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FOREWORD . 

OWing to the nature of the Act which created it, th is Department 

func tions in Oregon as a·State Geological Su r vey, a Bureau of Mines, 
and a Department of Mineral Industries, all combined. In view of this 

rather broad scope of activities the departmental public ations are divid­

ed among several c ate gories , inc luding geology, mining, metallurgy , 

state-wide mineral inventories, industry analyses , etc. 

This bulletin is confined strictly to a geologi c subject and em­

bodies an academic discussion of the structure, age re lations, glacia ­
t ion, physiography and general geology of the area covered - the Salem 
Hills and the North Santiam River Basin. Although a reason able amount 
of areal geologic work has be en done in the Cascade area from Eugene 
north to t he Columbia River, the results of most of such work have not 

been made ac c es sible to the public. The work done .by Dr. Thayer and 

published : herewith is an add ition to the geology of this country and 

fits in with Eugene Callahan's Cascade work. We believe that the auth­
or , Dr. Thaye r, now one of the geologists of the U. S. Geological Sur­
vey, has made a worth-wh ile contribution to Oregon's geologi cal litera­
t ure, especially by his outlining the relations between the older 
"Western Cascades" and the younger "High Cascades" volcanic series. 
The bulletin should be of interest and value to ge ologi sts and st udents 
making investigat ions anywhere along the Cascade belt of the Pacific 
Northwest. 

Port land , Oregon, 
December 1939. 

Earl K. Nixon 
Director 
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INTRODUCTION 

The Cascade Range in Oregon forms the central part of a range of volcanic 
peaks that extends from the vicinity ot Lassen Peakg at the northern end of the 
Sierra Nevada in California, to Mt. Baker, a few miles south of the Canadian 
line. In Oregon the base upon which the volcanic rocks lie for the most part is 
c oncealed , but in Washingto n and California near the ends of the Cascade Mou n­
ta ins proper, the lavas lie on the eroded surfaces of much older rocks. It is 
reasonable to expect that exposures of t he older or "basement" rocks will be 
found in the Oregon Cascades as geologic mapping progresses . 

Major structural features such as anticlines and synclines commonly are 
difficult to determine in volcanic rocks, especially when heavily covered with 
forest litter because irregularities i n  individual flows may be, and often are, 
very great. It is not surprising, therefore, in the heavily timbered Cascade 
Range that the pioneer geologists believed the Range was a s imp le pile of lavas , 
on wh ich the volcanoes like Mt. Jefferson were built. I. C .  Russell, in 1897 �. 
appears to have been the first to suspect that the Cascades were forme d of two 
or more series of volcanic rocks, some of which were folded, and some of which 
were not folded. The accuracy of Russell's observations has been fully borne 
out by later geologists � . and in 1933 Callaghan 1/ suggested the terms Western 
Cascade and High Cascade for the older and younger volcanic se�es, respectively . 
These names have been accepted for the Oregon Cascades to dilfferentiate the 
folded Miocene and older Tertiary volcanic rocks from the unfolded younger (Plio­
cene to �ecent? ) volcanic rocks, and wi ll be used in this sense in this pape r . 
The terms originate in the fact that in Oregon between the Nort h Santiam River 
west of Mt. Jeffe rson and the Rogue River southwest of Crater Lake , the Cascade 
Range is made up of two distinct north-south ranges. In general, the Western 
Cascade Range is characterized by mature t opography, with narrow valleys and sharp 
ridges which bear little obvious relation to bedrock structures .  In the High 
Cascade Range the topography is co ntrolled almost everywhere by the structure of 
the lavas . 

The Western Cascade Range is about 50 miles wide east of Salem ; if the Salem 
Hills which are structurally part of the range be included, the width is 65 
miles. The average elevation of t he Range is between 4500 and 5000 feet , and 
the relief between 3000 and 4000 feet . The Salem Hills and the foothill slopes 
west of Stayton are nearly all under 1000 feet in elevation. 

The structure of the Western Cascade Range is relat ively simple . . The Oli­
gocene-Miocene volcanics are mainly andesitic flows and tuffs which have been folded 

� Russe ll , I. c., Volcanoes of North America: p.233-239, 1897, 
MacMillan Company , N. Y. 

� For complete bibliography see : Treasher , R. c., and Hodge , E. T., Bibliography 
of the geology and mineral resources of Oregon: Oregon State Planning Board, 
Port land , 1936. 

1/ Callaghan, Eugene , Some features of the volcanic sequence in the Cascade 
Range in Oregon : Am. Geophys ical Union, Tr., p.243, 1933. 
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into gentle synclines and anticlines trending northeastward. These folds, in 
order from west to east are: the Willamette s yncl i ne, the Mehama ant i cline , the 
Sardine syn cl ine and the Breitenbush anticline. (fig.2 ) . D ips in the lavas aver­
age 3 to 5 degrees, exc ept in the Breitenbush anti cli ne , in which the western 

limb dips 50 degrees, and the eastern limb 12 degrees. The western border of 
the range is marked by dip slopes of 2 to 3 degrees e xtend ing nearly down to the 
floor of the Willamette valley. The eastern borde r  of the Western Cascade Range 
l.s buried under High Cascade lavas . 

In the latitud e of Mt. Jefferson the High Cascade Range is about 25 miles 
wide, and the crest line is about 10 miles east of the western base. This post ­
Miocene range is built largely of basaltic and andesitic lavas 4/ that seemingly 
are unfolded. Most of the l avas dip away from plugs that are exposed near the 
crest of the range, Glaciated d ip slopes, deeply trenched by glaciated valleys, 
characterize the High Cascade :Range for several miles south of Mt. Jefferson,  where­
as north o f  that peak the Range widens an d assumes the aspect of a glaciated 
plateau . South of the b end in the North Santiam river, northeast of Mt. Bruno, 
hereafter refer red to as the Elbow, the western limit of the High Cascade Range 
proper is the valley of the North Santiam River; north of the Santiam Elbow no sharp 
physiographic or topographi c boundary is evident. 

4/ For detailed petrograph ic d iscussion of the West ern Cascade rocks see: -
Callaghan, op. cit . ,  and Buddington, A. F., and Callaghan, Eugene, Dioritic 
intrusive rocks and co ntact metamorp hism in the Cascade Range in Oregon: 
Am. Jour. Science, 5th ser., vol. 31, p.42lco429, 1936; and Metalliferous 
mineral d eposits of the Cascade Range in Oregon, U. S. Geo l, Survey, Bull. 
893 (1938}. 
For descriptions of High Cascade rocks see: Thayer, T. P,, Petrology of 
19.ter Tertiary and Quaternary rocks of the north-central Cascade Mountains 
in Oregon, with notes on similar rocks in western Nevada: Geol. Soc, Ameri­
ca, Bull., vol. 48, p. 1611-1652, 1937; and Williams, Rowel, Mt, Thiel sen, 
a dissected Cascade volcano: Univ. Cal., Pub, Dept. Geol, Sc iences, vol . 
23, p. 195-214, 1933. . 
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Table 1. Comparison of Western Cascade and High Cascade Ranges in 

the North Santia� River region. 

·Western Cascade Range 

Form 

Width 50 miles; if Salem Hills in­
cluded, 65 miles. Average elevation 
4,500 to 5,000 ft., except in western 
part which slopes toward Willamette 
Valley; average maximum relief 3,500 to 
:1., 000 ft. Maturely eroded, with narrow 
ridges and valleys whic h show little re­
lation to structure, although in western 
part dip slopes predominate. Small 
glacial cirques above 3,500 feet eleva­
tion. 

High Cascade Range 

Width about 25 mi les . Maximum aver­
age elevation 5,000 to 7,000 ft., with 
isolated higher peaks. Average relief 
2,500 - 3,500 ft., maximum 8 , 000 ft. 
Crestline forms divide of Cascade Range 
as a whole. Triangular in cross-section 
south of Mt. Jefferson, with crest about 
10 miles from western base; north of Mt. 
Jefferson is northward-sloping plateau 
surmounted by volcanic cones. Glaciated 

dip slopes , "U" valleys, and eroded 
volcanoes dominate topography. 

Formatio ns 

Eastern part: Eocene? rhyolites under 
Oligocene-Miocene Breitenbush tuffs 
grade up into Miocene Sardine lava series: 
Mainly andesitic to rhyolitic tuffs and 
lavas . Western part: Oligocene marine 
Illahe formation equivalent to continen­
tal Mehama volcanics. Miocene Stayton 
lavas unconformable on Oligocene beds, 
and conformable under Fern Ridge tuffs. 
Sardine lavas intruded by Upper Miocene? 
diorite porphyry. Pleistocene glacio­
fluviatile deposits in main valleys, 

Pliocene-Pleistocene volcanics, di­
visible into 3 probable age groups by ero­
sional unconformities: Outerson volcanics 
( oldest ) ; Minto a nd Battle Ax lavas; 
Olallie lavas and Santiam basalts. Lavas 
very fresh, range from olivine basalts to 
dacites; olivine-bearing andesitic basalts 
dominant. Glacial and glacio-fluviatile 
deposits widespread. 

Structure 

Rocks folded in open anticlines and 
synclines trending east of north. In 
order from west to east: Willamette syn­

cline, Mehama anticline, Sardine syn­
cline, a nd Breitenbush anticline. Dips 
in Miocene rocks average 3° to 5°, 
range up to 50°; dips in older beds aver-: 
age 10° to 15°, in places beds are ver­

tical. Faulting in region east of De­
troit. Diorite intruded into Sardine 
syncline . 

Volcanics not v isibl y deformed; ini­

tial dips from 1° to 28°. OUterson vol­
canics mostly dip eastward. South of Mt. 
Jefferson Minto lavas dip east and west 
from crestline; north of Mt. Jefferson 
vents scattered and structure more ob­

scure. Dips in Olallie lavas steeper 
than in Minto, and cones much smaller. 

Santiam basalts for m valley flows. Battle 
Ax volcano built up on Western Cascade 
Range north of Detroit. 
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Western Cascade Range High Cascade Range 

Underlying Formations 

Not exposed in North Santiam River 
region. Elsewhere the Western Cascade 
volcanics rest on Eucene or pre-Tert iary 
marine formations, or on old crystalline 
rocks. 

Rocks folded, intruded by d iorite, 
and uplifted, probably near end of Mio- : 
cane epoch, Attained essent ially present: 
elevation in Middle Pliocene (?) time. 

High Cascade lavas rest on the West­
ern Cascade volcanics with large angu­
lar and erosional unconformity. 

Chain of volcanoes built up 
during later Pliocene and Pleisto­
cene time. Youngest lava flows post­
glacial, and probably only a few hun­
dred years old. 

The field work for this report was done mainly dur i ng the summers of 19}2 
and 19}}. In that part of the area west of Mehama the formation contacts were 
traced in detail. In the area east of Detroit, except in the places which ap­
peared to be critical, tracing of the contacts by walking along them was impos­
sible because of limited time and the nature of the terrain. In the middle por­
tion between Mill C ity and Detroit, except for mapping of the diorite porphyry, 
only sufficient field work was done to yield data on the structure and phys io­
graphy. The background of regional geology was gai ned largely during the summer 
of 19}1 when the author assisted Dr. Eugene Callaghan of the United States Geo­
logical Survey in a reconnaissance of the Oregon Cascades as a whole, w ith em­
phasis on the mining districts of the Western Cascades. The writer began his 
field work i n  the Oregon Cascades in the summer of 1928 with Dr. E. T. Hodge in 
the Mt. Hood region, and s ince then has made many short trips into the northern 
port ion of the r_ange . 

The author wishes to express his appreciation to Dr, Ian Campbell and Dr. 
J. P. Buwalda of the California Institute of Technology for their criticisms 
and suggestions, and to Dr. Eugene Callaghan of the United States Geological 
Survey for his many helpful discussions and critical read ing of the manuscript. 
Mr. Ray C. Treasher and Mr. S. G.Lasky of the Geological Survey suggested many 
improvements in the manuscript, and their contributi ons are acknowledged with 
pleasure. 



GEOLOGY OF THE SALEM HILLS AND-·� .NORTH SANTIAM RIVER BASIN, OREGON 5 

FORMATIONS 

The bedrock formations of the Western Cascades probably range in age from 
Upper or Middle Miocene to Middle or Lower Oligocene, and possibly to Eocene. 
The surficial Quaternary glacial and river deposits are important only in inter� 
prating the later history of the Range. Detailed stratigraphic work is handi­
capped by the uniformity of the several formations, by local structures in the 
volcanic rocks, and by the scarcity of fossil remains. Marine fossils are 
apparently limited to the Oligocene beds along the western margin of the Range, 
alt �1ough a 6-inch waterworn sandstone boulder containing (Oligocene?) marine 
fossils is reported to have been found in low river terrace gravels along the 
No:r:th Santiam River about 6 miles east of Detroit. Fragmentary leaf imprints 
and petrified wood have been found in place east of Stayton . 

EOCENE ROOKS. 

Rhyolites, probable of Clarno age, are exposed in the axis of the Breit­
enbush anticline. They crop out along the North Santiam River for a distance of 
about .5� miles west of the Elbow, and similar flows are exposed near Fox Creek 
in the Breitenbush River. The rhyolites are massive, and are interbedded with 
green pumiceous tuffs. In both localities the rocks are cut by numerous faults. 
Sinc e these rhyolit e s underlie approximately 7.500 feet of andesitic tuffs of the 
Oligocene-Miocene Breitenbush formation, it s eems reasonable to correlate them 
tentatively with the Clarno formation. The evidence against similar correlation 
of the rhyolites in Minto Mountain and Sentinel Hills is discussed below. (See 
p.l2). 

OLIGOCENE AND MIOCENE ROCKS. 

The differentiation of Oligocene and Miocene formations in the Oregon Cas­
cade Range as a whole is as yet unsatisfactory. Along the western edge of the 
Range rocks belonging to the two epochs are separated by a distinct unconform­
ity which along the North Santiam River has been traced eastward to the crest 
of the Mehama anticline. East of the Mehama anticline no good evidence of a 
stratigraphic break was found in the Western Cascade succession, and the forma­
tions are separated solely on the basis of lithology. The relations of the 
Oligocene-Miocene formations are diagrammatically shown in the following table. 

Table 2. Correlation in the Western Cascade Range. 

Western 

Fern Ridge tuffs 
Miocene Stayton lavas 
- -

- - - - - - - - Unconformity - - - - -

Oligocene Illahe-Mehama 

Eocene 

Central Eastern 

Sardine Series lavas 
- - - No visible unconformity 

Breitenbush formation 
Unconformity? 

- - - - - - -Rhyolite 
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Illahe Formatio� 

The type locality of' the Illahe formation is Illahe Hill, which crosses the 
range line east of sec.l, T.8 S., R.4 W., about one-half mile east of the Wil­
lamette River. AS geological mapping of the Willamette Valley progresses it may 

be advisable to drop the name Illahe as a synonym for e��er t� Eugene or Pitts­
burg Bluff formations , but for the present the name is useful and will be used in 
this paper . 

The Illahe formation is composed of rather well bedded, tuffaaeous marine 
sandst ones ranging from pebble conglomerates to massive white ash and fine silts; 
fine-grained silty sandstones are most common. In the western and southern edges 
of the Salem Hills a few t hin limey beds and concretionary masses were found. 
These beds weather less readily than the others and yield the best preserved 
fossils, although the fossils are harder to break out. Northeast of Turner, in 
the southern part of T.8 S., R.2 W., the formation consists mainly of well 

bedded unfossiliferous pebble conglomerates. Shales interbedded with coarse con­
glomerates and agglomerates in Thomas Creek east of Sch imonek bridge , about 2 
miles northeast of Scio, strongly resemble Illahe beds. Although fossils were 

not found in Thomas Creek the beds are believed to be the same age as the Illahe , 

and possibly were deposited along the shore of the Oligocene sea by a st ream from 
the east. 

The Illahe formation weathers readily to gray or light brown sandy soil 
which contrasts with the red clays formed from the overlying Stayton lavas, and 
it is possible to map the upper limit of the Illahe beds fairly closely by noting 
carefully the change from red clay soil to light colored sandy soil. Along the 
western side of the Salem Hills erosion and deep weathering of the Illahe sedi­
ments have caused many landslides, and large landslide blocks of the Stayton lavas 
have reached the river in places. Coarser and more massive beds like those in the 
northeast corner of T.9 S., R.3 W., form steep slopes free from landslides. 
The thickest continuous section of Illahe sediments seen is exposed in a ditch 
down the abandoned county road southwest of Bunker Hill, in t he NWi sec.5; T.9 S., 
R.3 W. The beds dip 10 to 13 degrees northward into the hill. The thicknesses 
given in Table 3 are estimated. 

Table 3. Illahe beds exposed below Stayton basalts in abandoned 
road in NWi sec . 5 , T. 9 S. , R, 3 W. , and sw-t sec . 32 , 
T.B s., R.3 W. 

Stayton basalts (Middle Miocene ) 
Unconformit y  
Illahe formation: 

Massive, obscurely-bedded, coarse sandstone 
Calcareous, mediwn-grained sandstone, cont aining" ""iarge nwnbers 

of Pit ari a Clarki Dickerson 
Fine-grained silty sandst one 
Hard-water-laid tuff cont aining half-inch angular fragment s 
Fine-grained silty· sandstone 
Coarse water-laid tuff similar to 12-foot bed 
Fine--grained silty sandstone 

Feet 
400± 

120±-

3 
50 
12 
90 
3 

10 
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Coarse water-laid tuff 
Fine-grained soft sandstone 
We ll cemented water-laid t uff containing quarter-inch pebbles 
S ilty sandstone 
Dark-gray calcareous siltst one, very hard (base of exposure) 

2 
2.5 

2 
4.5 

1 
m 

Mar ine fossils are n��erous in parts of t he Illahe formation. They are 
most abundant sout h of Illahe Hill in road c uts near Finzer and in the sandstone 
bluff in the Ei sec.l2, just to t he south. Pelecypods are c ommon in gray t o  
white sandst ones in road cuts 1� miles west of Macleay, at about 400 feet eleva­
tion in t he NEi sec.3, T.8 S., Rn2 W. The fauna inc ludes Macrocallista pitts-· 
burgens is (Dall), Molopophorus gabbi Dall, Nucula (Acila) shumardi Dall, and 
Tellina eugenia Dall. 

Mehama Volcanics 

The Mehama volcanics are.terrest rial tuffs, lavas, and breccias which f or 
the most part were water-laid. They are best exposed near the crest of the Me­

hama ant icline, north and east of the town of Mehama, where t here are about 600 
feet of fine-gra ined white and g reen t uffs c ontaining fossil wood. The hill 
about a mile southeast of Mehama is c omposed entirely of very c oa rse flow breccia 
and agglomerate which dip 40 to 4.5 degrees northward; a flow fragment .50 by 2.5 by 
10 feet indicates t hat the source of the mate:t' ial can no t have been far away. 
The thickness of the format ion is not known because the base is not exposed. 

Though it was n ot possible to trace the Mehama volcanics continuous ly into 
beds known t o  be Illahe, t he tuffaceous nature of t he Illahe and the inc rease in 
proport i on of beds of volcanic pebbles toward the east indicate t hat t he Mehama 
beds are very likely the terrestrial equivalent of' the Illahe formation. The 
ancient shoreline must have crossed the western edge of the Stayt on basin and 
swung n ortheastward near Turner. The Mehama volcanics are evidently comparable 
in age to t he Warrendale or Eagle Creek formation in t he Columbia River gorge 
section. 

Stayton Lavas 

The Stayt on lavas overlie the Illahe formation in the Salem Hills and have 
been traced eastward c ontinuously t o  the crest of t he Mehama anti c line. In t he 
vicinity of' Stayt on they form d ip slopes which dominate t he topography where the 
y ounger format ions have been stripped off" The lavas at t a in a maximum t hickness 
of about 400 feet in t he Salem H i lls and apparent ly increase in t hickness toward 
t he n ortheast; east and southeast of Stayton they average less t han 200 feet 
t hick. The lavas are mainly medium-gray t o  dark-gray basalts in some of wh ic h 
o l iv ine is visible; andesite flows o c cur south and east o f  Stayton. 

The Stayton lavas lie unconformably on t he Illahe and Mehama format i ons. 
Dips in t he lavas average 3 degrees, whereas dips in the Illahe and Mehama for­
mations average 10 or 12 degrees. The irregularity of the basal c ontact of the 
lavas indicates t hat t hey were poured out on a rolling landscape t hat had a re­
lief of 600 feet or more. The magn itude of t he unconformity underlying the 
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Stayton flows and their increase in thickness toward the northeast suggest that 
they may be margin al flows of the Columbia River basalts, which they resemble in 
rr�ny ways . The Stayt on lavas are therefore tentatively correlated with the Colum­
bia River basalts, which are commonly regarded as Middle Miocene in age. 

Fern Ridge Tuffs 

Fern Ridge, about 5 miles northeast of Stayton, is the type localtty of the 
Fern Ridge Tuffs. The formati ons consist of c onglomerates, tuffs, and breccias 
which att ai n a maximum thickness of about 1500 feet northeast of Mehama. The 
lower beds are mainly tuffs , sandstones and fine pebble beds, and the upper portion 
of the formation c omprises coarse andesitic conglomerates which contain boulders as 
much as 18 inches in d iameter in a tuffaceous matrix. Toward the northwest th e 

beds have been thin ned by erosion and occur in the Stayton quadrangle only as thin 
patches or low rounded hil ls . 

The Fern Ridge tuffs lie confo rmably on the Stayton lavas and are probably 

part of the same general volcanic sequence. The abu ndance of water-laid and 
crystal tuffs, like those exposed in road cuts in the SE! sec.20, T.9 S., 
R.l E., indicate explosive activity during deposition . No evidence was found to 
suggest that th e tuffs are Upper Pliocene or Pleistocene , as indicated by Hodge .2J . 
If the Fern Ridge were Ple ist ocene , there should be a large erosional and struc­
tural unconformity at its base, yet there is little , if any, evidence that the 
basalts were appreciably eroded before deposition of the tuffs . Moreover, the 
boulders seen in the Fern Ridge formation are all Western Casc ade types, and 

the apparent absence among them of epidotized andesites and vein quartz 1ndicates 
that deposition of the formation preceded mineralization of the Sardine lavas and 
intrusion of the Halls d iorite porphyry. As will be shown later, the Western 
Cascade Ranl18rolded, elevated , and eroded to maturity before erupt ion of the 
first High Cascade lavas, probably in late Pliocene time. Therefore, deposition 
of the Fern Ridge formation in Pleistoce ne time as a c ontinuous mantle apparently 
conformable on the Stayton lavas seems improbable. 

Sardine Series, 

The type locality of the Sardine series is Sardine Mountain, in which 4000 
feet of lavas, tuffs, and breccias are exposed. The entire thickness of about 
6000 f eet is revealed in the east limb of the Sardine syncline. The series is 
very resistant to erosion and forms the highest part of the Western Cascade 
Range. Stream valleys in the belt of Sardine lavas are notably narrower than 

to the east or west. 

The lavas are chiefly andesites, although they range from rhyolite to bas­
alt, and greatly predominate over the tuff and breccia. As the rat io of lavas 
to tuffs de creases the Sardine series grades downward into the Breitenbush 

tuffs . This gradation is well shown in both the Breitenbush and North Sant iam 

river valleys east of Detroit . The relation of the Sardine series to the for-

------------ -�--- -------- ---------------------

Hodge , E. T., The Cascade Plateau Province: Geol. So�. of the Oregon 
Country, Geological News Letter, vol.4, no.2, p.l7, 1938. 



mations exposed farther west is not well known. The Mehama volcanics , Stayt on 
lavas , and Fern Ridge tuffs are readily traceable as d i stin c t  formatio ns to the 
crest of the Mehama anticline . East of the Anticlinal crest lava flows are inter­
fingered in both the Fern Ridge and Mehama formations; so that these formations 
could not be separated from the Stayton lavas in the time available for field 
work. All were therefore grouped in the Sardine series. This arrangement is not 
entirely satisfactory because the unconformity between the Mehama volcanics and 
Stayton lavas is disregarded. Whether the Mehama volcanics grade eastward into 
a lava series or dip under one was not determined with certainty, The entire 
Sardine series may be Miocene , or the lower part may be Oligocene; it is not in­
tended that any Eocene formations be included. 

Breitenbush Tuffs, ·---���- ,. -..........-....:::�-� 

The name Breitenbush tuffs has been proposed for about 7500 feet of water­
worked , land-laid tuffs, breccias, and conglomerates, interlayered with a few 
lava flows. The type section is exposed in the Breitenbush River between French 
and Fox Creeks, which are 1 and .5-imiles,. respectively, east of Detroit. 
3andy or conglomeratic beds are common in the upper part , and massive green pumi­

ceous breccias showing little or no bedding are more common in the lower part. 

Along the eastern edge of the Western Cascade Range the Breit enbush beds are chief­
ly ma ssive pebbly sandstones interbedded with andesitic flows and containing lenses 

of well bedded , almost white ash that probably was deposited in quiet water. 
Well preserved leaf impress ions were found at two places in these ashy lake (?) 
deposits, Impres sions of Q.uer�� (oak ) , £�_;:£,i�;ph�},,.lum, and��, (fir) were 
found in Skunk Creek, a bout 2 miles south of Breitenbush Hot Springs" The best 
remains were fou nd in a small landsli de on the west bank of the creek opposite 
exposures of High Casc ade dark olivine basalt. Another promising locality was 
found on the northeast slope of Mt. Br uno, near t he sout h line of Towns hip 10 s., 
between 4000 and .5000 feet elevation. The exposu re is visible as a white 
scar resembling a landslide cirque from the North Santiam Highway in the vicinity 
of Woo dpecker ridge. One Abies bract was found at this locality, but the nature 

of the beds is such that furt her -s earch might be well rewarded, The leaves were 
identified by Chaney as Upper Miocene. �· 

The presenc e of Upper Miocene leaves shows that beds which were mapped as 
part of the Breitenbush formation on the basis of lithology may be stratigraphi­
cally equivalent to part of the Sardine series. It is probable that the rhyolite 

in Minto Mou ntain an d the Sentinel Hills is s imi l ar in age to rhyolites that 
occur in the Sard ine series i n  the vic ini ty of �uartzville, south of the area 
mapped . The rhyolite in Minto Mountain dips southeastward assent ially parallel 
to the Breitenbush flows and tuffs along the No rt h Santiam River, and ap pears to 
overlie andesitic flows and tuffs which are exposed between Grizzly and Pamelia 

creeks, Moreover , the southward slope of the base of the High Cascade lavas in 
Mt, Bruno and Minto Mountain suggest s that the rhyol ite formed the point of a 

Western Cascade spur which was buried by the Pliocene (?) flows, The Sentinel 
Hills rhyolite is struc tu rally in li ne with the Minto Mountain rhyolite , and 
both masses are apparently remnants of a series of rhyolite flows in the Sardine 
series. 

� Chaney, Ralph, Personal communication, May 1935. 
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Although the upper beds are Mlocene in part, most of the Brei tenbush tuf f s  
are probab ly Oligocene, and some may b e  a s  old a s  Eocene . If, a s  ment ioned above, 

the base of the Sardine s eries is equivalent to the Mehama volcanics, the entire 
t ype section of the Breitenbush series is Oli gocene or Eocene, but if the Sardine 
lavas are all Middle Miocene , the upper age limit o f  the tuffs is correspondingly 
higher" The relat ion between t he lower rhyolit es and the Breitenbush tuffs 
proper is not known as th e c ontact is obscured by faulting and vegetation; the 

rhyolit e s may be of either John Day or Clarno age. The apparent ab sence of the 
Miocene-Oligocene unconformity east of the Sard ine syncline may be accounted for 

by a disconformity or by vo lcanism so ne arly co ntinuous during the period of 
post-Oligocene fold ing that a major unconformity is concealed in a great number 
of minor dis cordances. 

Diorite porphyry is expose d in a roughly rectangular area of about a square 
mile in the North Sant i am River gorge; the s o uthe ast ern contact is approximately 

a thousand feet east of Halls siding . Dioritic d ike s a re common. as much as a mile 
west of t he nort hwestern edge of t he rr.aJ.n plug , Just west of Mayflower creek t wo 
vertical d ike s , 25 and 125 feet thick, respectively, st r ike N,50° w ,  along a 
narrow altered zone, The fact that ·no dikes were seen east of the main intrusion 

suggests that the main mass at depth lies west of the exposed portion, The rock 
of the main mas s  var 1e s from a fine -grained , purple-gray porphyry at the contact 
to a medium-grained almost white porphyry co ntaining hornblende and plagioclase 
phenocrysts. 

The intrusion of t he diorit e  disturbed the lavas very J. 1  ttle, if at all. 
The northern co ntac t appears t o  be almost fJ at and the flows above t he contact 
in Sardine Mountain are h orizontal and apparently undisturbed. Mineralized 
and brecciated zones a re common within the diorite near contacts and in in­
clusions of the andesite country rock. The Jack of di st urb an ce in the surround­
ing lavas and the c o ntact breccias suggest that the dior:tte was int rud e d quietly 
rather than forcibly. As the diorite was intruded into tbe Sardine lavas. it 
may be late Middle Miocene or Upper Miocene, and s imiJ ar i n  age to the Snoqual ­

mie granodiorite in the Washington Cascades. JJ .  

A smal l exposure of intrus ive andesite porphyry probably related to t he 
Hall s diorite was noted just south of the d ivide on the old trai l f rom Detroit 
to Elk Lake. The pre-Battle i\:x rocks northeast of Humbug Creek have been min­

eralized and several mining pro spects 1.n t he ,ricinity of Elk and Dunlap lakes 
have been worked intermittently, apparently with l it tle success. T he Dunlap 
mine, on which t he most work was done, is a half-mile southeast of Dunlap Lake 
at 4100 feet elevation on the trail up the ridge no rtheast of Gold Butte. 
Material on the mine dur,1p indicates that the tunnel, n ow caved, was d r iven in 
altered tuff along a vein zone of cryptocrystalline quartz containing pyrite, and 
possibl y other sulfides. 

·---------------------------

1/ Smith, G .  0., and Willis , B., Contributions to the geology of 

Washington : U .  $ .  Geol. Survey, Prof c Paper 19, p ,  22, 1903 ,. 
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PLIOCENE - PLEISTOCENE ROCKS . 

The Pl io c ene -Ple i s t ocene High Cascad e  lava sequenc e  i s  s eparated from the 
pre -Pl ioc ene We st ern Cascade suc c e s s i on by a marke d  s t ruc tural unc o nfo rmity t hat 
is t rac eable t he e nt ire le ngth of t he Oregon Cas c ade s . Thi s break in t he rec ord 
represents t he t ime interval betwee n the cessat ion of We s tern Cas cade volcanism , 
probably near t he e nd of Miocene time , and t he b e g i nn ing of t he H igh Casc ade 
erupt ions pr obab ly dur ing Pl i o c ene t ime . During this int erval t he Wes t ern Cas ­
c ade lavas were f o ld e d ; t he Hall s d i ori t e  was i nt rud e d and the a s s oc iat ed met a l ­
l iferous d e po s it s  we re formed ; and the mount a i n  range was de eply eroded . 

The High Casc ade volcan i c s  c o ns i s t  o f  at le as t four s t ru c turally d ist inct 
series of flows and b reccias that are separated by pronounce d e r o s i o nal unc on­
formit ies , They are , i n  chronolog i cal order : t he Out erso n volcanics ;  t he Mint o 
lavas ; and two probab ly nearly equivalent format i o ns , t he Olall ie lavas and t he 
Sant iam basalt s .  The Bat t le Ax lavas are pro bably s imi lar in age to the Mint o  
lavas .  The High Cas c ade lavas a s  a whole a r e  petrographically homogeneou s , a 
fac t wh ich make s f i e ld mapp i ng very uncert a in in plac e s . Light -gray ol iv ine 
bas alt s and b rec c i as predominat e , and t rue ash bed s are c omparat ively rare . In 
the upper part o f  t he OUte r s on vo lcan i c s , and in the Olallie lavas , andesites 
are most nume rous and t he rocks show most var i e ty . In a s ingle group of f lows 

t he t hicknes s  may range between 5 f e et and 300 fee t . 

Out erson Volcan i c s  

The OUt erson vo lcanics are t he oldest f ormat ion of the High Cascade s e r i e s  
in this part o f  t he Oregon Cascades " The lavas and pyro c last i c s  w e r e  erupted o n  
t he e as t e rn border o f  t he We s t e rn C a s c ade s from vent s 1 n  the v ic i n i ty of Out e r ­
son Mount a i n , Tr iangulat ion Peak , Mt . Bruno , and from o the r vent s  wh ich have not 
been f ound . Reddish agglomerat es are very a bu ndant , and t he type s e c t i on e a s t  
of Out e rson Mounta in i s  c ompo s e d  o f  aggl ome rat e s , flow bre c c ias and tuff s , with 
r elat ively few t hin lava flows . The max imum t hicknes s  of t he Out er son format ion 
i s  probab ly about 3 000 feet . 

Mint o Lavas . 

The Mint o lavas are named from t he exposures at the east end of M i nt o  Moun ­
t ain . They are as s o c ia t e d  w i t h  the plu gs from which t hey were erupted ,. This 
format i o n  f orms t he ma in bulk of the High Cascade s , and is pr obably 4000 to 5 000 
feet t hi c k  al ong t he cre st o f  t he range . The s e  ro cks are mainly gray ol ivine 
basalt s and agglome rat e s , t hough t he uppe r  part of t he forma t ion is markedly an ­
de s i t i c . The basal t s  grade into comp aratively coarse -gra i ne d  granular rocks whi c h  
form the plugs . Three Mint o plugs w e r e  f ound ; two o f  t hem , 5 00 t o  1 0 0 0  feet 
acro s s , form prominent p i nnacle s i n  t he west wall of Hunt s C ove and Hunt s Creek 

valley , and one nearly a hal f m i le a c ros s forms Park Butt e ,  nort h of Mt . Jefferson . 

Bat t l e  Ax Lavas . 

The Bat t le Ax lavas were erupted from a volcano in t he vicinity of Battle 
Ax Mount ai n , about 7 miles north of Detro it . They have be e n  deep ly eroded , and 
their pre sent t hickne s �  i s  about 1000 fe et ; howeve r ,  t hey were onc e muc h  t h i c ker as 
t hey o c cur thro ugh a verti c al range of }000 fee t in a rat her l imit e d  area . They 
are very similar to t he Minto lavas and probab ly are o f  ab out t he s ame age . 
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Olall i e  Lava s  

The Olall i e  lavas a r e  t he basa lt i c  and ande s it i c  f low s and bre c c ias w hi ch 
form the young pre -Wi s c ons in pe aks o f  t he High Cas c ade s . The lavas of Mt . Hoo d , 
Mt . Jefferson , and Crater Lake probably b e long in t h i s  format ion . The f ormat ion 
is name d aft er Ola l l i e  But t e , a be aut i ful 2 000 foo t cone whi ch ha s suffered only 
mod e rat e glac ial e r o s ion . The se lava s ar e ext remely var i ab l e  in thi ckne s s ; i n  
Mt . Jefferson t hey may b e  5000 f e e t  th ic k , y e t  a f ew mi l e s  away t hey are absent . 

Sant iam Basalt s 

The Sant i am  basalt s co ns i s t  of ab out 1600 fee t o f  t h in , l ight -gray oliv ine 
basalt flow s , wh ich o c cupy t he o ld valley of t he Nort h Sant iam Rive r o Pigeon 
Prai r i e s  o c c upy part of t he ir almost f l at , s l ight ly e roded upper surfac e . The 

basalt s are t h icke s t  ne a r t he Sant iam Elbow and t hin s outhwar d and we s tward . 
That t hey formerly ext ende d nearly t o  Detro it i s  ind i c at ed by large angular 
blocks of red and gray basalt whi c h  f orm a narrow benc h at 2 2 00 feet e levat ion 
and are c ommon u p  t o 2 35 0  f e e t  o n  t he Hoover Ridge t r a i l  ab out 2 m ile s e a s t  o f  

Detroi t . They al s o  a r e  expo se d ne arly c on t i nuous ly s outhward to M i nt o  Creek and 
probably form the benc h  at 2 9 00 feet ' e levat ion south of Independenc e Pra iri e Ranger 
St at i on .  

The Sant i am basalt s and Olall ie lava s  are probab ly of approx imat e age . 
Bot h f ormat i on s o c cupy deep vall eys cut in t he Mint o lavas , and both are pre -Wis ­
c o n s in o Wi sc ons i n  glac i al mor a i ne s  l i e  on t he floor of t he valley cut t hr ough 
the basalt s nort h of Mt o Bruno and sugge st t hat t he flows are not younger t ha n  
Middle Ple i s t o c e ne . 

Pre sent knowledge of t he age of t he High Cascade lavas i s  very me age r . 

The l avas are probab ly Pl iocene and Ple i s t oc e ne , but it i s  a moot que st i on whet he r 
t he Out erson vo lcanic s ,  for inst anc e , ar e Lower Middle , or Upper Pl i o c e ne , or even 
upp ermo st Mio c e ne . The ev i d e nc e  for c o n s idering t hem lat er t han Middle Pl i oc e ne 
w i ll be brought out later in t he . det ai le d  d i s cus s i on of t he phy s i ographi c h i s t o ry 
of t he reg io n . No po s t - glac ial f lows we re found in t he area mapped , a lt hough t hey 
are common in o t her part s of the High Cascade s , and oc cur s out he ast of Mt . Jeffe r ­
s on . 

The la t e r  v olcanic hi st ory of the Mt . Hood re g i on must have be en s imilar 
to t hat o f  t he Nort h Sant i am region , and the var i ou s  e rupt ive un i ts s e em t o  be 
repr e sented i n  both areas . Th e fragme nt al nat ure of t he Outerson vol c ani c s  sug ­

ge s t s  t hat t hey ar e e qu ivale nt t o  t he Rhododend ron-Dalle s --Trout dale s e quence de ­
s c r i bed by Hodge 8/ , al though the upper part of t he Dalle s  format i o n  may be e qui v ­
alent t o  t he lower Mint o .  The Cas c an fo rmat i o n  i s  pro bab ly t he c orrela t ive o f  the 
M int o lava s , as t he two s er ie s are l it holog i c a lly similar and t he d egree o f  di s ­
s e c t ion i s  c omparab l e . I n  f act , t hese two format ion s appe ar t o  b e  part s of an 
irregular lava she e t  t hat ext e nd s through both r e g ions o 

Glac i al de po s i t s of pos s i b ly t hree d ifferent age s o c c ur in t he North San ­
t i am R iver valley and river te rrac e s  are not ab ly developed we st o f  N�agara . 

Ho dge , E .  T . , Ge ology of t he Lower Columb i a R iv e r , Ge o l , Soc o Am . , Bu ll . ,  
vo l . 49 , p .  841 , 19 38 . 
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GEOLOGIC STRUCTURE 

INTRODUCT ION . 

D iv i s i on of t he c e nt ral port ion of t he Oregon Cas c ade s 1 nt o  t he We s t e rn 
C a s c ade and . High C a s da.de Range s has be en out l lned . The s t ruc t ure of t he range 
as a who le dan be d e s c r ibed mo st effect ive ly by c o ns ider ing t he two unit s s e p ­
arat ely as far a s  i s  pract ic ab le . 

It iS impo rt ant that init i al st ru c ture s of v o l c an i c  rocks be d i s t 1ngu 1 she d 
from s t ructur e s  c aus e d  by deformat i o n . In mar i ne depo s i t s l ike the Illahe f o r ­
mat lon , wh i c h  we re l a i d  down on a ne arly flat .ocean floor , very l o w  d ips :rriay be 
asc r i be d to f o ld ing . Vo lcan ic ro c ks , howeve r ,  ar e usually d e po s it ed o n  1 rregular 
lands c ape s ,  and may be la i d  down on s t ee p slopes . Moreover , volc anic depo s it s 
form cone s  or part s of c o ne s , who s e  slopes may vary from pla c e  to plac e . For ex ­
ample , d i p s  of 13 degre e s  in the Illahe fo rmat ion are obv iou s ly c aus ed by f olding , 
yet d i p s  be twe en 8 and 2 8  d egre e s  in High Cas cade l avas are j ust a s  p lai nly ini ­
t ial o ��en t he v o lcani c s  are fold e d , and d eformat io nal d i ps are super impo sed on 
the in it ial dip s , t he s t ructure s e e n  in t he fle ld i s  a c omb inat i o n  of the two , 
and other evidence mus t  be adduc e d  t o  det ermine , if p o s s ible , how muc h  of t he dip 
i s  origi nal and hovv muc h due to fo ld1ng . 

Great l ava flow s l ike t he Columb ia R iver ba salt s evident ly f l ow l ong d i s ­
t anc e s o n  very ge nt le s l o pe s , a nd the ir st ruc t ure may b e  t reat e d  e s s ent ial ly a s  
t hat o f  flat be dde d depo s it s . Tuff s depo s it ed over la rge a r e a s  o f  l ow relief 
may be t r eated in a s imi lar manne r . The pr evall. i ng l ow d ip s  o f  t he We s t e rn C a s ­
c ade lavas , and the reve rsal of t he di ps on oppo s i t e  l imb s o f  gent le f old s s ug ­
ge s t  t hat t h e  lavas are t he flat - lying type e rupt ed from f i s sure s , e s pec ial ly a s  
t here i s  v e r y  l it t le ev idenc e that t hey we re poured out along t h e  c r e s t s o.f the 
f o lds . It i s  t he aut ho r ' s opinion t ha t , exc e pt . v ery locally , in it ial dips are 
relat ively unimp ort ant in det ermin1ng t he pre s ent at t itude of the We stern C a s c ade 
r o c ks , but t h at t hey are t he c ont roll ing st ruc tur e s  of t he H igh Cascades . 

WE.9TERN CASCADE RANGE . 

The We s t e rn C a s c ade Range co nsists of a thick to.a s s  o f  v olc ani c ro c k s  of var­
i ous t ype s c  C ompre ss ion has produc e d  a s er 1e s of gentle f ol d s  t re nd ing nort heast 
to nort h , the e a s t ernmo st b e ing t he sharpe st . All appe ar t o  plunge no rthward at 
low angl e s . 

W i llame t t e  Sy:p.c l ine 

The Wi llame t t e Sync line ( fi g . 2 )  is a broad open fold that plunge s some -
what east o f  north at a v e ry low a ngle , an d i s  reve ale d by the d ips in the St ay­
t on lava s . The Salem Hills are e s s e nt ially a s l i ght l y  war pe d lava � c appe d  ma s s  
who s e  e as tward d i p  i s  be st s hown we st o f  Mar i on ( s e c ·tl o n  B-B ' ) .  The Salem , Eola , 
and Amity Hills a re all part of a s i ngle e a s tward dipp � ng homo c l inal b lock whi c h  
i s  t ranso -:: t e d  by t he W i llame t t e  R iver w e s t  of Salem . Ero s ion of the s oft Illahe 
beds expo s e d  be low t he we s t ern e dge o f  t he St ayt on lavas has e; iven the hills t he ir 
asymme t r i c a l , cue s t a - l ike f o rm .  Along t he f o o t h i l l s  o f  t he C a s c ade s proper , 
nort h o f  Thoma s C re ek , t he lava s s lope gent ly nor t hwe s tward t oward the Willame t t e 
Valley . ( f ig . 4 ) . The lavas are c overed by alluv 1um i n  t he v i c i nity of St ayt o n  
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but nort hea s t  of Turner they have be en cut t hrough in many plac e s and t he  under ­

ly ing Illahe se d iment s are expo s e d in a low e s c arpme nt . The lavas we st o f Mar ion 
in the s outh end of the Salem Hi ll s are undoub t e dly c o nt i nuous w it h  t hose south 
of Shelburn , 3� mile s t o t he sout heast . Nort h of Turne r t he lavas c an be mat ched 

almo st flow f or flow across Mi ll Cre ek Gap , and it i s c e rt a i n  that t hey are part s 
of a s i�gle lava format ion , which ha s b e e n  f olde d along a nor the a s t - sout hw e s t  
l ine . Minor warp ing o f  t h i s  maj or st ruc t ure probab ly a c c ounts f or f lat tening 
of t he lavas in an eas t --we st belt in t he lat it ude of Turne r .. Cross warping 
probably also f orme d the d e pr e s s ion in t he lavas we st of Stayt on , for which the 
name St ayt on Bas in is sugge st ed . The re is no ev id enc e of the fau lt al ong t his 
port i on of t he Willame t t e  Valley margin sugge st ed by Washburne , 9/ , and t he  We st ­

ern C a s c ade fold s ext end u nbroke n  acro s s  t he Wi llame t t e Rive r .  
-

The unc onformity betwe e n  t he Stayt on lavas and the Illahe format ion ha s 
been ind i c at ed as large . Dip s i n  t he I l lahe bed s  ave rage about 10 d egre e s  t o  
t he nort he ast , but loc al var iat ions i n  d ire c t io n  and angle o f  d i p  are great . 
The basal co nt ac t of t he St ayt on l avas ne ar M i le p o st 62  on t he Pac if ic H ighway 

d ips 45 degre e s , whereas t he c o nt act between t he two lowermost lava f l ows d i ps 
only 15 degre es northeas t . The Me hama -St ayt on unc onformity i s  e qual ly large , 
and the Oligoc ene be d s  no rt heast o f Sc io d i p  10 t o  12 degre e s  e as tward , though 
t he ove r ly ing lavas d i p  northwe stward i nt o  t he Will ame t t e  s yncl i ne . ( Se c t ion 
C -C '  , plat e l . } 

Mehama Ant i c l ine 

The I.�ehama Ant ic l ine t rend s ab out N A.5° E .  It s ax i s  pas s e s  t hrough Mc Cully 

Pe ak  ( see  fig . 5 )  , l i e s  a mile or two east of Mehama , and appar ent ly c ant inue s 
northeastward a c ros s t he C la c kamas River at the j unct ion with t he Oak Grove Fork , 
whe re t he Bull C reek and Eagle Creek format ions ar e expo s e d  und er t he Co lumb ia 
River basalt s . l2( .  The bas e  o f  the Stayton lavas in t he c re s t  of t he ant i c l ine 

is 1000 t o  12 00 fee t h ighe r  t han in the Wi llame t t e  sync l ine . Dips in t he Mehama 

vo lc an i c s ave rage 7 t o 10 d egre es , and t he vo lc ani c s are highly folde d ab out a 

mile e ast of Mehama . In the be d of t he Lit t le Nort h Sant i am  Rive r  t he t uffs 
s t and on e dge and are c ut by nume r ous dike s . The 45 de gree d i p  of t he agglom­
erat e s  in t he h i ll j ust to the east in s e c . l7 , T . 9 S . , R . 2  E . , i s  p ro b ably due 
to t he s ame d isturbanc e ,  whi c h  s e ems to be very lo cal . 

Eas t  of Mill C ity s t ruc tural e v i de nc e c an be ob t a ine d o nly along the 
banks of t he North Sant iam R iver by t rac ing s ingle flows for s ome d is t anc e . Thi s 
proc e dure at be st give s l i t t le be t t e r  t han apparent d ip s " In t he go rge betwe e n  
Niagara and Hall s , whe re e xpo sure s are b e st , t he st ruc t ure has be e n  obs cured by 
c ontac t met amorph i sm .  Flows at M i ll  C it y  d i p  3 to 5 degree s  ea stward , and t he 
fragme nt ary ev id e nc e  i n  the gorge i ndi c at e s  a low d i p  ups tream . The hor i z ontal 

lavas in t he s out h e nd of Sard ine Mount ain above t he d io r i t e  c ont a c t  are ev ident ­

ly in t he axis of t he Sard ine sync l ine " The d ior it e and the Bat t le Ax volc anic 

plug we re int ruded int o  t he l ower par t  of the sync l i ne . 

Washburne , Che s t er , Re c onna issance o f  t he geo logy and o il pros pe c t s of nort h­

we s t er n  Oregon : ·u . s .  Ge ol . Survey , Bull . 5 9 0 , p . 8 ,  14 ,  19 14 . 
Barne s , F .  F . , and But ler , J .  I' L Jr . ,  The st ruc t ure and s t rat igraphy of the 

C o lumb ia River gorge and C a s c ade Mountains in t he v i c i nit y of Mt . Hoo d : 
Unpubli shed master ' s  t he s i s , Univers ity o f  Ore gon , 19 3 0 . 
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F igur e  2 .  Nor t hern port ion of t he Casc ade Range in Oregon , showing t he 

ge ographi c  re lat ion between t he We stern Cascade s and the High Cas cades and t he 
ma j or folds i n  t he M:i ocene lavas o f  t he Western Casc ade s .  Folds in t he Co lum­

b ia River basalt s nort hE!ast of Mt . Hood aft er Hodge . 

Figure 3 .  View west from Sard ine Mount ain down t he Nort h Sant i am  River val ­

ley , showing remnant s of anc ient broad valley stage . H ,  Mt .Horeb ; S ,  Sa�dine 
Creek valley ; F ,  Fern R idge ; L ,  Lit t le North Sant iam R iver valley ; MC , Mill 

C ity ; N, Niagara ; G,  Gat e s ; T2 , Gat e s  t errac e ; M, Mc Cully Peak ; T1 , 1025 foot 

t e rrac e ; P,  Potat o Hill ; R ,  valley of Rock Creek . Ske t c he d  from a phot ograph . 



F igure 4 .  V iew east a c ross t he St ayt on Bas in from t he ba se of t he 
Salem H i l l s , s how i ng t he s out h end of t he be lt of d i p slope s in t he 
We s t e rn C a s c ade s . A ,  Fern R idge t uffs ; B ,  d i p  s lo pe s on St ayt o n  
lavas ; C ,  Mehama volcanic s ;  D ,  Lef f le r  t e rr ac e s ; F ,  Fe rn R i dge ; 
J ,  Mt . Jeffe r s on ; K ,  high level v al le y  of Lit t le Nort h Sant i am Rive r ; 
L ,  Litt le Nort h Sant iam Rive r ;  M ,  Mc Cully Pe ak ; T ,  Thoma s C reek 
valley . 

F i gure 5 .  V i ew s outh f rom p o i nt northe a s t  o f  Mehama , t o  s how c hange 
in d i p  of st ruct ural ly ooc o ntrolle d  surfac e s  at c r e st of Me hama ant i ­
c l ine . Mc Cull y Pe ak i s  c ompo s e d  of Fern R idge t uf f s . B ,  di u s lope 
on St ayt on b a salt ; L,  l and s l i d e  i n  Me hama vo l c ani c s at ba s e  of St ay ­
t on lavas ; T ,  Lyons Terra c e s ; TB , Taylors br idge . Mor ai ne F lat i s  t o  
t he ieft j us t  out o f  t he f ie l d  o f  v i ew ,  and ov er t he ri dge i n  t he 
f or egro und . 
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Basalt i c  and ande s it ic dike s  are c ommon in t he eas t l imb of the Mehama ant i ­

c line , and several basalt ic dike s  are expos ed along t he Lit t le North Sant iam River 
east of t he center l ine of R . 2 E .  Alt hough exposed only for short dist anc e s  
along t he r iver , t hey probably are much longer . Some of t he s e  d ikes are 5 0  feet 
t h i c k ,  and may have been fe eders for t he Sard ine flows with which they are petro­
graphically ide nt ical . The many small d ikes be twee n Gate s  and Mayflower Creek 
t rend nort h or northwest . 

Sard ine Sync line . 

Nort hwe st of Det ro it the east limb of the Sard i ne sync l ine i s  best  shown in 
t he r idge . From t he t rail up Byars Peak t he flows c a n  be fo llowed vis ibly from a 
hor i zont a l  a t t i tude in Dome Roc k t o  50-degree we s tward d ips i n  t he e ast ern end of 
t he r idge . North o f  French Creek t he we st ern l imit o f  st eep dips lies b e tween 
Byars Peak and Mart en But t es , and probably a s hort d i s t anc e west of Bat t le .;x 
Mount a in . Sout h of Detro it exposure s  are t oo poor t o  reveal d i p s . The flows in 

Detro it Hill seem t o  d ip steeply , and hor iz ont al tuffs crop out in Blowout Cre ek 
be low Blowout Lake . The north s lopes of Blowout Cliff mount a in are heav i ly t im­

bered and exposure s are rare , but the valley pattern of the eastern half o f  the 
mount ain st rongly sugge st s inc l i ne d  s t rat a .  The str ike o f  the s t rata and t he 

t re nd of the belt of s teep dips i ndi c ate t hat , l ocally at least , t he east ern l imb 
of the Sard ine sync l ine trend s  nort h at a sharp angle t o  the Mehama ant i c l inal 
ax i s .  The flows were folded w i t h  the underly ing Bre it enbush tuffs , and evidence 
of t he unc onformity ment ioned by Hodge 11/ was no t found by the write r . 

Bre itenbush Ant i c l ine . 

The Bre i t enbush ant i c l ine seems t o  be an irregular fo ld . Along t he Bre i t en ­

bush River the westerly d i ps decrease somewhat irregularly from 5 }  degree s  at French 
C re e k  t o  2 0 degree s  at Humbug Creek . In the v i c inity o f  F ox Creek t he olde r rhyo ­
lites  are brec c iated and jumbled in a zone about a quar t e r ··mi le w ide , and ande -
s i t e  d ike s s t r i ki ng  N . l0° W .  to N . }oo W .  are nume rous . East of t h i s  zone , which 
appare nt ly marks t he crest of t he ant ic l ine , d ip s  are 12 to 15 de gre e s  s out he ast ­

ward . In t he v ic init y  of Gold But t e  ext ens ive expo sures of t u ffs d ipp ing 10 t o  15 

degre e s  nort hward ind ic at e t hat t he ant i c l ine plunge s northward . Addi tional ev i ­
dence o f  nort hward plunge i s  t he s out hward inc rease i n  widt h of the rhyol it e zone , 
from a quart e r  o f  a mile in t he Bre i t enbus h River  t o  5� miles in the North Sant i am 
Rive r , although s ome of th is inc rease may be due t o  fault ing . Lit t le i s  known of 
t he ge ology be twe en the Nort h and Sout h Sant iam Rive rs i n  t he re g i on east of 
Quart zv ille , but the oc c urrenc e o f  rhyo l it e s in an ant i c line in t he Sout h Sant i am  

R iver e a s t  of Cascadia , as poi nt ed out b y  Hodge 12 / ,  sugges t s  t hat t he Bre i t en-
bus h ant i c l i ne i s  a long fo ld whi c h  plunge s northof the Nort h Sant iam River . 

Hodge , E .  T . , Framework of t he Cascade Mount a ins in Oregon : Pan .. �er . Ge ol . , 
vol . 4 9 ,  no . 5 ,  p . ;46 , 19 28 . 

Hodge , op . c i t . 
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The eastern edge o f  t he Bre itenbush a nt ic li ne i s  buried under the High Cas ­
c ade volcanic s and very l it t le i s  known about it . All cont act s between High -Cas­
cade lavas and We stern Casc ade ro cks which have been exami ne d  in det ai l  are un­
que st i onably overlap c ont act s .  Exc ept f or t he r�o l i t e  i n  t he Sent inel Hills and 
Minto Mount ain the east ern l imit of out crops on the east l imb of t he ant i c l ine i s  
an almo st nort h-south l i ne about two mile s east of Bre it enbus h Hot Springs and 
fo llow i ng  t he east  s ide of t he North Sant i am River valley s out h of the Elbow . 
The s e eming l inear na ture of t he boundary and the s c arc ity of exposur e s  o f  We st ­
ern Ca sc ade rocks in t he we s t ern slope s of t he High Cascade s sugge st a nort h- sout h 
fault along whi c h  t he area t o  t he e ast was dro pped or t he mount a i ns to t he we st 
were e levated . However ,  t he s t ructural a l ignme nt of t he r�l i t e s  wi th t he east ­
ern l imb of t he Bre it enbush ant ic l ine c ast s d oubt on the pre senc e o f  a fault . 
Moreover ,  t he s out hward slope of t he High Casc ade c o nt ac t s  in Mt . Bruno and Mint o  
Mount ain i nd i c at e  that t he two mount ains were orig inal ly part o f  t he same We st ern 
Cascade r i dge . The Sent ine l  Hill rlfolite mus t  have s t ood as an i solat ed hill 
east of t he mai n  We st ern Casc ade front . No pos it ive ev i denc e o f  fault i ng along 
t he eastern marg in of t he We stern Cascade s was found , but po ss ib ly future work may 

reveal such a fault . 

HIGH CASCADE RANGE . 

The d ivi s io n  of t he H igh Cascade lava ser ie s int o four or f ive ma j or forma­

t ions , chiefly on s t ructural ev idenc e , has been out l ined above . 

out erson Volcanic s 

The e arl i e st o f  t he High C asc ade vo lcan i c s , t he Outerson volcani c s , were 
erupted from vent s near t he e ast ern edge of t he Western Cascade Range . The d i ps 
of t hese depo s i t s  as a who le are eastward at angl e s  between 2 and 25 degre e s . The 
in i t ial d ips vary wit h t he s t ee pne s s  of t he We s t ern Casc ade s lope s . The great e s t  
loc al c ent er o f  OUt e rson e rupt ions wa s e a s t  of Out erson mount ain i n  the v i c inity 
of Spire Roc k  and Boc a  C ave , where t he re i s  a typic al ve nt complex of intrus ive 
plugs , d ike s , giant bre c c ia s , and very s t eep and irregular d ips in t he lavas . 
D ips of 3 0  degre e s in agglomerate s in the we s t ern s pur of Mt . Bruno ind i c at e  a 
smalle r volcano . The source o f  t he t hick f lows whi ch di p eastward in Coffin and 
Bache lor Mounta ins i s  not known . 

The c onf i guration of the base o f t he Oute rs on lavas sugge st s t hat the flows 
were poure d out on a c omparat ive ly uniform eastward -fac ing eros ion sc arp of 
t he We stern Cascade s and may have overflowed westward ont o  a surface o f  s light 
or mod erat e rel ie f . North of Bre i t e n bus h Hot Springs , where t he Mioc ene rocks 
are ma inly lavas , t he lmfer Out e rs on c ont act descend s eastward nearly a half mile 
in a ho ri zontal d i s t anc e of one mile . The re i s  no ev idenc e t hat t he slope 
flat t ens t oward the foot of t he r idge , and it goe s under the Bre it enbus h  Rive r at 
about 2 , .500 feet in alt i t ude . The contact s lope s eastward about 600 feet pe r mile 
i n  t he v i c i nit y of Out erson Mount ain , whe re wat er-lai d  volcanic s ed ime nt s  c o ns t i ­
t ut e  mo st of t he Mioc ene ro cks . The basal cont act i s  c o nc eale d i n  t he nort h s i de 

of the North Sant i am  River valley , but in the s out he rn valley slope it d i ps east ­
ward about 1 , 000 fe et in a mile . In the v ic init y o f  Coffin Mount ain t he se vo l ­
c an i c s  appe ar t o  l ie on a remarkab ly even s urfac e at an alt itude of  4 , 000 fe e t ; 
however ,  more det a iled wo�k might show t hat t he  smoot hne s s  i s  more apparent t han 
real . It is pr obable t hat Out e rson lavas form t he higher pe aks sout rrne st o f  Coffin 
Mount a in , and t hat more pos i t i ve dat a  regard ing t he pre - Out erson form of t he 
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We stern Cascade Range may be obtained in t hat area . The fresh gray basalt on 
Galena Mountain , in t he southern part o f  t he Quart zville d istrict ll/. may be a 
correlat ive of the out erson flmvs . 

Deep ero s ion of t he Oute rson volc anics before extrus i on of the Mint o  lavas 
is sho111n by relat ions in the v i c inity of Woodpecker Hill . The Outerson flows in 
Woodpecker Hill d i p  sout heast and were erupt ed from t he Spire Rock -Boca Cave 
vent s . The Mint o  lavas sout heast of Chest Creek d ip 5 degrees west , nearly at right 
angle s to t rends of the Out erson brecc ias , and probably poured int o a deep valley 
cut i nt o  t he southeast slopes of the OUterson volc ano . In most place s  relat ions 
between the Outerson and Mint o  lavas are obs cure . 

Mint o Le.vas . 

From Park Butte southward the Mint o  lavas d ip east and we st away from the 
plugs along t he crest of t he High Cascade s . They ext end well t o  t he e ast s ome 
d i stanc e into east ern Oregon , but about 5 miles we st of t he crest t hey abut against 
the Oute rson flows . North of an east -we st l ine through Park Butt e  the lavas d i p  
radially away from Park Butte . These d ips are refle cted i n  the radial drainage 
shown by the headwaters of Whit ewater River , Shit ike Creek , t he North and South 
Forks of t he Bre itenbush River , and Whitewat er Creek .  The Park But t e � plug i s  
nearly a half -mile i n  d iameter , and marks t he approx imat e c ent er o f  anc ient Mt . 
Mint o . Mt . Mint o was a volcano whose lower slope s ext ended nort hwestward at least 
11 mile s , and whose lavas now cap Mansf ie ld Mountain . It s  flows probably extended 
an e qual di stance eastward and northward . Dips in the lavas ·range from 1 t o  8 de ­
gree s , and average 3 or 4 degre e s , s o the slope s of the anc ient pe ak were compara­
t ive ly gent le . Many small c ones undoubtedly were built up on t he slopes of Mt .  
Mint o , and north of it they were probably the chief sourc e s  of the Mint o lavas . 

Battle Ax Lavas . 

The Batt le Ax lavas erupted from a Mint o -type mic ro -gabbro plug in Batt le 
Ax Mountain , about 7 miles north of Detro it , and now form prominent cl iffs for 
about 4 miles along the north wall of t he Bre it enbush River valley . The s eemingly 
horizont al flows exposed in t he c liffs are in marked c ont rast to t he steeply dip­
p ing Bre it enbush tuffs in t he sout h  wall of the gorge . One flow of hyperst hene ­
cri stobalite ande s it e , which in plac e s  is 300 t o  350 feet thick , caps the r idge s  
sout h  and east of Byars Peak , and form the summit o f  Gold Butte . Thi s i s  the 
great est � ingle flow t hat was recognized in t hi s  part o f  t he Cas c ade s ; it o riginal­
ly probably c overed an area of 15 square mile s and c ont ained about a cub i c  mi le 
.of lava . 

The Batt le Ax volcano was ere c t ed on a maturely eroded port i on of the 
Western Cascade Range and loc ally bur ied the o ld topography . Flows d i p  as much as 
20 degrees near t he vent and flatt en in a short d i s tanc e . The base of the lavas 
north of the Breit enbush River slope s s outhward about 1 , 5 00 feet per mile down to 

Callaghan , Eugene , and Budd ingt on ,  A .  F . , Maall iferous mineral depos i t s  of 
the Cascade Range in Oregon : U . S . Geol . Survey Bull . 89 3 , p . lOO , 1938 . 

Class if icat ion of t he se rocks as norit e s  i s  inc orrect , because o f  the large 
amount of aug i t e  pre sent ; s ee Thayer , op . c it . , p . l6 2 9 . 
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about 2 , 300 feet in a lt it ude , and t he flows ev idently f illed an anc ient valley . 
In t;,he lower end of t he r idge east. of Canyon Creek the basal c ontact is not ably 
steeper , as if a narrow s t e e JFWalle d valley at least 1,50 tee t deep had . been in c i sed 
int o t he bot t om of the broad va ll ey .  The radial dra inage sout he a st of Battle Ax 
Mountain must have orig inat ed on the s out he ast slopes of t he old cone , and has been 
supe ri.rnpo�ed 9J1 . the o lder roc ks . . . .  No Bat t le Ax lavas were found in p lace south of 
t he Bre itenbush River o r  we st o f  Frenc h Creek . 

'
The Battle Ax vo1eano eii' ident ly 

was t he southernmost peak of a chain of volcanoe s that ext ended northeastward 
toward Mt . Ho od , and appears to be equivalent in age to the Mint o . lavas . 

Ola ll 1 e  lavas . 

The Mint o l avas were deeply e rod ed , and t he granular Mint o  micro-gabbro 
pluge? we re exposed before t he erupt ion of the Olallie lavas .  This unc onformi ty 
can be seen at t he northwestern corne r  of Jefferson Park , whe re t he South Fork of 
t he Bre it enbu sh River falls over a 2 00 foot basalt i c  flow . Th i s  flcw1 d ips approx­
imat e ly 30 degrees  north , at right angle s to the underlying Mint o  lavas which d ip 
3 t o  ,5 degrees we stward . Olall ie Butt e  and Mt . Jeffe rson , which were built up 
on t he ruins of the Mint o  volcanoe s have muc h  s t eeper slope s t han t he older cones. 
The basalt s d lpp ing 2 8  degrees on the west slopes of Mt . Jefferson c o nt rast strik­
ingly w l t h  t he a lmost flat .lying Mi nt o flows in t he east e nd of Woodpe cker Ridge . 
North of 01 all 1e But te cone s  of Olall ie age , like Sis i But t e  and t he Pinhead 
But t e s , are nume rous . The Olall ie and Mint o lavas c ould not oe d i st inguished as 
map un i ts be tween Pyramid Butte and Olall ie Butt e in t he t ime available , because 
of lit hologic s im i l a r ity and c omplex it i e s  of structure , result ing from numerous 

s c at t e re d  v e nt s . Ola ll ie lavas probably are abs ent between Pyramid Butt e ,  which  
may be an  Olallie plug , and Jefferson Park . 

Sant iam Basalt s · --- - ·  

The Sant iam Basalt s are a ser ie s of prac t ic a lly flat -· lying flow s which par­
t ia l ly f1 1l a n  .anc ient valley of t he Nort h Sant i am  River cut int o  the Mint o lavas 
and older . rocks . 

The surf'ace of t he Sant iam basalt s at t a i ns a maximum alt i tude of about 

) , 700 feet north of the Sant iam elbow ,  and slope s  we stward and s out hward from 
that po int . This sugge st s t hat t he lavas i ssued in t he v ic inity of t he Elbow and 
f lowed upst ream as well as downstream . The base of t he ba salt s lies  near t he 

2 , 000 foot  c ont our for about 3 mile s between Boulder Creek and the Elbow , along 
t he Nort h Sant iam Rive r ; the s l i ght we stward slope suggest s t hat t hi s  c ontact 
closely follows t he floor of t he o ld v alley . The north c o nt ac t  i n  t he narrow r i dge 
sout h of Boulder Creek follows the r idge crest for a third of a mile , and alt hough 
basalt c liffs 100 feet  or more in he ight form t he south face of the r idge , no 
basalt cropp ings were found on t he nor t h slope . Farther east along t he same ridge 
the basalt s appe ar to overlap the Bre it enbus h tuffs on a comparat ively gent le 
s lope . .  

The max imum pre sent width  of the basalt mass i s  about 2! mi le s , we st of 
Pige on Prairi e s , and e ros ion along t he sout he rn edge has probably reduc ed the 
original wid t h  by a mile . ( See Sec t ion G-G ' ) . The old valley must have been 

almost a gorge at t he we sternmost point where . probable Sant iam Basalts were found , 
about l mile east of Det roi t . The Sant i am  Basalt s be c ome narrower s outh of t he 
Elbow , and ext end down to t he main val ley floor just / nort h of Mint o Creek . For 
most of t he d i s t anc e  s out h of the Elbow , t he basalt contact is 2 00 to 400 feet 
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ab ove t he east bank of t he North Sant iam Rive r . 

REGIONAL STRUCTURAL RElATIONS . 

In a prev i ou s paper 1i/ t he Mehama ant i c l ine was t e ntat ive ly c ons i dered t he 
North Sant iam e qu ivalent of t he br oad fo ld whi c h br i ngs up t he Eagle Creek forma ­
t i on in the C olumb ia River gorge be twe e n  Crown Po int and She llrock Mount ain . 
Thi s  int e rpre t at i o n  i s  probably wrong . The Mehama ant i c l ine actually trends 
N . 45° E . , and its pro j e c t i on would c ro s s the Columb ia River in t he v ic inity of 
The Dalle s . ( f ig . 2 ) The t rend of the fo ld is c le arly s hown by t he d ip slope s 

on the Mioc e ne format ions in t he wast l imb , and t he pos it ion of the Ol igoc ene beds 

brought up along the axis of t he f o ld . Th i s  ant i c l i ne c an b e traced f rom t he 
v i c init y of Lebanon nort hward t o  t he j unc t i on of t he Oak Grove Fork and the 
C lackamas Rive r , a d i s t ance of about 40 mile s . 

In th i s pape r ,  also , the Breit anbush ant ic l ine was dep i ct e d  as parallell i ng 
t he Me hama ant i c line .  However ,  c areful examinat ion of t he  d ips and s t r ike s  of 
t he Bre i t enbus h  tuffs s hows t hat t he Bre i t enbush fold pr obab ly trends 10 - 15 0 east 
of north , and t he d ips in t he vi c in it y  of Humbug Creek ind i cat e a nort hward plunge 
be twe en 10 and 15 degre e s . The pers ist e nc e of t he Mehama ant i c l ine sugge s t s  t hat 
it is t he master fold of t he re g ion ; t he Bre i t e nbush fold may j o in it in the 
v i c i n i t y  of Mt . Hood , may d ie out nort hward , or may bend and paralle l the Mehama 
ant i c l i ne .  Fault i ng apparent ly analogous to t hat in t he cre st of t he Breit enbush 
ant i c l ine has be en d e s c r ibed by Hodge 16 / in the Columb ia R iver gorge betwe e n 
Lind s ay Creek and Hoo d  River .  

--

In Figure 4 of the s ame  pape r , Hodge shows t he f o lds no rtheast of Mt . Hoo d  
t re nd northe a st more o r  le ss parallel to t he Me hama ant i c l ine . I n  Figure 7 
Hodge indi c at e s t hat t he folds swing we stward in the area covered by High Cas cade 

lavas , and shows t he Mut t on Mountain ant ic l ine c ro s s ing t he We s te rn C as c ade Range 
in an e ast -we s t d irect i on in t he lat i tude of Salem o r Molal la . The c ont inuit y of 
t he d ip s lope s on the we st limb of t he Mehama ant ic l ine s outh of t he '  Clackrunas 
River se ems t o  b e good evidenc e t hat no ea st -we st fold in t he lavas emerge s from 
the We s t e rn Cascade Range in t he plac e i nd i c a t e d  by Hodge . It also s eems reason ­
able t o  c orre lat e t he compli c at ed struc tures south and we st of The Dal+e s wit h  the 
Mehama and Bre it e nbush ant icl ine s , e spe c i al ly s inc e t he Bre i t enbush ant i c l ine i s  
fault ed , and t he f ault i ng  i n  bo th place s i s  c le arly pre -High Casc ade . The s outh ­

ward d i pping ba salt s in t he wes t e rn port i on of t he Columbia R iver gorge , wh ich 
were i nd i c at ed by t he wr iter as c o nt i nuous wit h  t he Mehama ant i c l ine , appare nt ly 
form part of another fold . *  The Bre i t e nbush ant ic l ine i s  t ent at ive ly c orre lat ed 

southward w it h  t he s t eeply d ipp ing structures in t he  v i c inity of Cascadia . .  

Thayer , T . P . , St ructure of t he Nort h Sant i am  River se c t ion of t he Cascade 
Mounta ins in Oregon : Jour . Ge ol . , vol . 44 ,  p . ? l2 - 7 1 6 , 19 36 . 

Hodge , E . T . , Ge ology of t he Lower Columb ia Rive r : Ge o l . Soc . Am . , Bull . , 
vol . 49 ,  no . 6 ,  1938 . 

* Insert : It is not eworthy , al so .  t hat t he d io ri t ic i nt rus ive mas s e s  in Wind 
and Shellro c k Mount a ins , which are s imi lar in c ompos it ion t o , and pro bab ly c o n ­
t emporane ous w ith the Halls int rus ive , are s i t uated at t he we st ern e dge o f t he 
be lt of s t e ep f olds , as i s  t he Halls d i or it e . 
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The nort he a s t - s out hwe st fo lds of the We s t ern C as c ade Range apparent ly l i e  

ac ros s the pro j e c t e d  axe s o f  t he ma j or st ruc t ure s o f  e as t ern Ore gon , name ly : the 
Tygh R idge , Mutt o n  Mount a in ,  and Ochoco Mountain ant i c l ine s . The area in whi ch 
t he two syst ems me e t  is c o nc e aled unde r t he Hi gh Casc ade Range " The fo ld ing in 
both regi ons was pro b ably s imult ane ous , s in c e  t he Pl i o c ene roc k s of e a s t ern Oregon , 

like the High C a s c ade lava s , are und i st urbed . 

The fault s i n  t he Co lumb ia R iver g orge descr ibed by Hodge , and t h o se in t he 
Bre it enbush ant i c l i ne show t hat f ault ing has o c c urre d in t he High C a s c ade zone . 

Gi lbert has de s c r ibed Bas in Range normal f ault i ng in t he Klamath Lake region 17/ ,  
and t he s c arp south of Crater Lake i s  c ommonly regarded as a fault s c arp . rn­
v i ew of t he se cons ide rat i ons , i t  s e ems like ly t hat t he High Cas c ad e  Range fo l ­

lows a n  anc ient zone o f  weakne s s  b e twe en the d ivergent s t ruc t ural syst ems o f  

we st ern and e a s t e rn Or e gon . The apparent pers i st enc e o f  t he We s t e rn C a s c ade 
Range s truc ture under t he High C a s c ade Range in t he v i c inity of Mt . Hood may be 
int erpret e d as ev idence t ha t this zone d i e s  northward . 

The g eneral d i st r ibut i on of t he High Cascade vent s appare nt ly s hows re s -
ponse t o  th i s  st ruc t ural c o nt r o l . The larger post -M int o  pe aks and the M i nt o  
plugs are re s t r i c t ed t o  a narrow z one along t he cre st o f  the High Casc ade Range 
whic h  sout h of Ola l l i e  But t e  is almo s t  a l ine . Nor t h  o f  Olall ie But t e  t he e rup­

t ive c ent ers are s c at t e red o ver t he H igh Cas c ade plat e au . Thi s plat eau i s  s up e r im­
pose d on t he We s t e rn Cascade s in t he v ic inity o f  Mt . Hood by � he i nt e r s e c t ion of 
t he High Cascade and W e s t e rn c as c ade st ructural axe s . The al ignment of High 

C a s c ade c one s and plugs is mo st pronounced where t he st ruc t ural z one is be t t e r  
deve loped , name ly , t oward t he sout h .  I n  t he north , where t he deep seat ed ad ­
j u stme nt i s  d i s t r ibut e d  over a w ider area , t h e  High C.asc ade vent s  are s c a t t e re d  
haphazard ly . 

GLA.CIAL GEOLOGY . 

CENERAL STATEMENT 

Three s t ag e s  o f  g lac iat i on appear t o  be repre sented by depos it s i n  t he  
Nort h Sant i am  River valley . The se s t age s have been named aft er plac e s  at o r  
ne ar whi ch t he d e p o s i t s a r e  found , name ly : t he M i ll C ity , t he Detro i t , and t he 
Tunnel Creek . They are t e nt at ive ly c o rre lat ed w i t h  t he She rwin , Tahoe , and 
Tioga s t age s , respe c t ive ly , wh ich have been re c ogni zed on t he e as t e rn s lope s of 

the S i e rra Nevada l&/ ·  The se c orrela t i ons are inferred from c omparat ive e ro s i on 
of the mora ine s and forms due to gla ci at i on , and on the premi se t hat Alp i ne glac ­
ial s t age s  in all part s of t he Pac ifi c Co ast range s  were e s s ent ial ly c ont empo ­
rane ous . The Tunnel Cre ek mora ine s ar e pro b ably s imilar i n  age t o  the La t e  Wis ­
c ons in d e po s it s of t he Great Lake s region . All t he glac iers were of t he Alpine 
type , and t he larger o ne s  headed in snowf i e l d s  of t he High C a s c ade Range , whe nce 
t hey moved we 3tward down t he valleys in t he We s t e rn C as c ad e  Range . The M ill C it y  

glac i e r  t raver s e d  two -t hirds t he width o f  t he We st ern Casc ade Range , where a s  the 

Gilbe rt , G . K . , Stud i e s  o f  Bas in Range s t ruc t ure : U . S . Ge o l . Survey , Prof . 

Paper 153 , p . 7 6 - 85 ,  192 8 . 
Blackwe lder , Eliot. , Ple i s t o c e ne g la c ia t io n in t he Sierra Nevada and Ba s in 

Ranges :  Geo l . Soc . America , Bull . ,  vo l . 42 ,  pp .. 865 -92 2 , 1931 . 
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1Nisconsin i c e barely e nt e red t he eastern s ide . 

MILL C ITY  GlACIATION . 

D i s t r i but ion and c har ac t e r  of dejO S it s . 

Depo s it s  left by t he Mill C it y  g lac ier are expo s e d  about 7i miles al ong t he 
North Sant iam River from Gat e s  t o  a point almo st 3 mile s we st of Mill C ity . The 
best exposures of t i ll are in t he r iver banks at Mill C it y  whe re t he old mill 
of t he Hammond Lumbe r C ompany wa s built on glac ial t i ll .  Till , 2 .5  t o  30 fe e t 

t h ic k ,  ext end s t o  an unknown , but probably shallow depth below r iver leve l 
( f ig . 6 ) .  North of M i ll C it y  morainic ( ? )  de pos it s reddened by weat he ri ng  oc cur 
at an elevat ion of about 1000 feet . A ne arly cont inuous s e c t i on i s  ex po se d t hrough 
nearly 2 00 fe et vert ically in t he s i de s  o f  an old log sk idway nort h of t he ro ad 

i n  t he S� s e c . 2 3 , T . 9 S . , R . 2 E .  The t op of t his sec t io n i s  marke d  by a slop-

i ng bench 300 to .5 00 feet wide at an elevat ion of 9 00 feet . Gray t i ll lying on 
gre en pe bbly tuff i s  exposed i n  t he north bank of the river a short d i s t anc e east 
of t h i s  sect ion . The t uff surface i s  polished , s lope s  10 degrees  upstream , a nd  
bears s t r i ae trend ing nort hwe st . The exposures in t he r iver are at the 72.5 fo ot 
leve l , s o  the t i ll i s  175 t o  2 00 feet t hic k .  

The Mill C i ty t i ll is very fre sh in all exposure s along t he r iver ,  although 

it is more or le ss weathe red elsewhere . The fresh t i ll i s  medium-gray , very c om­
pact , and s imilar to the moraines of c ont ine nt al glac iers i n  f inenes s  of mat r ix 
and pol i shing of boulders . It cont a ins fre sh errat ic s of all s izes up t o  6 fee t 
i�d iamet e r , and of pract ic ally all typ e s  of rocks found in the North Sant iam drain­
age . It s compactne ss  and its habit of forming ve rt ic a l banks along the r iver 
cause t he t i ll t o  be  e a s i ly mist aken for t he volcan ic agglomerat e s  on which it 
rest s . In shallow r o ad cut s t he matrix is br own , and all but the large st boulders 
are de c ayed . The freshne ss of the r iver bank exposur e s  i s  probably due t o  t he  
fac t t hat t he r iver wa s entrenched ve ry recent ly ; and b efore ent renchment the 

t i ll lay below r iver lev�l , where mo vement of groundwater was exc e ed i ngly s low . 

Cont orted varved s i lt s  o c cur in t he t i ll under the ra ilroad brid ge at M i ll 
C it y , and about o ne -th ird mile we s t  of t he b ridge t he t i ll i n  t he nort h bank of 
t he r iver grade s we s tward int o  s t e e ply bedded outwash grave ls , West of Gat e s  
varved s i lt s  are found for nearly a half-mi le al ong t he north bank of t he r iver , 
and are we ll exposed at t he spri ng in t he pic nic ground s west of t he High Sc hoo l . 
The i r average e xpo s e d  t h ic kne s s  i s  about 2 0  feet , but t he b e d s  are gent ly folded 

and extend be low river leve l , s o  the ir t ot al t hickne ss is probably c ons iderably 
gre at e r . The s e s i lt s  end downstream against bedroc k ,  and ups tream they wedge out 

on top of outwash grave ls and t i ll ; t hey are overlain by 10 t o 20 feet of bouldery 
r iver depos i t s . 

The s i lt s near Gat e s  were depo s i t ed in a mora inally dammed lake , and are 
t he e a s t ernmost dri ft d e f in it e ly at tri but able to the M i ll C ity glac ier . However , 
the saddle s out h of the 2 2 00 foot d iorit e knob between Cumley and Kinney c re eks , 
we s t  of Halls S id ing i n  s e c . l8 , T , 9 S . , R , .5  E . , has feature s that may be Mill 
C i t y  in age . The saddle is  o c c up ied by a .5 -acre marsh and i s  c haract erized by 
smo o t h  t opography in c ont rast wit h t he rugged s lope s at e it her end . Deep sandy 
so i l , large boulder s of Hi gh Cascade basalt , and t he undraine d  marsh all po i nt 
t o  glac ial a c t i on .  Sinc e  t he saddle i s  now 9 00 feet ab ove t he river , an d  t he 
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Mi ll C it y i c e  was pro bab ly rat he r d e e p in t he narrow gorge , t he depos i t s  may 

reasonably be c ons i de red part of t he Mill C ity g lac i al drift . 

Defi nit e mora in ic to pography at tribut ed t o  t he Mi ll C i t y  g lac i er was found 

only on Moraine Flat , about 2 00 fe e t above t he r iv e r  on t he no rt h bank ,  appr oxi ­

Ill8 t e ly halfway b etwe en Mill C it y  and Mehama o The b enc h i s  a half -m i l e  ac ro s s at 
it s w i de s t  part and t he d ominant feature is a rounded lobate ridge which forms 

t he t op of t he r iv e r  bluff and s lope s gent ly to t he we st o The nort h s ide of t he 
r i dee s lope s  smoot hly down 2 5  t o  30 fe et t o  a t r i angular al luvi at e d  flat , whi ch 
narrows nort hwe stward be twe en t he lobe d end o f t he r idge and an i rregular roll ing 
t e rrac e  along t he base of the mount ain to t he nort heas t . Two shallow de pre s s ions , 

about 2 00 feet acro s s , l i e  j us t  nort hwe st o f  t he t r i angular flat , wh i c h  it s e lf 

was onc e  a depre s sion and even now is poo rly dra ined . The ro ll ing t e rrace ex ­

t ends northward ne arly a mile f rom t he t riangula r flat t o  t he s addle crossed by 
t he road , A.nd end s abrupt ly about 1 5 0  feet ab ove t he t e rrac e s  of t he Lit t le Nor t h  
Sant i am River . 

The t opography of Mora ine Flat i s  b e s t  e xpla ine d  as a se r i e s of la t e ral 
mora i ne s bu ilt by t he Mi ll C ity glac i er . The e rod e d  t errac e  al ong t he ba s e of 
t he mount ai n  forme rly mu st have ext end e d in a smooth gent le s l ope to t he Lit t le 
Nort h Sant iam Rive r , and may have be en a bypas s for glac ial melt -wat er . The 
triangular flat was an int e r �·mora ine d epre s s i on wh i ch was lat e r dr a ine d by head ­

ward e ros i on of t he small creek t o  t he west . No s t r i c t ly mora inic depo s i t s  were 

found on t he south s id e  o f  t he valley , and t ho s e on Moraine Flat are pro bab ly 

l e s s  t han 100 f e e t  t h ick . Terrac e s along t he s out h s i d e  of t he valley at e leva ­

t i ons corre s pond i ng t o t hat o f  Mora i ne Flat we re pro bably formed a t  the s ame t ime . 

The pos s i b ility t ha t  t he Mill C it y  de pos it s might b e  land s l id e s i s  r emot e , 
and t he ev ide nc e  aga ins t t he land sli de hyp ot he s i s i s  overwhe lming . Land s l id e s  

may produc e d e pos it s whi c h  c lose ly re s embl e g lac ial t i ll , but t he mat er ials mus t 

be d er ived from ne arby s ourc e s . The pre sence of High C as c ade lavas whic h are not 

known t o  o c c ur we st of Det r o i t , and of d iorit e and epido t ized ande s i te from t he 

gorge nearly 2 0  mil e s  t o  t he east canno t be explained reas onably by land s lide . 
The assoc iat ion o f  varved s i lt s and outwash gravels w i t h  t he depo s it s  is c harac ­

t e r i s t i c a lly glac ial . Furthermore , the s t r iae on tuff bedrock at the base of 

t he d epo s i t s are parallel t o  t he ma in valley rather than a cross i t , a s  would be 

t he c as e  with lands lid e groov e s . It does not s e em out of orde r , wh i l e  d i s cus s i ng 

suc h depos it s , t o r emark t hat in t he Pacif i c  Nort hwe s t many pseudo -glac ial s t r iae 

have be en made by logg i ng  c ables ! 

We st e rn Limit 

Alt hough t he we s t e rn l imit of t he Mill C it y  glac ier may neve r be known , 
t he apparent abs enc e of t i ll west o f  Moraine Flat sugge st s t hat the i c e  d i d not 

go muc h  fart her down the v alley , and pro b ab ly not beyond Mehama . The outwa sh 

grave ls ne ar Mill C it y  s how t hat the t i ll t he re was a re c e s s i onal depo s i t . C on­

t ort i on of t he varved s i lt s  may have b e en c aus ed by o s c i allat i ons of t he ic e front , 
during whic h t he glac ie r  ov erro de re c e s s i onal mora ine s , or it may be due t o  s imple 

s lump ing . 



�ipure 6 .  Glacial till in the north bank of the North Sant iam 
River abqut a quart er mile west of Mill City. Height of exposure 
is about 30 feet. Note large proportion of fine material, and 
rounded corners on large erratics in the river. 

Figure 7 .  Varved lake silts exposed 
in North Santiam River about one 
mile below the Detroit. Ranger Sta­
t i on .  The wide bands which ap­
pear homogeneous are composed of 
paper-thin laminae of very fine 
silt . 
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The age o f  t he Mill C ity mora ine s i s  be s t  ind i c ated by t he ir relat ions t o  

t he pre sent floors of bot h t he Nort h Sant iam an d  Lit t le No rt h Sant iam Rive r val­
leys . The pre s enc e of t i ll in t he North Sant iam R iver b e d  below Mill C ity sug ­
ge s t s t hat t he ** hung up " posit i o n  of t he moraines on Mor a ine Flat is due more t o  

lat e ral planat ion t han t o  d own - cut t ing of t he  two s treams . The absenc e o f  known 
Mill C i t y  dr ift east of Gat e s , and t he lack of a glac ial profile in t he gorge 
east of Niagara sugge s t  t hat t he r iver grad ient in M i ll C ity t ime was s omewhat 

s t e e per t han at pre s ent . Howeve r , t he glac ial val ley mus t  have b e en ve ry narrow , 

so t hat a c omparat ive ly small amount of r iver er os i on would have dest roye d t he 
glac ial prof ile . Alt hough de s truc t ion of the glac i al profi le in t he gorge may 

have b e e n  rap id , levell ing of the mas s ive lava flows east of Gat e s and planat ion 
of t he wide valley f loor must have re qu ired much t ime . Therefore c orre lat ion 
of the M i ll C ity glac ial st age w i t h  the She rw in st age in the Sierra Nevada se ems 
j us t if i ed . 

DETROIT GLACIATION 

D i st r i but ion and c harac t e r of depo s i t s .  

Very few d e po s it s left by t he Det ro it glac ier were found . Ti ll crops out 
in t he Nor t h  Sant iam River just above t he br idge on t he Quart zvi lle t rail ; and 
in a road cut a half -mi le sout hwe st of Berry . A large ma s s  of gray t i ll in r iver 
gravels i s expo s ed whe re t he h ighway c ro s ses t he Bre it enbush River s out hwe st of 
Detroit . All t he expo sures are small and t h e  t i ll is simi lar to t he Mill C ity 
t i lL Varved lake s i lt s  a r e  well expo s e d  in railroad c ut s  and t _ he  nort hwe s t  
bank o f  t h e  r iver f o r  about a m i l e  d ownst ream from t he De t ro it r anger s t at io n .  
The varve s , o r  · band s , are very f ine a nd  s ane ar e pape r -t hin . A s  i n  t he s ilt s at 
Gat e s , we ll deve loped larger band s about 6 inc he s  a part are supe r impos e d  on t he 

f ine r o ne s  ( f i g . ? ) .  The s i lt s i n  most plac e s are d i sturb e d , and h ave be en 
great ly c o nt ort e d , fault ed ,  and e v e n  bre c c iat ed . The brec c iat i on sugge st s d i s -­
turbanc e by ove rr id ing ic e when t he s i lt s we re froze n . Upstream fr om t he ranger 

st at ion t he s i lt s  grade i nt o  outwash and r i ver grave ls . The t i ll ne ar the 

Q,uart zv ille t ra i l  bridge is probably a r emnant of t he d am be hind which the lake 
was forme d . It is poss i ble t hat t he f ine varve s we re relat e d  to d a ily varia t i ons 
in rat e and c harac ter of de pos i t io n and t he larger band s t o se a sonal c hange s ; 
if s o , depo s i t io n of t he s i lt s  re qui red about a c ent ury , s i n c e  the beds are at 

lea st 40 fe et t h i c k  st rat igraphically o  

The limit e d exposure s of t he Det ro it d r ift render d e t erminat i on of i ts 
ext e n t  uncert a in . The t i ll below Berry is 150 fee t above the river , and t he  
val l ey a t  Halls ha s the aspe ct o f  an aggrade d and mod if i e d  glac ial t rough . More ­

ove r , an 8 - foot boulder of fre sh pyroxene ande s i t e be aring remarkable gla c i al 
st riae is as soc iated w i t h  subangular wat e r -wo rn river de pos it s approx imat e ly 100 

feet ab ove t he river at a po int about 1/2 m i le e ast of Mayfl owe r cre ek . A 
boulder of t h i s s ize would probably lose i t s  s t r iae before t rave lling far , even 
in - a  powerful stre am , so t hat th is one was pro bably c arr ied no gre at d i s t anc e 
from the glac i e r . Mora i ne s in narrow valleys are de stroye d ne ar ly a s  fast a s  

built and t he ir abs enc e in t he gorge i s  n o t  s i gn i f i c ant . T h e  nort h bank of t he 
gorge , from Sard in� Creek east , in plac e s i s  plast ered t o  a he ight of ab out 1 5 0  

f e e t  wi t h  poorly sort ed s i lt s and angular debr i s , whi ch appe ars t o  be a mixture 
of valley t ra in and t alus . Some of t hi s mater ial re semble s glac ial t ill , but no 
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we ll fac eted boulders o r  def i n i t e ly glac iated be droc k surfaces were found . The 
Detroit glac ier may have ext ended as far we st as Mayflower C reek , approximat ely 
7 miles we st of Det roi t .  

Age of t he Det r o it Glac iat i on . 

The glac i al drift in the v ic ini ty of Detro i t  may have been le ft by the M i ll 
C it y  glac i e r , alt hough t h is s e ems unl ike ly t o  t he wr it e r . The t i L4 downstream 
from Det ro it goe s below r iver leve l , ye t t here is no gla c ial pr ofi le in t he gorge 
t o  t he we s t . If t he De tro it t i ll i s  M i ll C ity in age one of t hree t hings mus t  
have happe ned : ( 1 )  t he glac ier gouged out a shallow bas i n  east o f  t he pre sent 
gcrga and f a i l e d  t o  alt er appre c iably t he form of t he gorge ; { 2 ) t he reg ion ha s 
oe e n  warpe d upward betwe e n  Halls and Gat e s  s i nc e  t he gla c ie r  t raver s e d  t he go rge ; 
( 3 )  t h e  glac ier gouged a ba sin and eroded the gorge t o  a glac ial pro f ile whic h  
has s inc e b e e n  d e s t roye d . The first hypot he s i s  s e ems improbab le , s inc e t he 
Mill C ity glac ier e xt ended 1.5 mi le s be yond t he narrowe st part of t he gorge a ni  
pro bab ly had much e roding powe r i n  the gorge " There i s  l i t t le s upport for t he 
s e cond hypothe s i s , a lt hough t here i s  evidence of warp ing on a very broad region­
al s c ale in nor t hwe s t e rn Oregon 19/ . The t h ird hypot he s i s  is e nt irely reason­
able and may be t he a c t ual c a s e .

--

The glac i al dr ift in t he gorge east of Sard i ne Creek s e ems t o o  poorly 
sort ed and t oo angular t o  have be en d eriv ed from t he  Wis c ons in mora ine s s ame 
1.5 miles e astward and pr obab ly is not Wis c o nsin in age It seems e qually im­
probable that unc on s o lidat ed s il t s  of Mill C it y  age c ould have remained in t he 
bot t om of t he gorge during the per iod required for planat i on of the valley be ­
low Mill C it y . The refore t he Det ro i t  t i ll i s  b e l i eved t o  be t he produc t of an 
interme d i at e  glac ial s tage . Detailed c ompar i son of t he varved s ilt s at Gat e s  
and Detro it t o  s e e  whet her t hey r e c ord s imilar s eas onal change s , and might be 
c ont emporane ou s ,  ha s not bee n att empt e d , 

LA.TE WISC ONS DT (TUNNEL CREEK ) GLAC IATION 

Distribut i on and ch ara�ter of d e£o s i t s  

Mos t  of t he lat @  Wi s c ons i n  moraine s are well pre s e rved .. The t erminal 
moraine of t he lat e Wisc on sin glac ie r in t he Nort h Sant iam River vall ey i s  10 . 8  
miles east of Detroit , and about a mile w e s t  of Tunnel Creek at an e levat ion of 
2 000 f e e t . Exc ept for a gap c ut by t he river ne ar the nort hern end t he moraine 
ext e nd s  acros s t he valley . It is about a quar t e r -mile wide and 100 feet high , 
and has good kno b - and·-ke t t le t opography . The t i ll i s  large ly made of angular 
blocks whi c h  bear f ew fac e t s  or st r i ae . The c orre s ponding mo rai ne i n  the Bre i t ­
enbush Riv e r  valley ha s been almos t obl it e rated by r iver t errace s  and l and s lide s . 
A small cropping of t ill was found in a road cut at 2 2 00 feet elevat ion below 
Cleat or Bend , a mile or more we st of Bre itenbush Hot Spri ngs , 

Lat e Wi s c ons in re c e s sional moraine s  oc cur in many place s ,  a few of whi c h  
are worthy o f  ment i on : t he main Nort h Sant iam River valley a t  2 2 .5 0  fe et e leva­
t i on oppo s i t e  Woodpe c ke r  Ridge , and nort h of Inde pend e nc e  Prairie at 2 .5 00 f e e t ; 

Hodge , E .  T .  , Ge ology of t he lower Columb ia River : GaoL Soc . Amer ic a , 
Bull . , vo l . 49 ,  p . 913 , 193 8 , 
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along t h e  Pamel ia C reek t ra i l at 2 400 feet , and probab ly a t  3000 f e e t  j ust below 
He i d ike Creek ( a  branc h of Milk Creek ) . A we ll formed hooke d  lat eral mora ine was 

s e en at 4400 feet e levat ion on Milk Creek below the Skyl ine trai l "  The only r e ­
c e s s i o na l  moraine not e d  i n  t he Bre it enbush dra i nage i s  at 2.9 00 f e e t  e le vat ion in 
t he val ley of t he Sout h  Fork . 

Glac iat ion of _ t he H i� Casc ade Rang� 

The High Cas c ade Range shows t he e ffect of s evere glac iat i on . The h i ghe r 
r idges slop i ng we stward from t he summit pla inly show t he e f fe c t s  of glac i at i on , 

ye t have a c omparat ively he avy s o i l  c ove r ; Hint o  Mounta in and Woodpecker Ridge 
are e xample s . The h igher flat s suc h as Gr izzly Flat s and Bingham Bas in l ikewi se 
fa i l  to s how t he s everity of re c ent i c e  act io n  c ommensurat e wit h t he ir t opography . 

From the se fac t s  i t  i s  i nferred t hat t he highe st part s of t he range were eroded 
by t he M i ll C it y  and Detro i t  gl ac ie rs and were unaffe c t e d  or only s l ight ly mod i ­
f ie d by t he la t e  Wi s c ons i n  glac iers . I f  t he valleys w e r e  we ll f i lled wi th i c e  
dur ing t he Tunnel Creek s t age t he glac ier s hould have gone farthe r b eyond Tunnel 
Creek , s o  i t  is probable t hey were fo rmed by t he end of t he Det roit s t age and 
were me rely freshened by t he lat e W i s c o ns i n  glac ie rs . 

The Hi gh Cas c ade upland i n  t he v i c i nity o f  Olal l i e  But t e  was c ove red by 

an ic e she e t  between .5 00 and 1000 fe e t  t h ic k , whi ch c ov ere d t he smaller pe aks 
and aft er me lt ing left a l ands c ape s imilar to part s of t he Lake Super i or regi o n .  
The lowe r s lo pes of Olallie But t e were ma rkedly s t e epened by t h i s  i c e she e t . 
Fully half of t he forty-five lake s vi s i ble from t he summit of Olall ie But t e  are 

in rock bas ins . Bedroc k s t r iae i nd i c at e  t hat t he ic e mov e d  nort hward past 
Olallie But t e a nd fanned out t oward t he e dge s of t he plateau . The br e adt h and 
alt i t ude , be twe en .5 , 000 and 6 , 000 feet , of t he upland d oubt le s s  a c c o unt for t he 
t h i c kne s s  of t re i c e . 

Jeffers on Park 

Jefferson Park i s  a remarkable example of a flat glac iat e d  mount ain di v i de 
and mer it s s pe c i al ment i on . The Park ave rage s .5 , 800 feet in alt it ude , is one 
and a half m i le s long from east t o  west , and i s  o ver 1 , 000 ac re s i n  area . Park 
But t e  r i s e s  1 , 000 fe et a bove it to t he nort h , and Mt . Jefferson t owe r s  .5 , 000 
feet above t he Park on the s out h .  The main port ion of t he Park i s  s o  f lat 
t hat t he actual d iv id e is reveale d only by t he s t reams . The e a s t  end s l o pe s 
gent ly t oward a c i rque at t he he ad of Whit ewat er River valley . The we st e nd 
d ro ps by a s e r ie s of low s t e ps t o  5 , .5 0 0  fe e t ,  where it i s hung up by re c e d i ng 
c l iffs on lava flow s . The Park was apparent ly forme d by large glac i e rs whi c h  
flowed d own the nort h slope s  o f  Mt . Jeffe r s on , imp inged o n  the Park But t e  

r idge , and s pl i t  int o two e a s t -we s t  g lac i e r s . St r i ae on t he b e drock s upport 
t h i s  hypot he s is . The not c h  t hat o r iginally gu ided t he g lac i ers was probab ly 
forme d b e tween t he init ial nort h s l ope of Mt . Jeffers on and t he ero d e d  Mint o  
v o lcani c s  i n  Park Butte r idge . Th i s  r id ge pr o bably was never bur i e d  by the Mt . 
Jefferson flows . The inc e pt i on of �effe rs on Park , t he refo re , in all l i ke l ihood 
was d ir e c t ly r e lated t o  t he unc o nf ormity betwee n the Olall i e  and Mi nt o lavas . 

Rus s e l l  Lake , inc id entally , i s  not a glac i al lake , but i s  damme d  by det r i tus 
from t he valley east of Park But t e . In muc h t he s ame way Pame lia Lake i s  hemmed 

in by debr i s  f rom the �e s t e rn s lope s of Mt . Jeffe rson . 
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We st er�c_ade Ra�e C irque s  

Glac iat i on i n  t he We s t e rn  Casc ade Range i s  s l ight c ompared t o  t ha t  i n  t he 
High Cascade s . Fre s h c irqu e s  of lat e Vlis c on s i n  age a r e  c ommon in t he hi ghe r 
part s of t he We s t ern C as c ade Range but there i s  l it t le e v i de nc e of t he De t r o i t  or 
Mill C ity glac ial s tage s out s i de of t he ma i n  t hrough valle y s . The gl ac i al c irques 
shou ld not be c onfus e d  wit h land s l ide c i rque s , wh i ch are al s o  nume rous i n  the We s t ­
e rn C a s c ade Range . For i nst anc e , Tumble Lake , s out hea s t  o f  Sard ine Mount a i n , l i e s  
in a glac ial c irque , whe reas t h e  small lake nort he ast o f  Sard i ne Mount a i n  w a s  pro ­
bably formed by a land s l i de . The lowe r l imit of lat e W i s consin i c e  in t he We st ­

ern C a s c ad e  Range was approx imat e ly 3 , 5 00 f e e t . 

The valle y  of :Elk Creek , s out he a s t  o f  Bat t le Ax Mount ain wa s oc c up i ed by a 
'N" is c ons in glac i er at le ast 4 mi le s long , wh ic h s p i lle d over int o t he Humbug 
C reek drainage in t wo plac e s . The i c e  ext end e d  down to about 3 , 600 feet in al ­
t i t ud e  t hrough t he we s t e rn gap , s out h of :Elk Lake , and down t o 3 , 2 00 f e e t  through 
� h e  gap in whi c h  Dunlap Lake i s  pe rched . Glac ial ove rfl ow of t h i s t ype pr obab ly 
i n it iat ed ma j or dra inage c hange s in other part s of the C as c ade s . Two well pre ­

s e rved moraine s we re not ed in Elk Lake valley ; one forms t he dam for the lake . and 
t he othe r i s  a quart e r -mile to t h e  e ast b e low a me adow which repr e se nt s  a f i l led 
l ake . The fre shne s s  of t he moraine s and small s i z e  of t he de lt a  i n  Elk Lake 
shows t hat t he valley was glac i at e d dur ing t he la st , or lat e Wis c ons i n  s t age . 

PHYSIOGRAPHY 

GENERAL RELATIONS 

The phys i ographi c dis s imila r i t y  be twe en t he Vie s t e rn Cascade and the High 
Casc ade Range s i s  no le s s  pronounc e d  t han the st ruc t ural d is c ordanc e , e spe c ially 

from Out e r s o n  Mount ain sout hward . The We st e rn Cas c ade .Range from Thomas C re ek 
north may be d ivi ded int o t hree longitud inal b e l t s , name ly : a we s t ern be lt of d i p  
slope s ; a rugged c e nt ral b e lt formed by t he r:tas s ive Sard ine lava flows ; and a n  

east ern b e lt of c omparat ive ly o p e n  val leys fo rme d w i t h  Bre i t enbush t uff s . The s e  

be lt s in general c onform t o  t he r e g ional st ruc t ure s and t re nd nort he ast . The 
ma in s t reams flow we s tward acros s the range , and v ar i ous f e at ure s re lated t o  t he 
st re am h i s t ory ar e c ommon to all t hree belt s . The High C a s c ad e s  d iffer f r om t he 
We s t e r n  C a s c ad e s  in t hat st ruc t urally c o nt r o lled surf ac e s  and glac ial fo rms are 
dominant . The phys iographic int e rre lat ions o f t he two range s  are c omple x , and 
e re c t ion of t he Hi gh Cas c ade s gre at ly affe c t e d  t he s t reams in t he We ste rn Cas ­

c ade s . Dra i nage c hang e s  have also o c curred within the High C a s c ade s . 

\'lESTERN CASCADE RANGE 

The t hree ma in phys iograph i c  d iv i s i o ns ment i o ned above are i llus t rat ed in 
t he M i l l  C it y  quadrangle . The belt o f  dip s lope s i s  in t he northwe st c orne r of 
t he quadrangle ; t he l ava b e lt e xt e nd s d iagonal ly from t he s out hwe st c orner t oward 
Bat t le Ax Mount a in , whe r e  it is bur ie d  by the High C as c ad e lavas ; and t he t uf f  
belt oc cupie s the southeast ern c orne r o f  t h e  area . 

We s t ern Be lt of D ip Slope s 

The belt of d ip sl ope s ext ends nort hwe s tward to t he W i llame t t e  Valley from 
t he c r e s t  o f  t he Mehama ant i c l ine , and e x t e nd s  nor t he a stvmrd beyond t he C lackamas 
River . Be low t he 1 , 000 foot c o nt our t he d i p  sl ope s are f orme d on t he St ayt on 
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lavas , wh ich underl i e  a thin s o i l  c over o r  small pat c he s  o f  Fern Ridge t uffs . 
Betwe en alt i tud e s  of 1 , 000 and 2 , 000 f e e t  s l o p ing ben c h e s  forme d  on t he more re ­
s i s t ent be d s  o f  t he Fern R idge t uffs are dominant ( f i g . 4 )  and d i p  slopes on the 
t uf f s  at t a i n  an alt i t ude o f  approximat e ly 4 , 00 0  feet 8 to 10 miles nor t h  of M i ll 
C i t y , in t he v i c inity of Hou se and Lo okout Mount a in s . The Salem Hills are c ha r ­
ac t e r i zed b y  analogous surfa c e s developed o n  t he e a s tward d ipping St ayt o n  lavas . 

The degr e e  of d i s se c t i on o f  t he s truc t ural s urfac e s  var i e s  gre at l y . The 
s t ruc tura lly flu t t e r  part s of t he Salem Hi ll s e xhi b it a roll i ng la nd s c ape w h i c h  
shows i nd i s t i nc t  r e la t i o n  t o  s t r uc t ure , whe r e as cue s t a  t opography i s  c l e arly de ­
veloped whe re t he lavas are t i lt ed in t he sout he rn part of t he hi lls . (Se c t i on 
B-B ' ) .  The s t ruc t ural surfac e s  a re s hown b e s t  nor t h  of t he North Sunt i am  River 
valley . The we s t e rn fa c e  of t he Salem Hills i s  an e s c arpme nt forme d by e r os ion 
of the w e ak Illahe beds whi c h  under l i e  t he r e s i s t e nt St ayt on lavas . 

No rt he ast of St ayt on t he s t ream valley s are prac t i c ally paral l e l  t o  t he d i ­

rec t i o n  o r  d i p  o f  t he be ds , and are c ut i nt o  and l o c ally t hr ough , t he Fe rn Ri dge 
t uffs . The S t ayt o n lavas have b e en cut t hr ough only ne ar t he Wi llarne t t e  Valley 
margin . The vall eys are d e e pene d in t he lavas mainly by he adward r e c e s s i on o f  
wat erfal l s  ove r  ind iv idua l f low s . In t hi s  are a  t he re are many b e aut i ful fall s , 
of whi c h  S i lve r Fall s is t he highe st and be st known . 

The Mehama volcan i c s  are expo s ed u nder t he Stayt on lavas whe r e  t he vall e ys 
of t he Nort h Sant iam River and Thomas Creek c ro s s  t he Mehama ant i c l ine . ( Sec t i on 
D-D ' ) .  The tuffs a re r e ad i ly eroded and t he c app ing Stayt o n  lavas de s t royed by 
lands l id e s ,  wit h t he r e s ult t hat both valleys w id e n  rapidly e a stward t oward t he 
cre s t  or the fo ld . Whe re t he y  ent e r  t he Sard i ne lava s er i e s  t he valleys be c ome 
narrow aga i n ;  t hey are w i d e s t  j ust w e s t  o f  t he ant i c l inal ax i s .  

The c hange in c harac t e r  o f  the e a s t e rn b oundary o f  t he W i ll ame t t e  Vall ey ut 
Thomas C r e e k  l ikew i s e  is relat ed t o  the pos it i on of t he St ayton lava s in t he Me ­
hama ant i c l ine . The �i lla�e t t e  River c ut s a c r o s s  t he ant i c l i ne in a manne r 
ana logous t o  t he Nor t h  Sant imn Rive r , ev e n  t hough t he two s t r e ams flow at right 
angle s .  Nor t h  of Thoma s  Creek t he S t ayt o n  lavas l i e  at l ow alt itude s in t he 
f lank of t he f o ld � Here t hey are s e c ure from ind ire c t  at t ac k  by sap p i ng , and 
r emoval mu st be by the s low proc e s s e s  o f  w e at he r i ng and s urface run-of f . Sout h 
of Thomas Creek t he lavas are h igh enough above t he Willame t t e  Va lley f loor s o  
t hat land s l ide s develop ,  and d e s t ruc t i o n  o f  t h e  lavas i s  rapi d . A s  a cons e quenc e , 
t he e as t ern edge of the W i llame t t e  Valley sou t h  of Thomas Creek i s  an irre gular 
s t e e p e r o s i o n  s c arp , whi ch ha s re c ede d 3 to 5 mile s east of the f o o t  of t he d i p  
s lopes fart her nort h . The lava c aps o n  hi lls l ike Frankl in But t e ,  wh ich l i e s  

s out h o f  t he are a mappe d , a r e  remnant s o f  t he St ayt on lava s , and r eveal t h e  s out h ­
ward ext e ns i o n  o f  t h e  Me hama ant i c l ine . 

The St ayt on Bas i n  

The St ayt on Ba s in i s  a rude ly t r iangular t opo graphi c  and st ruc tural bas in 
wh i ch ha s been breac he d  by stream valleys at all t hree a p i c e s . The North San ­
t iam Rive r  e nt er s  t hrough t he east e rn apex and leave s by t he s outhwe s t e rn ;  it 
also at t ime s undoub t ed ly f lowe d t hrough Mill Creek Gap at t he northw e s t ern c or -­
ner . The floor of 1; he bas i n  is o c c up i e d  by a grave lly alluv i al f an bu ilt by t he 
Nort h Sant iam River a s it swung from one out l e t  t o  the o t he r ;  t h i s fan i s  so flat 
t hat t he d iv i de betwe e n  Mill Creek a nd t he river i s  le s s t han 25 feet high . 
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The depth of gravel f i ll in the basin i s  not known alt hough t errace s  along · 
the northeast and s out heast s i de s  of the ba s in show ample evidenc e  t hat it was 
for.merly f i lled about 100 feet above the pre se nt floor . The t e rrac e s  are best 
pre served s out hwe st of Kingst on ,  a nd t he name "Leffle r t errac e s " , aft er the 
Southern Paci f i c  stat i on of t hat name , is sugge st ed for t hem . Around Sublimity 
they have be en eroded to  such an ext ent that the i r  origi n al form has been ob­
scured . The depo s it s  have been removed from the foot of t he Stayt on lava d i p  
slope s  ma inly b y  late ral planat i on of the Nort h Sant iam Rive r  and smalle r  streams . 

The t e rrace d epos i t s  vary in c oarsene s s  from c lays t o  c obble beds t hat con­
t a in well rounded boulders up t o  15 inches in d iameter . In road cut s  north of 
A�vi lle and Sublimit y t he gravels are deeply weathered , and all pe bble s exc ept 
ve in quart z and rhyolite are dec omposed to clay " gho st s " . In the road cut 0 . 8  
mile nor t h  of Sublimit y the s ilts and pe bble s have been . so thoroughly weathered 
to a depth of about 15 feet t hat t hey c ould be used as second-grade f ire c lay 20/ . 
In the uppermost 2 or 3 feet prac t i c ally all t rac es  o f  t he original pe bble s an� 
bedding have been obliterated . Alt hough the gravels overlie t he Fe rn Ridge for ­
mat ion in plac e s , t he two format i ons are r ead ily d i s t ingui shed , s inc e t he Fe rn 
Ridge c ontains ash beds , and d ips with the underlying St ayton lavas . .The grav ­
e ls appear to have been laid down by the Nort h Sant iam River during a per i od of 
extens ive aggradat i on in t he Willame t t e  Valley a s  a whole , and are p robably e arly 

or middle Ple istocene in age . The Leffle r terrac es may be e quivalent in age t o  
t h e  100 foot t errac es sout h  and e ast of Lyons , whic h  very l ikely are c omposed of 
valley t rain mat eri al from the Mill C ity glac ier . 

Cent ral Lava Belt 

The c e nt ral lava be lt is underla in ma inly by t he Sard ine lavas , and t he top­
ography i s  largely controlled by this format i on .  The western l imit of t he belt 
follows the cre st of t he Mehama ant ic l ine , and c orresponds to t he east edge of 
t he belt of dip s lope s . The east ern boundary follows t he upturned base of t he 
Sardi ne lavas . ( Se ct ion F -F 1 , between Mt . Hore b  and Mart en But t e s ) . The 
belt is 12 t o  15 miles acros s , and has t he highe st relief of t h is port ion of t he 
We stern Cas c ade Range . The relief range s betwee n  3 , 000 and 3 , 500 feet in di s -­
t anc e s  of 1 t o  2 mile s ; the max imum relief i s  nearly 4 , 000 fe et . The higher 
ridge s average betwe e n  4 , 000 and 4 , 5 00 fee t  in alt i tude , and t he princ i pal pe aks 
are between 4 , 5 00 and 5 , 100 feet . The r idges are sharp cre s t ed and t he valleys 
are narrow and st ee p-walled . Landslides  are c omparat ively rare , and a few 
small glac i al c irque s oc cur at alt i t ude s above 3 , 500 feet , on t he northeast 
s lope s o f  t he hi ghe st pe aks . 

The Nort h Sant iam River is t he only s t ream t hat crosses t hi s  belt in a d i s ­
tance of more t han 4 0  miles . The C lackamas River tribut aries t o  t he north were 
superimposed across this z one from t he High Cascade Batt le Ax lavas . The 
South Sant iam River flows far to the southwe st and c rosses the belt where it i s  
lower . Wate r  falling i n  the head of Kinney Creek runs nort hward 4 mile s before 
it  start s acro s s  t he lava belt , whe reas wate r  falling on the south side of t he 
same d i v ide , in the Sout h Sant i am  River drainage tra�els nearly 30 m i le s  s outh­
west before it c ro s s e s  t he lava belt . 

£Q/ Wilson , Hewi t t , and Tre asher , R .  C . , Preliminary report of s ome of t he refrac ­
t ory c lays of western Oregon : Oregon State Department of Geology and Min­
eral Industries , Bull . 6 ,  p . 61 ,  19 3 8 . 
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East ern Tuff Be lt 

The belt of tuffs forms the e as t e rn port i on of t he We s t ern Cascad e  Range 
within the Mill C ity quadrang le . The area underlain by t he tuffs i s  a rud e t r i ­

angle be twee n  t he nort hea s t -t rend ing c ent ral lava be lt and t he north t rend ing H igh 
Casc ade Range . In t he nort heast c orne r  of the Mill C it y  quad rangle t he tuffs ap­
pear t o  be bur i e d  c ompl e t ely by t he High Cascade lavas ; at the sou thern e dge o f  
the are a the t uf f  be lt is 10 t o  12 m i l e s  w i de . 

The d iffe renc e s  in form between t he c entral lava belt and the be lt of t uffs 

are t hose t hat would normally be f ound i n  ad j o in ing areas wh ich have had s imilar 
phys i ographi c historie s , but i n  which t he r o c ks d iffer great ly in re s is t anc e to 
e ros ion . The r idge s in the tuff belt are s imi lar in alt itude t o  t ho se in t he 

lava be lt , but the valleys are wider . The relie f i s  between 2 , 5 00 and 3 , 000 

fe e t , or about 1000 fe et le s s  than in the Sard i ne lavas , s i nc e  t he gene ral level 
of the st ream s , wh i c h  head in t he t uffs , i s  higher . The manner in wh ich t he 
ma in valleys w iden out at t he e ast e rn edge of t he lavas i s  we ll s hown sout heast 
of Quart zv ille , along t he s outhe rn edge of the M i ll City she et , whe re t he stream 

hi s t ory apparent ly has not b e e n  c ompl ic at ed by valle y  f lows of Hi gh Cascade lavas . 
Land s l ides are nume rous . Hogback t opography i s  developed on t he st e eply d i pp ing 
bed s in t he ridge e a st of Det ro it , but e lsewhe re t here is l i t t l e  appare nt relat ion 
between t opography and st ructure . 

High Cas c ade lavas domi nat e the t opography where they· overlie the tuffs . The 
High Cascade lavas for t he most part are massive or plat y , and commonly fo rm 
c l iffs 2 00 to 300 feet high . The f lat - lying mas s ive Out e rson flows in t he v i c in­
i t y  o f  Coffin Mount a i n  st and 1 , 000 to 1 , 500 feet abov e the t uff ridges to t he 
we st , and f orm a cons p i cuous group of high pe aks along t he eas t ern margin o f  the 
We st ern Casc ade Range . Thin flows g ive r i se to very sharp c r e s t ed r i dges t hat 
are t r i angular in c ros s -sec t ion � Bat t le Ax Mount a in and t he r id ge southwe s t  of 
Elk Lake are good example s . 

Uniform i ty ol: Ridge Cre s t s  

The skyline i n  t he c e ntral lava and e a st ern tuff b e lt s appe ars remarkably 
smooth whe n v i ewed from s ome high point , as for inst anc e , t he summit of Olall ie 
But t e . The most prominent h igh p o i nt s  are Bat t le Ax Mount a in and t he peak of 
t he Coffin Mountain group , all of which are compos e d  o f  High C a s cade lava s . 
From Olal l ie But t e , the valleys of the North Sant i am  River sys t em are seen a s  
d ee p  t re nc he s c ut int o  t he We st e rn C a s c ade upland . 

Although t he y are s pread over an area of several hundre d s quare mile s t he 

high pe aks in the c ent ral lava be lt , all on Sardine lavas , are be tween 4 , 5 00 and 
5 , 100 feet in alt it ude . The se high poi nt s  a r e  5 00 t o 700 feet ab ove t h e  ma i n  
d iv i de s . I n  t he t u f f  be lt t he uniformity i s no t s o  apparent , b e c ause t he peak s 
are wi de ly s c at t ere d . The M i l l  C ity t opographic map l ikewi s e  r eveals uniformit y 
of r i dge crest s and high po int s . 

Some of t he peaks which c onform t o the We stern C a scade Range are forme d by 
High C a s c ad e  lavas . Thos e r idge s in t he v i c inity of Bat t le 1\x Mount ai n t hat are 

c apped by Bat t le Ax lavas ar e good example s .  From to pography alone , one wou ld 
have l it t le reason to su spe ct t he e x i st e nc e  of t he anc i ent Bat t le Ax volcano deep 
with in the We st e rn Cascade Range . Bat t le !tX Mount ain it s elf i s  t he only point 
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which st ands above t he .5 , 100 foot skyl ine level , and it is  .5 , .5 47 feet in alt i­
tude . The r idge s c appe d  by Bat t le A:£. lavas are betwe e n  4 , .5 00 and .5 , 2 00 fee t in 
alt itude ,  and whe n seen from a d i st anc e of .5 or 10 mile s blend int o  the gene ral 
skyline . How many ot he r  We st ern Cas cade ridge s may be c apped by lavas o f  High 
Casc ade age i s  a �ue st ion t hat c an be answered only by ext e ns iv e  f ie ld mapp ing o 

HIGH CASCADE RANGE . 

In t he High Cascade Range t he t o pography .  i s  controlled dir e c t ly , and in most 
plac e s , obvi ous ly , by t he struc ture of the lavas . Init ial surfaces are pre s e rved 

on t he Rec ent l ava f lows , and s t ripped surfac e s  o n  the o lder lavas dominat e the 
range . 

South of Park But t e  t he High C ascade Range is e s se nt ial ly a p i le of lavas , 
triangular in east -we s t cros s - sect i on ,  and de eply t renc he d  by b.road "V11 shape d 
glac iat ed valleys . The s lope s are uniform eastward and w e stward from the d i ­
v ide , whi c h  ave rage s approx imat e ly 6 , 000 fee t i n  alt itude and i s  ab out 7 mile s 
e a s t  of t he we s t e rn base of  t he range . The di ssect ion of t he vo lcanic s has not 
progre s sed pa st a youthful stage , and t he r i dg e s  are gene rally flat t o pped . The 
broader spurs like Minto Mounta in slope 2 to 3 degre e s we stward and are c harac t e r ­
i ze d  by glac iated h igh f lat s . Mt . Je ffe r s on ri se s  nearly a mi le above t he High 
C a s c ade Range d iv ide , and has been s evere ly e roded by glac iers , remnant s of whi c h  
are s t ill ac t ive . The steep slopes of Mt . Jefferson pre se nt a s tr iking c ont rast 

to the flat spurs formed on the Mi nto lavas . 

North of Park But � e  t he High Cas cade Range crest w idens and as sume s  t he aspec t  
o f  a plat e au .  Th is plat e au slope s from 6 , 5 00 feet i n  alt it ude ne ar Park But t e  
t o . approx imat e ly 3 , 500 fe et a t  C lackamas Meadows , 2 7  mile s t o  t he north . In t he 
v i c i ni ty of Olallie But t e  the re lief of t he p lat eau ,  exc ept ing Olall i e  But t e , i s  

about .5 00 feet , wit h  a few h i l l s  a s  muc h as 1000 fee t  high . Int ense glac iat ion 
i s  apparent eve rywhere , and lake s dot t he landsc ape . But for t he valleys of Cub 
Creek and t he North Fork of t he Bre it enbush River , t h i s  part of t he High Cascade 
upland would be a nort h to northwe st slop ing surfac e nearly 10 mi le s  wide o c cupy­
ing the area b e tween Bre i t enbush Hot Springs and Olall ie But t e . The max imum r e ­
l i ef in t h i s  area of ne arly 5 0  s �uare miles , wh i ch average s more than 5 , 000 f e e t  
i n  a lt itude , would b e  app rox imat ely 1 , 000 fe e t . 

Olall ie But t e  is a young cone built up on t he plat e au before t he la st glac ial 
st age , whereas many of the smaller pe aks l ike Pyrami d But te are plugs from . which 
t he effu s i ve c ove ring has be e n  s t ripped . 

RELATIONS OF WESTERN AND HIGH CASCADE RANGES . 

In plac e s  t he phys iographic boundary be tween the West ern and t he High cas c ade 
Ranges i s  pronounc ed , and in othe r place s  no boundary is v i s i ble . More ove r ,  the 
ph1$ iographic boundary doe s not c o inc ide everywhe re with t he geologic boundary .  

Sout h of the Sant i am  Elbow t he valley of t he Nort h Sant i am  River follows t he 
broad Sant iam-McKenz i e  t rough , between the w e s t ern s lope s of t he High C as c ades 
and the e ast ern face of the We st ern Cascade s . The Sant iam-McKenzi e st ruc t ural 

t rough pro bab ly t erminat e d  northward at a h igh ridge betwe e n  Mt . Bruno and Minto 
Mounta in ( t he Bruno -Mint o r idge ) , for t h e  pre sent surface of t he  Minto lavas i s  
1 , 600 fe et h ighe r in Minto Mount ain t han a t  t he McKenz ie -North Sant iam drainage 
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d ivi de , and t h i s  d ifferenc e  seems to be a refle ct ion o f  t he d i p in the lavas . 

The r iver valley i s  a north-sout h glac i at ed t r ough entrenc hed in the bot t om of t he 
larger s t ructure along t he l ine of intersec t i o ns o f t he surfac es on the Mint o  and 
OUt erson vo lcani c s  to t he east and west , respec t iv e ly . For a d i s t anc e of a bout 
15 mile s , before it t urns e as tward t oward t he High C as c ade di v i de , t he North San­
t iam River b e ar s  the same re lat ion to the western sl ope s of the H igh C asc ad e s t hat 
a gut t e r  d o e s  t o  a roof . The broad phys i ographic and s t ruc tura l  t rough c ont inues 
sout hward be yond the North Sant i am drainage and i s  f ollowed by t he McKenzie River 
nearly 20 m i le s . The d iv i d e  be twe en t he two streams is very br oad and low . If 
t he Sant i am-McKenz ie t rough i s  a c c epte d as t he logical High Cascade -We s t ern Cascade 
boundary , t he Out erson volcanic s in t he v i c init y of C of f in Mounta in ,  l ike the 
Bat t le £\x lavas , phys iographic ally are part of the We s t ern Cascade Range even 

t hough t he y are High Casc ade flows . 

Nort h of t he Bre i t e nbuah River no d i st inct phys iographi c  boundary was f ound 
be twe e n t he We s tern C a s c ade s and Hi gh C as c ade s . The Bre i tenbush River valley 

cut s d i rec t ly acros s t he geo logic c ontac t ranges , and the d ivi de t o  the nor t h  
cont i nues prac t i c ally unbroken from one part of t he range to t he o t he r . In t he 
area t o  t he no rth t he d i s se c t ed we st ern edge of the High C as c ade plat eau has t he 
same g eneral alt itude as t he We stern C ascade summit level , and t he ridge s  merge . 
The valley of t he Collowash Rive r , a t ributary of t he C lackamas Rive r , probably 
follows the ge olog i c boundary nort hward from t he d i v ide north o f  t he Bre it enbus h 
Rive r . The High Cascade boundary between t he Nort h Sant iam and Bre i t enbush Riv ­
ers fo llows t he we st ern e dge o f  the Out erson vo lcani c s  in t he v i c ini t y  o f  Out er­
son Mount a in and i s  crossed by the Sant iam basalt s . 

VALU:Y OF THE NORTH SANTIAM RIVER . 

The North Sant i am River sys t em he ads on t he western s lopes of t he High Cas­
c ades and flows we stward a c ros s t he We st ern Cascades . Since the river c r o s s e s  
several s t ructural and phys i ograp hi c  belt s , it s va lley varies great ly in d iffe r ­
e nt part s . Furthermore , t he region ha s undergone a long phys i o graph ic h i s t ory , 
and the stream has been great ly affec t e d  by regi onal upl ift and volcan i sm .  

The Nort h Sant i am  River eme rge s from t he We st ern C as c ade Range muc h a s  a 
rai lroad leaves a cut in a gent le hillside ; the valley is analogous to t he ra i l ­
road -grade , and t he St ayt on lava d i p  s lope s may be c ompared t o t he hills i de . The 
gravels in the St ayt o n  ba s in are analogou s to t he rai lroad f i l l . We st of Gat e s  
t he valley i s  f lat -flo ored and s t e e p-walled , a s  if lateral planat i on had been 
act ive recent ly .  The valley bot t om averages a mi l e  to a mile and a half in wi d t h  
be tween St ayt on and Gat e s , and narrows where it c ro s s e s  t he lavas ne ar St ayt on .  
The floor i s  veneered with grave l and there are s everal t errace s from 5 t o  2 5  
fee t  high . The river has c ut t hrough t he gravel vene e r , and be g inn ing at a point 
a mile we st o f  Mehama has c ut a narrow t rench that gradually i nc reases in de pt h 
eastward t o  t he mout h of t he gorge east of Niagara . At Mehama t h e river be d i s  
2 0  t o  25 f e e t  be low the ma i n  valley level , and at Gat e s  i t  i s  inc i s e d  ab out 5 0  
feet . South of Gat e s t he re i s  also a t e rrac e approximat e ly 12 5  feet abov e  t he 
r ive r ; t he 50 foot t e rrace i s  cut acros s t i lt e d  lava flows east of Gates . 

The most conspi cuous t e rra c e  remnant s ext e nd d i s cont inuous ly along t he s outh 
s ide of t he valley for a d i s t anc e of ne arly 7 mi le s oppos i t e  Mehama . This t e r­
race , called t he Lyons t e rrac e , is 80 t o  100 f e e t  h igh and i t o  i mi le w ide s o ut h  
o f  Lyons . Fart her e a s t  t he Lyons terrac e i s pre se rved as a narrow roc k cut benc h  
c overed b y  a t hi n laye r o f  gravel . Dee p  s oi l has been develope d on , an d t he 
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slope s above are graded t o , t he Lyons t errac e , i nd i c at ing t hat it i s  a good d e al 
o lder t han t he lower t errac e . 

H igh Broad Valley St age 

Remnant s of a high valley s t age are well pre served along t he North Sant iam 
River we st of Sard ine Mount a in ( f ig . 6 } . They are not part icularly not iceable 
from t he lower part of t he valley , but t hey are c o ns p i cuous when seen from Sard ine 
Mount a i n  or the pr ominent spur at 2 , 000 feet e levat i on nort h of Mint o s tat ion 
( fig .  3 ) . The spurs on b ot h  s ide s of t he valley are concave upward above 2 ,  000 
fe e t  i n  t he v ic ini t y  of Niagara . Be low t hat leve l they slope s t e eply to the r iv -· 
er , wh ic h flows in the bot t om of a s harp 11V" valley . The hig her valle y  r i s e s  
east1, :,.rd and is not c e rt a i nly ident if iable i n  t he gorge ea st o f  Sard ine Creek , a l ­
t hough it may b e  represented b y  t he prominent spurs s out h of t he r iv er betwe en 
Cumley and Box Canyon c re e ks , and betwe en 2 , 000 and 2 , 5 00 fee t in alt itude . The 
sadd le at 1 , 700 fe et sout heast of t he Pot at o  Hill , sout he a s t  of Gat e s , is only a 
l it t le above t he broad valle y level whi ch drops t o  about 1 , 5 00 feet in t he r idge 
nort h of Mill C ity . A c orre s pond ing broad valley st age is shown above 1 , 500 
feet e levat ion in the valley of t he Lit t le North Sant iam River we st of Elkhorn . 

Pro j e c t ion of t he high valley profile we stward as a normal conc ave r iver pro ­
f i le sugge st s t hat t he perched flat northwe st of Mehama i s  c lo s e ly relat ed t o  the 
h i gh valley s t age . Thi s flat is about a mile wide and 2 mi le s long , and l i e s  at 
an alt it ude of 9 00 t o  1 , 000 fee t , or 300 to 400 feet above t he Nort h Sant iam Riv­
e r . It is part ially d i s se c t e d  by s everal small we stward f l ow i ng streams , but 
st ill has t he form of a flat floored valley that was made by t he lateral planat i on 
of a graded s t ream of c ons iderable s i ze . Alt hough t he flat was c ut in re s i s t ent 
Stayt o n  lavas , it is ne arly as wide as t he pre s e nt floor of t he North Sant iam Riv­
er . It i s  almo st i n  l ine with t he Little Nort h  Sant iam River valley , and f orme r ­
l y  may have been part o f  that valley . 

If t he pe rc he d  f lat west of Me hama was part o f  the o ld bro ad va lley sys t em ,  
t he anc ient s tream fel l  about 900 feet be twe en Sard i ne Creek and Mehama ,  o r  ap ­
proximat e ly 45 feet per mile . The present r iver has a t o t al f all of 5 5 0  feet , 
or about 2 8  feet per mile betwe en t he s ame po i nt s . The h igher gradient and t he 
r ounder pro f i le of t he anc ient valley w ould me an that it was formed by a smal ler 
stream t han the North Sant iam R iver , and that s i de t r ibut ar ie s had a more import ­
ant part in shaping the valley t han they d o  now .  

The Sant iam Gorge 

Betwee n  N iagara and Halls the Nort h Sant iam River flows t hrough a narrow , 
rock walled gorge . For much of t h is d i st anc e t he st ream runs in a slot in bed ­
rock and se ems t o  be cut t ing down rapidly . The gorge apparent ly i s  c aus e d  by 
t he extreme e ro s ional res i st anc e of t he me tamorphos e d  volc an ic s  and t he Halls 
d i orit e . East of Halls the valley broadens out int o  the Det ro it Bas in . 

The Detro it Bas in 

The bas in at Det ro i� pre sent s an int e re st ing phys i ographic problem . The 
Nort h  Sant iam and Bre it errbush rivers ent e r  the bas in from t he s out heast and north­
east , r e s pe c t ive ly , in narrow valleys wit hout percept ible c hange in grade . The 
Bre i t e nbu sh River f o llows , in general , a stra ight c our s e  t hro ugh the basin , whe re ­
as t he North Sant iam make s  a right angle t urn as i t e nt ers . In c o nt rast t o  t he 
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narrow v alleys up s t ream ,  t he ba s in i s  m ore than a mile w i de at t he nort he ast ern 
end and narrows southwestward t oward the gorge . De t r o i t  H i ll is an e longat e bed ­
roc k r idge 700 f e e t  high and 2 , 100 feet in alti tude that o c cup i e s  t he c enter of 
t he ba s i n . The North Sant iam River f lows s outheast of Det ro i t Hill t hrough a 
glac iated t rough about one -third m i l e  w ide and c ut 2 00 t o 300 feet bel ow a br oad 
bedrock benc h whic h was probably le ft from an earlier eros i on c yc le o The summit 
o f  De troit H i ll s lope s s out he astward and e v i d e nt ly was onc e part of t he s ame ero ­
s i o n  surface a s  t he benc h , whi c h  e xt ends a l ong t he base o f  Blowout Cliff . The 

Bre it e nbush Rive r flows nor t hwe st of De troit Hill , and the re i s  l it t le if any 
ev idence o f  t h e  o ld valley st age a l ong t h at s id e  of t he b as in . The gap nor t h ­
e a s t  of Detro i t Hill and be tween the t wo r iver s i s  f i lle d w i t h  r i ver gravels down 
to s t ream level . On the nor t hw e st s lo pe s  of t he b a s i n  there are t e rrac e remnant s 
at alt i tude s of 1650 and 2 , 800 fe et , or 3 50 and 1 , 500 feet , respe c t ive l y ,  a bove 
t he river . Boulders of High C as c ad e  lavas ar e f o und on both t e :rrac e s , whic h 
s lope sout hward 2 or 3 degre e s . Tumble C re e k  was d ive rted a quart e r -mile s out h ­
ward behind the lower one ; t he upper t errac e c ros s e s Tumble Cree k  valley but doe s 
not ext end up it . 

The origin of the ba s in i s  obs cure . The ba s in l i e s  east of t he me t amorpho s ­
e d  z orie i n  t he gorge ,  and has be en eroded mainly out o f  t he Sard ine lavas . I t  i s  
muc h  wid e r  t han e it her o f  the tributary v alleys immed iat ely t o  t h e  east , alt hough 
the s e  are cut in t he Bre it enbus h tuffs . Although glac i al sc our may have be en 
largely respon s i ble fo r it s  f ormat ion , t he bas in i s  pro bably t he produc t o f  sev­

eral factors , none of which is appare nt ind ividually . 

One p o s s i ble explanat ion for t he or igin o f  t he Detro i t  Bas i n  is as foll ows : 
Det ro i t  H i ll may have b e e n  part o f  a long and re lat ive ly l ow d iv ide be twe en t he 
Nort h Sant iam and Bre i t enbus h r ive rs ,  wh ich pre sumably j o ined ab out whe re t hey do 
now . The Mill City glac ier undo ubt ed ly overrode De troit H i ll , whi c h  is a roc he 
moutonnee , and t he 2 , 800 t errac e on the nort hwe st s i d e  of t he basin may mark t he 
upper i c e  limit . The powerful North Sant iam branch of t he Mill C it y  glac ier was 
forc e d  to t urn abrupt ly s out hwe s tward , and t he pre s sure was apparent ly suf f ic i ent 
t o  c ause the main glac ier to overr id e t be  d iv ide and imping e  on the we st wall of 
the Bre it enbush River va ll ey . A smal le r i c e  s t ream probably flowe d  down t he 
east s i d e  o f  t he  old d iv i de . The la t er and w eaker De tro it glac ier may have be en 
deflec t e d  east of Det ro i t  Hill by Mill C it y  depo s it s  le ft in t he gap t o  the nort h ­
east , o r  b y  a gla c i er from t h e  Bre i t enbush River valley . 

North Sant iam River East of Det roi t  

The No rt h Sant iam River valley i s  c o nstric t ed at it s ent ranc e i nt o  t he De ­
t ro it Bas in ,  apparent ly by lava flows at the base of the Sardine la vas . From 
t h i s  point nearly t o  t he Elbow , t he valley is in t he Br e it enbush tuffs and i s  c om­
parat iv e ly open . From Boulder Creek e a st t he Sant i am  bas a lt s  form s t ee p  c liffs 

surmount ed by benc he s a long t he nort h s ide of the .  valley . The flat o n  upp er bas ­
alt surface at t ai ns a maximum w i d t h  of nearly 2 mile s in the v ic ini t y  o f  Pigeon 
Prair ie s , and narrows r apidly t o  e ast a nd west . We s t  of t he Elbow t he valley 
bot t om is narrow a nd t he flood pla in is r e st r i c t ed , whe r eas s outh of t he Elbow t he 
floor has be e n  flo oded wi t h  glac i o -fluv iat i l e  debr i s  and terrac e s up t o  i mile 
wide have been forme d . Thi s  c hange in t he charac t e r  of t he valley floor oc curs in 
the v i c inity of t he Tunne l Creek mo raine and s eems t o  be d ue t o t he lat e Wi sc o ns in 

glac ie r .  
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Valley of t he Breit e nbush R iver 

The Bre i t e nbush River f lows on bedrock in a very narrow valley mos t  of the 
way between t he Det ro it Bas in and Bre it enbush Hot Spr i ng s . The lower 4 mile s of 
t he v alley is a gorge 1 , 000 to 1 , 500 feet deep . The s out h wall of this part i s  
marke d by inc l ined r ib s on t i lt ed r e s i s t ent beds and lavas in t he Bre it enbush 
t uff s , and the nort h wall is c haract e r i ze d  by high clif f s  of the Bat t le Ax lavas . 
The valley widens at t he j unc t i o n wit h Humbug Creek , and from there to t he Hot 

Spr ings lies in a sha llow gorge cut ent irely in t he Bre it enbus h format i o n  and 
und e rly ing rhyol it e s .  East of Humbug Creek t he re i s  obs cure evidenc e of a broad 
valley s t age at about 2 ,5 00 feet alt it ud e , 600 to 700 feet above t he r iver . Thi s  

s hal lower part o f  t he Bre it enbush Riv e r  gorge opens e as tward int o  t h e  Bre i t enbush 
Bas in . 

The Bre i t e nbush Bas i n  i s  an i nt e rmontane val ley whos e  aggraded floor is 2 
miles long and a mile w ide . The b a s in s traddle s t he geologi c b oundary betwe en 
t he We stern Ca s c ade and High Casc ade Range s , at t he j unct ion of t he two mai n  
branc he s o f  t he Bre i t e nbush Riv.er , name ly : the Nort h and Sout h Fork s . The val­
leys o f  both forks have been s everely glaciated , and t he floor of t he Nort h  Fork 
valley is cont inuous wit h the floor of the b as i n ; a short gorge marks t he  mouth 
of t he South Fork . 

The Bre it enbush Bas in has been e x c avat ed ma inly in the Bre i tenbus h  f o rmat ion , 
and the we s t e rn e dge of t he High C as cade Range ha s b e e n  eroded t o  a les se r extent � 
The High Casc ade lavas , of OUt e rs o n  and Minto age s , form s t e e p  r i dge s in whic h 

c l iffs 5 0  t o  100 fe e t  in he i ght are c ommon . The tuffs , in c ont ras t , are s o  e a s i ­

ly weathered t hat e xpo sure s  are rare exc ept i n  s t ream banks . Land s l ide s are c om­
mon and land s lid ing i s st i ll in progre s s  in an are a  of about 5 s quare miles south­
we s t  of Bre it enbush Hot Spr ing s , where b l oc ks of Out e r s on lavas have s l i d over 2 

miles from Timber But t e  t o  the r i ver . Land s l ide s  have undoubt edly be e n  an import ­
ant fac t or in the format ion of t he b � s i n , and a c c ount for t he loc at ion o f  t he bas i n  
i n  t he tuffs . 

The Nort h F.ork has beheade d Cub Creek , a t ri but ary of t he C lackamas Rive r . 
The Cub Cre ek valley has a flat floo r a mile in width whe re it ends abrupt ly near­
ly 800 feet above t he North Fork . At t he he ad of Cub C reek t he North Fork t urns 

an angle of 60 degree s ,  and flows s outheastward along t he ext e ns ion of Cub Creek . 
A broad bench on t he northeast s i de o f  the North Fo rk valley forms a c ont inuous 
l i nk between t he Cub Creek valley level and t he upland surface in t he v i c i n i t y  of 
Bre it enbush Lake . The Nort h  Fork i s  now cut t ing a gorge nearly 1 , 000 feet deep 
int o  the upland . 

GEOLOGIC AND mYS IOGRAPH IC HISTORY 

OLIGOCENE AND MIOCENE EPOCHS . 

Although the ge ologic h i s t ory of t he Oregon Ca s c ade Range i s  c ompl i c at ed in 
detai l , b e c ause of int erm i t tent vo l c ani sm , d iastro phi sm ,  and gla c i at ion , it is 
c omparat ive ly s imple in gene ral out l ine . 

Lit t le i s  known of �he C as c ade r e g ion in Eocene t ime , and the g e o l o g i c  rec ­

ord as d e c i phered i n  t he Nort h Sant iam River region begin s with explos ive volcan ­
i c  erupt ions i n  the Ol igoc ene , when t he Bre it e nbus h t uffs were depo s i t e d . Some 

of t he ash from t he Bre it enbush erupt i ons was probably c arried by wi nd int o east ern 
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Oregon and depo s i t ed with t he John Day f ormat i on ,  whi le st reams c arri ed much d e ­
bris we stward t o  t he o c e an , where it w a s  laid down a s  t he Illahe format i on . The 
was t e  p i led along t he aggraded we st ern margin of the c hai n  of volcanoe s is now 
re c ogni zed as t he Mehama volcani c s . Toward t he end of Oligoc e ne t ime t he re ­
g i on was gent ly folded along nort he a s t - s out hwe st axe s , and t he Willame t t e  Valley 
region was e levat e d  above sea level . After an ero s ion int e rval t he Stayt on lavas 
were erupt ed in Miocene t ime along t he west ern marg i n  of t he range ; within t he 
rar�e volcan i sm obs cured t he record and no break i s  apparent between the Bre i t e n ­
bush t u f f s  and t he Sard ine lavas . The Mioc ene volcanic act ivity was le s s  v i olent 
t han t he e arlie r phase s ,  and the St ayt on and Sard ine lavas were extrude d , probably 
from f i s sure s , at t he s ame t ime t he reg ion to t he e ast was flooded by t he Columb ia 
River lavas . The Sard ine lavas ac c umulated t o  a d e pt h  of at least 6 , 000 f e et be ­
fore erupt ions c e ased . The Sard ine lavas t h inne d rap idly eastward and westward , 
and t he ir eros ional produc t s , int ermi ngled w i th tuf f s  from explos iv e  erupt ions , 
were depo s it e d  t o  t he west in the Fern Ridge format ion . Toward t he end of Mio ­
c ene t ime t he volcan i c  act iv ity d i e d  down , and the region was aga i n  folded . The 
t hick mas s ive lavas bent only s l i ght ly , but the we ake r tuffs were buckle d int o  
t he Bre it e nbush ant ic l ine . Int rus ion o f  diorit e porphyry probably c losely fol ­
lowed t he fold ing , and t he n  t he r ange was sub j e c t ed t o  a long e ros ion period 
whi c h  probably was marked by a s e r ie s  of upl ift s .  By t he t ime t he f irst High 
Cascade lavas were e rupt e d  t he Wes t e rn Cascade Range had a t t ained e s sent i ally 
it s pre sent e levat i on and was mature ly eroded . Thi s eros i on surfac e  must have 
been c ont inuous with t he Cor iba Surfac e , whi c h  ha s been desc ribed in t he Columbia 
River regi on by Hodge W .  

PLIOCENE AND PLEISTOCENE EPOCHS . 

Although t he f orm of t he Casc ade Mount ai ns in Mio cene a nd e ar l i e r  t ime s i s  
re lat ively unknown , the r e c ord of t he rocks reveals many event s s ince t h e  We stern 
Casc ade s became a d i s t inc t mount ain range , pro bably near t he end of t he Mioc ene . 

The "Ca scade Pene pla in" 

Sinc e  uniformit y o f  r i dge c r e s t s  is w id e ly a c c ept e d  as one of t he c r i t e r i a  
for recognit ion of e levat ed anc i e nt e ro s ion s urfac e s , e arly i nve st igators in the 
Casc ade Mount a ins were led to  be l i eve t hat e x cept for the high p eaks , the entire 
range , inc lud ing t h e  part i n  Oregon , had been peneplai ned in lat e Tert i ary t ime . 
Will i s  and G . O . Smit h d e s cr i be d  anc ient e ro s i o n  surfa c e s  in the Nort hern Cascades 
in Washingt on 2 2/ , and it  was t hought by some t hat t he s e  s urfa c e s  were repre sented 
in the Ore gon Cascades W ·  W .  D .  Smi t h  sugge sted t hat t he slope s northeast o f  
St ayt on may repre s ent part o f  a warped penepla in .� . 

It se ems c le ar t hat t he High Cascade Range has never been worn down to a sur ­
f a c e  o f  low relief , ye t the postulat ed penepla i n o n  the We stern Cascade Range mus t  
have ext ended a c ro s s  t he H igh Cascade Bat t le Ax lavas , The evenne s s  o f  t he r idge s 

Hodge , E .  T . ,  op . c it . , p . 8 .5 3 - 8 6 o . 
Smit h ,  G .  0 . , and Willis , B . , C ont r ibut i ons t o  t he geology of Washington : 

U . S .  Ge olog i c a l  Survey , Prof . Paper 19 , 190) . 
Fenneman , N .  F . , Phys i ography of t he we stern Uni t ed States : :McGraw-H i ll 

Book Co . ,  New York , p . 4 3 0 -441 , 1 9 31 . 
Smit h ,  W .  D . , Phys i c al and e conomic geography o f  Oregon ; t he W i llame t t e  

Valle y : C ommonwealt h Revi ew , Uni v . o f  Oregon , vo l . 7 ,  no . 4 ,  p . l.5 8 , 1 9 2 .5 . 
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i n  the We stern C as c ade s t he refore appears t o  have o r i g inat ed from act i on of a un ­
iformly well develope d st ream pat t e rn on a c omparat iv ely homogeneous mas s , rath­
er t han from d i s se c t ion of an anc ient ero s i on surfac e .  The ba s i s  for this inf e r ­
enc e i �  the fact t hat Bat t le Ax volc ano wa s r educ ed almo st t o  t he general summi t  
lev e l  whi le t he e nt i r e  r e g i o n  e v id e nt ly st oo d a t  e s s e nt ially i t s pre sent e leva­
t i on .  It has already be e n  s hown that t he Batt le Ax lavas were e rupt e d  on a We st -
ern Casc ade s urfa c e  who se rel ief pro bably exc e e d e d  3 , 000 fe e t , t hus p roving t hat 
t he range s t ood h igh in pre - Bat t le Ax t ime . No e v i d e nc e  has yet b e en f ound sug ­
ge s t ing t hat t hi s ent ire region wa s d epre sse d approximat e ly 3 , 5 00 feet and re ­
e levated during High Casc ade t ime . If t he We st ern Cas c ade skyl ine r e pr e s e nt s a 
wide spread anc ient e r o s ion surface whi ch ext ended a c r o s s  High C a s c ade lavas , move ­
me n t s  of t he magn itude i nd i c at e d  mu st have oc c ur re d  in po st -Bat t le Ax t ime . More ­
over , these movement s mu st have b e e n  se parat ed by a v e ry long per i o d  of eros ion . 

Broad Valley Stage s o f  t he No rt h Sant iam Riv e r  

The degradat i on o f  t he North Sant ia'11 R iver t o  it s pr esent l evel was a long 
pro c e s s  whi c h  probably wa s int e rrupt ed by many pe r io d s  o f  s t at ionary leve l  or of 
aggradat i on . One per iod of ext ens iv e  lateral p lanat i on at a grade betwe e n  400 
and 500 feet above t he pre s e nt r iver le vel is shown by t he perche d  flat northwe s t  
of Mehama . The flat appe ar s t o  be a remnant of t he o l d  v alley of t he Li t t le North 
Sant iam Rive r , and was probably f orme d when t hat s t ream me andered on a broad flood 

pla i n . Wh i le t he Lit t le Nort h Sant i am  wa s formi ng i ts f lood pla i n  t he North San­
t iam wa s meand e r i ng o n  a s imi lar , but probably somewhat w ider and lower flood pla i n , 
s i nc e  i t  was a larger stream . At a point s omewhere in the v i c i n ity of Mehama one 
of t he streams in it s meand er ing c ut t hrough t he d iv i de and t he two s t reams were 
j o i ned . Techn i c al ly spe aking , t he Lit tle Nort h Sant iam River was interc i sed , and 
was short ene d 4 or 5 mi le s . The interc i s i on may have o c c urred in t he e arly Ple i s ­
t o c ene and long ant edat ed t he Mill C ity g lac ier . The widt h o f  t he perched valley 
s e gment , e spe c ially s i nce t he exc avat ion wa s almo s t  ent ire ly in St ayton basalt , 
i nd i cat e s  a long halt in d ownward c ut t i ng . The i nterc i s i on t ook place in t he 

Mehama vo lcani c s  whe re lat e ral planat ion must have been muc h f a s t e r . The alt i t ude 
of t he o l d  v alley sugge st s t hat t he reg i o n  was e levat ed about 5 00 f e et i n  e arly 
Ple i s t o c e ne ( or Lat e Pl i o c ene? ) t ime . 

The high broad valley s t age we st of Sard i ne Mount a i n , t he perche d  flat north­
we s t  gf Mehama , and t he pre -Bat tle Ax valley o f  t he Bre itenbush R ive r may have 
been formed simult aneous ly as 3 s egme nt s of one valley . The appa re nt c lo s e  r e ­
lat i on between t he we st ern and middle segment s ha s been ind i c at e d . I f  t he broad 
valley segme nt we st o f  Sard ine Mounta i n  were pro j e c t e d  headward 10 mi le s on it s 
apparent grad ient of 45 feet pe r m i l e , t he valley bot t om wou ld b e  at least 200 feet 
ab ov e t he base o f  t he Bat t le Ax l ava s . Actually t he r iver prof i le mus t  have 
s t eepened headward , and moreover ,  t he base of the l avas may have bee n lower . The re ­
fore , i f t hese two s egment s are e qu ivale nt , t he old valley was warpe d dur i ng up ­

l ift or was re j uvenat ed in pre -Bat t le Ax t ime , The narrow inner valley under t he 
Bat t le Ax f lows , e a s t  of C anyon Cre e k , ind i c at e s  t hat t he vall ey was r e j uvenat e d , 
and it may have been warped as we ll .  Thi s i nt e rpre t at i o n  imp l i e s  t hat t he inner 
gorge e a s t  of Niagara and the mod e rn gorge in t he Bre it enbus h  River val ley east of 
Det r o i t  were c ut nearly s imultan e ously , Vlhen t he s i ze of the s t reams and t he 
hardne s s  of t he rocks i s c ons idered t h is hypo t he s i s  doe s not seem unre asonab le . 

The low broad valley st age shown al ong t h e  sout heast s i d e  of t he Det r o i t  Bas in 
may b e  e qu ival e nt t o  t h e  pre -Sant i am  basalt valley , The pre -Sant iam basalt val -

ley i s  cut part ly in M i nt o  lava s , t herefore i s  p robably younger t han t he pre -Bat t l e  Ax 
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valley . The grad ient be tween t he ba s e  of t he Sant i am basalt s at Boulder Creek 
and t he surfa c e  in t he Det ro i t  Bas in is almo st t he same a s  that of t he North San­
t i am River . Thi s  low br oad valley s tage ha s not be e n  r e c ogni z e d  e l s ewhe re along 
the North Sant i am  River , and may have b e e n  formed above a t emporary base le v e l  in 
the gorge we s t  of Hal ls . 

Change s i n  Dra inage C au s e d  by High Cascade .Erupt ions 

The erupt i on of t he High C a s c ad e  volcani c s  not only b ur i ed t he o l d  t o pograp hy 
in t he region now oc cupi e d  by the High C a s c ade Range , c aus i ng c omple t e  re o rganiza­
t i on of the l o c al stream pa t t e rn ,  but also must have gre at ly affe c t e d  many s t re ams 
in the We s t ern Cascad e  Range . 

In lat e pre -Hi gh C a s c ade t ime t he We st ern C a s c ade Range appear s  t o  have b ee n  
a mature ly e r oded mount a in mas s  w i t h  a re l i e f  s imi lar t o  t hat of t he pre sent range . 
The anc i ent range wa s bound e d  on t he e a s t  by an irregular front wit h out l i e r s  wh i c h  
s t o o d  above .t he lower land s c ape of e as t ern Ore gon . I n  plac e s , a s  in t he v i c i nity 
of Bre i t enbush Hot Spr i ng s , t he e a s t e rn b oundary s e ems t o  hav e been c omparat ively 
s t ra ight and s c arp - l ike . The dra i nage d i v i d e  was many m i l e s  e a st of the c ent e r  
of t he range , and t he s t re ams o n  t he eastern s lope were short . The s e  e a s tward ­
flow i ng  c re eks we re probably t ri but ary t o  r ivers whi c h  flowe d nort h or sout h t o  
ant e c edent valleys across t he ran ge . The anc e st ral C o lumb ia River de s c r ibe d by 
Hodge 25/ wa s apparent ly one o f  t he ant e c e d ent ma s t e r  streams of the r e g ion . How­
eve r , whe n t he mount a i ns were l owe r t he rai nfall in t he reg i on t o  t he e a s t  was 
probably he av i e r , and many r ivers may have ma i nt a ine d c our s e s  a c r o s s  t he We s t e rn 
C a s c ade upl ift . 

The bui ld ing of the High Casc ade Range not only bur ied t he e a s t ern marg i n  of 
t he We st e rn Cascade Range , but it a l so shifted t he r e g i onal dra i nage d iv i d e  s everal 
miles east o f  t he We stern Casc ad e s  ( f i g . 8 - I  and 8 - I I } . All ant e c ed e nt valleys 
across t he We s t e rn Cas c ade s were b l o cked , a nd the new streams t hat r o se on the 
we s t e rn  s l o pe s  o f  t he High C ascad e s  f ound c our s e s  a c r o s s  t he We s t ern C a s c ade s . 

Headward Lengthening of t h e  Bre it enbus h R iver . 

The h i s t o ry o f  t he Bre it e nbus h R iver has in al l l ikel ihood bee n  d upl i c at e d  
b y  many o t h e r  s t reams i n  t he C a s c ad e s , and on t h a t  a c c ount me r i t s d e t a i l e d  d i s ­
c us s i on .  The pre -Bat t le 1\x Bre i t enbush Rive r , whi ch for c onvenience wi ll be 
called t he Humbug R i ve r , headed east of Bat t l e  Ax Mount ai n ,  p o s s ibly ne ar the 
head of Ea s t  Humbug Creek . The d i p s  in t he Out e r s o n  lava s on both s i d e s  of t he 
Bre i t e nbus h Bas in ind i c at e  t hat t hey were poured out on a c o nt i nuou s e a stward ­
slop ing surfac e , and that t he ba s i n was fo rme d lat e r . It s eems likely , t he refore , 
t hat t he pre -Out e rso n d iv id e  lay 2 or 3 mil e s  w e s t  . o f  t he s it e of Bre it enbus h Hot 
Spr i ng s . 

The Out erson lava s pro bably affec t ed Humbug Rive r very l i t t le , b e c ause they 
were poured out on the eastern slope of t he range , but t he Mint o and Bat t l e  Ax 
e rupt i on s  c aus e d  profound c hange s .  The Bat t le 1\x lavas f i lle d t he l ower part of 
t he valley , and e st ab l i s he d  a rad i a l  s t re �� pat t ern in the v i c i n i t y  of Bat tle Ax 
Mount a in .  Alt hough t he s e  lavas mus t  have flowed dow n  t he valle y i nt o t he port i on 
now o c cup ied by t he Det ro i t  Bas i n , none have be en found in pla c e  in the b a s in . 
The flows from Mt . Mint o ,  who se crater was near Park But t e , r o s e  ne ar ly to t he leve l 
of t he We stern Cascade d iv ide , i f  t he y  d i d  not flow t hrough low gaps i n  it . One of 

OjjJ Hodge , E . T . , Ge o l ogy of t he Lower C o lumb ia Rive r : Ge o l . S o c  . .Americ a ,  Bull . ,  
vol . 49 ,  p . 848 - 8 6o ,  19 38 . 
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t he c onse quent st reams on t he nort hw e st s lo pe o f  Mt . Mint o , the mode rn South Fork 
of t he Bre it enbus h ,  sp i lle d  ove r t he low divide , e it he r  on Mint o  lava or by pend­
i ng ,  int o  t he Humbug Rive r . The Humbug River was there by lengt hened a dozen 
mi le s ,  i ncrease d  gre at ly in f low , and the ancest ral Br e it e nbush River was born . 
The Cub Creek p iracy i ncreased the s i ze of the river st i ll more . The mod ern 
Bre itenbus h  Rive r probably i s  tw i c e a s  la rge as the anc ient Humbug R ive r ,  s i nc e 
t he We s t ern and High Casc ade port i ons of t he Br e i t enbush wat ershe d  are approxi ­

mat e ly 40 and 5 0  s quare mi l e s  in area , r e spe c t ively . 

The Nort h Sant i am River was s imilarly inc reased in l e ngth and vo lume . The 
wat e r shed o f  t he Nort h Sant iam River sys t em was enlarge d by 300 to 400 s quare 

m i le s , in a r e g ion of heavy rainfall , as a re sul t  of t he Mint o  e rupt i ons . The 

princ i pal c hange s effe c t e d  in the lowe r port io ns of t he valley by the inc reased 
flow must have b e e n  ove r s t e epening of t he valley walls and aggradat i o n  of the 
va lley floor with c oarse debri s . 

The Nort h Sant iam valley we st o f  Minto St at ion may reflec t  t he d ifferenc e  
i n  c harac t e r  o f  the anc i ent and modern s treams , The remnant s o f  t he h igh valley 
st age g ive t he impre s s io n  of a rounde d v all ey which probab ly had a narrow flood 
pla in , e spe c ially in the p ort i on j ust west of t he pre s e nt gorge . The lat e r  
valley i s  marked b y  s t e ep wall s  whic h form a s ha rp angle w i t h  the vall ey floor . 
The anc i e nt valley was apparent ly formed by a smaller stream sys t em in which work 
of t he minor s ide t ribut ar ie s was v e ry import ant , whereas the mod e rn one was cut 
ma inly by lateral planat ion of a v igor ous t hrough-flow i ng s t re am who s e  s ide 
branche s were pre s sed to maint a i n grade .  Mo s t  o f  t he p lanat i on , however , i s  lat ­

er t ha n  the M i l l  C ity glac i at ion , and was in all l ike l ihood done mai nly by gla­
c ial me lt -wat e r . 

F ive s t re ams in a d is t anc e of 1 8 0  mil e s c ro s s  t he We s t e rn C a s c ade s and head 
on t he we s t e rn slopes of t he High Cas cade s .  They are : t he Clackama s , t he Nort h 
Sant iam , the McKenz ie , t he Middle Fork of t he W i llarne t t e , t he North Umpqua , and 
t he Rogue r ivers . All of t hem now are in a s en s e  c ompound s t r e ams s imilar t o 
t he North Sant iam , which i s  i n  part supe rimpos e d , and w ho se cons e que nt port i ons 
may be of gre at ly d if ferent a ge s . The t runks of s ome o f  the o t he r  s t reams may 

be ant e c edent inst ead of c onse que nt . The bu ild ing up of t he Ili gh C a s c ad e s  sh ift ­
ed t he dra i nage d iv id e  eastward ( f ig .  6B ) , s o  all of the f iv e  st reams whi c h  d id 
not cross  t he Western Cascade s or ig i na lly were le ngt hened ; t ho s e  that d id cross 
may have be en s hort e ne d . 

The wat e rshed s o f  t he s t re ams t hat we re ext ende d onto t he High Cascade Range 
were gre at ly enlarge d in regions of he avy pre c i p i t a t ion , and t he flow o f  t he af ­
fected st reams mus t  have been mat er ially i ncre as ed . The later hi story of all 
t he s e  val ley s has b e e n  s o  c ompli c at ed by glac iat i on , and the dra inage c hange s o c ­

curred s o  long ago t hat t he pre -lii gh C a s c ad e  va lley prof i l e s  have b e e n  d e s t r oye d 
or obs c ure d . 

The inc rease in flow of t he Nort h Sant iam R iver dur i ng  Mint o t ime must be 
c ons idered in det ermin ing t he age of t he anc ient high v alley st age . The anc ient 
mat ure valley must have been e roded by a much we ake r st ream t han the present one , 
and the t ime re qu ired for e ro s ion must have b e en proport ionat e ly longe r . In 
ot he r  words , t he pos t -Bat t le Ax gorge o f  t he Bre i t e nbu sh River mus t  have been c ut 
in a small fract i o n  of t he t ime needed by t he Humbug River t o  e rode the pre ­
Bat t le Ax valley , and the pre --Bat t le Ax e ro s i on per i od mus t  have b e e n  far longer 

than all of post -Batt le -Ax ( and Minto? ) t ime . 
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C hanges i n Drainase wi t h_i_n t he High
. 
C a s c ade�!, 

The d ra inage hi s t ory of t he Hi gh Cascade s , l ike tha t  of mo st volcan i c  reg ­
ions , i s  c omplex . Valleys c u t  i n t he Out e rson volcani c s  and West ern C a s c ade 
rocks were f i lled by M int o lavas , a]ld the valleys i n  t·he Mint o lavas were f i lled 
or part ia lly f i lled i n  turn by Sant iam or Olall i e  lavas . Only t he more obvious 
d i sturbanc e s  of t he s t ream pat t e rn c an be d i s cu s s e d  he re . 

In M into and early p o s t --Mint o t ime t he McKenzi e  River pro bably headed on t he 
s out h sl ope of the Bruno -Mint o s t ruc t ural r idge , 15 mi le s nort h of i t s' pre s e nt 
he ad at F i sh Lake . The North Sant i am River t he n  probably headed on t he nort h 
slopes of the s ame r idge . It would appear t hat the Nort h  Sant i am lat e r c ut 
t hrough the r id ge by a c omb inat io n of super impo s it i o n  and headward e ro s i on , and 
be headed the McKen z i e . The McKenz ie River mu st have had a very low grad i ent be ­
c au s e  of i t s  lengt h ,  and t he Nort h Sant iam River a rather s t ee p  one , so t hat head­
ward eros i on by t he l at t er was rap id . However , gla c i at i on must have also played 
a great part in t he behe ad ing of t he McKenz i e . 

The McKenz i e  and Nort h Sant i am  r iver v a lleys were t he only large out le t s  t o  
t he we s t f o r  glac iers from t he we st ern slope s o f  t he High C a s c ad e s  b e tween Mt . Jef ­
ferson and t he Three S i sters . The refore t he nort h - s out h Sant iam-McKe n z i e  t rough 
must have b e e n  fi lled with i c e  dur i ng the Detro it ,  M i l l  C ity and any earl ie r gla ­
c ial s tage s . Low gap s we st o f  t he t rough , l ike the o ne betwe e n  t he Three Pyramids 
and F i she r  Po i nt i n  t he southeast corne r of t he Mill C ity quadrang le , probably only 
part ially r e l ieved the ice pres s ure , so that two ma i n  glac i e r s  were forme d , one 
mov ing nort h and t he othe r  sout h ,  f rom an indet e rm inat e po i nt near t he present F i s h  
Lake d ivide . Once t he Bruno -Mint o  r idge w a s  breache d  b y  the nort hward -movi ng gla­
c ie r , it was rapidly c ut through . The North Sant iam River was e s tabli s hed in it s 
present c ourse a nd at nearly i t s  pre sent grade before t he Sant iam b asalt s were 
poured out . 

Erupt ion of t he sant iam basalt s must have ponded t he Nort h Sant iam River 
s outh of t he Elb ow , and may have s h i ft e d  t he d iv ide nort hward to t he Elbow . The 
alt itude of t he t o p of t he Sant i am basalt s is prac t i c ally t he s ame as t hat of t he 
pre sent McKenz ie d ivide nort h of F i sh Lake , wh ich i s  an are a  c overed by Re c ent 
lava flows . If t he pre sent d iv i d e  ha s be en apprec iab ly ra i s ed by Rec e nt flows , 
it i s  probably s afe t o  a s sume that t he Sant iam ba salt s reve rsed t he f l ow of t he 
North Sant iam R iver s outh o f  t he Elbow ; i f  Mint o lavas f orm the d iv i de t he revers ­
al may not have t aken place . If t he r iver was complet ely d amme d by the Sant i am  

lavas ,  glac ie r s  reest abli s hed t he no rt hward c o ur se o f  t he stream ,  i n  pre -Wi s c o ns i n  
t ime .  The Nort h Sant i am River south of Mint o Mount a i n  has pro bably been r eversed 
at least once , and may have been reve r s e d  three t ime s . 

Glac i e rs probably a ls o  c o nt r i but ed to t he p iracy of Cub Creek . The High Cas ­
c ad e s  have d oubt le ss been sub j e c t ed t o  int ermit t ent g lac i at i o n  ever s in c e  t he y  were 
bui lt i n  Mint o t ime . Therefore i t  is re asonable to suppose t hat glac i al overflow 
like t hat shown sout h of Elk Lake a c t ually a c compli shed .. t he d i v_e rs i on , a f t e r  head ­
ward s t r e am  e ro s i o n  and gl ac iat ion t oge the r had reduc e d  t he int er - str e am r idge 
( fig . 8 - III  and 8 - IV ) . The amount o f  d own - cut t ing s i nce c apture sugge s t s  t hat 

Cub Creek was beheaded in pre -Wi s c onsi n t ime , pos s ibly dur ing t he De t r o it glac i a ­
t i on .  

The Ple i s t o c ene h i story of t he lower port io n of t he North Sant i am  River was 
marke d by per i o d s  of a ggradat ion and down-cut t ing probab ly re lat ed t o  gl ac ial and 
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and int e rglac ial s t age s . The W i llame t t e  Rive r , as base lev e l  f or t he Nort h  San­
t iam , exert ed a great influenc e on t he la t t e r , and t he historie s of these two 
streams , along wi t h  t hat of all t he o t her large t r ibut ar ie s  of the Willame t t e , 
will have t o  be worke d out t ogether . 

The M i ll C it y  glac ier i s t he earli e st o ne of wh ich any evidenc e  has been 
found loc ally . It s t ermi nus lay not far east of Mehama , and t he val ley f r om 
t he re westward was undoubt edly choke d  w it h  v a lley t rain debr i s . S i nc e  t he re­

t re at of t he Mill C ity glac i e r , the r iver has c ut down more t han 100 feet and 
plane d off a valley floor exc eed ing a mile in widt h .  The LYons and Leffler t e r ­
rac e s  ma y  t ent at ive ly b e  regarded a s  remnant s o f  t he M i l l  C it y  v alley t rain , al­
t hough they may be much o lder . The bot t om o f  t he Sant iam gorge has been c ut 

down far e nough t o  de s t roy any glac ial profile left by t he M i ll C ity i c e . The 

lat e st t renching from Mehama eastward t o  t he gorge may have been c aus ed by s l i ght 
regi ona l  t i lt ing , or by a decrease in the r iver gradient result ing f r am  a lt ered 
volume and decreased load . 
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