DEPARTMENT OF THE INTERIOR_’
UNITED STATES GEOLOGICAL SURVEY

GEORGE OTIS SMITH, DIRECTOR

BULLETIN 614

GUIDEBOOK

OF THE “*/":D
WESTERN UNITED STATES

Part D. THE SHASTA ROUTE AND
" COAST LINE

BY

J. S. DILLER AND OTHERS

222
T s

77

"WASHINGTON
GOVERNMENT PRINTING OFFICE

1915 -



PrincipaL Divisions or Georocic TiME.e

[A glossary of geologic terms is given on pp. 133-136.]

o Duration, accord-
Era Period. Epoch. Characteristic life. ing to various
estimatcs.
Millions of yéara.
Blystos “Age of man.” Animals and plants of
eistocene ge of man. imals and plants ol
Quaternary. :([G f& eat modern types.
Cenozoic (re- oo Ago)-
cent life). 110 5.
Pliocene. “A ”» i
5 ge of mammals.” Possible first appear-
Tertiary. %lliocf;%e ance of man. Rise and dovelopment of
E ogene. - highest orders of plants.
“Age of reptiles.” Rise and culmination
Cretaceous. ® of hugo land reptiles (dinosaurs), of shell-
ﬁghuw?;h complex)ly partiftioncdt (t:loi]e,d
L. tes), and o! Q) in,
Mesozoic (in- shels Lammonites), greab Lyl
B s reptiles. First appearance (in Jurassic .
ltietgl)nedlate Jurassic. ® of birds and mammals; of cycads, an 41010.
. order of palmlike plants (in Triassic);
wﬁl' ﬁ)f angioipermogs h];legnts, émtlong
- which are palns an rdwood trees
Triassic. ® (in Cretaceous).
P ian.
crmian ““Age of amphibians.”” Dominance of club
mosses (lycopods) and plantsof horsetail
Pennsylva- and fern types. Primitive flowering
Carbonifer- nia.ny lants and earliest cone-bearing trecs.
ous. : eginnings of backboned land animals
(land vertebrates). Insects. Animals
P with nautilus-like coiled shells (ammon-
M;Slséns sip-| ites) and sharks abundant.
. ““Age of fishes.” Shellfish (mollusks) also
Devonian. ®) abundant. Rise of amphibiansand land
plants.
Paleozoic Shell-forming sea animals dominant, espe-
(old life) cially thosg related to the nautilus (ceph-
. alopods). Rise and culmination of the
Silurian, ®) marine animals sometimes known as sca | 17 to 25.
lilies (crinoids) and of giant scorpion- <
N like crustaceans (curypterids). Rise of
fishes and of reef-building corals.
Shell-forming sea animals, especially ceph-
alopods and mollusk-like brachiopods,
Ordovician, ®) abundant. Culmination of the bugliko
marine crustaceans known as trilobites.
First trace of insect life.
Trilobites and brachiopods most charac-
Cambrian. (@] teristic animals. Seaweeds (alge) abun-
dant. No trace of land animals found.
: First life that has left distinct record.
Proterozoic Algonkian, ®) Crustaceans, brachiopods, and seaweeds.
(primordial
bife). Archean, | Orystalline | No fossls found. 50+.
g rocks.

a The geologic record consists mainly of sedimentary beds—beds deposited in water. Over large arcas
long periods of uplift and erosion intervened between periods of deposition. Every such interruption in

deposition in any area produces there what geologists term an unconformity.
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PREFACE.
By Georee Or1s Smrrh

The United States of America comprise an area so vast in extent
and so diverse in natural features as well as in characters due to
human agency that the American citizen who knows thoroughly his
own country must have traveled widely and observed wisely. To
“know America first” is a patriotic obligation, but to meet this obli-
gation the railroad traveler needs to have his eyes directed toward
the more important or essential things within his field of vision and
then to have much that he sees explained by what is unseen in the
swift passage of the train. Indeed, many things that attract his
attention are inexplicable except as the story of the past is available
to enable him to interpret the present. Herein lie the value and the
charm of history, whether human or creologlc

The present stimulus given to travel in the home country will
encourage many thousands of Americans to study geography at first
hand. To make this study most profitable the traveler needs a hand-
book that will answer the questions that come to his mind so readily
along the way. Furthermore, the aim of such a guide should be to
stimulate the eye in the selection of the essentials in the scene that
so rapidly unfolds itself in the crossing of the continent. In recog-
nition of the opportunity afforded in 1915 to render service of this
kind to an unusually large number of American citizens as well as to
visitors from other countries, the United States Geological Survey has
prepared a series of guidebooks® covering four of the older railroad
routes west of the Mississippi.

These books are educational in purpose, but the method adopted is
to entertain the traveler by making more interesting what he sees
from the car window. The plan of the series is to present authori-
tative information that may enable the reader to realize adequately
the scenic and material resources of the region he is traversing, to
comprehend correctly the basis of its development, and above all to
appreciate keenly the real value of the country he looks out upon,

! Guidebook of the western United States: Part A, The Northern Pacific Route, with
a side trip to Yellowstone Park (Bulletin 611); Part B, The Overland Route, with a .
side trip to Yellowstone Park (Bulletin 612); Part C, The Santa Fe Route, with a side
trip to Grand Canyon of the Colorado (Bulletin 613); Part D, The Shasta Route and

Coast Line (Bulletin 614).
3



4 PREFACE.

not as so many square miles of territory represented on the map in a
railroad folder by meaningless spaces, but rather as land—real estate,
if you please—varying widely in present appearance because differing
largely in its history and characterized by even greater variation in
values because possessing diversified natural resources. One region
may be such as to afford a livelihood for only a pastoral people;
another may present opportunity for intensive agriculture; still
another may contain hidden stores of mineral wealth that may
attract large industrial development; and taken together these varied
resources afford the promise of long-continued prosperity for this or
that State.

Items of interest in civic development or references to s1gmﬁca,nt
epochs in the record of discovery and settlement may be interspersed

with explanations of mountain and valley or statements of geologic

history. In a broad way, the story of the West is a unit, and every
chapter should be told in order to meet fully the needs of the tourist
who aims to understand all that he sees. To such a traveler-reader
this series of guidebooks is addressed.

To this interpretation of our own country the United States Geo-
logical Survey brings the accumulated data of decades of pioneering
investigation, and the present contribution is only one type of return
to the public which has supported this scientific work under the Fed-
eral Government.

In preparing the description of the country traversed by the Shasta

Route and Coast Line all the geographic and geologic information
already published as well as other unpublished material in the posses-
sion of the Geological Survey has been utilized, but to supplement this
material Mr. Diller made a field examination of the entire route in
1914, Information has been furnished by Dr. F. M. Anderson, Dr.
J. C. Branner, Dr. J. Harlen Bretz, Prof. E. S. Burgess, Mr. J. S. Dag-
gett, Mrs. L. P. Diller, Mr. Harold Hannibal, Mr. O. H. Hershay,
Prof. A. C. Lawson, Prof G. D. Louderback, Prof. J. P. Smith, Prof.
C. F. Tolman, jr., and Prof. C. E. Weaver, as well as by others to
whom credit is given in the text. Railroad officials and other citizens
have also generously given their aid, and other members of the Survey
have freely cooperated in the work.

For the purpose of furnishing the traveler with a graphic presen-
tation of each part of his route the accompanying maps, 19 sheets in

all, have been prepared with a degree of accuracy probably never

before attained in a guidebook, and their arrangement has been

planned to meet the convenience of the reader. The special topo-

graphic surveys necessary to complete the topographic map of the
route were made by B. A. Jenkins and J. E. Blackburn.’

-



GUIDEBOOK OF THE WESTERN UNITED STATES.
PART D. THE SHASTA ROUTE AND COAST LINE.

By J. S. DiLLer and others.

INTRODUCTION.

From Alaska to Lower California the western coast of North Amer-
ica is bordered by a belt of mountains which is from 100 to 200 miles
wide. This belt as a whole has been named the Pacific System. It
separates the Pacific Ocean on the west from an interior plateau
region, which also stretches from Alaska to Mexico. This plateau is
of varied chardcter but, as is well illustrated by the State of Nevada,
much of it is arid and is seamed with mountain ranges.

Attention need be directed here only to that part of the Pacific
System which lies chiefly in the States of Washington, Oregon, and
California, a section 1,300 miles in length. (See Pl I1.) Within
these three States the Pacific System embraces a number of distinct

" mountain ranges from which project some of the loftiest peaks on the
continent. It includes also broad valleys that are in part close to
sea level. Consequently it is a region of strong contrasts in altitude
and of wide diversity of scenery and climate. Before the snow dis-
appears each summer from the crest of the Sierra Nevada the burning
sun in the interior valley of California has yellowed the grain and has
tinted the fruit in orchard and vineyard. Throughout the year the

- snow cap of Mount Rainier is in full sight from the fertile valleys of
Washington, where winter severity is unknown.
~ For its entire extent, from Alaska to Lower California, the Pacific
System may in general be divided lengthwise into three parts—two
long lines of mountain ranges and an intervening belt of valleys that
may be called the Pacific valley belt. The northernmost member of
this belt that need be considered here is the valley of Puget Sound.

-A low divide separates the sound from Cowlitz Valley, the next mem-
ber of the belt to the south. Cowlitz Valley drains southward to the
Columbia and is succeeded on the south by Willamette (wil-lam’et)
Valley, whose waters flow northward into the Columbia. Willamette
Valley extends southward for about 120 miles, or about halfway
across the State of Oregon. Between its head and the north end
of the Great Valley of California, the next member of the Pacific

: : 5



6 GUIDEBOOK OF THE WESTERN UNITED STATES.

valley belt, there is a tract of generally mountainous country,
where, for 200 miles, the threefold longitudinal division of the Pacific
System into two ranges and an intervening belt of valleys is less evi-
dent than it is elsewhere. South of this interrupting mass of moun-
tains, which is dominated by Mount Shasta, the Great Valley of Cali-
fornia stretches for more than 400 miles, having a width in general of
40 to 50 miles. Its northern part, known as the Sacramento Valley,
drains southward, and its southern part, known as the San Joaquin
Valley, drains northward, Sacramento and San Joaquin rivers
both flowing into San Francisco Bay. The south end of the San
Joaquin Valley is separated by the transverse Tehachapi Mountains
from the Mohave Desert. This in turn is separated by the San Ber-
nardino range from the Salton Basin, which is nothing more than the
former upper part of the Gulf of California, the sea having been
excluded by the great mass of sediment dumped into the gulf by
Colorado River. By some the Mohave Desert and the Gulf of Cali-
fornia are regarded as parts of the Pacific valley belt. By others,
however, notwithstanding the general alignment of these features
with the Great Valley of California, they are regarded-as parts of the
plateau region that lies east of the Pacific System of mountains.

As the Pacific valley belt separates in general two parallel ranges
of mountains, so these ranges in turn may be subdivided into moun-
tain groups that are sufficiently distinct in form or structure to have
received individual names. _

At the north end of the western line, between Puget Sound and the
ocean, stand the Olympic Mountains, which attain a height of 8,000
feet. Very little is known of their structure or of the rocks that
compose them.

South of the Olympic Mountains, stretching along the coast of
Washington and Oregon for 350 miles, is a comparatively low range
which, to distinguish it from the similarly situated range in California,
may be called the Oregon Coast Range. This consists chiefly of .
rather soft sandstones carrying fossil shells from which it has been
determined that the sands were deposited in the sea during early
and middle Tertiary time. Lavas associated with these rocks show
that volcanoes were active in this region in early Tertiary time.
These rocks are no longer in the original horizontal position in which
they were deposited but have been crumpled by pressure. Moreover,
in some places they have been traversed by long cracks or fissures,
and the rocks on one side of a crack have been shoved past the rocks
on the other side. The geologist would describe these effects briefly
by saying that the beds have been folded, fractured, and faulted.

South of the Oregon Coast Range, partly in Oregon but chiefly in
California, are the Klamath Mountains. They are composed of rocks
that are older and more complicated in structure than those of the
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Oregon Coast Range and are closely related in materials and in
structure to the Sierra Nevada. The Klamath Mountains extend
south-southeastward into California for 150 miles and overlap to the
east for 80 miles the north end of the California Coast Ranges.

The California Coast Ranges extend southward for more than 600

miles to the vicinity of Point Conception, where the coast turns
sharply eastward along the Santa Barbara Channel. They consist
of rocks of great variety of character and of widely different geologic
- ages. Their structure also is exceedingly complex. The most
abundant rocks were formed in the Tertiary, Cretaceous, and perhaps
Jurassic periods. Most of these rocks were deposited as sediments
on a sea bottom, but associated with the rocks so formed are in places
layers of lava or masses of igneous rock, which were forced in molten
condition into the sedimentary rocks. All have been folded and faulted
at several periods. Finally erosion, or the action of moving water,
in the form of rain, streams, and waves, aided by the crumbling effect
of weather, carved out the hills as they now appear. The resulting
-forms reveal to one skilled in their interpretation some indication of
the complexity of the underlying rock structure.

At their south end the Coast Ranges meet another set of ranges,
which have a more easterly trend than the Coast Ranges proper and
do not fall readily into the general threefold division of the Pacific
System of mountains that is so clearly recognizable farther north.
The suggestion has been made that these mountains should be dis-
tinguished from the Coast Ranges, with which they have commonly
been included, by designating them the Sierras de los Angeles, from
the city of Los Angeles. Well-known individual ranges classed in
this group are the Santa Ynez, San Gabriel, and San Bernardino.

Along the east side of the Pacific valley belt stretch two great
ranges—the Cascade Range on the north and the Sierra Nevada on
the south. The Cascade Range begins a few miles north of the
boundary between Washington and British Columbia and continues
southward for 650 miles to the vicinity of Mount Shasta in California.
It has a foundation of granite and of sedimentary rocks, such as sand-
stone and shale, ranging in age from Carboniferous to Miocene. Some
of the sedimentary rocks and some associated igneous rocks have been
changed by heat and pressure into crystalline laminated rocks known
as schists.” From Mount Rainier southward the rocks just men-
tioned are buried to an increasing extent under lavas which probably
flowed from many vents at different times. The volcanic cones, such
as Shasta, Hood, and Rainier, which form striking features of the
Cascades, represent a comparatively late stage of volcanic activity
and have been piled up on a preexisting mountain range.

The Sierra Nevada, which continues southward the general line of
the Cascade Range, is of somewhat different structure and history. It
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is & great inclined block 350 miles long and 80 miles wide, with a gentle
slope to the west and an abrupt descent on the east to the deserts of
Nevada. This abrupt descent marks a line of faults, east of which
the desert country has gone down and west of which, to some extent,
the Sierra Nevada has gone up. The Sierra Nevada consists of a
great irregular mass of granite which in early Cretaceous time was
intruded in a molten condition into sedimentary and older igneous
rocks, both of which sets of rocks, in consequence of the heat and
squeezing which accompanied this intrusion, were changed in part
to schists and slates. After the range had been deeply worn down
by erosion, floods of lava were poured over the surface in Tertiary
time and the range was tilted up to its present general form. That
form, however, has been much modified in detail by comparatively
recent erosion and by the canyon cutting of the present streams.

South of the Dominion of Canada three rivers, the Columbia,
the Klamath, and the Pit, flow across the Pacific System from the
interior plateaus to the ocean. Other large streams, such as the
Willamette, in Oregon, and the Sacramento and San Joaquin, in
California, flow northward or southward for many miles in one
or another of the longitudinal depressions of the Pacific valley belt
before turning westward across the western line of mountains to
reach the Pacific.

The valley belt is the great agricultural region of the Pacific coast,
and in Washington and Oregon, owing partly to its accessibility to
ocean-going ships by way of Puget Sound and the Columbia, it con-
tains most of the population. In California, however, the broad
fields, orchards, and vineyards traversed by the Sacramento and
San Joaquin are rivaled by the many smaller but fertile valleys -of
the Coast Ranges. The superb harbor of San Francisco sufficiently
accounts for the situation of the metropolis; and the rapid growth
of Los Angeles, the second city in the State, is due to a combination
of shipping advantages with highly profitable kinds of agriculture
and extensive resources in petroleum.

Note.—For the convenience of the traveler the sheets of the route map in this
book are so arranged that he can unfold them one by one and keep in view the one to
which the text he is reading relates. A reference is made in the text to each sheet
at the place where it should be so unfolded, and the areas covered by the sheets are
shown on Plate I. A list of these sheets and of the other illustrations, showing where
each one is placed in the book, is given on pages 137-138. A glossary of geologic -
terms is given on pages 133-136 and an index of stations on pages 139-142,



BULLETIN 614 PLATE |

GEOLOGICAL SURVEY

u. 8.

o

80

=)

Wnatoo

4 C

I3

v

LG

RELIEF MAP OF THE COUNTRY TRAVERSED BY THE SHASTA ROUTE AND COAST LINE.



ITINERARY.
SHASTA ROUTE.
SEATTLE TO SAN FRANCISCO.

On May 11, 1792, Capt. Robert Gray, of Boston, anchored in the
great river that he named Columbia, in honor of his ship, and laid
the foundation of our subsequent claim’ to the region
Washington. ~ which it drains. The Hudson’s Bay Co., whose
“agents early visited the extreme Northwest, discour-
aged settlers, but at Tumwater, near Olympia, at the head of Puget
Sound, a permanent American settlement was established in 1845.
Marcus Whitman and other missionaries settled near the site of
Walla Walla in 1836, but in 1847 Whitman and his wife were killed
" by the Indians and the station was broken up. Conflicting claims
between the United States and Great Britain were adjusted by a
treaty July 17, 1846, which fixed the forty-ninth parallel as the inter-
national boundary. Oregon, as all this wild country was then called,
became a Territory on August 14, 1848, and on March 2, 1853, the
part of it north of Columbia River was separated as the Territory of
Washington, which was admitted as a State February 22, 1889. The
State of Washington has an area of 69,127 square miles and in 1910
had a population of 1,141,990.

The superb forests of Washmgton illustrated in Plate II, are the
basis of its chief industries. Within it are 10 national forests a
national park, and a national monument, which together cover more
than one-fourth of the State.

Coal is the principal mineral resource of Washington. . In the pro-
duction of this fuel the State holds first rank on the Pacific coast, the
output in 1913 having been 3,877,891 tons, valued at $9,243,137.
Wheat, grown chiefly in the eastern part of the State, is the principal
agricultural product. Oats - and barley are next in importance.
Western Washington, which has a moister climate than the eastern
part, produces large crops of hay. The fruit industry is developing
rapidly, apples in particular finding good markets in the eastern
cities and abroad. The waters of the State are full of fish, and the
salmon industry is large. The high mountains and heavy rainfall
insure abundant water power, which will no doubt be increasingly

utilized.
9
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Seattle (see sheet 1, p. 20), the metropolis of Washington, thc com-
mercial center of the Puget Sound country, and the gateway to
Alaska, stands on a neck of land between Elliott Bay
(an eastern arm of Admiralty Bay, Puget Sound)
and the fresh-water Lake Washington, about 865
miles by steamer and 957 miles by railroad north of
San Francisco. Seattle was founded in 1852 and named after a
Duwamish Indian chief. A fire that destroyed almost the whole of
the business quarter in 1889 and the financial depression of 1893
retarded for a time the growth of the city, but the discovery of gold
in the Klondike region in 1897 gave it a new impulse, as it became
the shipping point for the new gold fields. It is the western terminus
of three railroads and has direct connections with several others. Its
population has nearly trebled in 10 years, and it is now one of the
largest and most progressive cities of the Pacific Northwest.

The city is built on a series of terraces, the commercial quarter
standing near sea level and the better residential part occupying a
terrace about 500 feet above the sea. Irom this part of the city
there are fine views not only of the Olympic Mountains and Puget
Sound, to the west, but also of Lake Washington and Mount Rainier,
to the east. The city has an excellent salt-water harbor, which is
being connected by a ship canal with Lake Washington, where ves-
sels may go into fresh water to free their hulls of weeds and barnacles.

The principal exports are coal, timber, hops, and fish. Seattle is
the chief point of entry from the Alaskan gold fields, and large quanti-
ties of gold dust are brought to the United States assay offices here.

The hills in the lower part of the city have been leveled off by a
method used in hydraulic mining; in other words, they have been
literally washed away by powerful jets of water. (See Pl. XIV, p. 48.)
This method of grading was feasible because the city is built on uncon-
solidated drift left by a glacier that once occupied the basin of Puget
Sound, as described below by W. C. Alden.?

Seattle.

Elevation 20 feet.
Population 237,194.1

! The figures given for population | covers most of Greenland. (See fig. 1.)

throughout this book are those of the
United States Censusfor1910. For places
that are not incorporated the census fig-
ures represent the population of the elec-
tion precinct, township, or other similar
* unit; such figures are in this book marked
with an asterisk (¥).

2 Thousands of years ago, during what is
variously termed the Great Ice Age, the
glacial period, or the Pleistocene epoch,
the northern part of the North American
Continent was covered by vast sheets of
ice similar to the great ice cap which now

Although at times the ice may have coa-
lested in one vast sheet stretching from -
the Atlantic to the Pacific and from the
Arctie regions southward about to theline
of Missouri and Ohiorivers, yet there were
three distinct centers of accumulation and
gpreading. One of these centers was on
Labrador Peninsula, one west of Hudson
Bay, and one, called the Cordilleran, in
the mountains of western Canada. There
were also several distinct periods of ice
accumulation, each followed by a warmer
interval thousands of years in duration,
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SNOQUALMIE FALLS, WASH,

Height, 268 feet. Falls go over a bluff of ancient lava underlain by sandstone and shale of Eocene age.
Photograph by Curtis, Seattle.
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Lake Washington, a beautiful sheet of water near the eastern
border of Seattle, is about 20 miles long and 2 to 5 miles wide and is
entirely surrounded by glacial drift. Small steamers
Excarsions from that ply to and fro on the lake afford fine views of
eattle.

‘ the Cascade Range.
Snoqualmie Falls (P1. ITI) is 270 feet high and more than 50 feet
wide and is well worth seeing. It may be reached by the Northern

during which the ice is believed to have | tended southward from British Columbia
largely or wholly melted away. There is | intothe Puget Sound basin. (See Pl. I.)
evidence of at least four of these distinct | The name Vashon, from the large island
stages of glaciation, and the lagt of these | between .Seattle and Tacoma, has been
is known as the Wisconsin stage. applied by geologists to this ice lobe, the

%)
%u@&g
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TFIGURE 1.—Map of North America showing the area covered by the Pleistocene ice sheet at its maximum
extension and the three main centers of ice accumulation.

At a time which probably corresponds | last of the Puget Sound glaciers, and to
to the Wisconsin stage of glaciation east of | the deposits formed in connection with it.
the Rocky Mountains the mountains of | This glacier is believed to have attained
Washington were largely covered withice, | a thickness of about 2,500 feet. The ice
and a lobe of the Cordilleran ice sheet ex- | filled the depressions now occupied by
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Pacific line by way of Woodinville, a trip of 54 miles, or by ferry across
Lake Washington to Kirkland and thence by automobile, a route

that, for small parties, is generally preferable.

At thefalls Snoqualmle

Rlver plunges over a great mass of lava underlain by fossiliferous
sediments of the Eocene coal-bearing formation.

In the immediate. vicinity of Squak Mountain and Samma.mlsh
Lake there are a number of large channels cut and then abandoned

by streams from the former glaciers.

They may be reached by either

the sound, spread over the elevated plains
between the valleys, and extended from
the foot of the Olympic Mountains on the
west to the base of the Cascade Range on
the east. On the south it reached to and
covered much of the plains south of
Olympia. The ice of this glacier was
probably coalescent on the east with that
descending the slopes and valleys of the
Cascades, to which the name Osceola
glacier has been applied by geologists.

These glaciers, on melting, left deposits
of clay, sand, gravel, and bowlders (the
Vashon and Osceola drift) on the elevated
tracts between and around the troughs of
the sound, but the deep depressions were
unfilled, so that after the ice melted they
were occupied by marine waters.

This later drift lies upon stratified sands
and gravels (called the Douty gravel, Pu-
yallup sand, and Orting gravel) deposited
by waters from the melting of earlier
glaciers. Buried in these deposits are
beds of lignite, formed from vegetation
that grew upon the sands and gravels.
These older sands and gravelsarein places
much weathered and eroded; they were
evidently exposed during a long inter-
glacial stage before they were overridden
and covered by the deposits of the Vashon
and Osceola glaciers.

Beneath all these deposits lies a layer
of stiff blue clay, mostly stratified but in
places showing no bedding and crowded
withsubangularstones and large bowlders.
This deposit (known to geologists as the
Admiralty till) is supposed to have been
formed at a still earlier stage of glaciation,
when the Puget Sound basin was occupied
by alobe of the Cordilleran ice sheet, as it
was later by another lobe at the Vashon
substage. Some phenomena suggest that
glaciers occupied the basin still earlier.

One view as to the origin of the deep
troughs composing Puget Sound may be
stated briefly as follows: The Admiralty
ice sheet occupied and overflowed deep
valleys which had been cut when the land
stood higher. When this ice melted the
hilly tracts between the valleys were un-
covered first, and the washing in of sand
and gravel leveled these up into what are
now the elevated intervalley plains. The
final melting of the tongues of ice left the
troughs to be occupied by marine water.
Later came the ice of the Vashon glacier,
and this, on melting, again left the main
depressions unfilled.

According to another view the disap-
pearance of the Admiralty glacier left the
clay, sand, and gravel spread in a con-
tinuous sheet over the Puget Sound basin,
burying, in large part, the older valleys
and ridges. Afterward the land rose
about 1,000 feet and streams cut deep val-
leys in these soft deposits. Then the
basin was depressed about to its present
level and the ice of the Vashon and Os-
ceola glaciers filled the valleys and over-
topped the intervening tracts, and, on
melting, left the area thinly mantled with
drift and the depressions unfilled.

As the main outlet of the Puget Sound
basin is to the north, ice-dammed fresh-
water lakes were for a time held in the
troughs at each stage of advance of the
ice front. When the outlet was at last
opened the troughs were filled with
marine water, which finally reached the
level at which we now find it.

Marine shells found at various levels up
to 290 feet above tidewater show that
since the disappearance of the glacier of
the Vashon substage the basin has been
further depressed and submerged and
then reelevated.
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of the.routes just mentioned but are best seen southeast of Redmond,
where Snoqualmie River once entered Sammamish Lake.

The United States navy yard and huge dry dock at Bremerton,
about 20 miles from Seattle, are easily reached by steamer across the
Sound. A trip to Hood Canal affords a close view of the densely
forested Olympic Mountains. The scenic center of this range is
Crescent Lake, reached from Seattle by steamer to Port Angeles, on
the Strait of Juan de Fuca, and thence by stage. West of Port Town-
send lighthouse, which is passed on this trip, is a bold bluff, 175 feet
in height, of stratified glacial sand. Tertiary beds (rich in fossils at
Clallam Bay) are well exposed on the southern shore of the Strait
of Juan de Fuca. Crescent Lake contains ten varieties of trout, of
which two are unknown elsewhere. Mount Olympus, 12 miles away,
may be reached from this point with pack outfit. The mountain is a
complex mass of metamorphic sandstone, shale, radiolarian chert,
glaucophane schist, and greenstone cut by peridotite serpentine, a
series of rocks closely resembling what is known as the Franciscan
group of the California Coast Ranges.

Between Seattle and Portland trains are operated by the Northern
Pacific Railway, Southern Pacific Co., Oregon-Washington Railroad
& Navigation Co., Chicago, Milwaukee & St. Paul Railway, and Great
Northern Railway, the tracks of all these lines being near together.
The Shasta Route trains run over the Oregon-Washington and
Chicago, Milwaukee & St. Paul tracks from Seattle to Tacoma, and
over the Northern Pacific from Tacoma to Portland. .

On leaving Seattle the train first traverses made land, built out into
Puget Sound by washing glacial gravels through flumes from the
adjacent hills. A turn to the left,' 2.3 miles from Seattle, brings
into view a bluff of whitish shales and sandstones. These rocks
are exposed for only a short distance at this place, but a mile
farther south they reappear in & more prominent bluff just north of
Georgetown.

Theése rocks, Whlch were once sediments on a sea bottom, contain
abundant fossil sea shells that indicate Tertiary (middle Ollgocene)
age. The exposure of the beds at this place is

_ due to their having been arched up from their

Eovation 2 fot. originally horizontal attitude. 'This arch, or

anticline, as geologists term it, may be traced, as

shown on the map, from Bainbridge Tsland southeastward to and
beyond Lake Washington.

Some greenish rocks that form a bluff on the left are composed
largely of fragments of volcanic material. These beds are fossilif-

Georgetown (Argo).

! Unless clearly otherwise intended, | track as they appear to a traveler facing
the words right and left as used in this | the engine in going from Seattle to San
bulletin refer to the sides of the railway | Francisco.
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erous near the wagon-road bridge at Steels Crossing. They belong
to the principal coal-bearing formation of Washington, presently to
be described, and are associated with lavas. At Steels Crossing the
railroad enters the coal field of western Washington, the largest in
the State. The productive portions of the field, however, are miles
away, northeast and southeast of this point, about Newcastle and
Issaquah, Black Diamond and Franklin, Wilkeson and Carbonado.
The field contains, many coal beds, three or four of which have been
mined, in places to a depth of 2,000 feet. The coal ranges from
low-grade subbituminous to anthracite but is mainly subbituminous
and bituminous. Coking coals occur at a number of localities and
are worked in the Wilkeson region. They are the only coals coked
commercially on the Pacific coast.

The fossil plants that are associated with the coal and that repre-
sent the vegetation from which the coal was formed contrast strongly
with the plants of this region to-day. In the present forest conifers
are dominant in size and number, but in the forests of the Eocene
coal period conifers were few and palms and deciduous trees were
abundant. No palms now grow wild within a thousand miles of the
Puget Sound region, so the climate here during the coal period must
have been very unlike that of to-day. The coal-bearing rocks crop
out at intervals along the western base of the Cascade Range from
the international boundary on the north to the Columbia on the
south. '

The railroad crosses Black River, the outlet of L.ake Washington,
at Black River Junction, from which branch lines lead to the New-

castle, Renton, and Black Diamond coal fields.
Black River Junction. The mine at Renton is only 2 miles to the east

B ook (left) of Black River Junction. Two beds are
2187 . - . . - .
Seattlo 10 miles. mined here. The thicker one is 2 feet 84 inches

thick and inclines or dips southeastward at an

angle of 12°. The coal is subbituminous.
From Seattle to Tacoma the railway follows a broad valley in
. glacial drift which forms the bluffs on both sides. This valley, which
is continuous from Duwamish River to the Puyallup, was left by
the melting of the ancient glacier as one of the intricate series of de-
pressions now occupied in part by Puget Sound. It was later partly
filled with silt, sand, and gravel by the mountain streams. White
River, which enters the valley on a low deposit of gravel and sand
which it has itself built up south of Auburn, separates on this sloping
deposit, or alluvial cone, into two streams. One, which retains the
name White River, flows northward into the Duwamish, and the
other, called Stuck River, turns to the south and joins the Puyallup.
This division of & stream on the sloping surface of its own deposits
tells the story of a long period of successive floods carrying heavy
loads of gravel and sand into this old depression. The later floods
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have spread over the valley the fine silt to which its remarkable fer-
- tility is due. A generalized section of the valley is shown in figure 2.
The dominant industry in the vicinity of Kent is dairying, and
herds of Holstein cattle may be seen in the fields. There are con-
densed-milk factories at Kent and Auburn, and the

Kent. two have a combined average daily output of about
Elevation 40 feet. 96,000 cans, or 25 carloads. The red-berried elder
Population 1,908. (Sambucus callficarpa), a showy shrub in June, is
Seattle 17 miles. . . .

likely to attract the traveler’s attention along this
Auburn. part of the route. On the left, a mile away, is the
Elevation 74 foet. . blu.ﬂt' of the great gravel pit of the Northern Pacific
Population 057. Railway, which shows the structure of the ancient
Seattle 22 miles.

delta of Green River. Near the pit are the Northern
Pacific transfer yards, containing 37 miles of track.

On the east (left) side of the valley, 3 miles northeast of Sumner,
is the power plant of the Puget Sound Light & Traction Co., where
water drawn from Lake Tapps, on the upland a few miles to the
southeast, develops 80,000 horsepower.

%
§

FIGURE 2.—Generalized section of White River valley at Kent, Wash., showing alluvium-filled depression
in glacial deposits, including (¢) Vashou drift, (b) Orting gravel, (¢) Admiralty drift, and (d) deposits
of present stream.

As Sumner is approached a yeast factory can be seen on the left.

On the right, near the station, is the gravel pit of

S . . ) : .
st the Chicago, Milwaukee & St. Paul Railway, which

Elevation 70 feet. " . .

Population §92. shows the general composition of the gravel cliffs in-

Seattle 20 miles. closing the valley.

The Sumner and Puyallup country, once noted for its hops, is now
better known for its fresh and canned fruit, especially raspberries
and blackberries. Here the Cuthbert red raspberry reaches perfec-
tion and is grown in enormous quantities. The Puyallup & Sumner
Fruit Growers’ Association, consisting of 1,400 growers, has its own
refrigerating plant and i 1913 shipped 600 cars of fresh fruit to the
eastern markets. .

Puyallup is the home of Ezra Meeker a pioneer who in 1852 with
an ox team crossed the plains and mountains to Puget Sound. In
1906 he returned by the same means of conveyance
from Puyallup to New York City, marking the Oregon
Trail at many points by monuments. The brilliant
yellow flowers of the gosmore, or cat’s ear (Hypocheris radicata), a
near relative of the dandelion, abound by the wayside. At North
Puyallup, with its berry farms, the railroad enters the Puyallup

North Puyallup.
Seattle 31 miles.
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Indian Reservation and crosses the valley. As Tacoma is approached
the Indian School for Trades may be seen on the left.

Tacoma is the western headquarters and the official tidewater
terminus of the Northern Pacific leway It is beautifully situated
on a series-of terraces rising about 300 feet above the
head of Commencement ‘Bay, the southeast arm of
Population 83,143.  Puget Sound, and commands fine views of the Sound,
Seattle 41 miles. the Cascade Mountains, and the white cone of Mount
Rainier (P1. IV, 4). Its industrial establishments include a lead
smelter and refinery, large sawmills, furniture factories, foundries,
railway shops, and flour mills. Tacoma carries on an extensive com-<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>