and the
Klickitat at the south. And, finally, there is the irregularity
of the erest line which progresses in a series of zigzag sections
from the Canadian line to as far as Mount Rainier. Prominent
divides coalescing with the main crest lead off southeasterly
in Sawtooth Ridge, Entiat Mountains, Wenatchee Mountains,
and others, producing in the area north and east of Mount
Rainier a striking elongation of valleys and ridges in the north-
west-southeast direction. Southward, in the lower and less
rugged portion of the Cascade province, this control is absent,
leaving a widespread upland without apparent orientation
although north-south structural elements are present.
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Even without the voleanie peaks, the total relief of the Cas-
cade belt is high, a large number of peaks and ridge crests
standing well above the highest of the Olympic peaks. With
such relief, great variation in precipitation is to be expected
with resultant and concomitant climatic features. This com-
bination of factors results in a wide range of features in which
the Cascade province shows great variation. Both sides share
in excellent soils with the necessarily greater vegetation on the
west.

The Okanogan Highlands province—The Okanogan prov-
ince, sometimes arbitrarily delimited on the west by the Oka-
nogan Valley, is here, with equal propriety, extended westward
to the Chewack and the lower Methow valleys. The Columbia
and Spokane channels make an acceptable physiographic boun-
dary at the south, while, so far as Washington is concerned,
the State boundary north and east constitutes a limiting line.
The outstanding characteristic of the province is perhaps its
division by north-south lowland areas of considerable breadth.
These are, from west to east: the Okanogan, San Poil, Kettle-
Columbia, Colville, and Clark Fork valleys. This trenching
results in an equally prominent series of north-south uplands.
Lacking marked continuity except in Ferry County, they are
generally not separately designated, although some more ele-
vated tracts have well-recognized names. Among these are the
Priest River, Pend Oreille, Kettle, San Poil, and Okanogan
ranges.

Topographically, the region is varied, having relief of well
over 7,000 feet but showing little of the roughness that might
be expected. Smooth gentle slopes are dominant, so that much
of the area carries a thick soil cover.

The moderate annual precipitation, ranging from nearly
25 inches at the Idaho line to about 15 inches in the drier sec-
tion of the western part, is so distributed during the year as
to provide an adequate supply of water for vegetation gener-
ally throughout the provinece.

The Columbia Lava Plateau province—This extensive area
is so anomalous in its topographic character as to defy classifi-
cation as a basin, plain, or plateau. It is, mainly, within the
circle of the Spokane, Columbia, and Snake rivers, although
topographically and structurally extending beyond these bor-
ders on the south and west. Lying below the 2,000-foot level
with little exception, its total relief is slight, almost as low as
that of the Puget Sound Trough, and it exhibits greater monot-
ony in all characteristics than any other province in the State.
It comprises all of Whitman, Adams, Franklin, Benton, Grant,
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Douglas, and Lincoln counties, and includes parts of adjacent
Spokane, Kittitas, Yakima, Walla Walla, Columbia, and Gar-
field counties. Climatically dry, in the south semi-arid, this
region is one of sparse vegetation, showing the temperature
extremes expected in such situations. The outstanding feature
is the drainage, which is away from the center of the area
toward the Spokane, Columbia, and Snake, in spite of the
marked channels extending across the area from the northeast
toward the Columbia. Another characteristic is the presence
of a series of uplifts which, while neither identical in character
nor parallel in position, nevertheless show common features
suggesting a common genesis. These hills are progressively
less prominent from south to north and include the Horse
Heaven Hills of Benton County, the Rattlesnake Hills of
Yakima and Benton counties, the Saddle Mountains and French-
man Hills of Grant County. These are sharp local uplift
ridges of essentially east-west trend which, while not continuous
with the northwest trending ridges of the Cascade belt, vet
seem to merge into them.

The Blue Mountains province—As previously noted, this
extremely limited area, mainly in Asotin, Garfield, and Colum-
bia counties, constitutes an extension of the Blue Mountains of
Oregon, and only deserves special mention as a province in
Washington on account of its dissimilarity from the Columbia
Plateau province which lies north and west of it. Klevations
here rise to above 5,000 feet, giving a relief of half that much.
The elongate shape of the upland mass does not suggest the
sharp character of the incision by present streams which have
cut most of this region into a series of excessively steep gorges,
separated by flat-topped irregular, narrow ridges.
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THE GEOLOGIC FORMATIONS

There follows here a section dealing with the many rock
formations that have been recognized in Washington. As indi-
cated in the introductory section, the large number of these
described by different workers has made it necessary to com-
bine them in map units. These units are presented in the
“Explanation’ column on the margin of the geologic map ac-
companying this bulletin and are discussed here in the same
chronologic order beginning with the most recent.

Under group headings, such as ““Tertiary Formations,”’ are
given the general characteristics of the group together with a
list of the included map units. This is followed by a deseription
of each of the separate map units giving the designation and
symbol which appear in the ‘‘Explanation’’ column, a tabulated
list of the formations making up the units, and then some notations
oln the i:listribution, stratigraphy, and structure of the rocks in
e QUATERNARY FORMATIONS

Four groups of Quaternary rocks are distinguished on the
present map. These are: (1) the alluvial deposits of recent
formation whose relations to the Glacial deposits and to one
another are only partly understood; (2) ecertain late voleanic
rocks such as the Tieton andesite; (3) deposits of the Glacial
epoch; and (4) other sedimentary formations whose relations
to the Glacial deposits and to one another are not yet clearly
understood.

Alluvium, Quaternary, Recent Qa

(Marine sands of Weaver and probably some glacial drift and other sediments
included.)

Under this designation are included the post-Glacial beds
present in all parts of the State but mainly confined to flood
plains of present streams. Off-shore deposits also belong here,
but these are not shown sinee mapping stops at the shore line.

In general, alluvium is not shown on the preliminary geologic
map. It does appear where the nature of the underlying rocks
is not known, where separation from other Quaternary deposits
is desirable, and locally where it is of especial importance for
agriculture.

Included with the alluvium are the marine terrace sands of
southwest Washington from Moclips to the Columbia River and
the terraces near Clarkston on the Snake. In the Tacoma quad-
rangle are included swamp deposits, possibly of glacial origin.

Much more detailed work is necessary to provide an accurate
separation of alluvium from the Pleistocene deposits; hence in
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places glacial drift, or possibly older Pleistocene formations
may be found mapped as alluvium. Similarly, alluvial flats of
Okanogan Valley are not separated from drift, being mapped
entirely with the latter formation.

Voleanic rocks, Pleistocene and Recent Qv

(Tieton andesite, Mt. Rainier lavas, and other flows of the C'ascade belt. Some
Pliocene, Howson andesite, included.)

DESCRIBED FORMATIONS INCLUDED UNDER Qv

Formation Region Authority
Carson IBVA «oiiiisenaivaasas Skamania County ....ceceeise Williams, 1. A. 69¢
Glacier Peak volcanics ........ Snohomish County ............ Russell, I. C. 46
Later andesite .............0.. Monte Cristo .....ccivenanenes Spurr, J. E. 54
Mt. Rainier lavas............. Mt. Rainler National Park..... Coombs, H. A. 17
b b 21 o) ¢ TR RN RN PP e Qe Ellensburg ......cooneesassasns Smith, G. 0. 49
TIOWBOM vses i s v oo sinawaaseoins SHoaaaImMIB. i s adns e Smith, G. 0., and Cal-

kins, F. C. 52
Rhyolite ......covveinrnnnnsns Mt Stuart......ooeenevenannaa Smith, G. 0. 50

a Numbers refer to items in Appendix 1.

The rock formations grouped under this heading are re-
stricted to the Cascade belt and, with certain notable exceptions,
appear to have been derived from the prominent volcanie cones
Adams, St. Helens, Rainier, Glacier Peak, and Baker. An ex-
tensive area of andesitic rock between Lewis and Yakima coun-
ties has been mapped with the Tieton andesite of Smith in the
Ellenshburg quadrangle. A still larger expanse of volcanic rock
in similar relations is to be found southwest of Mount Adams
where it appears on the Hood River topographic sheet as the
Big Lava Bed. The outstanding characteristic of all these rocks
is their freshness and their superposition on most other rock
formations. They have been affected by little, if any, diastrophie
movement and are surprisingly free from evidence of erosion.
Locally covered by forest trees, the rock surface shows essen-
tially no weathering, and the vegetation has apparently been
developed on wind-blown silts which cover the voleanic rocks.
When more detailed mapping in the Cascade belt has been com-
pleted, there is no doubt that considerably larger areas of these
relatively young voleanic rocks will be found. Indeed, some
additional areas of these rocks, too small in extent to warrant
inclusion on a map of this scale, are now known.

The inclusion of two formations which are not definitely
Quaternary in this unit needs explanation. A rhyolite in the
Mount Stuart area and the Howson andesite in the Snoqualmie
quadrangle are both recorded as distinetly post-Kocene and
probably post-Miocene. They might properly be placed in the
Pliocene epoch but rather than introduce a Pliocene unit into the
geologic column for formations of uncertain dimensions and im-
portance, they have been mapped with the group of Quaternary
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voleanics, exactly as has been done for the sedimentary rocks
provisionally classed as Pliocene.

Glacial drift, Quaternary, Pleistocene Qg
(Some nonglacial beds included.)

Accurate mapping of the deposits formed in conjunction with
the great ice invasions of Washington will show a very large
part of the State to have been more or less covered. While in
places these still unconsolidated gravels, sands, silts, and clays
are piled up in considerable thlckness, a 10af~*onﬂhlv accurate de-
termination of the underlying bedrock is 0‘01101‘111\' possible.
The latter is shown wherever 1t is known except locallv where
the glacial deposits are of economic importance. In general, the
drift is mapped where it conceals bedrock in complex relations
as in the Colville Valley. In northern Douglas County, a wide
area of glacial drift is shown over the Columbia River basalt
to emphasize the southern limit of the glacial ice, where an in-
conspicuous end moraine separates the drift from other Quater-
nary sedimentary formations. Outwash sands and gravels over
an extensive area in the vicinity of Moses Lake are likewise
mapped with the glacial beds.

In certain areas, very detailed work has resulted in the iden-
tification of several distinet glacial formations. In the Tacoma
quadrangle, for example, Willis deseribed nine mappable de-
posits of which eight have been combined in the geologic map
of the State under this one stratigraphic unit.

Included here intentionally are the materials composing ter-
races along Lake Chelan in the vicinity of Wenatchee and along
the Okanogan River. Unintentionally, through the lack of de-
tailed Pleistocene studies over most of the State, nonglacial beds
have probably been included. This is perhaps more commonly
the case west of the Cascade Mountains. The margin of the lat-
est continental ice sheet is shown on the present map with a
heavy blue line across eastern Washington, through the courtesy
of R. I. Flint and with permission of the Geological Society of
America. It will be apparent at once that this glacial ice is not
thought to have completely covered the higher ridges and peaks
of the Okanogan region.

West of the Cascade Mountains equally careful study by
J Harlen Bretz has given us a similar limit for the iee mass that
moved southward in the Puget Sound region. This is shown in
detail between Olympia and Eatonville in Bulletin 8 of the
Washington Geological Survey, but is not reproduced on the
present map because of the lxmitod extent of the mapped
boundary.
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Continental sediments, Quaternary, Pleistocene Qe

(Nespelem silt, Ringold formation, Cowiche gravels, and Satsop of Grays Har-
bor area. Palouse formation and miscellaneous deposits included.)

DESCRIBED FORMATIONS INCLUDED UNDER Q¢

Formation Region Authority
Cowiche gravels .............. Ellenshurg .......oovvvvunaa.. .Smith, G. 0. 49
“Lake beds" ................. Klickitat County .......0000.. Hodge, E. T. 29
MNEBPBIMIG' ,0.vcowvanain srboss v, s arevy Upper Columbia and Spokane Pardee, J. T., 43 and
VBIBYR: oo wnmies e wwm e Flint, R. F. 24
PalOUss ..o visiven TR TR a) 0 /T [ R Bretz, J H. 9
ORKEEARL o s daiodiaiem Barnes, V. E. §
Chelgn  viuiinme s diaamiug Waters, A. C. 64
Pullngmr i e s S a et Treasher, R. C. b5
Post-basalt channeled sedi-
mentary rocks ............. Beabland iy vty Bretz, T H. 9
RINEOIA: o5iicvmnrannes 3 2ed o0 b White Bluffs ...........0000.. Merriam, J. C., and
Buwalda, J. P. 39
BEEEDD: |+ b0 v suvasmimussmios e anmmie Grays Harbor .......ovovveenes Bretz, J H. 7T

The deposits here included are mainly older than those
mapped as Alluvium and also older than those referable to the
latest glaciation. What relationship they may have to the
earliest glaciation is problematical. Except for a limited dis-
tribution in the lower Chehalis Valley and a more extensive area
in Clark County, these deposits are restricted to eastern Wash-
ington. Examination of the area south of the Okanogan High-
land province reveals wide areas in which these deposits are un-

interrupted except by the deep incisions of the channeled seab-
land.

Much less nniformity either as to character or genesis is ex-
hibited by the beds than is suggested by their combination under
one stratigraphic designation. Prominent among these deposits
are the Ringold and Palouse formations, the former comprising
the notable cliffs of White Bluffs on the Columbia, the latter
making up at least the upper portion of the low, rounded hills
characterizing the Palouse country. The separation between
these two extensive deposits is everywhere in doubt, but they are
alike in their relations to both the underlying basalt and the
later glacial beds, and hence are placed in a single stratigraphic
unit for mapping purposes. To them are added the Nespelem
silts along Columbia and Spokane valleys as well as the still less
extensive Cowiche gravels in the Yakima area.

TERTIARY FORMATIONS

Distribution.—Tertiary rocks are found in all counties ex-
cept Island and San Juan, both igneous and sedimentary being
present in most areas. The least area is to be found in the
Okanogan Highlands, while to the south these rocks underlie the
entire area. So far as known, the marine formations are re-
stricted to the West Side. The continental beds lie mostly in the
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central Cascade belt, where they are broadly exposed, only
smaller masses being known elsewhere. None are reported in
the Olympic or Willapa provinces, yet they are commn in the
adjacent Puget Sound provinee, particularly in its southern
portion.

Lithology.—The Tertiary rocks show an extreme range from
fine-grained fossiliferous limestone through mudstones and
sandstones to coarse conglomerate. A corresponding range
from highly siliceous to distinetly basic composition is exhibited
by the igneous rocks both in the intrusive and extrusive masses.
They show perhaps fewer intergradational types than do the
sedimentary formations.

Structure—The bedded rocks of the Tertiary, either igneous
or sedimentary, show considerable deformation. Warping is
universal, and in many areas folding is sharp, dips above 45°
being very common. Many of the Tertiary plutonie rocks ap-
pear to be free from any well-defined gneissoid banding, such as
results from internal shearing under great pressure. In this
respeet, separation of Tertiary from older plutonic masses
seems practicable in some areas.

Mapped units—The size and importance of the formations
assigned to the Tertiary is suggested by the presentation of ten
Tertiary units on the preliminary geologic map of the State;
nor does this even approximate the number of recognized forma-
tions. The continental sediments of FKocene age, for example,
include more than twenty formations whose character and
boundaries are known in greater or less detail. The other map
units of the Tertiary involve similar combinations in order to
bring out the fundamental relations of the large number of
formations in this group.

In the class of sedimentary rocks, four groups are designated
to separate the Miocene and Oligocene from the Focene marine
strata and the continental beds of each group from the others.
The Miocene and Oligocene marine strata make up one unit to
separate them from the Focene beds of similar origin. Two
other units separate the continental sedimentary equivalents of
the two marine groups. All four of these are shown with a
vellow color. Most of the igneous rocks are placed in three units
for mapping: one for voleanics of Miocene time; one for ‘‘un-
differentiated’’ voleanics; and a third for Tertiary intrusives.
The second group includes rocks much older than Tertiary as
well as the Tertiary lavas, since the nondeseript character of
volcanic rocks makes their precise separation difficult. The
Kachess rhyolite and Teanaway basalt, presumably Focene in
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age, are also mapped separately from other Tertiary igneous
masses.

Miocene and Oligocene, marine strata, Tertiary Tm
(Tm, undifferentiated Miocene and Oligocene; Tma, Astoria; Tmm, Montesano;
Tmo, Oligocene.)

DESCRIBED FORMATIONS INCLUDED UNDER Tm

Formation Region Authority
Astorla ..ovusevises Chehalis Valley .....cvveenenss KEtherington, T. J. 22
BlakeleyY .ccicisesens Western Washington ....ve00 40 Weaver, C. E. 67
Chehalis: ....oviveia ‘Western Washington .......... Weaver, C. E. 66
Clallany iveasvasesii Olympie Coast c.ovvvevresnnans Arnold, R. 1
Western Washington .......... Weaver, C. E. &7
MO ovwivsinsevenss Olympic Coast ...covviiassnnes Weaver, C. E. 67
Lineoln ...ccesencses Chehalis Valle¥ ceeesonenssisve Weaver, C. E. 66
Lincoln-Blakeley ..... Chehalis Valley «ovvvurnnnnnana Etherington, T. J. 22
Montesano ......-.... Western Washington .......... Weaver, C. E. 67
Etherington, T. J. 22
Porter coviavesiisasi Western Washington .......... Weaver, C. E. 66
San LOorenzo ........ Olympic Coast «..oovvvsvsvssars Arnold, R.,, and Hannibal, H. 2
Soattle: ooveaasociaid Olymple: CoRst sy vaisies Arnold, R., and Hannibal, H. 2
Twin River ......... Olympic Coast ....cvocvvinnenaad Arnold, R., and Hannibal, H. 2
Wahkiakum ......... Western Washington .......... Weaver, C. E. 66

More has been written on the marine beds of the Miocene-
Oligocene group than on any other similar series in the State of
Washington. The interest in these beds has both a scientific and
an economic aspect.

Distribution—The beds are entirely restricted to the West
Side, where they are exposed throughout Wahkiakum and
Pacific counties as well as in parts of Cowlitz, Lewis, Grays
Harbor, Jefferson, Clallam, and Kitsap counties. They are not
widely exposed in the Puget Sound country where, if present
over extensive areas, they are covered with glacial drift.

Stratigraphy—The stratigraphic relations of these beds
have been the object of a great amount of field study and the
subject of numberless discussiong, both written and oral. The
importance of the scientific aspect of these beds is better under-
stood when the implications of the marine origin are recog-
nized.

Marine beds furnish an exceptionally firm basis for geologic
work, since they constitute the calendar by which geologic events
are dated. In addition, the presence of marine beds serve to
suggest the position and shape of shore lines, to indicate depth
and temperature of shore waters, to suggest the topography and
even the climate and life conditions of the inland country.
Small wonder, then, that these beds have been studied so care-
fully or that they continue to attract interest of geologists.

In general, these marine strata are abundantly fossiliferous
and, Whll@ rather extensive lists of species not known elsewhere
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have been compiled, there are still certain marked affinities with
stratigraphic units of the standard California section which
have made possible some suggestive, if not final correlations.

Nothing short of a detailed diseussion of each formation will
serve to make clear the complexity of the Tertiary marine stra-
tigraphy for one not already in touch with problems of that sort.
Only a few points will be touched on here, so that the reader may
not lose sight of the primary features in a maze of details. In
the first place, it should be remembered that reference of any
beds to this group is on the basis of fossils they contain. It
should also be kept in mind that these formations have been
studied in many parts of western Washington and that, as a
result, local names have been introduced into the geologic col-
umn, frequently with little suggestion as to their correlatives
elsewhere. As the paleontologic details are worked out, these
local formation names will be extended or restricted; some will
be eliminated, and doubtless new names will be added to meet
stratigraphic needs not now known.

The present mapping of Miocene and Oligocene marine beds
serves to indicate the major subdivisions. The uniformity of
pattern with a designation by letter indicates not only the physi-
cal continuity of the formations, but the ease with which they
can be confused. It is unlikely that the boundaries here shown
will be final. Examination of printed deseriptions of the several
formations shows that we are dealing with distinet stratigraphie
units and, quite obviously, the combination of these distriet units
under the one head involves a measure of inaceuracy. To relieve
this situation, four stratigraphic subunits are presented: two
for the Miocene, the Montesano (Tmm) and the stratigraphi-
cally older Astoria (Tma); one for the Oligocene (Tmo) ; and,
finally, one for the “‘Undifferentiated’” Miocene and Oligocene
(Tm).

In the present areal distribution, beds mapped as Miocene
include some strata that have been differently classed by
workers in this field. The published and unpublished results of
study by Weaver, Etherington, and Lupher have been used.

Montesano (Tmm ).—The Montesano subunit has been recog-
nized in extensive areas along the lower Chehalis Valley be-
tween Klma and Grays Harbor. Smaller patches have been
identified along the coast near Mora and Cape Elizabeth.
FEtherington estimates the thickness of the Montesano in the
(Chehalis Valley at between 4,000 and 4,500 feet.

Astoria (Tma).—As now recognized, the Astoria formation
shows a wider distribution than the Montesano. At the north
there is a small coastal area on either side of Clallam Bay. Two
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areas appear on the south side of Chehalis Valley, Montesano
to Elma, and west of Grand Mound. A third area extends as a
strip from east of Chehalis River nearly to Raymond and there
is a rather extensive area north of the Columbia between Kelso
and Skamakawa. In the Chehalis area Ktherington estimates
the Astoria seetion at 2,500 feet.

Although the beds assigned to the Miocene are, in general,
strictly marine sedimentary rocks, mainly sandstones, it should
be noted that the Astoria subunit includes several lava flows and
probably some strata of continental origin. This is particnlarly
true in the Willapa Hills province.

This introduces a lithologic similarity of Miocene to the
FEocene rocks of this region which is but another of the confus-
ing elements in the stratigraphy of the Tertiary of western
Washington.

Oligocene (Twmo).—The present map shows Oligocene as
widely distributed as are the Miocene beds. A broad band con-
stitutes a margin of the Olympies on the north and east where
the Tertiary overlies the Mesozoic rocks of the Olympie Moun-
tains. At the sonth, smaller areas lie on either side of the Wil-
lapa Hills, which are largely composed of Kocene rocks, and
patches of Oligocene are in similar relation to the Kocene along
the Chehalis between Centralia and Elma. Sedimentary rocks
exposed over a few square miles south of Snohomish and near
Seattle have also been classed as Oligocene by Weaver. Litho-
logically, nearly all beds of this group are composed of clastie
sediments. Shales predominate, although some well-defined
sandstone zones have been recorded. As in the case of the
Astoria group, the rocks assigned to the marine Oligocene in-
clude some igneous rock, which is apparently confined to dikes.
The Oligocene, as now recognized, is by far the thickest of the
Tertiary marine formations. In 1916, Weaver recorded 15,000
feet for the Oligocene with 4,000 feet of lower Miocene overlying
in the Cape Flatterv-Juan de Fuca area. Subsequently, Kther-
ington has stated that 19,000 feet of beds in the Cape Flattery
area may be referred to the Oligocene. As at present recorded,
the thickness is less farther south. Nearly 9,000 feet have been
measured by Weaver in the Blakeley area, while in the Chehalis
and lower Columbia valleys, the total thickness is less than 3,000
feet.

Undifferentiated strata—Brief mention of the formations
mapped with the designation ‘‘Undifferentiated Miocene and
Oligocene’’ (Tm) will make clear the basis for the introduction
of this subunit. The application of the term ‘‘undifferentiated”’
connotes a lack of sufficient information to permit assignment
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of the beds to a stratagraphic unit of known position in the
geologic column. The strata so designated are mainly confined
to three areas: (a) an east-west strip roughly defined by the
valley of North River (along the Grays Harbor-Pacific County
line); (b) a broader belt along the west side of the Olympie
province; and (¢) an extension of this area to the southeast
into Mason County. Two small areas in western Snohomish
County are included with the undifferentiated heds. Without
doubt, considerable thickness of strata totaling several thousand
feet are included in this group. Since so little is known of thick-
ness, fossils, or stratigraphic relations, it is futile to attempt
generalizations for this mapped subunit, which is a sort of serap
bag for the unidentified Tertiary marine formations.

Miocene voleanics Tmv

(Columbia River lavas, Keechelus andesite, and other Miocene extrusives. Some
undifferentiated Tertiary rocks included.)

DESCRIBED FORMATIONS INCLUDED UNDER 'I'mv

Formation Region Authority
Andesite flows ......c0000 +Republic ....coiinin e, Umpleby, J. B. &7
BEBALY. - v o0 v vy win e miarnn s LBepuble wiviiiiiiiiiicnecaaas Umpleby, J. B. 57
Bagadl « cimaesvwasns v oin eI DORRER | o vsi s wsmsses f v vens Pardee, J. T. and Bryan,

Kirk 44
Basgal e e wie e Colville Ind, ReS..vcvvvvvvvnnns Pardee, J. T. 43
Camas basalt........ccauas Stevens County ...........c004 Weaver, C. E. 68
Columbia lavas ......c000aa Central Washington .......... Russell, I. C. 45
Babaee; e silatiee Snoqualmie ..... A e Smith, G. 0., and Calkins,
F. C. 52
Early andesite .......c000. Monte Cristo .....cvviviinnnns Spurr, J. E. 54
Enumelaw .........iiiiann Western Washington ......... Weaver, C. E. 67
GEIrOIMIE +vvvvrvnevnnnnnranns Stevens County ...ccvvcuicvsaes Weaver, C. E. 67
Chewelah! ..o semmsessasm o Jones, R. H. B. 36
Keechelusd ......ccovuveasnss SNOgUAIMHE . i svvsavrsis s Smith, G. O., and Calkins,
F. C. 52
Skykomish ...iuiussiiiiieen Smith, W. S. 53
Cedar Lake ......ccoiiecuauan Fuller, R. F. 25
ME AIX s e e e T e ‘Warren, W. C. 62
Latite porphyry ......c.e.. RepUDbHE i vsssmwsnasdsaen Umpleby, J. B. 57
MIGWEY ceosnerstnssnanses 49th Parallel .....covvenasnaes Daly, R. A. 20
Pyroxene andesite ......... Pierce County ....cvevevvnnnns Daniels, J. 21
TENENAY wewwimsin s an s sy Snoqualmie ....covvisesssenss Smith, G. 0., and Calkins,
F. C. 52
Tertiary andesite ......000. Colville Ind. Res.....cccvevnuns Pardee, J. T. 43
Tertiary porphyry ......... Colville Ind. Res..civuvianiiaies Pardee, J. T. 43
Tieton andesite (pars)..... NW. corner Ellensburg quad-
FROEIS: oo e e viraiea Warren, W. C. 62
Wenes, cisessas e icerns Ellensburg ..ccvecrssssessosons Smith, G. O. 49
West Index andesite........ INAGE covivvamnissmn s i s sasisn ‘Weaver, C. E. 65
B4 104 1o o R P e P Ellensburg .......cveevssessas Smith, G. 0. 49
Snoqualmje ......ciiieiiinan. Smith, G. O., and Calkins,
F. C. 52
Mount Stuart .......cocivn0s0 Smith, G. 0. 50

Distribution.—This is by far the most widespread unit ap-
pearing on the preliminary geologic map. The total area cov-
ered by rocks of this designation probably is in excess of half
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the area of the State. Below a cover of Pleistocene and Recent
sedimentary beds, it blankets practically every square mile of
the ten southeastern counties, a total of over 15,000 square miles.
Similar relations obtain in four more counties in the southern
Cascades, adding some 10,000 square miles to the area. This
practically continuous lava blanket extends westward to cover
much of Cowlitz, and the eastern part of Lewis, Pierce, and King
counties. In addition, the older rocks of more than half of
Kittitas County and an equal part of Spokane County are con-
cealed beneath the widespread basalt. Besides these more or
less continuous masses, there are a number of beds assigned to
this unit in the northern tier of counties from the vieinity of
Mount Baker to beyond the Columbia River. None of the vol-
canic rocks of the Olympic Peninsula are here assigned to this
unit, although further study may show some of the basic vol-
canic flows to be as late as mid-Tertiary.

Stratigraphy.—The major formation of the Miocene volecanic
unit, far exceeding all others combined, is the series of Columbia
River lavas. Under this term, Russell originally included flows
of Focene as well as Miocene age. The whole series from
Asotin County to the Big Bend region, together with Smith’s
Yakima and Wenas groups of Miocene age, is combined under
the one designation Miocene voleanics (Tmv). These flows,
constituting the northern extension of an area of some 200,000
square miles from southern Idaho over eastern Oregon and
into California, are found over the crest of the Cascades south
of Mount Rainier and farther west merge into similar rocks
of uncertain age in West Side counties between the Cowlitz
and Columbia rivers.

A large area of these volcanic rocks, mainly of basie ecom-
position, exposed in Clark, Cowlitz, and Lewis counties, is
mapped provisionally with the Miocene volcanics. These have
not heen adequately studied to determine either their relations
to the Columbia River lavas, or to similar rocks known to be
interbedded with the Focene in the Cowlitz Valley. Much re-
mains to be done with the volcanic series in this southern Cas-
cade belt; it is certain that within the area now mapped as Mi-
ocene voleanics there will be found not only extensions of the
Quaternary lavas, but also additional exposures of pre-Miocene
sedimentary and igneous rocks. This procedure will modify
greatly the eontinuity of the Tmv pattern as now shown.

Elsewhere in the Cascades, additional areas of volcanie rocks,
almost certainly Tertiary but not belonging to the Columbia
River lavas, are included in this group. Perhaps the most ex-
tensive is the Keechelus series mapped in the Snoqualmie area
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by Smith and subsequently in the Skykomish and Cedar Lake
quadrangles by W. S. Smith, and Fuller, respectively. There
are also included the Taneum andesite and a diabase of the Sno-
qualmie area. To the west is a rather extensive area of vol-
canics of andesitic character deseribed by Weaver under the
name ‘‘Enumeclaw’’ voleanies. This formation is also incorpo-
rated in this stratigraphic unit. In Pierce County a pyroxene
andesite was doubtfully referred by Daniels to the Mount
Rainier lavas, presumably of Pleistocene age. Subsequent work
by Coombs, taken in conjunction with the distribution of the
Enumeclaw series, makes it likely that only a very small amount
of Daniels’ pyroxene andesite is to be correlated with the
Rainier lavas. The larger part being almost certainly of Mio-
cene age, the whole formation is placed with the \Ilocene vol-
canic unit. To the north, the west Index andesite series, a rel-
atively small area mapped by Weaver, is included as is also
Spurr’s Harly andesite in the Monte Cristo district.

In the northwest part of the Ellensburg quadrangle, a por-
tion of Smith’s Tieton andesite has been correlated with his
Keechelus of the Snoqualmie area to the northwest through the
Mount Aix region by Warren. This part of the Pleistocene of
Smith is, therefore, moved into the Miocene voleanic unit. In
eastern Washington there is also included a group of Tertiary
volcanics of the Colville Reservation, comprising Pardee’s Ter-
tiary andesite and Tertiary porphyry. To the north, Umpleby’s
Latite porphyry, basalt, and andesite flows in the Republic area
are also included, as is the Midway volcanics of Daly at the
Canadian boundary, together with extensions of this series to
the south in Ferry County. Limited to an area in Stevens
County, the Camas basalt and Gerome andesite constitute the
only other deseribed formations included with the Miocene vol-
canics.

Descriptions—The Miocene voleanic stratigraphic unit com-
prmes nearly a score of formations which are here combined for
mapplnff purposes. The one common characteristie is their vol-
canic origin. In addition to that, they are predominantly flows
of lava and also pr wlnmmdutly basic in composition. Aside
from these features, it is quite obvious that there ean be no uni-
formity in physical character or in chemical composition. A few
of the formations, such as the Camas basalt, show probable af-
finity with the great Columbia River lavas. A number of the
others, such as the west Index andesite series, reveal no hint as
to their proper correlation. So far as can be determined from
all bases, all of these formations here grouped together are
either definitely Miocene in age or more probably Miocene than
belonging in any other part of the geologic column.
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This not being a single stratigraphiec unit in the ordinary
sense of the term, no useful purpose can be served by discussion
of the thickness of the group. Ior purposes of comparison,
nevertheless, it is well to note that the Enumeclaw voleanies,
among the lesser groups, is one of the thickest, Weaver report-
ing more than 1,000 feet in the Pierce County area. East of the
mountains, Smith records more than 2,000 feet of Yakima flows,
pointing out that this includes neither the top nor the bottom
of the series. Within the central portion of the great Columbia
Lava plateau is found the greatest thickness of this vast series,
which ranges to a minimum at the eastern margin near the
Idaho line. No very reliable figures are at hand for maximum
thickness of the Columbia River lavas. A number of holes in
excess of 2,000 feet have been drilled without penetrating the
sub-basalt rocks. It seems probable that a maximum thickness
of 4,000 or 5,000 feet will probably be found over the lowest
point in the pre-basalt surface. The absence of any horizon
markers in the basalt series makes it impossible to tie up see-
tions obtained in different localities, as is so commonly done in
the case of sedimentary rocks. Hence the maximum thickness
recorded must be measured in a single area. Perhaps the out-
standing characteristic of the Columbia River lavas is their
monotonons uniformity, although any section may show much
variation in texture and struecture.

Some of the other groups, such as the Enumelaw volcanies,
show in addition to these variations the introduction of pyro-
clastic beds, layers of dust, and volcanic tuff. Other groups
show even the introduction of coarse sedimentary rocks.

Structure—As would be anticipated in a composite group
such as that making up the Miocene voleanics, the structural
aspect shows extreme variation. While over much of the Col-
umbia Plateau the beds show but slightly the effect of deforma-
tion, broad, gentle warping has been common, and locally more
severe movements have resulted in the formation of relatively
sharp folds together with some marked faulting. The major de-
formation involving these beds is, of course, that of the Cascade
Range itself. Prominent among the subordinate deformative
movements have been those which resulted in the series of east-
west ridges which are particularly prominent east of the moun-
tains. A series of up-warps from the Horse Heaven Hills on
the south to the Frenchman Hills at the north show progres-
sively less uplift. Faulting of the surficial portion of the series
is apparent in the Saddle Mountains, Rattlesnake Hills, and
Horse Heaven Hills. The amount of displacement has been es-
timated at nearly 1,000 feet in some instances, although it is un-
likely that the deformation is generally excessive.
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Miocene continental deposits Tme

(Ellensburg, Latah, and some interbasalt sedimentary rocks. FEagle Creek,
Madras, and undifferentiated “Tertiary Lake Beds” in eastern
Washington included.)

DESCRIBED FORMATIONS INCLUDED UNDER Tmec

Formation Region Authority
Beworly: v i iy Saddle Mountains ............ Twiss, 8. N. 56
The Dalles ..oviiviasisiaieess Lower Columbia Valley ....... Buwalda, J. P., and
Moore, B. N. 13
Eagle CreeK ....vvvenevenas .« Skamania County .......... .. Williams, I. A. 69
EIensbULE . vcomivssssa snawes o EIensburg ......cvvvnavassnes Smith, G. 0. 49
Mt Btuart .. .oaveeuvais s Smith, G. 0. 50
Snoqualmie ..... LR e Smith, G. 0., and Cal-
kins, F, C. 52
Progser i eesms e saweiee Shedd, S. 48
Chelan .....oovvvvnenevnnanns . Waters, A. C. 64
Guye ..... g A R A AT SROUNRINIE s v wvispesa e Smith, G. 0., and Cal-
kins, F. C. 52
Howard .ovessvivaisanoaiee B e Weaver, C. E. 65
Lotah, . incussaeiea e e BDOANS e b v i Pardee, J. T., and
Bryan, Kirk 44
Madras: coriirieiciai ey  Klickitat County ............. Hodge, E. T. 29
Tertiary Lake beds ........... B 32101+ o1 b SR Aol T e Umpleby, J. B. 57
L2 o e S =N P Umpleby, J. B. 59

Distribution—The rocks of this group are relatively incon-
spicuous areally, although in a few places they are prominently
exposed and well known. They are important from a scientific
point of view for the light they throw on certain phases of the
stratigraphy of the Tertiary. Locally, they have a certain
economic importance, since they include some commercially val-
uable clays and beds of pure diatomaceous earth. Beds as-
signed to the Miocene continental group are largely, but not ex-
clusively, found on the east side of the Cascade Range. The
largest area appears in the Yakima Valley, only small patches
appearing elsewhere although widely distributed from the Ore-
gon line to the Canadian boundary. On the preliminary geo-
logic map, only the larger and better known beds have been
shown. A still larger number of less conspicuous strata are to
be found; indeed, thick sections of the Columbia River lavas
usually include more or less of sediments referable to this
series.

In addition to the formally described formations listed
above, there have been included and mapped a number of forma-
tions such as the interbasalt beds appearing in Klickitat County
in the vicinity of Roosevelt and to the northwest along Rock
Creek. Farther north, interbasalt beds are mapped for the
Horse Heaven Hills north of Bickleton and Toppenish Ridge.
Interbasalt sediments also appear along Columbia River be-
tween Vantage and Rock Island, together with similar beds in
Douglas County near Waterville, south of Bridgeport, and at
the head of Grand Coulee. Beds farther north in the Okanogan
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Valley which appear to have approximately the same strati-
graphie position are also placed with this unit, as are the coal-
bearing beds in the Spokane Valley near Sand Creek. In Pend
Oreille County a rather extensive area of coarse gravels and
sands in the vicinity of Ione, together with small patches on
either side of Clark Fork north of Usk, are similarly mapped.

Stratigraphy.—Not all of these beds occupy an interbasalt
position which is characteristic of the majority of strata here
included. Thus, the Ellensburg formation as mapped by Smith
in the Ellensburg area lies near the top of the basalt flows, much
of the recorded thickness being post-basalt. On the other hand,
the thick Latah beds of Bryan and Pardee in the Spokane dis-
trict are reported to lie wholly below the Columbia River lavas.
The beds of Douglas County and those along Columbia River in
Kittitas and Grant, as well as those appearing in the upwarps of
Toppenish and Horse Heaven ridges are strictly interbasalt in
position.

This situation raises some doubt as to the contemporaneity
of the interbasalt sediments, recent studies indicating that the
Miocene continental sediments were probably deposited in a
series of fresh-water areas which were geographically separated
and probably in process of formation intermittently throughout
the period of extrusion of the Columbia River lavas.

While the rocks assigned to the Miocene continental sedi-
mentary group (Tme) are largely related to the Columbia River
basalts, if not interbedded with them, there are outside of the
(Columbia Platean a number of small areas of similar rocks
whose age has been designated as Miocene, at least tentatively.

In this group comes the Howard arkose of the Index area
and the Guye formation of the Snoqualmie district. Both groups
are fossiliferous, the Guye showing particularly abundant leaf
forms in the more shaly parts. In the case of the Guye, the
degree of compaction and a slight tendency toward slatiness
have suggested to some workers that the formation may be older
than Miocene.!

Description.—The beds here included, as would be expected
from their diverse geographic distribution and lack of continuity,
comprise silts, sands, and gravels, in large part derived from the
surrounding lava flows through the ordinary process of erosion,
and in part derived from wind-blown material which lodged in
the lakes or rivers where deposition was taking place. Under
these conditions, the material composing these sediments is in

1The Howard arkose Is designated Tm on the geologic map of the State. This
should be changed to Tme,
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part completely weathered and in part represents the less de-
composed fragments of the consolidated lavas. The occasional
beds of diatomite are rarely continuous for any great distance,
but show deposition of remarkably pure material, in thickness
ranging from a few inches to more than 15 feet. A conspicuous
feature of the diatomite beds is the presence of coneretions up
to several feet in diameter of a yellowish-green opal. In numer-
ous instances, both the diatomite and other sedimentary beds of
this series show the effect of contemporaneous outpouring of
lavas. Locally, these are injected in the form of short sills or
dikes into the sediments. Among the gravels, particularly those of
interbasalt position in the Yakima Valley, are to be found large
numbers of pebbles of white glassy andesite or of pumice. These
are by no means widespread over the State and presumably
represent local additions from nearby sources.

The extreme variation in thickness of the sedimentary beds
included with the Miocene voleanics is a direct reflection of the
variety of sites and conditions of deposition. The interbasalt
beds of the lower Columbia area, for example, are largely less
than 100 feet thick. Those farther north, as in the Saddle Moun-
tains, range up to 200 feet in thickness. A total of 1500 feet as-
signed to these beds was recorded by Smith in the Ellensburg
area, while in the Latah, near Spokane, a thickness of more than
800 feet was recorded by Pardee and Brvan. Except where
these beds are well exposed, figures as to thickness have to be
considered approximations and subject to the correction which
more detailed investigation may provide.

Being largely interbasalt in position, the Miocene continental
sediments are involved in all of the movements which have de-
formed the basalts. Thus, over most of the Columbia Plateaun
the beds show relatively little deformation, although in the up-
lifted zones such as the Rattlesnake Hills, the displacement is
marked. Gentle dips are the rule throughout the Yakima Val-
ley, only rarely rising above 35°, and the same situation obtains
in the series of ‘‘Lake Beds’” in Okanogan County.

Fossils—Even the most brief diseussion of the Miocene con-
tinental beds would be incomplete without mention of the fossil
plants which are characteristic of a majority of these rocks. By
far the greatest collection has been made in the Latah beds in
the vicinity of Spokane, and these have been given careful study,
first by Knowlton and subsequently by Berry. Relatively few
plants have been found in the type Ellensburg, but those beds in
Moses Coulee and at the head of Grand Coulee have yielded ex-
cellent and abundant forms. HEqually productive of well-pre-
served plant fossils are the similar beds in the lower Clearwater
Valley of Idaho. Beds presumably correlatives of these in the
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bluffs above Asotin have not as yet vielded good fossil plants.
The flora of Williams’ Kagle Creek was among the first of these
to be studied and the work of Chaney on this material resulted
in valuable snggestions as to conditions at the time these heds
were laid down.

Tertiary intrusives Ti

(Snoqualmie granodiorite and other intrusives of ascertained Tertiary age.)
DESCRIBED FORMATIONS INCLUDED UNDER Ti

Formation Region Authority
Andesite porphyry .....ccvn0n Mount Stuaart ...... v Smith, G. 0. 50
CaBtle PeRE «vvv s« qiims perans 49th Parallel ., ... o0 cavinsnns Daly, R. A. 20
Diorite: saowvcvamanes e it Colville Ind. Re8.. ... vveviiisns Pardee, J. T. 43
L£7:1 1] o) o O - PR PR Mount Stuart . ...oedcieiiaes Smith, G. 0. 650
Lightning Creek .............. 49th Parallel .....v.eeviiniiai Daly, R. A. 20
Pyroxene diorite ............. Bnoqualmie .........c0iiinses Smith, G. 0., and
Calkins, F. C. b2
Sheppard granite ............. S8EH 'PRTRMNEL & dh s s csareras Daly, R. A. 20
Stevens County ............... Weaver, C. E. 68
Snoqualmie granodiorite ...... Snoqualmie .................. Smith, G. 0., and
Calkins, F. C. 52
Skykomish Basin ............. Smith, W. 5. 53
Cedar Yake ........covieuviis Fuller, R. E. 25
Mt. Rainfer Park.............. Coombs, H. A. 17

General considerations—Rather generally throughout the
State, but particularly prevalent in the northern half of the
State, are great masses of granitic and related rocks injected
into the sedimentary and other rocks previously formed there.
In the main, these rocks are associated with large-scale intru-
sion. By far the most complete and comprehensive investiga-
tion of these intrusive masses was made more than a quarter of
a century ago by Daly for the Geological Survey of Canada.
Until equally detailed studies are made of this vast series of in-
trusive rocks in the northern tier of counties, it will not bhe pos-
sible to indicate with any assurance either the areas oceupied by
the various masses or their interrelations.

Enough has been done, however, to show that these intrusive
rocks belong to at least three major groups separated by ap-
preciable time intervals. The latest of these three is that re-
ferred to the Cenozoic era.

Much study has already been devoted to these Tertiary in-
jections and many features of them are now being investigated.
Present data are insufficient, nevertheless, to separate these
masses from those of earlier eras in most parts of the State.
The areas which appear on the present geologic map with the
designation Ti include only those masses for which a Tertiary
age has been indicated and for which approximate boundaries
can be drawn from data available at this time.

It should be borne in mind, therefore, that the Ti areas now
mapped not only do not include all of the known Tertiary in-
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trusives but probably do not include even a majority of these
rocks. Many omissions are recognized, but information is not
available to permit correction. A particularly good example of
such omissions is found by comparing the intrusive formations
mapped by Daly in the Cascade belt with those appearing on
the map of Washington. Daly’s Chilliwack, Cathedral Peak,
and Similkameen stocks and batholiths are all represented as
of Tertiary age. Quite obviously, these extend to a greater or
less distance south of the Forty-ninth Parallel. Their relations
to the older, Mesozoic, masses are presumably intrusive, pos-
sibly intricately so. Reconnaissance studies south of the line
have not made these items clear, and rather than introduce
arbitrarily any fictitious boundaries between unrecognized gran-
itic masses, these areas have been mapped with the similar
rocks of Mesozoic age.

Distribution—Bearing these restrictions in mind, it may be
noted that the largest of the Tertiary intrusive areas is that of
the Snoqualmie granodiorite of eastern King County, the only
other large mass being Pardee’s diorite in the San Poil Valley
of Ferry County. A few fairly well-defined masses appear in
southern Lewis and Skamania counties, but elsewhere intrusives
assigned to this group appear as inconspicuous masses.

Lithologically, these rocks are of coarse texture, contrasting
sharply with the Tertiary volcanic rocks in this regard. While
by no means all granites, they are, nevertheless, predominantly
of granitic type and comprise only the ““granites’’ of the layman.

As indicated in the preliminary discussion of this group of
rocks, great scientific interest attaches to the study of them.
They are, however, not less important from the standpoint of
their relation to economically important deposits. The genesis
of the ore deposits in the Mt. St. Helens mining district is defi-
nitely tied up with the Tertiary intrusive diorite of that region.
Presumably, to an equal if not now definable extent, many de-
posits of the northern half of the State are related to the Terti-
ary intrusives there present.

The importance of detailed geological investigations of these
granitic masses by which it may be possible to separate the
Tertiary from the older intrusions is fully realized by those
interested in the development of the deposits of metallic min-
erals in the State. The origin of these minerals in the intru-
sions is bevond question. It becomes necessary, therefore, to
determine which of the intrusive masses have been responsible
for the introduction of the metallic content. As indicated in the
preliminary paragraph on the structure of the Tertiary forma-
tions, these injected granitic rocks are relatively free from any
banding or other indications of dynamic alteration. While not
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yet demonstrated as an infallible rule or guide, it appears
likely that this characteristic will be of increasing service in
making the distinctions between intrusions of the three major
groups.

Eocene marine strata and intercalated basalt lavas Te

(Tejon of Weaver, Cowlitz, and other Eocene rocks.)
DESCRIBED FORMATIONS INCLUDED UNDER Te

Formation Region Authority
BOWHEZ: | Gisisvicasssvyvmvem s Chehalis Valley .............. Etherington, T. J. 22
‘Western Washington .......... ‘Weaver, C. E. 66
Crescent .........coevuiinnnnnann Clallam County . .esevsmaesssns Arnold, R. 1
BEIOLE » wommsammmm iy a A AT R PRoIRC (CORBL wuvuime s swe csvwns Arnold, R., and
Hannibal, H. 2
Western Washington .......... ‘Weaver, C. E. 67

Distribution—Like the Miocene and Oligocene group of
marine beds, these rocks of Eocene time derive no little im-
portance from the fact that they were laid down in the sea and
hence serve as part of the basic geologic record of the State.
Much study has already been devoted to this group. During the
past twenty-five years, many changes have been made in the
stratigraphic column. In the main, these changes have been
slight as to names of formations, but the upper and lower
stratigraphic limits have been shifted appreciably as new and
more complete fossil collections provided data for more accu-
rate correlation with the type section of California. It should be
recognized that a rather extended list of members of one of
these marine formations, such as the Tejon, can be prepared
from the several groups of fossil remains obtainable at different
zones within the series.

Like the younger Tertiary marine beds, those of Focene time
are restricted to the West Side and, indeed, are found in none
of the mountainous areas. Except for a few small patches be-
tween Everett and Tacoma, the rocks assigned to the FKocene
marine group are found west of the axis of the Puget Sound
depression. Throughout much of this area the Kocene rocks
occupy the regions comprising the low divides between drainage
basing. The outstanding example of this is the elongate belt of
Eocene reaching from the south shore of Grays Harbor to the
Cowlitz River and comprising most of the upland of the Willapa
Hills province. A similar physiographic position is seen for
the Hocene in the headwaters of Lincoln Creek, northwestern
Lewis County, in the Shelton-Olympia divide between the Che-
halis and Puget Sound waters, and to the north in the uplands
practically surrounded by the hook of the south end of Hood
Canal. A narrow belt of Eocene rocks crosses the drainage lines
of the upper Satsop and Humptulips. This area has an arbi-
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trary boundary at the north in the absence of any detailed in-
formation as to the exact position of the south margin of the
Mesozoie (?) rocks making up the Olympiec Mountain mass.
At the north, just northeast of the Oligocene rocks bordering the
Strait of Juan de Fuea, is a narrow belt of Eocene rocks between
Port Ludlow and Washington Harbor, and another small mar-
ginal zone lies ten miles west of Port Angeles.

Description—The FKEocene marine beds include, mainly,
clastic rocks in which shales predominate, although sandstones
comprise a not unimportant portion. In rare instances is the
Kocene marine section free from intercalated beds of continental
origin. This relation between the sediments of fresh and salt
water is indicated, also, by the presence of conspicuous masses
of basalt and andesite. While some tuffaceous beds appear, the
flows predominate. Weaver’s type section in southern Lewis
County includes nearly 5,000 feet of Focene of which little more
than one-fourth is of continental origin and none is of igneous
origin. An estimated thickness, not accurately measured, brings
the total Kocene in the type area up to more than 10,000 feet.
A considerable amount of tuff and lava beds is included. In but
few places are the Focene beds exposed in contact with the
underlying rocks. The upper limit of the Kocene in many in-
stances, however, is marked by the overlying marine strata of
the Oligocene or Miocene. The margins on the west are largely
concealed beneath Quaternary deposits. Fastward, although
the relations at the north are largely concealed by glacial drift,
farther south in Lewis and Cowlitz counties the marine beds ap-
pear to grade eastward into continental correlatives, which are
mapped separately (Tec) on the preliminary geologic map of
the State. As demonstrated in the type section in southern
Lewis County, the interfingering of marine and continental beds
rather generally in the Iocene areas makes clear that this was
a time of fluctuating sea level, with the shore line now advancing
and now retreating over a zone several miles wide.

The Kocene marine beds have been deformed more exten-
sively than the corresponding beds of Miocene age and are found
in rather extensive folds, some of which show dips as high as
60°. In the main, the beds lie with gentle undulations, and the
absence of much faulting makes it clear they have been sub-
jected to no great deformative stress.
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Eocene continental strata- Tec
(Puget, Swauk, and other FEocene beds. Tev, Kachess, Rhyolite, and
Teanaway basalt.)
DESCRIBED FORMATIONS INCLUDED UNDER Tec and Tev

Formation Region Authority
ATPRONY: i S SR A R T e Wonte. Crlatn: o viscsimamn e Spurr, J. E. 54
BaYHS 55 e s e e d e Green - RIVED @ o w4 Evans, G. W. 23
Biarnett o ines s iorseaa s TROSOME  oia s s 40 v wais aaivnis o o a4 Willis, B., and
Smith, G. O. 70
Pierce County ...........cu.us Daniels, J. 21
Carbonado. & - v oo asiae s TRCOTINNL cwwviprws sowsow s psmrnis o S Willis, B., and
Smith, G. 0. 70
Piarce Qounty siissasmavvsans Daniels, J. 21
Carbon river series ........... Pierce County .......cocveeans Daniels, J. 21
Chuckanat: s e st San Juan Islands....... TR, MeLellan, R. D. 38
Whatcom County ....vevvieiss Jenkins, O. P. 33
Skaglt: County s ccvvvrsisissny Jenkins, O. P. 34
Whatecom County ............. Crickmay, C. H. 18
Glover, 8. L. 26
Eocene voleanies ............. CHOIATL v v s sswiewss wiae Waters, A. C. 64
TORATRRR woiriesini oo R SR Plores CouNtY s cocemssiis ww s Daniels, J. 21
Franlln o ees el s aeise s Green RiVer .....c.vvvuvueas ... Evans, G. W. 23
Kacheas rhyolite ............. Snogqualmie ............0000000 Smith, G. O. and
Calkins, F. C. 52
EEQIHTIOT o'as § 4v b iies smaiie s e Green RIVeEr ...... vevivinnssn Evans, G. W. 23
Manastash .........corvenesva ME Btuart: ... iss Smith, G. 0. 50
Melmont ........cconcennonesnes THOTON cvrintee i i tdas vas ass Daniels, J. 21
NAches +..ovvveviernnnrrnnona Snoqualmie ............00000.0 Smith, G. 0. and
Calkins, F. C. 52
NALAPOC: +osveslis v divwais CRINAYEEINT. ooy v sy F a6 Hougland, E. 31
Plttshobl oo dae Plerce County oo i Daniels, J. 21
PURet vim e A i el e e TACOMEB cosssassitsssnassssass Willis, B. 70
Southwestern Wash. .......... Culver, H. E. 19
ROSIVI eovisanssnvssensa ST .| L0 0 | o) R R e D Smith, G. 0. 50
South Prairie .........0nuvenn Plerce Comnty ....cieveensinee Daniels, J. 21
BWANIE v o woian s ewiass 4 e a enai Mount Stoart ......vsasesmens Smith, G. 0. 50
Chelan quadrangle ........0004 Waters, A. C. 64
Skykomish Basin ............. Smith, W. 8. 53
TORRNAWRY  ovasis i ous ins M. StNaTE «susvsvsvimiwsmmsss Smith, G. 0. 50
Snoqgualmie ......cceviicnenas Smith, G. O. and
Calkins, F. C. 52
WIkESONn u.sveemeaiiiiasranss TRCOME &0 visioisseiaisine siaiosnonen Willis, B. 70
Pierce ...... i R S e e Daniels, J. 21

The Eocene of continental origin in Washington is primarily
of interest for its economic importance and only secondarily for
its scientific aspect. Essentially all of the commercial deposits
of coal and a large fraction of those of clay of Washington be-
long among the continental beds of Kocene age. The Swauk
sediments, with the included Teanaway basalt, were also the
source of the important gold-placer gravels of Swauk Creek in
Kittitas County.

Distribution.—Beds belonging in this group are found along
the east margin of the Puget Sound depression, to the south in
Lewis and Cowlitz counties, and to a limited extent at the crest
of the Cascades in eastern Lewis and King counties; but the
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greatest expanse of these beds is found just east of the crest of
the Cascades in Kittitas County, where the Swauk formation
extends over several hundred square miles in a horseshoe loop
around Mount Stuart. Marginal to this area on the south and
east are remnants of formerly more extensive areas of rocks of
similar character and essentially contemporaneous. Ixcept
for the continuous Swauk formation, these continental Eocene
beds are mainly separated masses of strata. The present sep-
aration is in part due to original deposition in distinet basins
and in part to subsequent deformation followed by erosion of
the intervening or connecting portions. Whatever the cause,
the separation has been a source of considerable difficulty in
stratigraphic work and has resulted in the application of the
rather large number of names given to members of this group.
The economic importance of the coal-bearing strata has, of
course, been the prime reason for designation of certain mem-
bers within the group.

Description—In general, it is recognized that all of the
Eocene continental beds of northwestern Washington may prop-
erly be placed in the Chuckanut group. Those in the southern
Puget Sound and southwestern Washington areas can properly
be designated the Puget group, while those along the crest and
to the east of the Cascades can be combined under the general
designation Swauk.

The sedimentary rocks belonging to this map unit are almost
exclusively coarse clastics. Sandstones and sandy shales with
a large percentage of conglomerates make up the bulk of the
series in all parts of the State. Locally, appreciable thicknesses
of clean shale are recognmized, this being particularly true in
those beds of the southern Puget Sound area which are referred
to the Puget formation. Some relatively massive and resistant
sandstones make prominent markers on the landscape not only
in the Puget Sound region, but also in the Swauk area of Kit-
titas and Chelan counties. The other strata are in general less
resistant and commonly outerop only in stream valleys.

In addition to the sediments, there are included with the
Focene continental group of rocks three igneous formations.
This combination is for stratigraphie purposes and the igneous
rocks are shown with separate pattern and color (Tev) on the
geologic map. In the Mount Stuart and Snogualmie areas, the
Swauk sandstone has been penetrated by hundreds of dikes of
basalt and diabase which have been interpreted as mainly
feeders for the overlying Teanaway basalt. As would be ex-
pected under this relation, the Teanaway basalt lies, roughly,
in a marginal position with reference to the Swauk area. The
Kachess rhvolite in the Snoqualmie area, which is classed by
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Smith as of Eocene age, is likewise placed with the Focene con-
tinental group. The third igneous mass included with this con-
tinental group comprises the Kocene voleanic rocks of the
Chelan quadrangle mapped by Waters.

The rocks of the Kocene continental group show consider-
ably greater deformation than the Eocene marine in general.
This would be expected from their position with reference to the
uplifted Cascade belt. High dips, approaching verticality, are
found, and beds at angles of less than 25° are rare.

Undifferentiated voleanics, Carboniferous to Tertiary uv

(Rossland, Chilliwack, and miscellaneous volcanic rocks of undetermined age.
Some associated metamorphic sedimentary recks included.)

DESCRIBED FORMATIONS INCLUDED UNDER uv

Formation Region Authority
Chilliwack .veevenevananns veesd9th Parallel ......cvvvvivennnas Daly, R. A. 20
Jumbo voleanies ......... senaBStevens County .......covvvvuves Weaver, C. E. 68
Palmer voleanics .......... sssStevens County ....ccoueues cesse Weaver, C, E. 68
Phalen Lake volcanics .......Stevens County ...........c00004. Weaver, C. E. 68
ROBBIADMA: i vivevaiainmamnivnes 49th Parallel .......cov0veuevans Daly, R. A. 20
Stevens County .........cciuuaan Weaver, C. E. 68
Slollienamt L iseicirsssrvsians « Whatcom County ......cccovveenss Crickmay, C. H. 18
Vedder greenstone ......... oo d0th Pargllel ... covvsarvssrnnss Daly, R. A. 20

This group has been given an explanatory deseription. Vol-
canie rocks, in general, while showing considerable local varia-
tion, infr equently reveal associations or peculiarities by which
their position in the stratigraphic column can be definitely deter-
mined. This is particularly the case if the rocks, subsequent to
their extrusion, have been involved in dcformatlon

In most parts of the State the voleanic rocks can be referred
to a specific zone in the stratigraphic column on the basis of the
associated sedimentary beds. To take care of cases where this
has not been possible on data available at present, this special
group of rocks has been set aside.

In addition to those listed above, a rather large area of vol-
canics in east-central Skagit County is included. These are the
rocks which are found on Sauk Mountain. The rhyolitic masses
of small size southwest of Wenatchee are similarly incorporated
in this group. Rarely is a series of volcanies free from inter-
calated clastic sediments of known voleanic origin, In some in-
stances these are marine beds, but much more commonly they
were deposited under subaerial conditions. In several in-
stances it is probable that not only the interbedded sediments
but other beds deposited before or after the extrusion of the vol-
canic material will be found within the area assigned to the un-
differentiated volcanics. Usually the separation is a simple
matter, although fr equentlv the assignment of the sedlmentalv
beds to any specific zone in the stratagraphic column is impos-
sible without extensive detailed field studies.
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Description—Most of the rocks here included are of basic
composition, although some of the rocks, like those in the viein-
ity of Wenatchee, are rhyolitic. Similarly, most of these rocks,
whether of Tertiary or earlier beds, have been more or less
metamorphosed so as to produce both physical and chemical
changes. Some of them approach the character of the voleanics
assigned to the Paleozoie, but in the absence of any specific evi-
dence of such relation, they are incorporated with this group.

Most of these masses are of limited extent and do not repre-
sent great stratigraphic thicknesses. The Rossland volcanies
and those in the vicinity of Sauk Mountain are probably among
the thickest of the series.

Structurally, as indicated by the notations on metamor-
phism, these rocks show extreme variation. In some instances,
they are practically undeformed and appear as nearly horizon-
tal flows. In general more or less deformation is obvious, and
in some instances folding under considerable pressure has re-
sulted in the formation of a series of greenstones which may
even show lines of shearing.

MESOZOIC FORMATIONS

The rocks assigned to this stratigraphic group cover large
arcas in the State but are almost entirely restricted to the
northern counties. Some of the Mesozoic formations are closely
related to the metalliferous ore deposits. Four subdivisions of
Mesozoic rocks are represented on the geologic map: two are
of sedimentary formations and two are of igneous. These four are
by no means of equal importance, although three are so closely
tied to commercially important ore deposits as to stand in a
class by themselves in comparison with any other of the strati-
graphiec units shown on the geologic map.

Considered from an areal standpoint, the Mesozoic marine
and the Mesozoic acidic intrusives are formations of large size,
while the Mesozoic continental sediments and the basic intru-
sives of this age are relatively insignificant. A number of in-
teresting and important scientific problems are connected with
the Mesozoic formations, both those of the sedimentary group
and those of intrusive type. Not even the Tertiary marine beds
exceed these Mesozoic rocks in either scientific or commercial
importance. They have not received much attention from geolo-
gists, nevertheless, perhaps largely on account of two factors:
first, their ocecurrence in areas that are relatively inaccessible,
and, second, the inherent difficulty of determining the geologic
characteristics and relations of rocks which are greatly de-
formed by mountain-building forces and somewhat metamor-
phosed.
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Mesozoic marine strata Mm

(Pasayten series, Hoh formation, and miscellaneous marine and continental sedi-
mentary rocks of probable Mesozoic age. Includes
voleanic rocks in the Olympic area.)

DESCRIBED FORMATIONS INCLUDED UNDER Mm

Formation Region Authority
HAPO i s v o e simaines ot eewee San Juan Islands ............. McLellan, R. D. 38
NaDaIMO ...ovveeosssntsssanm San Juan Islands ............. McLellan, R. D. 38
Newankum ..........coe0vees Lewis County ................ Culver, H. E. 18
FRERFLRD, . v eprmmeasmoisrwa snion 49th Parallel ....qameue e omes Smith, G. 0., and Cal-

kins, F. C. b1
Daly, R. A. 20

BOIBAON: s e e San Juan Islands ............. McLellan, R. D. 38
LT L b P S P e LA 49th Parallel ...:ccoviianaiiin Daly, R. A. 20
Undivided Mesozolc .....c00ues Whatcom County .........0... Crickmay, C. H. 18

Distribution—The rocks belonging to this stratigraphic unit
are found on the West Side or relatively near the crest line east
of the Cascades. The largest area is that making up the central
portion of the Olympic Mountains, which are almost exclusively
formed of this group. The next largest mass is along the crest
of the Cascades at the Forty-ninth Parallel. Minor areas are in
nertheastern Whatecom, western San Juan, central Snohomigh,
central and eastern Lewis, and western Yakima counties.

Stratigraphy.—No attempt has been made to indicate the
stratigraphic relations existing between the marine sedimentary
groups of Mesozoic age. Such assignment can only be made on
the basis of adequate collections of fossils, together with de-
tailed study of the field relations existing between these rocks
and those of recognized stratigraphic position. Only in the case
of the San Juan Islands strata, the Pasavten formation, and the
sedimentary rocks in north-central Whatcom County has the
paleontologic work been adequate to permit the assignment of
at least part of these beds to a definite stratigraphic position. It
has long been recognized that rocks of Cretaceous age oceur
in the Church Mountain area of Whatecom County and in the
Pasayten formation near the Canadian boundary. It has not
yet been demonstrated beyond question whether the beds are to
be assigned to early or late Cretaceous and it is entirely possible
that both epochs are represented. Fxcept in the San Juan Islands
no assignment on adequate basis has vet been made of any of
these marine beds to pre-Cretaceous zones in the Mesozoic. In
the Olympice Peninsula the inclusion of the Hoh formation intro-
duces an anomalous situation. The term Hoh was originally
assigned by Weaver to unfossiliferous, probably pre-Tertiary
beds along the west coast of the Olympic Peninsula, where they
were mapped along a wide belt parallel to the shore. Subsequent
study has shown that probably much of the coastal belt is not
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only fossiliferous but definitely Tertiary in age. An inland por-
tion of the original Hoh area has been left with the Mesozoie
and to it has been added the main mass of the Olympic Moun-
tain tract, rather careful reconnaissance having shown that only
rocks which can be so assigned are exposed there. At present
a lithologie criterion, together with the absence of fossils, con-
- stitutes the only means of separating the Mesozoic beds in the
Olympic area. Assignment of sedimentary rocks in the Sultan
Basin, as well as in Lewis and Yakima counties, is based on their
relations to the Tertiary and the absence of such extensive meta-
morphism as is apparently prevalent, if not universal, in rocks
of the Paleozoic. While there is perhaps little doubt that these
rocks belong somewhere in the Mesozoic, the absence of marine
fossils permits the suggestion that the beds may be continental.

Within the beds assigned to the Mesozoic marine group, cer-
tainly in the case of the Pasayten and the Olympic areas,
beds of nonmarine character are included. Interbedded string-
ers of coaly matter suggest short-lived swamps of small
area and with these the presence of land plants suggests con-
tinental conditions but does not eliminate the possibility of their
being marine. Within the Newaukum group in Lewis County,
certain limestones have been classed tentatively as fresh-water
in origin on the basis of the fauna enclosed.

In the Olympie Peninsula, the oceurrence, if not the genesis,
of the important manganese deposits is closely connected with
the rocks assigned to the Mesozoic marine group. Near the
outer margin of the Olympiec area, and to a much less extent in
the interior of the mass, are greenstones which represent the
slightly metamorphosed equivalent of basic flows of Mesozoic
time. The occurrence of ore near the contact of these basie
igneous rocks with the marine sediments is characteristic of
most, if not all, of the important deposits of manganese on the
Peninsula. Quite clearly, the results obtained from further
scientifie study of the stratigraphy and structure of these rocks
with special reference to their mode of deposition will be im-
mediately applicable to the manganese deposits. It should be
possible not only to determine the mode of origin of these inter-
esting ores, but to work out, also, methods by which exploration
for any deposits can be effectively prosecuted.

In the absence of any detailed stratigraphic studies of the
beds of the Olympiec Mountains, it is impossible to caleulate with
any satisfaction the probable thickness of this group. That it
runs into several thousands of feet is obvious to the casual ob-
server. It must be remembered that the repetition of beds
either by folding or by faulting makes possible the caleulation of
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extreme thickness which may be found to be many times that
actually present.

Lithologically, the rocks assigned to the Mesozoic marine
group show relatively few types. In the Olympiec Mountains, an
excessively monotonous series of interbedded sandstones and
sandy shales shows some variation in the content of sand, but
rarely approaches a pure sandstone on the one hand or a clean
shale on the other. The more carbonaceous phases commonly
show some development of slaty cleavage. The coarser clastic
zones include occasional but not abundant conglomerate phases.
Near the margin of the Mesozoic area limestones are widespread
but appear to be nearly confined to this zone, which may be
stratigraphically high in the series. The igneous phases of this
group already mentioned include gr ecnstone some of which ex-
hibits excellent ellipsoidal structme although this character is
not universal. The presence of ellipsoidal greenstone suggests
the outpouring of lavas into water in which the sediments were
being deposited. This common interpretation, however, is sub-
ject to correction since it has not been demonstrated that the
structure is developed only in subaqueous situations. As sug-
gested by their position in the mountainous parts of the State,
these Mesozoic beds are involved in relatively complex strue-
tures. Apparently all of the deformation to which they have
been subjected was under conditions of relatively light load, so
that the resulting structures are not complicated by internal de-
formation of the beds. Faulting is common, but in the absence
of stratigraphic details, it is impossible to even estimate the
amount of the displacements. In the Pasayten area, the lith-
ologic character of the rocks is more varying than in the
Olympic belt. Here the outstanding characteristics are great
thicknesses of coarse conglomerates and even greater thick-
nesses of fine clastic sediments more or less carbonaceous, which
give whole mountain slopes of black slaty rocks. Sandy shales
are less ecommon, although some even-grained beds have been
recorded.
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Mesozoie (?) acidic intrusives Mi

(Mount Stuart granodiorite, Chelan and Colville batholiths, and Loon Lake
granite. Mig, older gneissoid rocks, generally not separable, locally
mapped. Possibly some later intrusives included.)

DESCRIBED FORMATIONS INCLUDED UNDER Mi

Formation Region Authority
Cascade batholith .........c.uue. A0EH PAPRIIAL v viovv onstiiade mseiue Daly, R. A. 20
Cathedral granite ........covvevus $9th " Parallel . e vuiavaaens Daly, R. A. 20
Chelan granodiorite ........... PR 01111 1 4 I e R TN Waters, A. C. 64
Chilliwack batholith ............. 49th Parallel ......vue.aeiiens Daly, R. A. 20
Colville batholith .........ovvvvus Colville Ind. Res. .............Pardee, J. T. 43
Contact breecia ...........cc0.000 CREIEN| 5ivs i diassa b eaiars Waters, A. C. 64
Custer granite-gneiss ............ { L EA ST o o T e s B Daly, R. A. 20
Granite POYDRYTY ... vvvvnnnarsnn Stevens County¥ ............... Weaver, C. E. 68
Granodiorite ......viivvenenaiaia RepUbMO ouimvsvevvssssaseums Umpleby, J. B. 57
Index granodiorite .............. Snohomish County ............ Weaver, C. E. 65
Bhykormah | .oovnvinidievei i Smith, W. 8. 53
Kruger alkaline body ............ E9th Parallel icieesisvaess ey Daly, R. A. 20
Loon Lake granite .............. Stevens County .........oov0vn. Weaver, C. E. 68
CHOWRIARN «vovsvi s i wia e s vss gae Jones, R. H. B. 36
Meteor granodiorite .............. 49th Parallel .......ccc00cvsin Daly, R. A. 20
Mount Btuart .ouveweseee i Mount Stuart ................ Smith, G. 0. 50
Orient £h0elBs ...iiivrisvivaviaes Stevens County .... .. vevveens Weaver, C. E. 68
Osoyoos granodiorite ............ 49th Parallel ..... o0 piviins Daly, R. A. 20
Park granite .. v issaivisieesiear £ith: Parallel oo uadee i i Daly, R. A. 20
Quartz-adlorite: . i nmssses Snoqualmie .........v0iinvien Smith, G. 0., and
Calkins, F. C. 52
oL 1 S SRR S S 49th PArallsl . ..o e es e sbise Daly, R. A. 20
Rock Creek granodiorite ......... 49th Parallel ......oeeseensoss Daly, R. A. 20
Rock Creek gabbro-diorite ....... 49th ParallBl .. cu i due s s Daly, R. A. 20
Similkameen granite ............ 49th Parallel ... vci i omisems Daly, R. A. 20
BWRICRIG Lo fions i sm wii s waes CHBIATYL e wuiidimi & s sk Waters, A. C. 64
Tye soda-granite ................8kykomish ....... ..o iiius Smith, W. 8. 53

Description.—In this group belong the great mass of ‘‘gran-
ites’” of the State of Washington which show granitic character-
istics, coarse texture and relatively light-color, although but
rarely is the true petrologic character of a granite exhibited by
these rocks. With the few true granites, therefore, are the great
masses of related rocks of similar origin; the granodiorites,

" monzonites, syvenites, and diorites. Only the most basic of the
intrusive rocks are separately shown on the preliminary geo-
logic map. The granitic rocks are of great importance, not only
because they are found over so great an extent in the northern
counties, but because they are closely related to almost all of
the known deposits of ores. A glance at the geologic map shows
that rocks of this group predominate from the Idaho line west-
ward to beyond the crest of the Cascades. It should be pointed
out that, as indicated in the discussion of Tertiary intrusives,
there are presumably included in this area a great many masses
of variable size of Tertiary injections whose relations to the
Mesozoie granitic mass, while recognized, have not been worked
out in sufficient detail to permit their separation on the geologie
map. Indeed, it seems probable that in some instances the
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interfingering of these two intrusives is so intricate as to defy
mapping on any practicable scale whatsoever.

The outstanding characteristic of these acidic intrusives is
perhaps their size. Although individual outcrops are frequently
small, the obvious continuity beneath a relatively thin cover, as
shown by structural and chemical characters, brings out
sharply that we are here dealing with masses of unusual dimen-
sions. The Loon Lake granite, for example, a name assigned
to these rocks in southern Stevens County, is found to extend
not only throughout much of Stevens County, but eastward in-
definitely into Pend Oreille County, southward into Spokane,
and westward into Ferry, where it does not appear on present
data to be distinguishable from some phases of the Colville
batholith. This Colville mass, in turn, not only has no recog-
nized division on the east to separate it from the Loon Lake
granite, but is not readily distingnished from phases of the
Cascade batholith and related rocks to the morth in Ferry
County, and has in the wide stretches of Okanogan County to
the “e‘st only the most vague semblance of a boundarv between
it and Swakane and Chelan batholiths of Chelan County.
The same situation obtains still farther west and north where
batholithic masses of diorite are found from the vicinity of
Palmer Lake westward over the Cascades and into the upper
Skagit Valley. It is not intended to suggest that the batho-
lithic masses with which we are dealing are mnot distinet
nor that they are all phases of one tremendous infrusion.
Rather, it is to be pointed out that the rocks are of such simi-
larity in their individual lithologic and structural variations
that nothing short of extremely comprehensive as well as de-
tailed study will serve to separate them into the igneous units
which presumably compose them. The list of names of intru-
sive bodies given above is, therefore, to be taken largely as a list
of the regions in which rocks of this general type have been
found. It will be some time before the detailed relations will be
understood, since the study of these rocks constitutes one of the
most difficult phases of geology.

For identical reasons the separation of the Mesozoic from
the later intrusive masses will be delaved until much detailed
work has been completed. As indicated under the description of
Tertiary intrusive masses, it has seemed better to introduce into
this group those southern extensions of certain stocks and
batholiths which were quite definitely placed in the Tertiary
along the Canadian boundary by Daly. Present data do not
permit the separation of these rocks from the older intrusives,
and no good end would be attained by the introduetion of arbi-
trarily placed boundaries.
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Structure—Discussion of the structure of the Mesozoic
acidic intrusives involves a series of more or less theoretical
considerations for which there is no place in the present report.
It has already been pointed out that, in the main, there seems to
be some basis for distinguishing the Tertiary from earlier intru-
sives on the basis of the presence of banding in the earlier rocks.
It can probably be shown that there are exceptions to this gen-
eralization, both in the presence of banded Tertiary intrusives
and in the occurrence of Mesozoic acidic intrusives in which no
banding is apparent. In general, nevertheless, as would be ex-
pected from their greater age, the rocks assigned to this group
appear to have been subjected to extensive deformative stress
under sufficient load to have produced an internal rearrange-
ment of the mineral constituents, which has resulted in a more
or less definite regular banding of light and dark constituents.
In the less metamorphosed phase, the banding is practically an
alignment of the dark minerals, mica, biotite, and hornblende.
In the more extremely metamorphosed phase, the light-colored
‘constifuents have, likewise, been reorganized, thus providing a
more striking banded effect. The tremendous size of these
masses, particularly below the surface at which they are exposed,
precludes the possibility of their being involved in the ordinary
warping or folding which affects sedimentary rocks. On the
contrary, they have usually served as buffers in regional de-
formation, thereby concentrating the effect of stresses in the
sedimentary rocks associated with them.

Mesozoic continental strata Me

(Winthrop, Sheep Creek_and other sedimentary rocks of reported Mesozoic age.)
DESCRIBED FORMATIONS INCLUDED UNDER Mec

Formation Region Authority
Sheep CreeK .ocvevevevnnannns Stevens CoinEY v wsvnsasams s Weaver, C. E. 68
Vonture ...ecscssssssswsnsenss MELhOW VAUEY ovevvivausinsinss Russell, I. C. 46
WHIMBTOD 5 errsce o saimemad s Methow Valley ..:.cvivvinnsnnanss Russell, I. C. 46

Only three previously described formations are included in
the beds assigned to this stratigraphic unit. In addition, certain
beds in Ferry and Stevens counties have been tentatively as-
signed to this group. It should be kept in mind that these few
formations are not all of the continental beds of Mesozoic age
in Washington. Most groups of rocks designated as Mesozoic
marine formations in the State are known to have some con-
tinental strata interbedded with them. Only where the bound-
aries of the continental beds have been mapped in sufficient de-
tail do they appear on the present geologic map of the State.

This constitutes by far the smallest stratigraphic group of
all those mapped in Washington. Tt is, also, of less importance
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than any others. There is, indeed, some question about the
propriety of including some of these few beds in the group. For
example, the Sheep Creek conglomerate appears to be contem-
poraneous with part of the Rossland volecanics. Elsewhere,
other similar beds known to be contemporaneous with the Ross-
land group are included with the voleanic rocks for mapping
purposes. While some of these formations are locally as much
as 900 feet thick, they are not extensive at the present time and
may never have been. It seems not unlikely, therefore, that
future work will reveal the desirability of placing the Sheep
Creek beds with their correlative voleanie rocks in the Rossland
series.

The Winthrop formation, placed in the Cretaceous on the
work of Knowlton on fairly adequate collection of plant re-
mains, can without hesitancy be assigned to this unit, there
being no evidence of marine origin. Russell’s Ventura beds,
“‘lithologically and structurally distinet’” from his Winthrop on
the east, are also included.

Two small areas east of Curlew Lake in Ferry County have
been tentatively assigned to the Mesozoic. The evidence for this
designation is merely suggestive and quite inadequate when
carefully serutinized. The relation of these rocks to the Paleo-
zoic sediments is not known. They are, however, clearly older
than some of the andesitic beds assigned to the Miocene volecanie
group.

Little more secure is the designation of Mesozoic for certain
beds shown on the State map in the Colville quadrangle. No
fossils have been discovered in these beds. They are not readily
assigned either to the Tertiary on the one hand or to the Car-
boniferous on the other, and hence are tentatively placed with
the Mesozoic continental strata.

The foregoing qualifications make it clear that the beds in-
cluded in this map unit do not constitute a clearly defined strati-
graphic unit and that, therefore, considerable variation is to
be expected. As a matter of fact, neither variation nor uniform-
ity ean be held of significance for these formations. The clasties
are generally coarse, although the beds near Curlew Lake in-
clude some limestones and argillites. The Winthrop beds are
predominately arkose, while the Sheep Creek is almost entirely
a water-worn gravel. An association with the voleanic rocks,
which is at least geographical if not genetie, appears to be the
one common characteristic of all of the beds assigned to this
unit.
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Mesozoic (7?)basic intrusives Mhi

(Peridotite, dunite, and serpentine; pre-Tertiary.)
DESCRIBED FORMATIONS INCLUDED UNDER Mbi

Formation Region Authority
Ashnola gabbro .............. 49th. Parallel ... e Daly, R. A. 20
Baslc compleX ......icsvvevee 49th Parallel .........ouiimsnsns Daly, R. A. 20
Basic intrusives .............. ChODEKA 5ntireh st 5 et stz e Smith, G. O. and
Calkins, F. C. 51
Hagle CHff ...........oc.000000n San Juan Islands ................ McLellan, R. D. 38
BIABIED s s i e S A e San Juan Islands ............d0.. McLellan, R. D. 38
GRLBIO. v e Palmer Lake .......covovnvivanans Umpleby, J. B. 5%
Peridotite ...........ccoveuuee Mount Btuart ..............0000. Smith, G. 0. 55U
Bnogqualmie. ... .. v e e v Smith, G. 0. and
Calkins, F. C. 52
Barpanting:. .. oo vy Btevans County .i.ceveiiviviiia Weaver, C. E. 68
Turtleback complex ........... San Juan Islands ................ McLellan, R. D. 38

Formations assigned to this group occupy a small total area
in the rocks of the State, although not less common in oceurrence
than is usual in relation to the abundance of intrusions of
acidic type. The smallness of area, however, is no indication of
the relative importance of these rocks. As is usual in such
cases, the interest has both scientific and economic aspects. The
scientific interest is, of course, with reference to the mode of
formation of these rocks of relatively rare chemical composition.
Their economic importance is in connection with the substances
which they may contain. Platinum, nickel, and chromite are
genetically related to these rocks and hence lend importance to
them. Dunite, the high-olivine variety of the basic intrusives, is
valuable in itself. In addition, serpentines of many types, tale,
and such rare minerals as meerschaum are derived by alteration
of certain of these rocks. All of these substances are commer-
cially valuable.

Distribution.—The recorded occurrences are confined to six
localities: Mount Stuart area, San Juan Islands, Mount Baker
area, the Ashnola area, including both the gabbro and the basic
complex, Chopaka, together with the Palmer Lake gabbro, and
the Kettle River area at the Canadian line. Of these occur-
rences, only that on Sumas Mountain in Whatcom County is un-
mapped, its small size precluding its introduetion. There is,
also, an unmapped extension of the Chopaka intrusive area on
the east side of the Similkameen near Ruby. It is, perhaps, un-
likely that any large mass of rocks which belongs in this group
has escaped notice. It is entirely probable that small ones yet
remain to be reported.

Such rocks comprise the darker, chemically basic phases of
the intrusives. They are composed predominantly of iron and
magmnesinm minerals, augite, hornblende, olivine, and associates.
In the case of gabbro, such feldspars as appear are of the high-
lime type. The metallic content is an important feature. The
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more basic rocks may carry magnetite or other iron oxides with
or without platinum, chromite, or nickel.

Alteration produces characteristic rock masses in which tale
and serpentine with other magnesium minerals, like meer-
schaum, are associated with the iron and other metallic altera-
tion produets.

The relations of these basic formations to other intrusives is
not always clear. They are definitely not considered to be re-
lated to the immediately adjacent granitic intrusiong in the case
of the rocks in the Chopaka, Ashnola, Mount Baker, or Mount
Stuart regions. For some of these basic masses, their pre-
Tertiary age seems to be the only relation definitely established.

Structure—There are no structures which may be con-
sidered characteristic of these basic intrusives. Mount Stuart
serpentinons masses show abundant shearing which produces
glistening surfaces on fresh fragments. Ibl%ewhere the rocks are
not so pr ommenﬂy sheared, and in the Ashnola gabbro particu-
larly, the basie rock seems to have resisted deformation more
successfully than the adjacent clastie rocks.

PALEOZOIC FORMATIONS

The rocks of this era are presented in three groups, two of
sedimentary formations and one of volcanies. Although very
widely distributed over the State and known since the earliest of
geologic work was undertaken, their struetural and strati-
ﬂ'raphle complexity is so great that study of them has been left
generally in favor of the more readily 11}1derstood Tertiary and
Mesozoic formations. Nor is this surprising in view of the fact
that in the beginning none of these groups were known; and it
is commendable that the earliest do[alled studies were, in a
majority of instances, confined to the sedimentary and associ-
ated igneous rocks, so that the study of the complicated features
of the Paleozoic rocks might be aided by that information.

There is ample evidence that there are present, within the
State, rocks representing most of the larger subdivisions of the
Paleozoic from Cambrian to Permian. Distinctions between
these groups are largely dependent on the evidence of marine
fossils. The difficulties in the way of paleontologic work in these
beds are indicated by the fact that in 1920 Weaver characterized
all of the formations of the Stevens series as ‘‘certainly nonfos-
siliferous.”” Within the past decade an excellent start has been
made in the discovery of diagnostic types, and fossils have been
identified from at least forty-four localities within the Stevens
series and its extension into the Metaline distriet. These col-
lections, important as they are, still do not serve to define the
-ubdn'1<=10nb of the Paleozoic sedimentary formations. These
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must still be supplemented by painstaking detailed field studies
before any of the separate S‘rrﬁhm’ap!nc units can be mapped
satisfactorily.

Because of this situation, Paleozoic sediments have been
placed in two divisions which are mutunally inclusive.

There is only one older sedimentary unit mapped in Wash-
ington, and it is of such limited extent that for most of the State
these Paleozoic strata are the oldest rocks from the San Juan
Islands to the most southeastern township of Asotin County.

The most common distinguishing mark by which these heds
are recognized is the degree of dynamlc metamorphism they ex-
hibit. The original sands, silts, and muds are now completely
solidified and to a large extent I‘E'C'I“'Sfalll?(’tl to form quartzites,
argillites, slates, and marbles, with many more highly sheared
ph‘meq_ pmperl_v classed as schists.

In noting the three larger areas into which these Paleozoic
sedimentary formations may be geographically grouped, the
hundreds of smaller areas, many too small to bhe shown on the
State map, must not be lost sight of. Tnspection of the map
shows one of these larger areas extending from San .Juan
Islands east and south over the erest of the Cascades at Sno-
qualmie Pass. A second occurrence occupies a medial position
in northern Okanogan County. A third area, the largest but
least continuous, may be drawn to include the region from the
San Poil Valley to the Tdaho line.

Carboniferous and older Paleozoic sedimentary rocks Pe

(Peshastin, San Juan series, and Gunn Peak. Some metamorphosed sediments
and volcanics of Mesozoic (?) age included.)

DESCRIBED FORMATIONS INCLUDED TUNDER Pe

Formation Region Authority
Anarchist serfes ............0. 49th Parallel ....coovvvvnesvnn Daly, R. A. 20
BN, s rmfusicp i e R g 49tH Parallel .o enonssming Daly, R. A. 20
ChWaoK v vemvsvsmasises A9t Parallel ..o viisiees Daly, R. A. 20
Whatcom County ...........0. Crickmay, C. H. 18
IR o i A RS Al $9th Perallel . liaeasieindiem Daly, R. A. 20
G Pealt v vvuiieatiine e s Idest wisip e ilEa e S G Weaver, C. E. 65
HOZRMBBNL i v e diidianse s $9th Parallel .. ves e v oeses Daly, R. A. 20
Paleozoie metamorphics ....... Okanogan County ............ Umpleby, J. B, 58, 59
Peshastin .......oovvvennnnnnn Mount Stuart ........... 0000 Smith, G. O. 50
Skykomish ......covviv00eee..Smith, W. 8. 53
San Juan series .............. San Juan Islands .......000000 MeLellan, R. . 38
Twin Falls ......coovvuvnusis Cedar Lake ......viievivaniaann Fuller, R. E. 25
Cambrian, Ordovician, and younger Paleozoic sedimentary rocks Poe

(Stevens, Covada, Metaline, and miscellaneous Paleozoic sirata. Some pre-Cam-
brian rocks may be included.)

DESCRIBED FORMATIONS INCLUDED UNDER Poe

Formation Region Authority
Covada ....ovevvivinnananns ++Colville Ind. Res. ............ Weaver, C. E. 66A
Pardee, J. T. 43
Pend Oreille schist ............ £0th PRralle] .5owa s s snein Daly, R. A. 20
Pend Oreille limestone ........ 49th Parallel ................. Daly, R. A. 20

Stevens serfes .......icivunnns Stevens County ......iic0ivas Weaver, C. E. 68
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In the absence of the recognition of mappable groups of
strata belonging to specific periods within the Paleozoie, it has
been found helpful to suggest the position of these rocks in all
parts of the State by classifying them either as Carboniferous
and older or as Cambrian, Ordovision, and younger. Ad-
mittedly a temporary expedient, this procedure has the advan-
tage of taking into consideration the results of all paleontologic
work to date. In a large number of instances, some diagnostic
fossils have been identified from one or more beds exposed
within a given area.

Reference to the map shows that the majority of the early
Paleozoic strata are in the eastern part of the State, while those
in the western part are largely referred to the group Carbon-
iferous and older. This may be roughly accurate, but strati-
graphic data already available indicate clearly the probability
that each of these groups as now mapped will be found to in-
clude not only mid-Paleozoic strata but those of both early and
late periods as well.

Familiarity with the rudiments of stratigraphic and strue-
tural work will make clear that no accurate estimate of thick-
ness of these beds can be formulated on present information. It
cannot be doubted that several thousands of feet of strata are
present.

Structurally, the rocks of these two units are the most highly
complex of any in the State. While the dips exhibited are com-
monly low over considerable areas, as in Ferry and Stevens
counties, the close association of these with areas of localized
but intense dynamic alteration makes it clear that as a group
these beds have been deformed under high pressures. These
were presumably induced by the very thick overburden of rocks
long since removed by erosion. Indeed, it is proper to regard
all of these masses of Paleozoic rocks as remnants of thick and
geographically extensive sedimentary and voleanic series. In
this connection, it should be noted that the wide areas of granitic
rock spotted with scattered small areas of Paleozoic sedimen-
tary rocks characteristic of the Okanogan Highlands province
has resulted from the stripping of the sedimentary cover from
the intrusives by the ordinary processes of erosion.

Paleozoic voleanies Pv
(Hawkins formation and undifferentiated greenstones of Stevens series.)
DESCRIBED FORMATIONS INCLUDED UNDER Pv

Formation Region Authority
Chewelah argillite, greenstone
PHASD sv.vsserisssnssoessns Chewelal . oiiisviasooiss s Jones, R. H. B. 36
Hawkinsg «voovevevrrrssssssnsas Moant Stuart ....csssrassomvres Smith, G. 0. 50

Snogualmie .......cvciiienininans Smith, G. 0., and
’ Calkins, F. C. 52
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The rocks of this stratigraphic unit are insignificant in area
and importance. Here included are rocks of two areas only:
the Mount Stuart quadrangle in the Cascades and the Chewelah
quadrangle of Stevens County. These formations in both in-
stances have been studied in considerable detail and have been
placed rather definitely with the rocks of the Paleozoic era.
Otherwise, they could as well be classed with the unit of Undif-
ferentiated volcanies (uv) which presumably already includes
some Carboniferous volcanies which have been neither recog-
nized nor areally delimited.

The Hawkins formation is in the Mount Stuart region,
where it appears comformable with the Peshastin formation, the
two being referred on a lithologic basis to the Carboniferous.
Of small extent areally, and of undetermined thickness, the
Hawkins seems, on present data, to be an unimportant part of
the Paleozoic section. It shows the usual deformation of the
Paleozoiec rocks of the Mount Stuart area and is intimately
intermingled with the Peshastin beds. The Stevens County area
of these rocks is of about the same importance. Here voleanic
beds are considered as a phase of the Chewelah argillite which,
as mapped by Jones, constitutes an important unit of the
Stevens series and presumably belongs well down in the Pa-
leozoice section. Quite obviously, there is no possibility of sug-
gesting a reasonable correlation between the Hawkins and the
Chewelah greenstones, although the latter is the more definitely
fixed of the two.

PROTEROZOIC FORMATIONS
(Pre-Cambrian)

These, the oldest formations of all, include only a limited
number of rock masses. Although early work in Washington
indicated the presence of rather extensive areas of such rocks,
later studies have shown that, in spite of apparent antiquity
suggested by a high degree of metamorphism, practically all of
the rocks so designated are actually younger.

Highly metamorphosed rocks, undifferentiated p-€

(May include some Paleozoic rocks.)
DESCRIBED FORMATIONS INCLUDED UNDER p-€

Formation Region Authority
Ripple
Beehive
Dewdney
Wolf i9th Parallel o ivcsvivaisspidviaiingesiion Daly, R. A. 20
Monk

Irene volcanies

The deseription of this stratigraphic group is self-explana-
tory as to the character of rock formations included. The beds
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placed here comprise only those rocks whose degree of meta-
morphism is such that they can hardly be classed with the Pa-
leozoic rocks. In general, their relations to the Paleozoic sedi-
mentary series are obscure.

Distribution.—Only the northeast part of Pend Oreille
County shows rocks of this age. Here they constitute a south-
ern extension of rocks mapped by Daly along the Forty-ninth
parallel near the Washington-Tdaho line. The Summit series,
of which these formations are a part, Daly considered essenti-
ally equivalent to the early Cambrian and the late pre-Cambrian
or Belt of Montana. Walker, working in the area north of the
Forty-ninth parallel, has subsequently reached the conclusion
that all of this group of beds is to be considered pre-Cambrian.
This accords with the results obtained in preliminary studies
south of the line, and these metamorphic sedimentary rocks are,
therefore, mapped as pre-Cambrian.

The area here included extends from the extreme northeast
corner of Pend Oreille County past Sullivan Lake to the flood
plain of Clark Fork west of Molybdenite Mountain. Outside of
this limited area there are probably additional masses of quart-
zitic and schistose rocks which study will show are to be classed
with the pre-Cambrian unit. It is recognized that the Paleozoic
group of rocks lies in a marginal position with reference to pre-
Cambrian rocks reported in northern Idaho. In view of the ex-
treme deformation to which these Paleozoic rocks have been
subjected, it is reasonable to expect that pre-Cambrian rocks
will be found not only in places along the east margin of the Pa-
leozoies, but also within the main mass where they may have
been brought up by folding and exposed at the present surface
by erosion.

East of the Washington-Idaho line, Daly mapped the Irene
conglomerate, the oldest of his Summit series. Unconformably
below the Summit series, on the east he mapped his pre-Belt
group, which he named the Priest River terrane. No corre-
sponding subdivision of the pre-Cambrian rocks into Belt and
pre-Belt has been attempted on the present map, although the
accumulated data show that such subdivision is entirely prac-
ticable on maps of larger scale. Indeed, in the southeastern
portion of this pre-Cambrian area are beds which presumably
constitute southwestern extensions of both the Irene conglom-
erate and the Priest River terrane of Daly.

Description.—In general, the rocks of this unit are similar to
those assigned to the Paleozoic groups. In so far as they are
referable to a sedimentary origin, the original characteristics
have all but been eliminated by recrystallization and by the
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development of platy structures. In so far as an igneous origin
for certain masses is indicated, the original features are largely
concealed by the secondary structures always developed under
conditions of extreme metamorphism. The schistose rocks of
the series are particularly striking with the abundance of mica
which gives them a glittering aspect not presented by any other
rock type. Thicknesses have not been satisfactorily estimated
in the boundary area, but certainly several thousands of feet of
beds are included.

Structure—Determination of details of structure is totally
dependent on the stratigraphic determinations and can, there-
fore, be suggested in only the most general terms. Needless to
say, these ancient rocks have been subjected to all of the folding
which has affected rocks of younger age and have undergone
earlier deformation besides. This has resulted in the high
degree of metamorphism shown and introduces many compli-
cating factors which interfere with the satisfactory working out
of both stratigraphy and struecture. Relatively late in their his-
tory, it seems probable that these rocks were subjected to severe
faulting, but here again, details must await further field inves-
tigation.
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SUMMARY OF GEOLOGIC HISTORY

In considering the historical geology of Washington, the
reader should keep in mind certain basic ideas. There are just
three of these: (1) that all land masses are subject to very slow
changes in level which at times bring them below sea level and
Ll‘rer may bring them above sea lev el (2) lands above sea level
are 11111\'01.‘?-'111}' eroded by rivers, wnds, and other agencies;
(3) lands submerged beneath the sea are invariably the site of
deposition of sediments carried from the adjacent lands.

It will be recognized that changes in level are rarely con-
fined to areas within political boundaries and hence that if all
of what is now eastern Washington was submerged, adjacent
parts of Oregon, Idaho, and British Columbia were also sub-
merged. The geologic record is thus one of slow erosion of land
masses with accompanying deposition of sediments in marine
waters while they are spread over the land. Accompanying both
phases may be the introduction of igneous rocks either as sur-
face voleanic formations or as infrusives from below in masses
of extreme variation in shape and size.

It follows that the more complete the depositional record,
the better is known the detailed series of geologic events. On
the other hand, while the erosional phase le‘wes a record of the
wearing away of the land, at the same time it causes a loss of
some of the pre-existent rock record.

Deciphering the geologic record of an area as large as the
State of Washington is itself no small undertaking. When there
is introduced the wide variety of geologic features in different
parts of the State, the difficulty of the task is greatly increased.
If there be considered the additional serious factor of inadequate
records, of missing pages in the geologic book, so to speak, the
real formidability of the task becomes apparent.

It is with these points firmly in mind that this brief histori-
cal summary is prepared, and the reader is forewarned as to the
character of the chronicle which must be evolved under these
conditions. A surprising number of facts are definitely estab-
lished, but there are many for which search is still being made,
and this situation interferes with the presentation of the history
as a continuous series of events. The reader will, therefore,
anticipate gaps in the record which cannot now be bridged.

In order that essentially related sequences will not be lost in
a maze of discussion, controversial points will be touched upon
only lightly. This procedure, advantageous though it is, still
must be recognized as relatively inaccurate, since it is not pos-
sible to avoid a certain amount of arbitrary interpretation.
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It will be helpful in obtaining a clear understanding of the
geologic history of Washington to have the time relations well
in mind ; hence frequent reference to the time scale presented in
the introduction will aid those whose memory of the geologic
column is inadequate.

As was noted in the section on the rock formations mapped
in Washington, all four major time units are represented by
one or more formations. There are many more formations
known for the later than for the earlier of these four time units.
This is not because of any greater number of geologic events in
later eras, but simply because our knowledge is greater in
regard to the more recent happenings, while those of more
ancient time are clouded in obscurity. Since the nature and
character of later events were determined by those which pre-
ceded them, it will be advantageous to begin with the earliest
part of the record, coming on down through geologic time to the
present. So we start with the oldest era, usunally known as the
Proterozoic.

PROTEROZOIC ERA

As might be expected, the record of this very early time in
geologic history is not only incomplete but only interpretable
with difficulty. It appears almost certain that two epochs are
recorded: one by the rocks referred to the Priest River terrane;
the other by those referred to the Belt, a later section of the pre-
Cambrian column. Both names come from rocks of similar
character and age to the east in Idaho and Montana, respec-
tivelyv. From the Priest River group, it is recognized that both
sedimentary and igneous rocks were being formed in that
ancient time. Presumably, the area which furnished the sedi-
mentary materials lay east of the Idaho line, and all of north-
eastern Washington was beneath marine waters. When more
is known of the geology of this ancient time, it may be found
that another land mass lay off to the west, possibly in the zone
now covered by the Pacific.

During the subsequent epoch, the Beltian, the sea was also
over the area of Washington, perhaps with land masses simi-
larly situated to the east and to the west. Between these two
epochs, however, was a long period of time during which the sedi-
mentary rocks of Priest River time were consolidated, uplifted,
and subjected to erosion. This interval is suggested by the un-
conformable relations which appear to exist between the two
groups of rocks. During each of these epochs, in addition to the
formation of sedimentary deposits, it appears there was in-
trusion of granitic masses. These rocks are now altered to
gneisses, just as the earlier sedimentary rocks of both epochs
are metamorphosed to highly sheared forms, the schists of the
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Pend Oreille region. These changes in the formations are so
great that it is by no means clear in some instances whether the
rock originally was sedimentary or igneous.

Briefly, then, our knowledge of these early times suggests,
therefore, that during at least two epochs the sea spread over
the land and permitted the accompanying formation of sedi-
ments brought down from still older land masses nearby. In
each epoch there appear to have been granitic intrusions, also.

It should be noted in passing that this simple sequence of
events demands a tremendous lapse of time. As will he more
clearly seen in later sections of our geologic history, these events
involve not only long periods of erosion of pre-existent lands
with accompanying deposition of great thicknesses of sediments,
but the subsequent elevation of these formations into land
masses and the later wearing down of them in turn. Many mil-
lions of years and a vast number of geologic events, inferred
but unchronicled, are necessarily involved. All this took place,
so far as we know, before the earliest rock formations bearing
known traces of life were formed. It is certain, nevertheless,
that life had its beginning in this early time, and we may con-
fidently look forward to the discovery and recognition of some
of these early forms.

PALEOZOIC ERA

For this era the record in Washington is not only more
abundant, but it is much clearer than in the preceding or pre-
Cambrian era; and while the record for the Proterozoic is con-
fined to a very small area in Pend Oreille County, that for the
Paleozoic is spread over at least the north half of the State from
the Idaho line to the San Juan Islands. There is definite evi-
dence that in the Cambrian period and again in the Carbon-
iferous period marine conditions obtained over large areas, if
not over all of the northern part of the State. Whether these
waters covered the area to the south is problematical. There is,
certainly, no reason to think that they did not, particularly since
there are many exposures of these rocks along the whole eastern
boundary of the State. Yet all rocks which would have been
formed farther west in these seas are, if existent, buried below
great thicknesses of younger beds.

When the vast extent of time represented by the Paleozoic
rocks is taken into comsideration, it is readily understood why
it is not possible to indicate briefly the conditions existing dur-
ing the Paleozoic; nor is it possible to present the geography of
the era. Quite clearly, conditions changed during these hundreds
of millions of years, what was land at one period being sub-
merged by salt water at another. Much more detailed knowl-
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edge of these formations will be necessary before even a good
beginning on the geographie changes can be made.

Meanwhile, it is of value to note that there is at least a sug-
gestion that during the earlier part of the Paleozoic, sediments
were being deposited in marine Watcrs in the northeastern quar-
ter of the State. Later in the era similar sediments were being
deposited in marine waters west of the present Cascades. In
mid-Paleozoic the record is not so clear, and it is at least pos-
sible that there was a wide-spread emergence of the land during
some part of Silurian or Devonian time.

Until much more adequate record of the fossils contained in
these beds has been made, it will be quite impossible to de-
termine whether the submergence during the early or later Pa-
leozoie represented a marine invasion from north, southwest, or
west; but it is not unlikely, in view of our knowledge of the
geographic changes in North America as a whole, that the in-
vasions were from the north rather than from the west in both
instances. Discussion of the evidence for this and other similar
generalizations has no place in this report and will be considered
in Part II. As indicated above, the record of life of the Paleo-
zoic is entirely marine. Such fossils as have been found, includ-
ing a considerable variety of trilobites, graptolites, crinoids,
bhryozoa, corals, and less well-known forms, record the presence
of waters which were in places clear, in others muddy, probably
generally temperate, and rarely if ever of any great depth.
Reef-building forms appeared from time to time dumw the Pa-
leozoie, leaving their structures incorporated in the massive
limestone formations from one side of the State to the other.
Abundant as they are, the paleontologic data are still inadequate
for the formulation of any general conclusions as to the land-sea
relations during the several periods of the Paleozoic era.

The rocks of the Paleozoic appear on the geologic map in
relatively small patches exeept in western Skagit and Sno-
homish counties. The many isolated rock masses standing as
prominent hills on the lowland flats in western Skagit County,
together with a considerable number of the ontstanding ridges,
have remnants of these Paleozoic sediments making up a large
part of them. The large limestone mass in Okanogan County
north of Riverside and the ridge in Stevens County known as
Huckleberry Mountain, together with Stensgar Mountain, Old
Dominion Mountain, and Mount Abercrombie, are all composed
of these Paleozoie rocks. In many another situation, however,
they are much less conspicuous, oceupying valleys where they
are exposed only through active stream erosion.

During the later part of the Paleozoic era, much, if not all,
of the area of Washington was submerged beneath marine
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waters, Carboniferous limestone and related rocks being found
rather generally in the northern half of Washington as well as
in adjacent parts of British Columbia and Idaho.

MESOZOIC ERA

During the early part of the ensuing Mesozoic era, all of this
region was probably mountainous land. Only at the western
margin was there any continnous marine dopnmtmn The ab-
sence of great areas of marine sedimentation does not leave us
without a record of some important geologic events in the early
Mesozoie. Sometime after the last of the Paleozoic sedimenta-
tion in the Okanogan and Cascade provinces came the intrusion
of great batholithic masses into the Paleozoic rocks. Coming to
rest after working their way up from depths of many miles,
these intrusions did not reach to within several thousand feet of
the surface. Under a thick cover of the sedimentary beds they
cooled slowly enough to permit cerystallization into the granitic
rocks so common in northern Washington.

Tt is only through the later erosion of this great thickness of
rock cover that the presence of the granitic mass beneath has
been revealed. Such areas of these older sediments, now quart-
zites, slates, schists, and marbles, as are to be found throughout
most of tho Okanogan province should be recognized as being
the last remnants of this cover. In reality, they are parts of the
roof of these molten masses which were infruded from below at
this time.

Further encroachment by the sea ocenrred rather late in the
Mesozoic era. There resulted deposition of great thicknesses of
sediments, mainly muds and sands, with little limestone. This
Cretaceous deposition was apparently confined to the western
half of the State but is known definitely to have ocenrred in what
is now the northern Cascades area, the San Juan region, and ad-
jacent lands to an indefinite distance southward. Probably the
rocks making up the central Olympic mountains province were
formed at this time. Here, too, is recorded the extrusion of
some flows of basaltie lava.

In eastern Washington, while most of the region was being
eroded, there was, presumably, some continental deposition such
as that recorded by the Sheep Creek conglomerate and other
beds in Stevens County.

Both in the Olympic and the Cascade areas marine condi-
tions, although generally maintained, were interrupted by short
periods when the land was slightly above the sea level, giving
rise to deposits in swamps and rivers. The carbonaceous inter-
beds of both these regions record such conditions.
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The Mesozoic era seems to have been closed by a general ele-
vation of at least those parts of the State which had been the
site of marine deposition during the Cretaceous period. To
what extent the uplift affected the rest of the State can only be
conjectured. This part of the history is written in the sedimen-
tation, both marine and continental, which took place in the sue-
ceeding period, the Tertiary.

It seems entirely possible that the essential features of the
physiographic provinces as we know them today in Washing-
ton were initiated before the opening of the Cenozoic; but this
cannot be substantiated until the record of Tertiary events is
better known.

The record of Mesozoic life is apparently scanty. A few
marine fossils and locally abundant ferns and related plants
comprise the forms known to date. What little information is
available suggests a range in climate from humid in the west
half to distinetly more arid in the east. This indicates faintly a
barrier of mountains in the Okanogan region which provided a
control of climate similar to that exercised by the present Cas-
cade belt.

CENOZOIC ERA

The Cenozoic era includes all geologic time from the Meso-
zoic down to and including the present. Although there is some
slight disagreement as to nomenclature for the subdivisions of
this era, it is generally agreed that there are two major periods,
the Tertiary and the Quaternary. The earlier period is sub-
divided into the Kocene, Oligocene, Miocene, and Pliocene
epochs, while the latter is resolved into the Quaternary and the
Recent.

The marine beds of the Tertiary are apparently restricted to
the first three epochs, none having been discovered that are as-
signable to the Pliocene. The continental beds of the Tertiary
are less definitely placed stratigraphically, being generally re-
ferred to the Focene and to the Miocene epochs. It is wholly
probable that the final story, when worked out, will reveal that
deposition was taking place during all four epochs more or less
continuously both heneath marine waters and on the adjacent
lands.

In the FEocene, the sea encroached upon the land area of
Washington from the west, extending eastward at least to the
central part of the Puget Sound province. It covered practically
all of this area except perhaps the central part of the Olympic
Mountains province where the uplifted Mesozoic beds may have
formed an island in the advancing seas. Upon this submerged
area was deposited a considerable thickness of richly fossilif-
erous sands, silts, and muds.
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East of this shore the land was apparently low. This is in-
dicated, first, by the presence of many swamp deposits with
workable coal beds, and second, by the frequent incursions by
the sea for short distances inland giving a series of marine beds
interstratified with continental beds. This shifting of the shore
line, of course, gave rise to the same sort of interbedding in the
seaward region, where the marine beds predominated. Typical
Eocene marine sections show as much as 25 per cent of these
continental beds.

An interesting feature of the events of this time was the in-
troduction of sheets of basaltic igneous rock into the sedimen-
tary series both as flows on the surface and as sills intruded into
the series after their deposition. This appears to have been the
case particularly in the coastal zone, but certainly took place in
the interior region as well. The prominent hills of the Willapa
province are largely made up of the basalts which were poured
out at this time.

In the northeastern part of the State are a few small areas
of sandstones and shales which may have been laid down during
the early part of the Cenozoic. They have tentatively been as-
signed to a time somewhat later than the Puget epoch but belong
in the Tertiary period rather than later in the Cenozoic.

The submergence of the western part of the State was a
matter of slow progression, the earlier beds lying farther west,
the later, nearer the ultimate shore line in the Puget Sound
depression. In the same way the beds of the Puget series seem
not to have been exactly contemporaneous with the Chuckanut
beds farther north. The fossil evidence for this is not con-
clusive and the relations cannot be stated with certainty. It may
be noted that there seem to be fewer masses of basaltic lava in-
cluded in the early Tertiary sections of the northern counties
than in those nearer the Columbia River.

During the Oligocene epoch, marine waters continued over
the major part of western Washington, again with the exception
of the Olympic Mountains. The eastern margin was about the
same as during the earlier epoch, but it probably continued to
show slight variations in position. Probably the higher land
masses continued to be subject to erosion, but no strata of this
epoch have been recognized among the continental heds of the
State.

Of particular interest are the fossil plants and animals of
these first two epochs of the Tertiary. The marine beds of the
Chehalis Valley are abundantly fossiliferous as are those along
the Cowlitz River in the vicinity of Vader.

Most sections of the coal-bearing formations of Washington
include some beds earrying abundant fossil plants representing
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the Eocene epoch. The shales and sandstones along Chuckanut
Drive in Whateom County and others on Swauk Creek in
Kittitas County show superlatively fine examples of fossil ferns
and palms.

During the Eocene, also, were deposited most of the valuable
shales in King County as well as the sandstones quarried in
Thurston and Pierce counties.

It appears probable that about mid-Tertiary there was an
uplift of some parts if not all of Washington. At this time the
FKocene and Oligocene beds were elevated and somewhat folded
both in the Willapa Hills province and in the belt of the Cascade
Mountains. Tt should be noted, however, that the Cascades, at
least, were not brought to their full height at this time.

Subsequently, during the Miocene epoch, marine deposition
continued in somewhat restricted areas of western Washington,
giving rise to a belt of fossiliferous strata entirely surrounding
the Olympic Peninsula except, perhaps, for a wide neck con-
necting this region with the mainland in the latitude of
Tacoma.

On the mainland, however, conditions changed markedly
from those existing during the early Tertiary. Over all the
(Columbia plateau and the adjacent area mow occupied by the
southern Cascades was being formed a vast series of flows of
basaltic rocks, which covered the land from north of Spokane
to beyond the Oregon line. During this epoch the erosional sur-
face of this entire region, showing thousands of feet of relief,
was concealed beneath a great series of flows to make up the
great Columbia lava plateau. This was only the northern por-
tion of a still greater area including eastern Oregon and south-
western Idaho and even extending into parts of Nevada and Cal-
ifornia. Only one other comparable outpouring of lava has been
recorded in the history of the earth, the great Deccan flow area
of India being of the same order of magnitude.

An outstanding feature of this event was that the lava seems
to have come, not from a series of voleaniec centers such as
developed later on to form the great cones of the Mount Rainier
type, but from a series of elongate vents, or fissures, which
opened at scores of places throughout the region. Nor should
it be imagined that the flows came out all at once. On the con-
trary, single flows covered only relatively small areas of irregu-
lar shape, subsequent flows being poured out promiscuously
over the former ones and over adjacent land. A great amount
of time was involved in this process, and while flows were
spreading over some parts of the region other parts were being
weathered and eroded just as they are today. This destructive
process resulted in the formation of soils and beds of sands and
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clays on which vegetation was developed, in some instances in
great luxuriance. This seems to have been taking place gen-
erally over the plateau during its formation, so that scarcely a
section of the basalt but shows the interbedded sediments. To
this origin are assigned the trees of the Ginkgo forest east of
Ellensburg, the shale beds at the head of Grand Coulee, the sedi-
ments of the Ellensburg area, and all of the diatomite beds, so
important commercially, of the Columbia platean.

During the succeeding epoch, there was a general deforma-
tion of most of the land area of Washington as we know it today.
Two features of the deformation are particularly noteworthy.
An elevation of the eoastal zone practically closed the record of
marine deposition in the State. Coincident with this, or later,
there appears to have been further uplift of the Cascade belf.
This may reasonably be taken to mark the close of the Tertiary
period; but since the record of the Pliocene appears to he so
largely one of deformation and erosion, it is not possible to
state, on present information, just what event opened the sub-
sequent period.

Tt is clear that the Miocene and earlier rocks were first de-
formed and uplifted and then subjected, during the Pliocene, to
a sufficiently long period of erosion to permit the development of
rather extensive peneplane areas particularly noticeable in the
(Cascade belt and apparently recognizable elsewhere. Still later,
and more satisfactorily marking the close of the Tertiary
period, the erosion surface referred to Pliocene time was itself
elevated. The elevation of this surface, which gives us the re-
markably uniform summit levels characteristic of the present
Cascades, seems to have been progressively greater toward the
north. Although the general level is approximately 5,000 feet
in the southern Cascades, it is nearly 3,000 feet higher near the
(anadian boundary. There is more than a suggestion, also, that
the greater elevation in the north was accompanied by marked
faulting, probably of the block type.

Events of the next period, the Quaternary, are so recent that
the record is relatively complete and therefore less difficult to
decipher. For some parts of the State, a portion of the Quater-
nary record has been well worked out. The State-wide condi-
tions, however, cannot be ontlined in any detail until other eriti-
cal areas in the State have received the same careful study.

Quaternary history in Washington reveals evenfs of ex-
tremely varied character. From the great mass of details
already accumulated by investigators, it is apparent that there
were three events of outstanding character to which the whole
history of the Quaternary can probably be related.
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Sometime early in the Pleistocene epoch were opened the
vents from which issued the great volume of voleanic material
making up the immense cones of Baker, Glacier Peak, Rainier,
Adams, and St. Helens, in Washington, Hood and many others,
in Oregon. Both lava flows and beds of voleanie clastic material
accumulated on top of the elevated erosion surface, which has
been referred to the Pliocene epoch. FElsewhere in the Cascade
provinee were extensive extrusions of lava not clearly connected
with the voleanic vents. Similar in character and form to the
flows of mid-Tertiary time, these are distinet because of their
cIosehreIation to the physiographic features of the Pleistocene
epoch.

Later, accompanying a change to cooler climate, came the
great accumulations of ice in the region north of Washington,
from which enormous tongues flowed steadily southward to
cover the northern counties in an almost solid blanket of ice and
snow. On the newly uplifted Cascade Mountains, particularly
on the towering volcanice peaks, changed climatie conditions pro-
vided a great number of alpine glaciers which flowed down the
mountain valleys and out onto the adjacent lowlands. In the
Okanogan provinee to the east, the great continental ice sheet
is believed to have covered all but the higher land masses, as
shown on the geologic map of the State. Its melting furnished
greag. quantities of water to flood the valleyvs leading south-
ward.

A third major event of the Pleistocene is not separated from
the glacial history in time but is distinet because it applies to
that portion of the State lying south of the margin of the gla-
ciers. This comprised the depositions of sedimentary materials
over a wide area, partly in lakes, partly in stream valleys, and
very possibly in some part piled up by the winds in the more
arid portions of the State. At the time of their greatest devel-
opment in eastern Washington, practically all of the wide ex-
panse of the Columbia River lavas was concealed by these
deposits, which locally were several hundred feet thick. Strip-
ping of these deposits over wide areas proceeded as the melt-
water from the north streamed southward. Casnal inspection
of the geologic map reveals the characteristic continuity of these
stripped regions known in eastern Washington as the scab-
lands.

Much remains to be learned of the details of all three of these
major events, but a few features stand out clearly. The volcanic
eruptions included those of both quiet and explosive type, the
former giving rise to flows extending to some distance from the
vents, the latter to great thicknesses of tuffs and volecanie dust.
The Glacial epoch included the advance and subsequent retreat
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of the glacial ice front during each of at least two substages,
with a considerable time interval between them. The concomi-
tant deposition of sediments over the Columbia Lava plateau
came before the latest of the ice advances and may have oe-
curred in the interglacial stage.

Details of the glacial history in the Puget Sound region have
been well worked out and constitute a chapter too long for in-
sertion here. It includes an early glaciation, a long interglacial
epoch when great thicknesses of sediments were formed, fol-
lowed by a re-advance of the ice. Marked changes of sea level
occurred during these substages, giving rise to the development
of an extensive system of river valleys, which were later sub-
merged to form the irregular bodies of water which comprise
Puget Sound.

The final wasting away of the continental ice sheet, accom-
panied by a corresponding shrinkage of the mountain glaciers
throughout the Cascade and Olympic provinces, marked the
close of the Glacial epoch and initiated the Recent. Since that
time there has been no important change in the topographic
features of the State. The geologic record is primarily one of
erosion, although deposition both on the land surface and in the
sea has, of course, taken place. Although there is some reason
to think that the Pleistocene igneous activity may have con-
tinued until late in the Glacial epoch, it appears unlikely that it
extended into the Recent.
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