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21BB BBLIEF OF OUE PACIFIC COAX211 

EVERsince the landing of the Pilqrimq 
on Plymouth Rock and the founding of 
Jamestown, if not even in the Garden of 
Eden, "West~varil 110" has been the cry, 
and the inspiration of this call of the wild 
is well portrayecl by Leutze in his famous 
painting a t  the national capitol. 

"Westward tlie Star of Empire takes 
its tcay" is no less true to-day than two 
centuries ago, but from a more comniercial 
point of view. 

The near sea level transcontinental 
water ~*oute of the Panama Canal is in 
strong contrast ~ ~ i t h  the bold relief of the 
immigrant ronte of the early days in 
wagons across the Great Plains and Roclry 
mountains, with the privations of the Great 
Basin to the ranges of the Pacific coast 
with luxnriant rvcalth of forest and field, 
affording the framework for the Golden 
Gate rv21ere the Panama-Pacific Expositjon 
is about to celebrate the opening of the 
great canal. 

Nany a traveler will find his xray from 
the Atlantic coast to California on that 
occasion, and to prepare him for the strong 
contrast between the snrface features of 
the two ocean borders I have selected as 
my theme on this occasion "The Relief of 
Our Pacific Coast." T t  will indeed be a 
great relief to the generons heart of the 
Pacific coast to welcoine a large number 
of visitors to the Panama-Pacific Exposi- 
tion, but that is not the relief to which I 
refer. It is to the form of the land sur- 
face, its ups and downs with reference to 
the sea level along our Pacific coast, thnt 
your attention is invited. It is the sub-
ject which in one form or another has held 

1Addrcss o f  the Vice-president and Chaiin~an 
of Section of Geology and Geography, Amcncan 
Association f o r  the Ahancerrlent of Science, 
Philadelphia meeting, December, 1914. Published 
7~1th the ycr~nission of the Djrector of the U. S. 
Geological Survey. 

my attention as a field of investigation i n  
connection with the TJnited States Geolog- 
ical Snrvey for many years. Do not be 
disniayed a t  this length of service as  
affording a s~iggestion of the duration of 
this disoonrse. But qrzite the contrary, 
the proportion sl~oould be inve~*se, for it 
seems quite probable that my eminent pred- 
eccssor, Yrofessor T~esley, n as right I\-hen 
he declared that geologists ta l l r  too much, 
and I shall heecl his admonition. 

The backbone of the North American 
continent is in the Xocliy Jlloantain system 
relatively near the Pacific coast. The 
great valley of the R4iusissippi lies to the 
east with the Appalachians and the coastal 
plain of the Atlantic Xtates beyond. A 
200-mile wide belt on the Atlantic coast, 
a t  least from Virginia southward, is a 
coastal plain ancl piedmont region without 
mountains or even big hills, but on the 
Pacific coast the 200-mile belt is mountain- 
ons in tlie extreme from Canada to i\lexico. 

The mountain belt of the Pacific coast 
is but a member of that  merged group of 
mountain systems. the Cordilleran, that 
runs through the western United States 
and BIexico and forms the continental 
bond of Panama, now so happily pierced 
for the commerce of the world and so fit- 
tingly and attractively celebrated in the 
Panama-Pacific Rxposition. 

Indeccl, it is believccl that thc molxntaia 
'belt of our Pacific coast is no small part  
of the attraction to the exposition. It 
constitules not only the fran~e.rvorlr of the 
Golden Gate, the scaene 01the great event, 
hut in itself emhraccs some of the finest 
scenic features of the world among which 
are four national parks, the Yosemite, 
General Grant, Crater lake, anrl Blollnt 
Rainier, besides three national monnments, 
the Pinnacles and Cinder Cone in Cali-
fornia, the caves of Oregon, and Mount 
Olyinpus in Washington, all districts of 
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profouncl geologic and geographic interest 
and each so distinctive as to be especially 
attractive. 

The relief of a country may be expressed 
in terms of' water power, and considering 
the rainfall the water power is propor- 
tional to the relief. From this point of 
view the Pacific coast relief is greatly in 
excess of an equal area of the Atlantic 
coast. 

The area of the direct drainage into the 
ocean from the Atlantic States is approxi- 
mately 284,000 square miles,2 while that 
into the Pacific, not counting the Colorado 
River, is about one fourth greater than 
that of our Atlantic coast, and yet the 
energy represerlted by the Pacific drain- 
age is more than seven times that of the 
Atlantic coit~t. By far  the greater portion 
is ~~ndeveloped and gives some idea of the 
latent possibilities of the empire of our 
west. Attention should be called to the 
fact, however, that much of the Pacific 
coast power* is in the Columbia river, of 
wliich the greater part lies east of the 
mountain belt, but, even excluding that 
portion of the Columbia, the enormous 
power of thc mountain belt greatly esceeds 
that  of an equal area along our Atlantic 
coast. 

With this may be coupled also that  of 
the production of precious metals, which 
are vein deposits formed as an adjunct of 
stresses that express themselves in relief. 
The procluction of precious metals in the 
mountain bolt of the Pacific coast in recent 
years has been hundreds of times that of 
the Atlantic States. 

The mountain-building period OD the 
Pacific coast bordering the larger ocean 
may have been longer and more intense 
than that on the Atlantic, resulting in 
greater and perhaps later segregation, so 
that  erosion has not removed the moun-

2 Water Resources Paper No. 234, pp. 52-57. 

tains, as lias been the case upon the At- 
lantic sicle. 

That this is not simply a matter of time, 
1)ut ol actual deforl~iation and uplilt, may 
be inferred from the enormous deposits of 
limestone and coal to the east, which indi- 
cate not only a region of low relief but low 
relief of wide extent. Strengthening the 
contrast in the relief of the coasts but bal- 
ances the values o l  the mineral deposits. 

PACIFIC COAST MOUNTAIN BELT 

The continental feature bordering the 
Pacific coast of the United States is a 
mountainous be1 t of surpassing grandeur. 
Lying between the Great Basin platform 
of the interior on the east and the Pacific 
ocean on the \vest, it is the crushed and up-
heavecl edge of the continent along the line 
of counter stress betreen the land and sea. 
The great upfolds of the earth's surface 
in that region are so young as to preserve 
much of the prominent form ancl mass re- 
sulting from the deformation. 

I t  is remarlrable for its lineal continuity, 
with a width ranging from 100 to 200 
miles throughout a length of 2,500 miles. 
Some of i t  indeed at  both the northern and 
southern ends is below sea level, but other 
portions, especially in California, Oregon 
and Washington, bear the highest pealrs in 
the United States south of Alaska. 

The general forin of the belt is slightly 
sigmoid with a broad coastal curve to the 
west in northern California and to the east 
at  the international boundary (49th par.), 
resulting from large structural featnres 
which will appear in an analysis of the 
members of the belt. 

The general features of the belt are two 
lines or ranges of mountain elevations with 
a great valley between. For the most part 
the two lines of mountains appear to be 
parallel with each other and the coast'; the 
Sierra Nevada and the Cascade ranges on 
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Ihe east nncl the coast ranges, including the 
Blnniath n~oantains of C7alifornia and Ore- 
gon and the Olympic mountains of mash-  
ington on the west fro111 near the JTeuican 
line to British Cohrmbia. They are  sepa- 
ra ted by a depression, a p e a t  valley more 
or lcss c o n t i n ~ ~ o n s  Prom the Gulf of Cali- 
folania 2nd Ralton Sen on the sortth throrigh 
the Great Valley of California, the Wil- 
lamctte Valley of Oregon and Pnget Xolmd 
to  Georgia11 strait  on the  north, which it 
enters ant1 Pollo\~rs with lcss definition 
along the coast of British Colu~nbia to 
Alaska, a total  distance of about 2,500 
miles. 

I n  the  TJniterl States there are only three 
rivers, the Columbia, the Ulamath arid the  
Xacrn~ncnto (inchttling the P i t ) ,  x~hich cut 
across the  entjre rnoantain belt from the 
interior platform to the sea, altho~rgh three 
others, the Chehalis, TJmpcl-cra ancl Rogue 
riirers, rise on the IT-est slope of the Cascade 
range ancl break through the coast range. 

7'hc molmtaln ranges ~~-1lieh eonsti-n o ~ v  
tltte the  topographic limits of the  Great 
Valley of the  Pacific coast are  composed 
of parts tha t  differ widely in origilr. age 
and composition. 

TIIE SIERRA nTEvnnAi 

'i'l~e Sicrra. Nevada is a massive mountain 
hlocl;, 350 miles long 2nd 80 mile< wide, 
with n l ~ n g:.,rrc'ntle slope west to The Great 
Valley, a~ril to the has a short steep 

Dnrinq a long period of erosion v-hich 
washed away the mountains and reduced 
thrl co~xntry to lorv relief the veins gave rise 
to a~rrifcro~rsgravels, ancl sotne of the 
earlicr of these gravels in the northern por- 
tion of the range are covered by flows of 
Tertiary lavas. 

The ~ o n t h e r n  and central portion of the 
range ~ ~ h e r a  oncgrarlodiorite prevail7 is 
great topozraphic blocl; borlnded on Lhr 
cast by a fault  zone, which cmaving to thcl 
irest around the c;anthenl cnd, mccts thc 
San hnclreas fault  of rcccmt earthqnnlre 
fame aricl brings the Sierra Nevada and  thc 
Coast ranqe toqeihcr, 111the northern por-
tion of the range along the eastern side of 
the great blocak, adjoining the Great Rasin 
and suggesting its s t r ~ ~ c t a r e ,  there are two 
smaller faal t  hloeks. onc of nhich localiv 
has sunk for LaBc rI'alioe, while thc other 
Eonna the hold eastern cscarpnient of the 
range. 

Tlre Tertiary l ams  of the Sierra Ncrada 
are continuous to the northward with the 
qreat p i l ~of volcanics jn the Ct~scade rang(., 
beneath ~ ~ h i c h  terranes of thethe older 
Sierra Nevada disappear vitll a strike of 
approximai,cly N. 50" W. toward the Kla- 
math r ~ ~ o u n t a i n ~ ,  60 milrs a:ITay.about 
Somc minor Imllts appear in the l ams  of 
the Lassen Peal< region hat  major faults 
like those which ehnrartcrixc the ?'1 ~ r r aL 

Ncvada hare  not yet l~cen recognizeil in  

slope, dne to fau l t ing .  tlrat S C ~ R I - ~ ~ C S  the Cjaslcacle range. t l ~ t ~  
rocl~s of thc~ Sicrra fyonl those of the Great 
Basin. 

The Sierra Kevi~da is conll)osed of s ~ d i -  
mentavj- 2nd igneous rocks of v a r i o ~ ~ s  ages, 
from Sililrian to Jilrassic, which have hec~n 
eloselj~ Eoldeil and inlrnded by batholilhie 
masses of granitic, roclis. The foltlinp ancl 
intrnsion have greatly altered the roclcs 
and developed in them numerous ~netal -
liferous veins, chiefly of auriferous quartz. 

The fnnlti~ig which limits the Sierra 
Nevarla on the east. as exnphnsixecl rcccntly 
hy Ranson~e, has hcen of 1011s duration and 
is still in progrcss. as  evidenced by the 
many small earlh(~~aalres ;it points along its 
courw. The Omens Valley earthqnalr~ of 
1872 is the rr~ost notable example resulting 
from a fanlt  of 20 Ferl. 

The earthqualie was widely felt, but 
there are many that are not Celt at  all nndrr  



ordinary circumstances, and yet may be 
clearly detected and their intensity and 
duration measured 1)s a seismograph. 
Every earthquake indicates a change in 
the relative position of the roclis, however 
small, either horizontal or  vertical or both, 
and consequently in the relief of the coun- 
try. I t  may truly bc said that the moun- 
tains are guo~ving. I n  no other part of the 
TJnited Statcs is there as great seismic activ- 
ity as along our Pacific coast, a fact which 
means that the mountains are not only 
growing, but growing faster than elsewhere 
i11 thc United States. Some are growing 
less, other:; greater, and there is need, as 
pointed out by Lawson, of establishing 
bench marks on opposite sides along the 
faults, so that the amount and character ox 
the change may be measured. 

The transformation of the Sierra Nevada 
from a region of low rclief to one of high 
relief so illcreased the river grades of its 
western slope that they have carved out 
deep canyons which now form the principal 
relief feature in the scenic attractions of 
the range. The Yosemite Valley is the 
finest example, although rivaled by that 
of Kern River, and is one of our most im- 
pressive and instructive national parks. 
This is especially the case since nature has 
made some of the finest trees in the region 
big in proportion. as if to correspond to the 
size of the canyon. 

KLBMATII MOUNTAINS 

The Klarnath Mountains are an irregular 
half crescentic group of peaks and ridges 
along the coast in northwest California 
and southwest Oregon. The general shape 
is that oP a saddler's knife, with the 
curved side to the >vest and the handle to 
the east, a little south of the center. Their 
greatest extent north and south is about 
225 miles, with 75 to 115 miles in width. 
The crescentic border follows the coast for 

about 90 miles north from the mouth of 
Hlamath River in California to near Rogue 
River in Oregon. To the northwest of the 
Klamath Monntains is the coast range of 
Oregon. l'o the southwest is the coast 
range of California, both overlapping the 
western curve of the Klamath Mountains 
along the coast. On the east lies the Rogue 
River Valley, Shasta Valley and Sacra-
rnento Valley bordered by the great lava 
field of the Cascade range. 

The Klamath Mountains are composed 
chiefly of Carboniferous and Devonian 
sediments, with a large proportion of con-
temporaneous lava flows of rather basic 
types. Besides these there are large bodies 
of mica and hornblende schists of pre-
Paleozoic age, as well as sedimcnts and 
rffusives belonging to the Jurassic and 
Triassic, 

These rocks are folded, faulted and in- 
trrnded by batholithic masses composed of 
granodiorite, gabbro and peridotitic rocks 
centering in a general core with aligned ter- 
rninals that curve to the northeast in 
Oregon and sontheast in California. The 
later sedimentary roclis of the Klamath 
Ifountains, the Jurassic and Triassic, are 
richly fossiliferous in the Redding quad- 
rangle, where they are assooci;tted with 
equally fossiliferous Carboniferous and 
Devonian strata that form the hills lying 
east of the Sacramento River and the rsil- 
road between Redding and 14t. Shasta. I n  
the southern part of this exposure the Ale- 
sozoic rocks strilie S. 50" E.  in line xvith 
rocks of essentially the same age and posi- 
tion 75 miles away in the northern portion 
of the Sierra Nevada. To the northward 
in the Redding quadrangle we see these 
Mesozoic roclrs curve to the right and strike 
to the northeast in the general direction of 
the Blue Jiountains of Oregon. Now this 
change in the strike is not limited to the 
eastern portioii of the IClamath iJIountains 
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in the Becldiilg cli~adrangle, but, more or 
less distinrtly marked, i t  extcnds through- 
out the great stretch of the Paleozoic roclis 
of the whole gronp in both California and 
Oregon. Fnrthermorc, the same curved 
trend is sugqestcd by the form of the in- 
trucled masses. The mass of granodioribe 
bctwee*l Tiex iston and Igo cxtends soutll- 
east ancl widens directly toward the Sierra 
Nevada, wliere similar roelrs are abundant. 

While the composition and the plication 
of the rocks of the Rlan~ath Mountains tend 
to show clcse re!wtionship to the Sierra 
Nevacla, it is only partial, and in -i.eality the 
t ~ oare distinct, being separated in the 
first place by a wide depression probal~ly 
due, as long ago pointed out by Whitney, 
to a, fa i~ l tacross the trend of the Yange, and 
I11 the slac>oncl place cha~nctcrized by a series 
,of overtlnrnst faults quite nnlilie those which 
obtain in the Sierra Nevacla. 

Although the delailed structure of the 
Klamath llountains lins not been worked 
out, some of the izlajor stl*neturcs have beon 
apprehendetl by I-Tershey and others suffi- 
ciently for consideration in this compari- 
son of the se~e ra l  ranges of the Pacific 
coast chitin. 

The soutlzlvest liizlit of the Klamath 
I\fou~itains against the coast range of Cali- 
fornia is marlrccl by a profound thrlist 
fault on which the highly crystalline schists 
of Soutll Fork Moantitin appear to have 
been thrust to the southmest up ovcr the 
Cret:lceons and Jt~rassic rocks toward the 
coast. The f:iult rwls nortlzurcst and soath- 
east ancl the liard schists give rise to a 
prominenl, long cvcn-crested mountain 
riclgc, one of the most eo~~spicuousmem-
bers of tlie Iclamuth Mountain group. 

I n  0regon a sim ilnr lanll, occurs through 
the Kerhy rcgion of Jo~ephino Co nnty, 
where Devonian vocks are in effect thrust 
n o r t h ~ ~ ~ c s ttomarc1 the ocean up over those 
of Jurassic age. Tlie fault runs northeast 

and southwest and erosion has developed 
prominent mountains facing the valley 
that lies to the northwest. 

The Kerbg fault if continlled southwest 
in the same strike wollld interscot the South 
Porlc Mountain fault, but, according to 
Ilershcy, before it reaches the South Fouk 
Mountain fault it carves to the south and 
finally soutl~east so as to parallel the South 
Porlr hIountain fault. 

Farther east there is another f21ult belt 
which at  the south end in California, trends 
sout2least, \zr21ile a t  the northcrn end jn 0:-
cgon its course is to the northeast. Lilie 
the other, it appears to be a thrust fault. 
lnershey has estiniated the overthn~st 
1oc:rliy in one of the Klamath Mountain 
faults as much as a mile. 

The curved thrust faults traversing the 
Klamath llountaing are in strong contvai;t 
with the ~lormal farrlts of the Sierra 
Nevada. The iclamath Mountain thrust is 
to the westward. The domntllrow of the 
nornlal farrlts in the Sierra Nevada is to 
the easturard. l'lirust faulling occurs also 
locally in the Sierra Nevada, but a t  Tay-
lorsville Ihe thrust is to the eastward. 

Tlie Klumath hIonntains are insular in 
character. Cornpoxcct largely of Paleozoic 
roclis and surro~~nclcd h y  roclts 01later ago, 
they formed a b~xttress in the development 
of the coast ranges of Californja and Or-. 
egon. From the Sierra Nevada they are 
srparatod by a depression in the older roclis 
that extends north~varil beneath the Cas- 
cade range. 

During n portion of the Cretaceous the 
Klamath nrountains were above sea Ievcl, 
but tlre gradual su1)sidence of the land al- 
most or quite complct~ly immersed them 
at  the close of the Chico epoch, as shown 
I)y the rather widcspreact occnrrence of 
EossiliIeroas fragments of sandstone from 
tbc Chieo formation in the auriferous grav- 
els of that region. During the early Ter- 
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liary the region was a lo~vland of gentle 
relief cut down like the Sierra Nevada to 
a peneplain, but later i t  was raised as per- 
haps the great valley sank, and became a 
prominent mountain group. 

TIIE COAST EANGE OF CALIFORNIA 

The coast range of California laclcs the 
wealth of precious metals found in the 
Sierra Nevada, and for that reason until 
recently it has not received so much atten- 
tion from geologists. But the discovery of 
oil and its development has greatly stimu- 
lated research in that field. Only a few 
districts have been surveyed in detail and 
published, but much general reconnaissance 
has been done. What ~ 7 e  know of the com- 
position, structure and history of the range 
has been admirably summarized by A. C. 
Lawson and Ralph Arnold. Their sum-
i~~ar i e s  ahave recently been discussed in 
most helpful critical way by Ransome, who 
is himself familiar with portions of the 
region. 

The coast range of California, according 
to T~amson, extends from the Mexican 
boundary to near the mouth of Klamath 
River, with a length of about 720 miles, a 
width ranging from 40 to 60 miles, and a 
general trend of N. 30" TV. 

A t  the northern end Lawson includes the 
South Fork Mountain in the coast range, 
but i t  seems to me that the great fault on 
the western slope of South Forlr Moun-
tain is the delimiting feature and keeps the 
South Fork AIountain and Yallo Bally in 
tbe Klarnath group. 

The coast range is regarded by some, and 
Ransome among t,hem, as ending on the 
south at  the headwaters of Santa Maria 
Rivcr where the Trhachapi range joins the 
southern termjnus of the coast range to the 
Sierra Nevada. 

South of the Sailta Naris River is a 
group of ridges inclllding the San Rafael, 

Santa Barbara, Santa Ynez, San Gabriel, 
San Bernardino' and other ranges, which, 
although not strictly parallel, have a gen- 
eral trend nearly east and west. These 
ranges embrace the Los Angeles coui~try 
and have been most appropriately referred 
to by Ransoine as the Sierra de Los Angeles. 

The coast range throughout is composed 
of a succession of parallel ridges which, 
south from San Francisco to Santa Maria 
River, trend about N. 43" W., while in the 
northern portion of the range the trend is 
N. 26" W., giving an average course of 
N. 30" TV. for this portion of the range. 
Everywhere the course of the ridges is 
more or less oblique to the coast line, which 
is made up of a series of zigzags that Law- 
son regards as probably due to faulting 
parallel and transverse to tlie ridges, thus 
cutting them off on the shore and affording 
excellent exposures of the composition and 
structure of the range. 

The coast range of California is com-
posed chiefly of Mesozoic and Tertiary 
rocks, with some that are older, as well as 
a considerable portion that belong to the 
Pleistocene. The olclest rocks are marble, 
quartzite, mica and hornblende schists like 
those of the Klamath lfountains and Siema 
Nevada. They appear mainly as inclu-
sions in the granitic rocks ~7hich form the 
concealed basement of the coast range and 
upon which was deposited unconformably 
the Franciscan formation, a complex sue- 
cession composed in the main of strongly 
indurated sandstone with subordinate quan- 
tities of shale and conglomerate, a consider- 
able part of radiolarian chert and foramin- 
iferal limestone. I n  the upper part of the 
formation are interbedded lavas, and the 
whole is intruded by peridotite and basalt. 
A thick series (29,000 feet) of shales, sand- 
stones and conglomerate of Cretaceous age 
follow unconformably on the crushed Fran- 
ciscan and are succeeded by an extensive 
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succession of shdes, sandstones and con-
glo~neratcs of Tertiary and Quaternary age. 

In eomposjtion the coast range is i n  
strong contrast with the Sierra fivacla,  
being much the younger. There are great 
differences in structure also. The roclrs of 
the coast range are folded, as Lax-son points 
out, in rather sharp synclines and an ticlines, 
some of which are overturned, as in the 
Monte Diablo region, toward the occan ant1 
thrust faulted, but they are never so closely 
appressed as to  indicate general and impor- 
tant  deformation of the internal structnre 
of the ~ o c k s  aft'cctecl. There has been no 
development of slaty cleavage or schistos- 
ity. I n  general, thc axes of the folds are 
north~l-est-southeast, and i~lthough the mi- 
nor folds mny be more or less clivrrgcnt, 
thc niajor folds are parallel and extend for  
many miles. The coincidellee of many of 
the 1argc.i- valleys with a synclinal axis is 
very marlied. 

The coast range throughout is a faulted 
range and the faulting has had even inore 
to clo x ~ i t h  thc form of the relief than the 
folding. Many of the valleys are fault  
valleys with unsymmetrical slopes, the fa~xlt  
lying near the steeper slope. The faults, 
too, are especially interesting because of 
the earthquakes they produce. Faulting is 
still in progress, ancl cnch slip or movement 
along the faul t  plane results in  a shock. 
The grcat cartltyualie of 1906 resaltecl frorn 
a ,slip along the San Andreas r i f t  which 
has been traced for 600 miles. The move- 
nlent mas greatest i n  the neighborhooci of 
Sail Francisco and chiefly horizontal in- 
stead of vertical, as is  perhaps generally 
the case. IIandreds of fanlts slip and 
slight shocl~s occ11r in California every 
year, and p e r h a p  l ~ u n d r e d , ~more too 
gentle to attract attention. 

7'1ir coast range as a whole may 1~7ell be 
or~tlinedby faulting. The steep 1~111ff c)f 
the coast beneath the sh:illow and the deep 

sea is probably due to  faulting, and the 
eastern side of the range in Tehanla and 
Shasta Connties has a series of large sand- 
stone diltes that evidently resulted from 
an earthqnake, possibly in llert,iary time. 
Unlike the Sierra Nevada, which is mainly 
one great bloclr tilted so that the streams 
consequent upon tlie tilling flow directly 
transverse to the range, the coast range is 
cornposed of many blocks -cvith tllc main 
divide along tlie eastern edge, but the 
streams, instead of bcing ~vholly consequent, 
taking the shortest ronte directly to the 
ocean. are subsequent and follow the lines 
of easiest erosion along faults arid folds to 
the set]. 

Accorcling to Ransomc, referring to the 
~ ~ o r l iof inany others, the structure of the 
Sierra de Los rlngeles appears to show a 
transition from a combination of folitinc 
and faultinq such as is charactcristir: of 
the coast ranges to tilted bloclc monnta i~~s ,  
esemplified by the San Hernardino range, 
such as arc chamcteristic of the Great 
Basin. 

;\kc11 yet remains to be clone before a 
comprehensive statenlent can be formn1atc.d 
concerning the structurc of the coast ranges 
as a whole, but v i t h  th? large corps of 
~vorliers from the uiiiversitics a t  Berlteley 
and Stanford and the TJnited States Qeo- 
logical Survey as well as others in  the field 
the dctaileti information is rapidly accuma- 
lating. 

The coast route fi*onl T,os ~Znqeles to 
San Francisco is in the coast range t h r o ~ ~ g h -  
out the entire trip 2nd affords an rxcellent 
opportunity to ol~serve inany of its featnres. 

TIIE COAST RANGE O F  OREGON 

I f  in C;rlifornia we have in  the Pacific 
systcm two ranges, the Sierra Xevada and 
the coast range, rvhitah are strongly con-
trnsteil in coruposiljon. stl.uc.tnre and age, 
in Oregon me have two ranges of still 
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greater contrast, not only in composition, 
s t n ~ c t n r e  and ilge, k)ut in  mcdc of tlcvelop-
meat. 

The coast range of Oreqon extends from 
Cape Blauco in Oregon through JVashirig- 
ton to the strait of J u a n  de Fnca, a dis-
tance of nearly 400 miles. At  the sol~thern 
end i t  abuts against or rather runs into the 
Klamath mountains without any sharp 
topographic termination. ,4t the north i t  
ends in the Olympic mountains of bold 
relief, reaching an altitude of 8,150 feet, 
but not quite reaching the height of the 
IClamatli nIonnlains. Sonth of the Columbia 
along its crest are Onion Peak, Saddle 
Jlountain and Mary's Butte, of which sev- 
eral are volcanic. 

On the whole the range is a unit but ir- 
regular and, as compared with the Sierra 
Nevada ant1 coast range of California, is 
characlerizcd by its lack of effect upon 
drainaae. illthough of small extent, i t  is 
cut across by four rivers, the IJmpqua, 
Nehalen, Columbia and Chehalis. 

I t  is composed wholly of Alesozoic and 
Tertiary rocks which a t  both ends ahnt 
against those of the Paleozoic age. The 
Franciscan series of sandstones, shales and 
eherts of Franciscan age, with serpentine 
and other intrusives, form a large par t  of 
the Olympics and a portion of the south- 
ern terminus of the range in Oregon, but  
have not bcen recognized in intermediate 
portiol~s of the range. The same is true of 
the Cretaceous, especially the Upper Cre- 
taceous, which lies with markcd uncon-
forlnity npon the rocks OF Franciscan age 
and thus records the great diastrophjc 
epoch of compression, probably abont the 
close of the Jurassic. 

The Cretaceous on the Pacific coast was 
a time of subsidence so profound, a t  least 
in one locality, as to result in  the accumu- 
lation of 29,000 feet of deposits in  a. mod-
erately shallow sea which transgressed the 

sinking land until i t  reached the base of 
the Sierra Nevada. I n  Oregon there was 
apparently a great emhayment covering 
not only the n o r t h ~ r n  end of the Klamath 
Mountains, but extending inland 1,eyond 
the Cascade range to the base of the Blue 
Mountains. This great sinking embay-
ment, as i t  were in the lee of the KIamatli 
Mountains, the stable and insular terminus 
of the Sierra Nevada, is an important Sea- 
tnrc of both the Cascacle and the coast 
ranges in Oregon. The steeper inclination 
of the Cretaceous strata as compared with 
the Eocene indicates their anconformity, 
and the discordance is the greater in pro- 
portion as the underlying Cretaceous is 
older. 

'['he Eocene sandstones and shales, al-
though mainly marine, are in part  of €re911 
01. brackish water accumulation anil con-
tain locally more or less important deposits 
of coal. Thcy lorm the bulk of the coast 
range in Oregon and southwest Washing- 
ton, and with them are associated in many 
places contemporaneous volcanics, for the 
most part  basalts. 

A large part  of the coast range in Ore- 
qon and Washington south of the Olympics 
was probably not raised above the orean 
before the close of the Eocene, but a t  that 
time the elevation became somewhat more 
pronounceil, forming a low ridge which 
with minor oscillations admitted the Mio- 
cene sea through the gatewily of the Che- 
halis anil Columbia into the \Villamette 
Valley. 

Toward the southern end, where the 
Eocene contains some marine sandstones 
derived from the near shore of the Kla- 
math Mountains, the coast range is gently 
synclinal. T t  presents a bold bluff with 
even crest to the TJmpqna Valley, possibly 
due to a fault. Although, as a whole, the 
coast range of Oregon has not been sub- 
jecteil to as great compression as that of 
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California. nor cut into parallel ridges by tiary the volcanic activity was greatest a1111 
large faults, yet in places along the coast, Ihe b111lt of the range, though partly 1113-

as a t  Coos Bay, the thinner bedded Eocene liftccl, was jn equal or perhaps ercn preatcr 
has been Polded and compressed into a mrasure npbnilt b;y flows of viscou~ and+ 
vertical position. The later i l~ te rmj t t e~ l t  sitic l a w s  with much ejected material. 
uplift during the Quaternar7- is recorded 
by a series of elevated beaches cut more or 
less tleeplp on ihe west slope by the ocean 
7vavrs. 

TlIE ChSClDE RYNGE 

The Casca~le range is essentially a vol-
canic range stretching f~.oin T~asscn Peak 
in  California to MI. Rainier in  \TTashjngtoii, 
a distance of 450 miles. At both ends the 
lavaz, lap 0x1 to the uplifted mountains 
of olcier roclis, the Sierra Nevacla, in Cali-
fornia and the northern Cascades in  TJTash- 
ington, but  bet\+een these two from the 
Colriir~bia R i ~ e r  in  ?fTashington to the Pi t  
River in  California, for a distance 3f 

nearly 300 I I I ~ ~ C S ,  tlic range is composed 
largely. if not wholly, of igneous roclis that 

Basalts are common and sorne acid lavas 
arc knowll, but the great bulk of the range 
is andesite in  strong contrast with the great 
lava phiins east of tlie Cascades, where the 
thin basalt f101~s spread out horizontally 
like sheets of ~ ~ a t c r .  The change from the 
p1:tin to the mountain slope a t  the eastern 
base of the Cascade range is abrrrpt and 
distinct, and due, for the most part, to the 
fact that the stiff viscous andcsitic lavzts 
were able to build a p  steep slopcs while the 
snp~rhea ted  and highly liquid hasalts 
spread out  like n7ater along the irregular 
nroun tain front. 

After the close 01the Tertiary the vol- 
canic activity waned, nlthough eruptions 
occurred to ~ ~ i t h i n  the historic period and 
possibly even to the present day if thc out- have cscapc~l from n great belt of V O ~ C ~ ~ D O ~ S  

that  for7n the range. The snrnmit of the 
range is an i ~ r e g i ~ l m  plateau strewn with 
niany lava and cindcr con~s ,  of whicli each 
one marks $he site of a volcanic orifice 
tril)utary to thc apbtrildiag of the range. 

?Vhere bes! developed, as sho~vn in  thc 
IZlamatIl and C'olnlnbia river sections, the 
bod;tr of lava forming thc range is on the 
average probably about 4,000 f cet in thic:li- 
ness, but in the greater volcanoes like 
IIoort, Jefferson, Jlazama, Xhasta and T~as- 
sen it rises to accxirni~lations of 6 to 10,000 
feet, in thicli-ness. The later Ponntlations 
01thc Cascade range were laid in the Ore- 
gon enlbaymcut during the Cretaceous and 
early Tertiary times, possibly before the 
ranges were distir~ctly outlinecl. The Ter- 
t iary volcanic effusions began in ore go:^ 
T T ~ S ~  the Cascacle mnge during theof 
Eocene and possibly a little later in the 
same epoch eruptions began in the base of 
the Cascade range, During the later Ter- 

harsts from the summit of T,asscn Pcali cle- 
velop so as to involve molten material. 

I Z o ~ ~ e v ~ rthat  niap be, there is no clonbt 
that the Cinder Cone and its lava field 10 
mileg northeast of Lasscn Pcak resulted 
fro111 one or more cn~pt ions  within a cen- 
tury or two. I11 1843 both Baker nncl St. 
ITclcns werc in violent ernption, ejecting 
large quantities of ashes, of which Fre-
n-iont obtained saniples collected a t  the time 
of the eruption. There is also ~~c l l -a t l es t rd  
alrlhority that  eruptions occurred on Ilk. 
Baker in 3 854, 3 8.58 and 1370. I n  general, 
however, the volranocs of the Cascade 
ranqe are consider.ec1 extinct, and the np- 
building of tl:e C:iscacle ranqe comp1ete;l 
as f a r  as the actnal acc~nnulation of lava 
is concerned. 

While the great altitude O F  tlle rarigc is due 
chiefly to the piling u p  of layas, a considr~-  
able portion is dne to actual irplift, for in  
the Cret;reeons of the Rogue River valley 
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marine shells now occur at the elevation of strong contrast to the coneless basalt 
3,000 feet which must have been elevated to plains in the formation of which the high 
that amount. The same may be said of the degree of fluidity in the outflowing lava 
Eocene. It is, however, important to note was the niost important factor. 
that the uplifting of the Cretaceous and 
Eocene sediments about the close of the 
Tertiary was connected with the Klamath 
38ountains rather than that of the Cascade 
range. 

Faulting that has played so large a r61e 
in the development of the Sierra Nevada 
and the coast range of California has n ~ t  
given general features to the volcanic mass 
of the Cascade range. Small faults are 
common in the lavas southeast of Lassen 
I'ealr, forming lines of bluffs and bringing 
the ground water to the surface in large 
springs, a feature which is common also in 
the Klamath Lake region and, as pointed 
out by Rt~ssell, along other portions of the 
range, but these small faults have no effect 
on the general form of the range. 

Along the western base of the range in 
the Willamette Valley, T17aslib~irne has 
pointed out some features suggesting a 
fanlt, but as yet its existence is a matter o l  
doubt. There is no great relief feature in 
that region that appears to have originated 
in faulting. Farther south irr the Rogue 
River valley there is a regular practically 
couformable succession from the Creta-
ceous through the Tertiary sediments to 
the overlying layas of the Cascade range. 
Small faults occur in the Eocene coal beds 
which dip beneath the range but the faults 
are conrlected with the local intrusion of 
the lavas and not of large extent con-
neetecl with the uplifting of the range. 

it is evident that the la'?' the 
cascacle range are faulted, I think 
has greatly overestimated the effect of the 
faulting as a factor in the upbuilding of 
the range, which, as i t  seems to me, is a 
great pile chiefly of viscous andesitic lavns 
from many confluent cone-capped vents, in 

TIIE GREAT VALLEY 

Of all the relief features of our Pacific 
coast mountaiil belt the least impressive 
and yet the most important is the Great 
Valley where live by far the larger num- 
ber of people, with railroads for transpor- 
tation, and produce from the alluvial soil 
mashed in from the adjacent mountain 
ranges the main portion not only of their 
own subsistence, but much for other parts 
of the worlcl. The great valley extends 
throughout the entire mountain system, but 
not without interruptions, and in fact 
these interruptions are so marked in cer-
tain localities, as between the heads of the 
Sacramento and Willamette rivers, where 
the valley is obscured by cross folds f r o d  
the Klamath Mountains, that some geolo- 
gists have doubted its continuity. When 
these cross folds and their effect upon the 
great valley are clearly understood i t  will 
be recognized that the valley is the great 
feature of the Pacific mountain belt, with 
its history deeply buried in and beneath 
an enormous mass of sediments. 
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T E E  I N T E Z N A T I O N A L  COAfilfISSION ON 
BOUNDABY W A T E B S  

MR. ADOLPT-EF. MPI~I:R,associate professor 
of hydraulics in the college of engiaeeril~g of 
tExe University of Minnesota, has been engaged 
as collsulting engineer for the Illterrlatio~lal 
Joint IIigll ~oCommissioll,i n  conllection with 
investigations made on boundary waters. 
These investigations have extended over the 
past two and a half years, and in this work 
Professor &!eyer has been associated with Mr. 


