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Olallie Butte, viewed from the southwest across an
arm of Monon Laske, The oversteepening effect of

glacial action on the lower slopes is quite pronounced.
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Chapter 1
| INTRODUCTION

The district dlzsussed In this paper is locat
ed in mb—mntam Oregon, sabout fifty milos south of the
Colurbia River. The section investigated extends esstuward
from the Willamette River z few miles south of Sslem to the
Cascade Nange suwanit beotweem llount Jefferson and 0lallie
Putte. It follows tho Novth Santiem River, whish ic near
the 44° 45! parallel. 7The ares inoludes portions of the
Salen, Iebanorn, Stayton, Uill City and ut, Jefferson quad-
rangles of the Topographis Atlas of ths Undted States and
part of a rfifteen mimte guadrangle west of the i1l City
ghoet which was mapped by the suthors

| Erief ascounts of oboervations in the Oregon
Cageades which were published toward the end of the last
century were so general in character ssg to have little bearw
ing on the present problemn, The first dstalled study in
the Cascades wee that of Diller and Patton® in 1902, They
deciphered the history of [1t, !lazama vhich iz nor so well
known. In 1914 Tashburne® sugpested the rossibvility of
fault alons the east sids of the Tillamette Valley, but
gtated none noed be postulated 1f the lavas are youngsr than
the pediments, es is the osse,

In 1915 Tra Tilliems publinhed two peperc on
the Cegeadene The fm'l:g’ ig a aeﬁwiption of certain parte

Y.TTINYeT, 0.5, & rat
mm'mu ﬁat 1 mﬁx

; ? P
2, Tashburns, Ce} Remnmisaama of tha )g amd 0ll proge

~ pects of lorthwestern $ UsSe0.8. Bu pp 8, 14 1914
Se Flllisms, Drag Some little known seenie pleasure plscesg on

the Cum: Renge in Oregon: [iin, Res. ngon vols 2 Moe 1



ofithe range, mainly from a gcenic point of view, with a
geologic background, This paper contains many good illus-
trations. The second deals with the Columbia Gorgel and de=
scribes the salient features of that famous section.

Dre Ee Te Hodge, perhaps the chief investigator
of the Cascade Range in Oregon hag published several papers,
but only two are directly concerned with the MNorth Santism

District., A paper on lount Jefferson?

was baged on rather
brief field studies but gives a good general idea of the
voleanic history of the peak and the surrounding area. The
unconformable relations of the different lava series were re-
cognized and the glacial geology decgeribed but as the inveg-
tization was limited to the High Cascades, the magnitude of
the pogt-iliocene unconformity wes not perceived. In 19285
Hodge set forth views regarding the section of the Ranpge bee-
tween the licKenzile and North Santiam Rivers. The young lavag
were designated as the llount Jefferson formation; and structe
ureves sugrested as the factor determining the north-gouth
valley occupied by the Horth Santism and lcKenzie Rivers,
The gteep folds at Detroit and in the South S-ntiam River at
Cagcadia were noted, the inference being that both are part
of the same sgtrueture, The rhyolite rocks of the Cascade Ran-
ge were correlated with the Clarno Eccene, the tuffs with the
John Day formation, and the basaltic lavag with the Columbia
Y. VIITiams, Ira; 7The Columbia River Gorge: JLg gAolocie
higtoryt 1lin. Res. Oregon Vol. 2. llo.3, 1916
2. Iodge, E.T.3 The geoclogy of Ht, Jefferson: MNuzama, Vol,
7, Noe 2, pPe 25~55, 1925

3e llodge, E.T.3 Framework of Cascade !fountains: Oregon:
Pan. Av. Geol. Vol. 49’ Fo, 5, PP 341"556, (1928).




Mver Invase It wag splated thal vegt of Detroilt the lnves
rest unconformatly on the tulfs. Later detnlled worly in
the t. Iood region 1o aa yet zmwm. grely

Cheneyl on the bacls of studies in the Aghli-nd
rogion, considered that the focks vranve from Clerme (0 llage
enll, omd ptated that the southern part of the ramnpe was 1ot
alaveated before the upper Mocene.

The mogt recent ~eneral paper on the 2reron (odw
endep wan vublleshsd by Grllashan? of the U.S. Geolosical Cure
veye [ minted cut the linenr charagter of nany features of
the Rence and indleabed thet zouth of Me ool 46 coull be 4
vided Ilon~itudinally into tws partgy the “estern Crngondes
anl the Iiech Cageadesn,

The Teatern Capendes conpist of lovasg ranging
from bapalts to rhyolites, which bhave beon intruded o Jgwm
formed. They are ger-rated by a mariked un¢onformity Tron the
Hieh Cascade lavas which sre very fresh bhogelts md andegitec,
Callaghan includes gome ner enclyees of laves an? intrusgive
rockr from the gentrel vortion of the rencos

The pregent investisstiorn ig the in2irect regult

]

£ a thres mnthg recopnsisgance of (e "estern Jogeades In

o

e guaner of 1931 with e Osllacben, The gtructore of the
Hekennle ceetion weg know to he homuelinal, whereas the siruce
ture of the Columbia Iiver gection corulgts of o perieg of

rentle foldae The nroblen of correlatin~ the atrvoturs of

1. ;Jxﬁej, Heliey Hargestions vorarding the sare of the
Scuthern Cagoade anrest (Abst) Mulls " onle S0C.  Amle
.&C‘J.ﬁ 41’ ps 1&7 195{} . .

Le Callanhan, xa?gn@* Come fenturep @fthe ?ﬂlﬂﬁniﬁ fequence
in i}ﬁ Cascade lan~e in Ororons Trange. 'nle Joophyte Un,
14th An, »meﬁin’”’ j2is 245-04 gg }.VLV




PLATE 3

Index map of Cascade Range in Oregon, showing divi-
sions according to Callaphan, The area outlined is
included 1n thisg report. The axes of the principal
Western Cascade anticlines are shown in black; the Cas-
cade fault and structural axes of the High Cascades are

gshown in red.
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the two sections was recognized, and the Iorth Santiam dis-
trict was chogen as a promising area in vhich to malee the
attenpte. |

Another question of importance wag the detailed
relation of the Hich Cascaae lavag to the rocks of ile Vegte
ern Cagcndese o detailed investisntion of this question
had been made. The structural relation of the Testern Cag-
cadeg to the Willamette Valley wes not well knowne The de=-
tailled peologic history of the regilon wag, of course, a probe
lem of much interest,

It was with the sbcve questions in mind that
this investiomtion was mades In the Willamette Valley, =and
the foot hills of the range, F00 gjuere miles of territory
were carefully mepped areally from the Salem Hille esstward,
Prom 1111 City to Detroit, within the range,suffleient fleld
worlk was done to yield =an sccurate ides of the penersl struct-
ure: the ohly ereel mappinc done was in comnection with the
intrusive body west of Detroit,

Eagt of Detrolt the district from the lNorth Jan=-
timm River to the 44° 50' parallel, 250 squave miles in area,
was rather carefully mapped, espsclelly where youncer lavas
were found, Alonc the boundary beitween the Tegterm and Ulgh
Cagcades = fiftéen mile long gsection was thorourhly invezstie
pateds The western slde of the High Cascades was carefully
examined in en attempt to Tind any burled eléer rocim. Mo
study wsg made of the lavas or structure ol HMount Jeffergon

1teelf,



Regumo of General Ceology and Physio-ranhy

- The Casecade Range can be divided lonsitudinally
into two diztinet roanpop which hisve been naned the Vestern
Cagerndes =3 the Nirsk Cn,;;mdeal. (Sec PlateIll) The boune
dery betveeon the two ranrer ir the torth Santiam River poow
tion roushly fellows a line throush Preitenbush bt Sprincs
and the northe=gouth gtreteh of the Horth Jantism River,

The TVestern Cagcades are sbout fifty miles wide

™

eact of Salems 41f the Salem Mlls, which are structura ,;y‘h

i a MLA,M ot

part of the rane, be Iinciuded, the width is gixty five bune ub

dred and five thousand feet, and the relief bLetveon thres and
four thousnnd feets The Oalem Iilly and the foothill slopes
weat of Stayton are practically =211 below one thousand fect
hishe The resion ig one of lkenvy reinfall; as 2 consegque
ence the lorest cover is dengo 2nd outerops are poor, except
whore erogion is unupuelly reapid or the timber has bhyen cleoar-
od off Ly mnn or .fima..

The geolony of the Yegntern Cnpeoades is rolstilive
oly ainple., The rocis are Clipocenewiiioocens lavas =nd tuffse,
andesitic in composition, cut Ly hypabyseal intrusives. The
flows =2nd pyreoclactica hove been folded into rentle folda,
newely, tvo smelines and two snticlinec, renerslly atrile
ing north of ecgt; dips on the limba everage tivee to flive
degrees. The foldo, in order from went to east are: the
“1llametté aymeline, lghama enticline;, Jardine syncline, end
Preitenbush anticline. The laste-n-med folat? 1s very asyriote

ricaly the western limb dips fifty demgreesn, the eastern

Yo Tallachan, 1s. Jome roncured of Lhe volce: i@ seguence in
tre Copeade fHanpe in Oreront Trance e Ueophysicol Union,
14th An. ileeting, pp 243-245, 1933

"

%



1inb sbout twelve degrees. 7"hereas the western border of the
range ig characterized by two or three degree dip slopes ex-
tending down to the Villamette Valley floor, the eastern mar-
gin ic en eroded fault scerp, steep in places, now buried un-
der the Tigh Cascade iavas or their equivglenta¢

The width of the High Cascades is sbout tweniy-
five miles; the crest~line ic about ten miles east of the
vegtern edne and averages more than fifty-five mndred feet
in elevation gouth of Olallie Puttes This post-lliocerne range
is built up of basaltic lavas rich in olivine and retaining
their original structures. In the main the tavas dip in both
directions from the north—south crest of the rance, and the
line of middern volcanie pesks, 01J plupgs exposed alons this
axis are indicated as the gources of the flows., Glaciated
dilp slopes deeply trenched by glacisl troughs doninate the
topogreaphy south of it. Jefferson, whereas north of that pesk
the crest widens to give the range the sspect of 2 plateau
glacially digeected along its marging., South of the righte
gngle bend in the Sentiem River northesst of Mt. Fruno (here-
after referrved to as the Santiam FElbow) the western limit of
the Iigh Cascadec proper is the Centiam River Velley itself;
north of the elbow no physiographic boundsry 1z evident.

The suthor wishes to exprese his gratitude to
Dre J. Pe Buwalde of the California Institute of Teclmclogy
for hig help end oriticism in Interpreting the struetrral
and physiographic portions of thiy paper. The writer 1s also

grestly indebted tc Dr. Ian Cymrbell of the some institution



for bis aid in the petrographic work end for geveral days
gpent in the field, Thanks are also due Dr, T, M., Davig
and Dre E. T. Hodge for their criticism end Rind cooperate
ion. Dre. Hugene Callaghan's criticimm and suzgesticns dur-

ing the course of the study are especially spprociateds



CHAPTER II

STRATIGRAPHY

The formations of the Vestern Cascades range in
age from Flelstocene (rot inkluding alluvial valley deposits)
to lower or 1ii1ddle Oligocene, ond posaibly %to Loeene, Detail-
ed ptratigraphic investigation isg rendered difficult by the
diseontinuity of outerops, by the petrographic unifarmity of
the whole section, and by the variable structures of the vole-
canic ejectamenta and lavas, The absence of fossils everye
where except in the marine Oligocene sediments renders accur-
ate correlations impossible at ¢t his time., No fOssils except
fraguentary le-ves snd petrifised wood have beén found east of
Stayton., A slx inch water worm boulder containing Clizocens
marine (?) foasils iz reported to have been found in low ter-
race gravels along the North Santiam River sbout gix miles

eagt of Detroita

Eocene
Two occurrences of rhyolite are tentatively

correlated with the upper Clarno Eocene, and two others are
suggeative of Clarnc age. The two latter occurrences, on the
north gide of Hinto Hountain and the north side of the Sentin-
nel Hills ridge, are very gimilare In both localities the
rocks are thiock, pink to wihite flow rhyolite dipping eagt-
ward under a covering of linto lavas. In the Sentinel Hills
area the upper twelve hundred feet is known to ba a homogen=
eous rhyolite seection; the lower six undred feet is very



poorly exposed and may contain other rock types. A plug

of porcelainous wiite rhyolite forme a prominent lmob at
Lirtys=eizht lmndred feet elevatlion on the Sentinel Trall,

The expoged Minto ountain gectlon is thimner, conteins preen
tuff not fmr from the top, and probably containg andegitic

rocks in the lower portions.

OthQr rhyolite, generally more macgsive, crops
out at geveral places along the Santliaem Higlhwey from the vic-
inity of Boulder Creek almost to Turmel Creek, a distance of
five and a half miles, !Massively bedded green tuffs are ap-
parently interbedcded with the rhyelites Some [low rhyolite
erops out in the Breitenbush River csst of Fox Creek in &
highly disturbed zone which sugpgests faultinge It may have
besn brought up from below by the disturbances

The Minto and Sentinel Fills rhyolite iz conside
ered ag possibly Hocenes becmuse sueﬁ rhyolite ig common to
the upper part of the Clarno. Rhyolite ocours in the Vegt=
ern Cascadeg however, and abundantly in some parte, although
no rocks of thia type occur in the North Ssntiam River section
proper, except east of Detroit at low elevations. Rhyolite
1s present in congidereble thiclkness in the Cuartzville dlse
trict about fifteen miles soutlweat of Detroilt, go mey ocour
in other nearby parts of the rangee The hich elevation of
the eagtern exrosures (five thousand feet in the Sentinel
Hills and forty-twe hundred feet in Iinto Yountain) preclud-
ez stratigrarhie continuity with the Breitenbush rhyolite
for two romgons; the low elevatlons at ghich the latter occcur

{two thoussnd feet), and the prevailing esgstward dipse There



18 no evidonce for duplication of beds by faulting. These
structurel considerations and ocourrences of rhyolite in
nearby perie of the range suggest thmi tim dinto and Sen=
tinel [mllls rhyolites may be part of the poat-llotens se-
quences The Preitenbush Phyolite is probsbly Dotene lava
by the folding in the Dreitembush anticline,

The sepsraiion of (ligocene and ﬁiﬁm fopme
ationg in the Oregoa Cegeades is ap yeoi very incoplote. At
the weztorn edge of the Range, rocie belonging in the two
periods are geperated Ly a distinet unconformity which has
not been traced mﬁ of the erest of the Mehams anticline,
Fithin the Ranpe no fossils have been found,; nor hes good
evidence of =ny stratigraphie break beon located in the
volcanlc soquences Iast of Detroit the Sardine and Brolle
enbush serics are geparated purely on = lithologic basis.
The reletions of the Cligocene~iiiocene formstions are didge
ranatically shown in the f&l&ﬁ{p}%&g table.

Table I

Correlation chart of the a&im@m&zm m&-
fong of the Testern or Jlder Cacuades.

- Stayton iaves Sexrdine Serien
PN N ANAAAN A AAA
Il1lshe - Mehame
Dreitenbush Jories




The Illahe and Hehsma Formations:
The Illahe is the only formation in the iorth

Santiam Cascade seciion definitely lmown to be Oligocene in
age., The Oligocene beds underlie the Selem Hills and sre ex-
posed in pleces in the hills north of Turner, particulerly
alonzg the low scarp which faces the alluvial floor of the
Willamette Vallev, They are made up of feirly well bedded
tuffaceous marine gedimenig, varying in coargeness from peb=
bly conglomerates %o challky messive white ash; (Plate IIIA)3
gilty sandstores sre most sbundant, The rvepional dip of the
formation is %o the northeast, but local dips very greatly.
Ags exposureg of the Illahe are gcarce because of its poor re-
gigstance to weathering, an estimate of its thickness is only
little better than a pussse As Sehenck! reported Eocens rocks
a few miles south of Independence, the bage of the formation
is probebly not far:scuthéaat of the Salem Hills. A helf
mile is probably a liberal estimmbe for the loecal thickness
of the Oligocene.

Marine fossils are abundant in places in the
true Illahe Formatione, The invertebrate fauna incliudes lage-
rocalliste pittsburgensis (Dall), ¥Yolopophorus gabbi Dall,
Nuculs (Acila) siumardi Dall, and Tellina eugenis Dall, all
of which ere characteristic of the Pittsburg Bluff and Fugene
Formation assemblages, The latter formatlons, with which
the Illehe is correlated, are generslly regarded as lower op
Middle Olisocene. '

1. Schenck, H.G.3 Stretigraphie Relations of the Vestern
Oregon Oligoecens formationsy U.C.Puble. Depte Geol. Soij
Vol.l8, pp 39-48, 1928



PLATE 4

A, PFine waterlaid tuff of the Illahe formation two
miles northwest of Turner in road cut east of Battle
Creek, Marine fossils were found in thls exposure,

Concentric weathering is remarkably developed near

the three foot rule.

B, Agglomerate of the Mehama Formntiﬁn‘in,th&; 1,u%
about one and one half miles enat}qf&gﬁhxmﬁﬁﬁ

The boulders are labradorite andésit@;f;‘

for scale,
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Eegt of Turmer the Illahe Formation coarsens and
contalng no marine foscils, Contimwous trecing of the form-
ation eactward is impoesible, but it appérently grades into
the terregtrial M&hama voleanic depogits. Intermingsling of
shaly material with o arse conrlomerates and agslomerstes is
well shown in Thomss Creek northesst of Scip. Plate 4h shows
an expogure of Yery massgsive agplomerate, which lies betreen
thin shaly beds. The relstions sugpest near-shore derosition,

The maximm expoged thicknegs of the llehans vole
canics is about gix hundred feet, in the creat of the lehama
anticline, The section 1is composed mostly of fine white or
greenish tuffs, some of which contain fossill wood. In the
hill & mile goutheast of llehama, however, tremendoualy coarse
epglomerate is well exposeds A fragment of a flow fifty by
twenty~five by ten feet indicates that the souree of the pyro-
clastics was near at hande

The laterally gradational charecter of the
Illahe, and the similarity of the structural relations of
both the Illahey and the Mehame formations te the overlying
Stayton lavas strongly indicate their econtemporaneity. They
are therefore regerded as stratigraphicelly equivalent., The
Oligocene shoreline was not far east of larion, and very
¢cloge to Turner, north of which place it swunpg northeastward,
The liehsme voleanice =re very probahly equivalent to the

E=gle Creek formation in the Columbia Gorse section.



The Steyton lLevas:

The Steyton Iavas form a cover on the Illahe
rormaticn in the Salem Hilla, and in the foothills of the
Casecades underlie the dip slopes up to an elevation of Life
teen hundred feets. Near the crest of the lMehams anticline
they merge with the Serdine geriesy The maximum thickness of
the lavag in the arsa investigated is about four Imndred
feet, but their thicknesses inerease northward, The {lows
have been complotely renoved in nany plages, but their aver-
age btemeining thickueoss is about two hundred feet. They are
mainly basaltic in composition, but thin rhyolitesc may poge
gibly occur in the Salem [Iillse

A marked uneonformity separates the Stayton
lavag fromthe Illehe-lehams formations. The average dip of
the lavas ig not over three degreocs; in the Oligocens forms
ations the aversge dip is ten degrees, the greatest, nikwety.
The lavas were poured but on an erosion surface of noderate
reliefy The magnitude of the dnconformity and the thicken-
ing of the lavas toward the northeast suggest a lilocene age.
The Columbia ﬁiven-Basalts have been traced to the o uthern
edge of the Estacada qundranglel, and 1t ic altogether likely
that the Stayton lavas are actually the thin border of that
series of flows, In this paper the Steyton lavasg ere conside

ered as ﬁidﬁle.wxoeane.

Fern R Tuffs

The Fern Ridge formation econsists of andesitie

1, Barnes y; M.F., and Butler , J W, Unpublished masbter's
thesis, Unive. of Orepon, 1930,




tuffs and conglomerates. It varies from zero %o aboutb
twelve hundred feet in thielmes:c, the latter fisure being
attained northeaat of lHehama near the Houge liountain scarde.
Thin p~tches and low 1soleated hills of 1t ocgur down the
foothlll slopes into the eastern edge of the Stayton sheet.
The ridge crects nortiwsest of Ibuse Mountein {Plate XXII A)
owe their remarkdhle uniformity tc the resistanee of the cape
piong tuff beds. The basal beds of the series, where not tuffs,
are fine pebble conglomerates, and even sandastones, wheress
most of the conglomerates hirzher up contaln iarge boulderg.
The Fern Ridpge materialeg lie conformably on the
Stayton lavas, a nd very likely are pert of the same peneral
voleanic sequences They cammot be differentlated essgt sf the
Mehame antielinal axis, so are regarded ag eruptive and ero-
gsion products deposited contemporaneously with the upper lavas
of the Cardine series. The boulderg in the conglomerates are
l1itholozic=lly very sinilar to the Jardine lavas, as such an
hypothesis would require, The formation is undoubtedly !lio=
oene, probably Upper liddle,

The Sardine Series:

The Sardine geries derives 1ts name from Sere
dine Mountain, where a four thousand foot section of lavas
is well expogsed, The lavas are mainiy ¢nleie andegsites, but
decltes also occur. Interealated tuffs, though by no me;ns
rare, are legs abundant than flows. This thieck succession
of lavas, riging wegtward partly accounts for the eminence
of lMorument Peak and it. Horeb above the general landscaps
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to the west. The whole section along the river from Mill
City to Halls shows low southeasterly dips; the thickmess

of the series must be not less than gix thousand feet if an
average dip of three degrees is assumed, The calculated
thickness east of the synclinal axis, where dips have been
acourately determined, a grees closely with the above figure,
The base of the Sardine serles 1s necegsarily more tuffaceous
because of the intergradation of the Sardine series with both
the lehama and Breltenbush serles which are predominantly
fragmental ,

The gtratigraphiec relationg of the Sardine series
to the formations to the west require that the upper portion
be Miocene, and the basal portion Oligocene, Such a correl-
ation implies continuous wvuleanism through the Upper Oligocene,
Iower and Middle Miocene, Thigay very well have been the
cagse, with the result that no definite break would occur in
the series., Careful search revealed no unconformity, so for
the present it is assumed there is none. The diorite intruge
jon at Halls must be posteiiiddle Mioecene, probably Upper !Mio-

CenNe ¢

Rreitenbush Serieg:

As noted above, the Breitenbush tuffs grade up=
ward into the Sardine lave section., The minimum thiclkness
of the tuffs is about seventy-five hundred feet, making a
total for o th of about thirteen thousand five hundred feet,
Almost the entire type seétion -« the Breitenbush River from
the center of section 36, Te 9 Sey 5 E. to Breitenbugh IHot
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PLATE 5

Tilted thinly bedded waterlald tuff of the Breiten-
btush Series exposed in the Breitenbush River easgt
of PFrench Creek,

Lense of pink rhyolitic tuff in the bed of the
Breiterbush River west of Byar's ﬁmek. Magsive
agclomerate forms both banks of the stream, " Lens~-
ing out of the tuff is quite plainly shown,
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Springs = 18 composed of green tuffs or tuffacecus agglone
erates, with very few floms. The upper part of the gection

is in general much better bedded (See Plate IV A,) than the
lower parts nead end east of the Freitenbush anticlinal exise
Some beds are sandy or conglomeratiec snd waterlaid; many are
compoged of large angular pumice fragments in a green motrix
showing absolutely no bedding, and obviocusly were deposited
by eruptions The basal portion of the Preitenbugh geriecs cone
tains rhyolitic flows and tuffs, especially in the llorth Sane
tiam section dast of Dry Creek, These were dlscussed above in
cooneetion with the Iocens. In the Santiem ‘he structure i
very indefinite, and minog faults occur, IExpogsures are too
poor and scattered to permit very deteailed search for a ptrate
irraphic brealk, and one may be present between the rhyolitie
end andegitiec facles of the geries,

The utter lsck of fossils in the RBreitenbush tuffs
leaves only structural evidence for purposes of correlation.
The gradational relation to the Sardine gerles, gso gimilar to
the comparable relstion of the lahama volecanics, suggests that
the upper portion of the tuffs may be Oligocene of the game
general age ag the lHahemawIllahe, The base of the geoction
may inciude the upper portion of the Clafno, tlms accounting
for the fhyolitic character of the rocks.

In goncluasion, the volcaniec se juence in the
Yestern Caccades eoriparea well with the imown sequence in
Eagstern Oreogons The bage of the Preitenbush series iz rhyol-
itie, and 1g correlated with the Clarmo, also rhyolitics The
main Rreitenbush series is tuframua,. correspend ing to the
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John Day formaticn. Overlying the tuff geries isg the Sare

dine lava succession which is petrologically similar to,
end correlated with, the Miocene Columbia River basalis.

Pliogene~Plelatocene

The Pliocene-Pleistocene succession of lavas is
separated from the Vestern casc&déiiéggsene'ané pre=iliceene )
by a marked unconformity. This éapoaiéicngl break_axtenﬁadﬁ
from the cesgation of Western Cascade vulcanism, possibly at
the end of liddle Miocene time, to the beglmming of High
Cagcade activity in the Pliocene, During this time dioritic
intrusion, mineralization, folding and uplift of the ranrge,
and erosion to a relief of over a half mile ocourreds This
stratigraphic bresk 1s recognizable the entire length of the
Cascade Renge in Oregone

Host of the post-lliocone sequence is petrograph=-
ically homogeneous. Light grey olivine bagalts and agglomerw
atez predominsate, True tuffg sare aomﬁnrafively UNCoMmmMon ¢
In the uppermost part andesitie rocks are comnon, and petro-
graphic varietiea are more numerous. In a single §roup of
flows, scme may be very thin, - ten feet or less; - whilé

others are very thick, three hundred feet or mores

The Outerson Seriess

The Outerson series compriges the oldest flows
of the Ybuﬂger~ér High Cascade basalis., The lavag were pour-
ed out on the eroded eastern margin of the Western Cascades
from volcanic centerg in Cutergon lountain, Mt. Bruno and une

known sources. Heddish agglomerates are very abundant.
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In the east side of Mt. Bruno belowforty-eight mndred feet ele-
vation there is a three hundred foot section of finely lemine-
ated tuffs, probably lacustrine deposgits, with intercalated
basalt flows. OStructures at the base of gome of the flows
suggest plllowe-gtructure. The gediments vary from almost

white to greenish gray and blacke A few leaf fragments and a
conifer bract were found: diligent gearch might discover a
moderately lsrge flora. The fine beds grade vpward into cross-
bedded lapilli, and both are covered with four or five hundred
feet of th:n lava flowse The type section east of Outerson
lountain i: composed entirely of agglomerates, flow~brececinsg,
thin flows, =d some tuffs. The series 1 at least three
thousand feet thiek locally.

The Battle AX lavasg:

The Battle Ax basalts were extravasated from a
voleano whoge vent was approximately where Battle Ax now
"stends, The section ig almost entirely lava flows, and has
been very badly dissected and worn down. Although the great-
est remaining thickness is only a little over one thousand
feet, the lavas occur through a vertical range of three thous=
and feet in a rather limited area, gso they must have been mch
thicker originally. As these lavas were nowhere found in cone-
tect with tho lavas of the High Cascades proper, their correl-
ation 1s problematical,

The Minto Bagaltg:
The Minto basalts are named from lMinto Mountain,

in the eastern end of which (Lizard Ridge) they are well eXw



19

posed with one of the intrusive plugs where they originated.

The entire succession is normal gray olivine basalts and agge
lomerates. Flows of this series originated mainly along the
axis of the High Cascades, and form the bulk of the range.

They lie unconformably on the Outerson series and older rocks,
but in many places cannot be distinguished with certainty from
the former. The thicknegs of the HMinto lavas is at least three,
and probably over four thousand feet along the crest of the
range, decreasing to the east snd west.

The Pipgeon Basaltg:
The Pigeon bhasalts, on whose gurface Pigeon
Pra irieg are gitusted, consiat of sixteen hundred feet of

thing light gray flows which partially filled the North San=
tiam valley weet and gouth of the Elbow. (Plate X A) The
thickness of the gseries is the greatest at the Elbow, indicat-
ing proximity to the source, and thins toward the west and
gouthe The bagalts once extended west well beyond Boulder
Creek, and at least ags far south as Marion Creek, These are
the youngest lavas in the Santiam gection of the Cascades,
with the possible exception of 0Olallie Butte and the aggoc=
iated effusive rocks which to date camot be differentiated

from the lHinto geries.

Correlation

At present 1t is only possible to place the
High Cascade lavas within the Pliocene and Pleistocene per-
iods. Whether the Outerson series is Iower or Upper Plio=
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cene is unknown, nor is there any means atl hand whereby the
Pliocene and Pleistocene may be distinguished, The various
unit geries have heen deseribed in order from oldest to young=
est; all are poat-ilioccene and nreiwissonsin, put where each
comes in that interval is uncertain. The Battle Ax lavas may
belong either with the “uterson of Minto lavas; on the basis
of physiographic evidence they are certainly not younger than
the latter, The comparatively slight dissection of the Pigeon
bagalts implies sn early Fleistocene age.

Glaclal and Pogt-Claclal Deposits
Glselal deposits of three different ages are found

along the lNorth Santlam valley. Till twc hundred feet thiclk,
of probable early Pleistowene age is present above and below
Mill Citye. CScattered outcrops of till in the vieinity of
Detroit very likély belong to another glscial epoch. llorain=
ic deposits of Wisccnsin age are widegpread east of Tunnel
Creek and Breitenbush Hot Springs. Host of the valleys of
the region contain some filling or terraces of river gravel;

probably none of these gravels is of pre-~Pleistocene age,.



CHAPIER Y11
STHUCTURAL GEOLOGY

The division of the C.scade Fange in Oregon into
two falrly distinet north-south units has already been pointed
out; discusslon of the structural features of the range can be
carried out most effectively by keeping this division in mind,
and considering the two units separately,

A question of possibly greater importance in a2 region
of voleanics rather than marine deposits , is the relation of
origin-1 structures to thoge of orogeniec origin. ‘hereas most
initlal dips of sedinentary deposits are probably less than three
degrees, initial dips in volcanic deposits may be the =ngle of
repose of fine ash, -hich reaches thirty degrees or over. On
the other hand, such high angles of inclination would occur only
loeally, and would be very diverse in direction, as around vol=-
canic cones, Jubseguent folding would aceentuate some dips and
correspondingly lower others, unless the axis of folding coin-
cided with the axis of deposition.

Great lava flows, such as those of the Columbia river
formatlon evidently flowed great distances on nearly flat surfaces,
and can be treated ecsent ally as are marine deposits. Tuffs,
apread over a wide area might be similarly regarded unlese evidence
to the contr:ry were at hand., In the Western Cascades, the pro=-
valling low dips of the lavas, and their reversal of dip on the
opposite 1lizba of the same fold strongly suggest that the lavas
are of the lowe-dlp fissure-flow type, eapecially as there is no
evidence that they were poured out on the crests of the present



folds. It i1s the opinlon of the wgiter that Initial dips are a
relatively unimportant factor in the 7Western Casecades, but prob-
ably entirely control the structure of the High Cascade and re-

lated lavas.

The ‘“estern Cascades

As briefly mentloned above the Western Cascades are
a thick mass of volcanie éﬁyosits of varlous types. These depos-
its have been thrown into z series of folds trending northe:sst-
southwest, the folding being more intense toward the southeast.
The Western Casecades proper consist of two anticlines and one syn-
eline. In order from west te esgt these are: the ishama anticline,
a broad, low, symmetrical fold; the Sardine syncline; and the
Oreltenbush snticline, a aﬁarply asyrmetrical foldbharacterized by
dips of fifty degrees in the western 1imb and twelve degrees in the
eastern limb. The eastern limb of the Breltenbush an tlcline 1s
cut off by the almost north-south Cascade fsult. In this discuse
sion, the “illamette Fiver. south of ﬁalem is consldered the west-
ern boundary of the Western Cuscades, although the Salem Hills
are topographicslly distinet from the range proper. This necessl-
tates the trestment of the ¥illa-ette syncline, a very o.en fold
west of the l‘ehama anticline, as a Western Cascade structure. all
of the Wes' ern Cascade folds appear to plunge toward the northeast
with varying steepness. The liigh Cascade structures, on the other
hand trend nearly north-gouth and are apparently the unmodified
original structures of the lavas. The Western Cascades, being
geologically older than the !ligh Cascades in every way, will be
considered first. Detalls of their structure are most logleslly

discussed in order from west to east.



PLATE § - F0

o _mm-d axthnamn of

the Salem Hills, viewed from thn m‘kbﬁm un&- or ‘the
Salem Hills. The homoolinal st ‘

The Eola Hills, the structural ;

quite evident, and some 1anda11&#: ’“graphy~mny"bo

ahe Eill 18 in the

ol hujiillnmutta River,

The bench in the foreground 1& ﬂorﬂbd on thn’banal flow
'V_.iighﬂy Wst of north,
Salem being just beyond the righ# ndga of thﬂ ‘picture.

seen along the western soarpg )

middle distance on thig gide: f

of the Stayton Lavas., The view,w



‘9 31Vd



Be.

PLATE 7
The Housge Mountain Scarp ag seen from the torrme ‘
southwest of Lyons. The junction of t!:i(Narth '
Santiam and Little North Sm’t.tiiu Riverais directly
below the light colored fieid on the hillside. The
broad terraced floor of the North Santiam River Val-
ley lies in the foreground, The view ig northeast,
parallel to, but west of the axls of the Mehama -
anticline, '
MeCully Peak and Thomas Creek valley as seen from
the west., The structural surface on the Stayton
lavas is visible ‘o.iisheir, side of the peak vhic'h:.;g_ ;
compoaed of Fern Ridge ‘furf.’. mdnm-ka the 6rest of'
the Mehama anticline, The width of the valley is due
to sapping of the Mehama fragmental rocks whiaﬁ under-
lie the Stayton lavas,
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The Willamette ayncline 1s = very broad open fold
plunging very gently about N 30°E. The taat%; limb is formed
by the Salem Hills (Plate VI), which are capped with a thin
covering of Stayton lavas dipping 0° to 30 east or northeast.
The eastern limb is represented by the northwestward dipping
iiocene formation in the foothill slopes of the Cascades proper
north and east of Stayton (Plate 22 4)., The nose of the fold
has been cut through by the North Santlam River; the lavas west
of larion undoubtedly swing around and are continuous with thoge
near Shellburn. A low east-west crosswarp is located Just north
of Turner where the lavas are cut through by the valley of i1l
Creek; the lavas can almost be matched flow for flow acro s the
zap, proving their continuity. The slight structural low between
this warp and the nose of the fold has been named the Stayton Bas-
in. It 1s about sixteen miles wide from the east foot of the vai-
em Hills to Staybon. HNorth of thie warp, the syncline apparently
widens very rapidly.

The Stayton lavas, which are the index horizon in the
“illamette syncline, lie unconformably on the 4llahe and liehama
formations. The +llahe dips average about ten degrees,- are gener
ally northeasterly, but vary greatly in direction and amount. The
steepest dip, k5°, was observed at the basal contact of the Stay-
ton lave in a roadecut on the raeific highway, The <ehama formation
likewise shows many structures at variance with those of the lavas.
fhereas north of Sclo the lavas dip one to three degrees north-
west toward the Stayton basin, the liehama structures dip irregu-
larly eastward., Such directions of dip persist east of Stayton
also, about halfway to idehama. This persistency of dips in the



Oligocene formation implies that the Willamette synelinal axis
is somewhat west of the axis of a steeper Oligocene structure.
Aneclent landsliding could searcely account for such dips over
. 80 large and area.

The liehama anticline seems to follow older siruc-
ture more closely. The axis strikes about N,40°E,, runs just
west of lieCully Peak, through the westernmost gap in the ridge
between the Horth Santiam and the Little North cantiam Rivers, and
somewhat e~st of House litn. (See Plate VII)., The fold is very gen=
tle, with few dips over seven degrees in the -lehama formation;
however there 1s a highly disturbed area southeast of ehama.
The hill in section 17, T. 9 S., R.2 E. 18 composed of a very
coarse sgglomerate dlpping forty-seven degrees north. In the
Little North Santiam the tuffs arefolded to vertie _ality and cut
by several smsll dikes. The limited extent of the disturbance
points to a loec_al eenter of vulecanism,

Dips in the ‘ilocene lavas are very low. Horthwest of
House iount-in the‘dip aversges one 1o two degrees northwest,. n
411 City basaltic flows are exposed sloping not ower three or four
degrees eastward.

kast of ¥ill City dependable structural evidence can
be pecured only by traclng single flows for some distance along
the river; this procedure =2t best gives only apparent dips. In
the gorge east of lilagara, where exposures are best, the strueture
has been obscured by mineralization. The intercalated tuffs,
which normally would be eroded away leaving the flows as ribs on
valley walls, have bheen so indurated that they are as resistant
ag the lavas, with the result that topographic indications of
the structure are almost entirely lacking. The fragmentary evi-

dence, however, indieates a general, very low dlp upstream in



the gorge east of Sardine Creek. The horizontal lavag in the
south end of Sardine Mountaln above the diorite contact represent
the bottom of the Sardine syncline,

Dikes are not uncommon in the east limb of thel dhama
fold. In the Little North Santiam River east of the center line
of Re 2 E. therse are several large basaltic dikes which are trace-
able for short distances along the river and which att=zin thick-
nesges of fifty feet. These dikes may have been feeders for the
Sardine flows. Small dikes are numerous between (Gates and lLayflow=
er Creek, but are not large enough to have been of importance
ag feeders. The strike of such intrusives is ususlly between
north and northwest. They cannot as a rule be traced beyond the
1imits of the river bed.

The diorite plug at Halls is apparently loeated exact-
1y in the bottom of the syncline, The contacts are very poorly
expogsed, except in the river. The narthern contact appears to be
almoat flat in places. In the narrow upper branches of the first
creck east of “ayflower Creek the andesitic rocks extend down the
divides for some distance ~bove the intrusive rock in the creek
bottons. It 1s impossible to show thisg relation on the map be-
cause of the lack of topographic detail. Dioritic dikes and
stringers are very common between the maln plug and a point five
hundred feet west of ayflower Creek. Just west of the creek,
two vertic_al dikes, twenty-five and one hundred twenty-five feet
thick, respectively, and striking H. 50° #., are associated with
a small pyritized and sericitized zone, E£«8t of the malin intru-
sive no dikes were observed; this suggests that the main axis of
the intrusion at depth is west or northwest of the e xposed portlon.
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Intrusion of the dliorite disturbed the lavas very lit-
tle, if at all, Flows vislble above the contset in Sardine soune
tain, 28 stated above, are horizontal and undisturbed. ineral=
ized and breecisted -sones are common within the intrusion near
its margins, and in inclusions of country rock. 7The undisturbed
condition of the country roek suggests that intrusion took place
by assimilation or stoping, rather than by foreible injection.

The character of the folding in the e ast limb of the
“ardine syncline is well shown in the esstern end of the Dome
Tock ridge. From the trall up IDyars Peak, the structure can be
visibly followed from a horizontal attitude at Dome E ock to
the fifty degree dips indlicated on the map (Plate II) just below
the bresk in slope at the east end of the ridge. The flows have
indubitably been folded with the Ireitenbush tuffa. The axis of
the sherp folding hag not been well located south of Detroit. The
structure in the central isolated hill appears to be steep; in
BZlowout Creek below blowout lLake tuffs appear to be nearly hori-
zontal., The north slopes of the Slowout C1iff mountain are
covered with a very dense growth of young Tir , but the valley
pattern of the easstern half strongly suggests in clined strata.
Horth of French Creek the smestern edge of the folding goes between
Byzrs Peak and larten Bultes,and probably under Dattle ix,

The breitenbush anticline has many aspects of a domic-
al fold. Along the Breitenbush Fiver west of Fox Creek the dips
are all to the west and vary from fifty degrees or siightly over
Lo twenty degrees or less ns the axis ls approached. East of rox
Creek, which is vafy eclose to the crest of the fold, the dips are
uniformly about twelve degrees in scutheasterly directlions. 1In
the vieinity of Cold utte, where the structure is well shown in
several exposures, the dips are northward and sverage about ten
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degrees. Further evidence of dorical, or northward plunging anti-
clinal structure is the very limited exposure of rhyolite in the
treitenbush Fiver as compared with the width of the rhyolitic

zone in the Jorth Santiam, That the rhyolite is carried down to
the east is indicated by ite absence in the North Santiam River
south of the Zlbow, at least as far as the Bachelor Trail crossing.
To the knowledge of the wrlter, no geologlc work has been done in
the Western Cascades between the lorth and South Santiam fivers
e.st of Quartzville, but the ocecurrence of rhyolites in the South
santiam at Cascadla, as suggested by Hodgel, indicates that the
Breitenbush structure is a long anticline which plunges to the
north of the Horth Santiam River,

- There has been much fracturing along the axls of the
Ereitenbush feld. 7The rhyolite exposures in the Breltenbush River
oceur only in connection with a fractured zone three tenths mile
wide, the esastern edge of which is about a quarter mlle west of ¥
Fox Creek., In this zone, very numerous andesitic dikes striking
between H.10° W, and N. 30° #. cut breeciated red flow rhyolites
and tuffs. The whole gection is so Jumbled that structural de-
talls mesn nothing. The entire area northeast of Humbug Creek hus
been more or less mineraliized. Several prospects in the Elk Lake.
area have been worked from time to time but evidently with small
success. The best prospect is located a half mile southeast of
Dunlap Lake at an elevation of forty-one hundred feet on the
trail up the ridge north of Gold futte. The prospect is in al-

.

Hodge, E. T+ Framework of the Cascade liountains in Oregon:
Pan. /m. Geol., vol.49, No. 93 p.346, 1928,



tered tuff apparently (the tunnel 1s caved) along a vein con-
taining some vein quartz , mainly of the eryptocrystalline var-
iety. Bleaching and reddening of rocks is guite gommon in this
general area, The mineralizstlion may well be related in a gen-
eral way to the fracturing. In the liorth Santiam :iverithere 1s
#o noticeable miner=lizatlion, but two small faults and numerous
slickensides were noted. The faults oceur about seven tenths of
a mile east of the icCoy Creek traill., There a block of an ande=-
site flow fifty feet thick and two hundred feet long abuts agalnst
green tuff at both ends with north-south fault contacts. liove-
ment was largely vertic al.

The lilnto Hountain and Sentinel Hills rhyolite, although
well within the limits of the High Cascades, belongs structurally
with the older rocks. The flows dip fourteen or fifteen degrees
eastward in linto liountalin and simil-rly in Sentinel lillls. In
the sentinel Hills an. intrusive mass of white rhyollte at lcast
one hundred yards across implies that these lavas m:y have been
very limited in extent. They are covered unconformably by the
westward dipping Minta basalts.

The eastern margin of the Western Gaaeadoé is very
ppoblematieal. In many respects it has the .
charscter of a linear eastward-acing scarp running almost due
north and south, from Collawash lountain northeast of Erelitenbush
Hot Springs, through Cuterson iountain and along the eléb side of
ite Bruno. The scarp has everywhere been buried by the Fllocene-
Pleistocene rocks, and is therefore aeceasiblg for investigation
in a few places only. In Collawash sountain the scarp 1s very
steep, and can be rather easily traced. As shown in section
F « F' (Plate I1), it has the slope of a steep mountainside.



In the north side of Outerson ilountain the upper contact of the
tuffs 1s obscured by landsliding, but where it can be localted

it indleates o slope of sbout six hundred feet per mile. In it.
Sruno the eastward face appe-rs to be very gentle. (See section

H - H', Plate II) That the scarp has been cut into by the present
Santlam River south of the Elbow 1s indlicated by the occurrence of
cld andesites along the base of Minto lMountain under the Pigeon
lavas (See section H - H', Plate I1).

Exppanation of such a scarp by faulting would be rather
simple, were it not for the high elevation of the buried rhyolite
in “4into Hountain and the Sentinel Hills. This rhyolite is east
of the scarp and presumably on the downthrow side of the fault
yet occurs at elevations fully as great ss the main skyline of tle
“eastern Caseades. Four alternate hypothesesmay be advanced to ex-
plain the secarp charscter of the eastern edge of the andesite ser-
jes and the occurrence of the rhyolites. They areg

1. The scarp is an eroded fault scarp, ‘he domn thrown
side beling to the east. The rhyolite is consldered as isolated
hills of Clarn’o age standing above the general surface of the
downthrown block. The throw of the fault 1s at least half a mile.

2., The rhyolite was aceunulated locally. on the eastern edce
of the range, which was then faulted down.

3« The rhyolite is part of the Western Cascade sequence,
hence is not Zocene, and occurs as outllers separated by erosfon
from the main range. The scarp is purely an ercsional feature.

4, The searp 1s the result of erosion and thinning of the f
formations toward the east, The rhyolite masses by this hypothesis
are focene hills east of the mountaln range. .

Discugsion:



l. If the rhyolite hilis were Clarneo dropped a half mile
with referance to the present range, they must have stood a2 half
mile above it before faulting. This would require a great thicka
ness of Eocene, and some would be expected west of the scarp, un-
derlying the younger andesites at falirly high altitudes, Such is
not the case.

2. 1his hypothesie has much in its favor. It explains the
“linear character of the scarp and the presence of andesitic rocks
under the rhyolites atllinto Sountain, It also explainsg the simile
arity in the dips in the rhyolites and the andesites along the San-
tiam south of the Elbow. The valley west of iinto Lountaln would
be esgentlially a fault line valley.

3. This differs from (2) only in that no fault is postu-
lated. It seems rather difficult to conceive an erosional process
that would complcotely remove all but two isolated remnants of the
eastern margin of a range like the Vestern Cascades, and leave such
a2 linear feature. Thie concept 1s especislly difficult to sustain
when it is noted that the rocks dip from fifteen to twenty degrees
castward and are of types rather resistant to ercsion. It explains
the eimilarity of structure of the rhyolites snd andesites.

4,This hypothesis has thc same objection as (3) in accounting
for the scarp and the isolated character of the rhyolite expos-
ures. A further objection is the lnck of evidence that the for-
mations do thin sppreciably in this vielnity, =lthough they per-
force must thin somewhere to the east. In additlion, il would be
a remarkable colncidence that the dips of the tocene and later
rocks are 80 similar when the formations are probably separated
by a nonconformity.
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Hypothesis 4 seems unten:=ble from almost any angle.
io. 3 has lees serious objections, but fa2ils to aceount pl-usibly
for the scarp and the disappearsnce of the older rockes east of the
scarp. It does explaln the structure of the rhyolite hills. No.l
is objectlionable for the ressons stated. No. 2 seems most reason=-
able. It explains the nature of the scarp, "he similarity of the
structure of the rhyolite and the andesites of the older range,
and the general sbsence of older rocks east of the scarp. Fure
thermore, the Outerson voleanie center is located =béut where the
fault would pass. According tc this hypothesis, the rhyolites
may be Cligocene or liiccene, but cannot be Locene. Burial of the
ceritical contacte under the Plgaoﬁ bssalts and glacisl debris at
the western base of linto llountain precludes definite determin-
ation of the sctual structure even with exhaustive study in this
area; Iinvestigation elsewhare slong the scarp may yield more
poaltive informatlion.

The High Cascades

The iigh Cascades appear to be a rather gimple acoumue
lation of lavas which can De separated structurally into three or
four m=2in groups. As sbove enumerated, these groups are the Outer-
gon, Sattle Ax, Hinte, Figeon, and possibly later Olallie (and
“te J efferson) lavas,

The Outerson lav 8 were poured cut frog sources locat-
ed near, or on the east scarp of the Vestern Cascades. For ihis
reason the main dips of this series nre eastward, at angles vary-
ing from two or three to twenty-five degrees, depending in part on
the steepness of the underlyingportion of the scarp. That the mdh
eruptive center eruptive vemter was Just east of Cuterson “ountain ~
is shown by the presence of a typlical vent complex of intrusive
plugs and dites, very steep and irregular dips, and glassy flows
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ihat a minor center occupied the site of t. Bruno is indicated by
thipty degree dips in agglomerates in the western ridge. The source
of the thick series of gently east dipping flowe in Coffin and
Iachelor iountains is unknown, but can not have been very far a-
waY.

The Battle ix lavas were extravasated over a mature
topography from a single volcano. The flows near the vent dip
twenty to thirty degrees but flatted rapldly away from 1it.

The flows &t some distance from the vent are very thick, three
hundred feet or more, and have the dip of the underlying surface
of the old rocks. The parent plug was of the same type as the
itinto plugs. The thick flows are very platy near the top and
rudely or perfectly columnar below. Battle ix seems to have
been the southe.nmost cone of a chaln of velcances which exten-
ded northward in a direct line toward it. Hood. This line ap-
pears to closely follow the western edge of the belt of high-an-
gle dips.

The “into lavas dip ezst and west from the crest of
the High Cascades. pn& r the crest the dips average five or six
degrees; they are practically flat where the lavas lap over the
Outerson or older rocks , as in Bald Butte. The lavas flowed
around 'he accumulastion of Juterson meterisls giving rise Lo to-
pography  such as that found 1n voodpecker ildge and the ridge
southeaet of Cheat Creek{See Plate II). TIrobably #into lountain
was such an obstucle that the valley west of 1t was not complete-
1y filled; these iinto laves did not apperently enter the Sane
tiam valley west of ihe Eibow, because they were blocked by the
outerson deposits which were con tinuous across the present vale-
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View of basalt flows in the etét ‘siao 'of,Gi-izzly
Peak, The pinnacleg at fha lower;righi-ure part '

of the intrusive mass from which the flows issued.
The rock at the extreme upper left is also a fine
facieg of the intrusive mass. The slopes of it.
Jefferson are visible in the background across the
valley of Hunt's Creek,

Spire Rock, one of the intrusive plugs of the Outer-
son Complex, as viewed from the trail to the south-

weat.
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View south from Outerson ﬁountainiﬁpfﬁﬁh
River valley. The truncated spur rﬁdgtl~3v _
Cagcades are visible to the left; the o@ﬂtrglﬂliat is
the Pigeon Prairie surface, to the right\o;Tthiﬁh lies
the present stream valley of the YNorth Sﬂﬂﬁi 1 Rix

The eastern face of Mt, Bruno erogses thﬂ*

half of the picture.
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The North Santiam Rivar vulley at the Elbow,
viewed from Minto mtg}.m The tip of Mt,., Bruno
is visible at the extpeur left, the present youthe
ful valley of the rivax* bmdinp around it. The
broad surface of the gPiggén Basalts, cut across by
the valley of Whitowiféi?"é"ﬂi;eek, is seen to merge
with the slopes above, The higher peaks to the
ripght are the highratunding Outerson deposits, the
western end of Woaapoakarjaidpe is visible 1n the £
lower right.

Platy andegsite on tha mgd cut one half mile mrth
of Stayton. The mle“is three feet long,
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ley of “hitewater Creek, The structure of the lavans is easily
discerned because of the mannér in which the thicker flows form
ribs along the sides of the glaclated valleys. Very thick flows
oceur in the Tinto series but are not common, Hogt of the lavas
are very thin. In a fifteen hundred foot exposure in the western
end of Bald Iutte there are -t least fifty flows and half of the
section is flow breecis. ¥Where the “into lavss lie on the thin
bedded lavas of the OJuterson series, the two series are almost
impessible to dlstinguish bscause of the minor irregularites in-
herent in such deposits and the petrographiec identity of the
flows.

The sources of the #into Lavas were plugs of the type
occeurring in Park ‘utte and the east end of Lizard iidpe. At the
latier place the rogks can be traced continuocusly from a light-
colored gr-nul-r micro-gabbro to the normal porphyritic gray
flow basz1t. The {lows ¢ an be seen issuing from the parent mass.
{(See Plate VIII A) The valley of Hunts Creek is cut through tle
plug sc only the finer grained shell, asg it were, le left. The
rark Butte plug 1s roughly circular and about one-third mile in
dismeter. The prominence of the butte resulted from its origin,
The ~izard Ridge intrusive appears to be linear , about a mile
long paraliel to the line of Huunts Creek, and does not crop out
on the east side of the valiey. There may be two plugs close te-
gethers one just cast of the low pinnacle south of Grizzly Feak,
the other including the spectaculsr lava capped pinnacles west
of Hunts Cove. Hodgolropor%cd lilocene lavas cut by the later
o

Hodge, E. Te.; The Geology of Mt. Jefferson.
linzama, vol. T, 0. 2, Pe 32, 1925.
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feeder dikes in the western side of Hunts Creek valley. <*hese
were sald to be overlain by the Pllocene lavas (Minto of this
paper), which filled valleys in the liiocene flows. The writer
falled to find evidence of the unconformity and considers the
entire section to belong to the Linto series. The structure of
the #Zinto lavas, except for local peaks like Mt. Jefferson and
Olallis:Butte controls the physiography of the High Cascades.

‘he Pigeon Basalts are merely an accumulation of
lavas in the North Santiam River Valley. As shown in section
¢ =~ @' Plate 1I) the valley they filled was eroded partly in
Outerson, partly in pré-Outerson rocks, and was very breoad in
comparison with the present valley from the same point{Plate
X A). BSouth of the Elbow the valley was cut in rocks of all the
earllier serles, was prohably not less than a mile and a half
wide opposite Voodpecker Ridge and n-rrowed rapldly to the south,
kSea Plate IX) The lowest elevation these lavas reach now is a
little less than two thousand feet, but they extended at least
two or three miles farther west originally. They are therefore
considerably younger than the “inte series, and 1nd1¢éte a renew-
al of vulecanism in the general vicinity of the postulated fault
bounding the Western Cascades.

iegional Strueturs elatio

The Western Cascade structures in t he Yorth Sant-
iam and Columbia River sections are very similar and in struct-
ural alignment. The northwestward projection of the lehams ant-
iecline nearly coincides with the Eagle Creek antleline of the
Columbia Gorge; furthermore, both folds are very broad and
gentle. The similar projection of the Breltenbush anticline
lies in the vieinity of the Ortley and Bingen anticlines. The
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two lust-nemed folds are sharp, but smaller than the Breitenbush
structure and, taken together may he regarded as its equivalent.
The southwestward projection of the liehama antiecline crosses tie
South Bantliam River not far from the steep struetures east of
Cascadlia. This structural alignment éf the three gections strong-
ly suggests thal the folds of the Western Cascades are persis-
tant for long distances, and cut diagonally across the main
south-north trend of the VWegtcern Cascades.

Whereas the Western @ascade folds trend northeast-
southwest, the velns and assoclated dloritic dikes of the entire
Western Gaaéa&s gystem in Oregon strike northwest. This discor-
dance of trends, the northwar! plunge of the main folds, and the
Turner warp suggest that the period of dioritic intrusion and
associated mineralizaﬁion was not coniamporanecus with the main
folding but followed minor warping and fracturing along northwest-
southeast axes. -Thia implies a ninety degree rotatlion in the
direction of application of compressive forces, between the per-
iods of folding with concomitant weakening of foreces. The cont-
act relatlions of the Halls dlorite as mentioned above indlcate
emplacement by sipping ané assimilation and suggest that adjust-
ment of compressive forces was nearly if not quite complete be-
fore Intrusion occurred. Since the intruded rocks are consldered
as liiddle Miocene in age, the folding and intrusion are belleved
to have occurred during Upper lliocene time, probably toward the
end of the Miocene period, simultaneously with the ilocene orogeny
of the Washington Cascades. ’ |
1 M L

Smith, G. O.3 Geokﬂ*and PhysWTg} Centy Washington.
U. S. Geol, Sur. Prof. Pap. 19, p. 22, 1903.
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Faulting of the Basin Range type has been described
in the Klamath Lake:région by Gilbertl, and the scarp south of
Crater lLake 1s commonly regarded -8 a fault secarp. It seems not
unlikely therefore that faulting of this typemay determine the
distribution of the High Cascade vents. The location of the Out-
erson and Plgeon vents along the Cascade scarp is a case in point.

Cloge relation of voleanic activity and faulting has
been noted in m-ny parts of the world. The linear distribution
of the Hligh Cascade volcanic centers 1ls very suggestive of such
a relation. The malin pesks of post-liinto age as well =28 the liin-
to plugs ere restricted to a narrow belt along the cr@st of the
High Csscades. From Clallie Butte south this narrow belt is al-
most a single line which 1s paralleled by the Cascade fault., To-
ward the north the belt widens and distribution of eruptive cen-
ters is more irregular, implyling weskening of the structural con-
trol. This implication is borne out by the general absence of
fractures in the Columbla Gorge.

This system of Basin Range type fractures diagonally
intersects the northeast trending VWestern Cascade folds,complete~
1y cutting them off south of the Ereitenbush kiver. The change
of tectonic activity from folding, mainly along northesst trend-
ing axes to normal faulting along a north-south axis implies a
time interval of some magnitude. It 1ls suggested that the Cascade
Scarp wag formed in Plliocene time after the range produced by the

late Miocene diastrophism had been considerably reduced by ero-

sion.

e

1

Gillbert, G. K.; Studies of Basin Range Structure;
U.8.G.8. Prof. Pap. 153, pp. 76 - 85, 1928,
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The last uplift along the Cascade fault occurred in

pre-Outerson time and probzbly tilted the entire region to the
west a8 a single bloeck. The arch type of uplift described by
Smith and Willis in the Washington Cascadaal doeg not appear

to have occurred in the Cascade Range 1ﬂ'0regon. If such upwar-
ping has occurred the evidence ls very obscure. The VWestern
Cascades exhibit few signs of renewal of uplift in Pleistocene

time such as is outlined By ¥illis in Washington.2

3 -
Smith, G. O, and Willis, Bailey,;contrihibﬁdméeoquof Washington.

U. S. Geol, Survey Prof. Paper 19, pp. 39,85-86, 1903.

2
Id@m, p. 92.



CHAPTER IV

PETROGRAPIY |

The general sndesitic nature of the lavas in the
Cascade Range has been recognized for sometime, probably
largely as a result of Diller and Patton's monograph on Crater
Lake.l It should be noted, however, that this investigation
did not include any of the older Western Cascade lavas of the
Rogue River valley, and hence is representative of the High
Cescades only. Aside from the Crater Lake district detailed
gtudy of the Range has been limited to the gtructure of tlhe
Columbia Gorge sectlon, having been of secondary interest.

The post-Columbis River Pasalt lavas of the Cascade have usu-
ally been dismissed ag andesitice Detailed petrographic stude
jes in the Hte Hood region by Dre E.T. Iodge anﬁf;asistants are
ag yel unpublished.

Callachan® was the first Investigator to sysbeme
atically discuss the petrography cf the VWestern Cegcade lavas
as distinet from those of the Hish Cascades. He pointed out
their variation from high caleium andesites or low pyroxene
begalts to rhyoliteas, and in 2 general way indicated the dig-
tribution of the various types. Il also, for the first time,
described the nature of the later intrusives in the lavag and
rointed out their chemical similarity to the liiocene intrug-
ives of the Washington Cascades. He only briefly touched
upon the High Cascade lavag, but indicated their basaltic

nature,

1. Diller, J.S. and Patton, H.B.;} Geology and petrography of
Crater Lake Nat'l Park: U.S.G.S. Prof. Paper, lo. 5, 1902
2. Callaghen, E. ops Cte, pPs 243
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In this paper the Vestern Capeade and High Cege
eade lavas are discussed seperately because of the homogenes
ity of each of the groups, their marlked age differences and .
o ntragt of fleld appearance,

Illahe, ilehsma and Dreitenbush Series
A detailed investigation of the gediments of

.the Illahe and llehama formations was not made, Ibwever,
gome microscopic and hand specimen studies indicate the gon~
eral voleaniec nature of the Illahe ged iments, They eongist
egsentailly of plagicelase, quarts and saall rock fragments W
with pyroxene and amphibole ir minate amté ard occaglonal
mica flalews, all in a fine matrix containing some earbonate.
The rock fragments appear to be andesitic or basaltie, In

‘tta coargser beds rhyolite pebbles are not rare.

The lehama formation also appears to be dominante
ly andegitiey The agnlomerates in Thomas Creek and eest cf
lehama are patx«olagmauy very aimilar to thoge occurring in
the upper Samdine Series. The tuffs sre more acid and in
rlages are rhyolitic, !ost of the tuffs are comparatively
goft, but tuff forming chérty nodular magses containing plant
gtems ocourg in the Thomas Creek drainage over the divide
goutlwest of Iyonzs This materisl is full of plass shards.

The Breitenbush series is very similsr to the Ille
ahe and Hehama in composition, The waterlaid sediments are
compoged of andesitic debris, and the flows ere andegites,
(Plate XI A) excerting the rhyolites at the base, Iloat of
the true tuffs hisher in the geries { Plate XI P) are more



peid than the flows, but still andesitic, although s small

1ensg of rhyolitic tuff was observed in the Breitenbush .

piver o mile east of Canyon Creek,

The Oligocene seems to have been e period of
trensition from the rhyolitiec eruptions of the wupper Clarno
wocene to the andesitic and basaltie eruptions of the liocene,
It is only natural that the Illshe and Mehams formations should
ghow the same characteristics as the Breltembush, becouse they
were probably in large part derived from the latter, or deposit-
ed simultansously from the same sources, The loeation of the

centers of eruption is as yet wlmown,

Hiocene Basalts and Andesites

The division of the chilef VWestern (Casecade lavas

into the blaek and dark gray vaPleties, as suggested by Gallgghaa,l

is well exemplified in the Norih Santiam seection. The Stayton
laves are the "black lavas® of Callaghan, whereas the "gray lavas™

include the Sardine effusives,

The Stayton Lavas:

The Stayton lavas sre dominantly black, aphanite-
ic to finely porphyritic rocks and sccording to field classific-
ations are basalts. The porphyritic varieties, which only rarely
contein phenocrysts more than 2 millimeter long, are commonly

somewhat porous, where not wvesicular, The finer flows are in

meny cases glassy and characterized by blocky structure,

1, Cellaghan; op. cit.,, D 243
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4 few medium to light gray, andesitie appear-
ing flows oeccur in this series, especially east of Mill Creek
Gape These light gray lavas are very poréus and eéntgin amall
yellowish secondary carbonate crystals in the porous spaces,
Lt Ctaytom the series also conteins a thick very platy dark
groy sndesite flow., (See Plate 10 B) |

In the Salem Hills, and as far east as Shaw,
the lavas weather to bright red soil which is in most places
very deep. Fast of Shaw, on the other hand, where the lavas
arc practically bare, the soil is dblack and powdery. Just
why this chenge in weathering takes place is not celear, Fvi-
dently the black soil is a chenically unaltered basalt powder
while the red scil is eclearly the product of complete chemical
weathering, |

In thin secetion the black basalis show a loose
disbasic texture of labradorite feldspar leths, rarely as much
as a centimeter, but usually about 0.205 mm long, snd granular
augite in & glass groundmass, The ratio of phenoerysts to
groundmass varics from sbout 1:8 to 4:1., The labradorite
shows little zoning, The avgite is of the normal diopsidie
variety. The feldspar~suglite ratio is large, except in the
very glassy rocks, where it may be nearly l:1, In the more
conpletely erystallized specimens sugite does not usually
constitute more than fifteen or twenty per cent of the rock,
Hognetite commonly occurs as irregular blebs or dendrites,
amounting to two or three percent of‘the slide; it Jdoes not

seem to contain large amcunts of titanium, 5Small siderite



groins and brownish yellow chlorite are common as weathering
products., The black eolor of these roeks is due to the blaek
of deep brown glass base, rather than to ferromagnesisn matere
ial, The very glassy trpes are fully as dark es the coarser
ones, The black lavas according to the above date are class-
ified a3 otherwise normal dasalte which have & low magnesium
and iron contente.

The gray lsvas are slmost identicnl in compose
ition with the black basalts, They are very porous and the
feldspars are nore loosely arrsnged, The feldepar is labrade
orite, rarely present in two genmerations, Augite iz the pheno-
eryst pyroxene, while minute needles end drope of pyroxene ‘oo
smnll to be determined oceur abundantly in the glass base,
Colorless glass constitutes from ten to fifteen percent of the
rock, Siderite is a common secondary constituent of these
lavas, probably becsuse their porosity gives free access to
weathering agents, Thelr light color is due to their porosity,
and the bransparency of the glass base,

Some definitely andesitie flows oceur in the
Stayton lavas, The platy flow at Stayton is a2 hypersthene
beariﬂé sugite andesite, In it phenoeryaté of augite, hyper-
sthene and ealeic andesine occur in an exgeedingly fine grounde
nass of sodic andesine, Augite in medium sized to small rounde
ed grains 1s the dominant pyroxcne, but seattered hypersthene

prisms are present, Much Tine magnetite and pyroxcne also



imass. In a very similar, but more
plessy porplhyritie flow on the sumnit of Prospeet lountain
{south of Thomas Creek) hypersthene is also

cormon ag phen-
oerysts vith augite snd zoned plapgioclage., Hypersthene was
net observed in any other Stayton flows,

The lavas of the Dardine series are dark pray,

prphyritie to apharitic, and are included in the
pray laves of Calleghean, They differ fyrom the Stayton lavas
rood &iﬁb;éiﬁ tex- &
sroporphyritic texture;

in that they very rarely, if ever, show

ture, but are characterized by glom

nanely, apoy

epations of feldapar and pyroxene graing in a
fine groundmass in most eases showing good flow atructure,

' The phenceryst feldspars vary fromn sodie by~
townite (Abl And) to mediwm labradorite (AbL2 An3) and in
rare cages attain lenpgths of a centimeter. The average size
iz not over one or two millimeters. Zoning fron salele to

godie labradorite iz rot uncomron. The

grourndnass feldspar
is more acild than the phenocerysts in any given seetion, but
ig for the most part sodic labradorite, or, in a few cages,
enlcic andesine, Plasioclase constitutes over geventy-five
pereent of moagt of the seetions ptudied.

Primary ferpromagnesian minerals are augite,
hypersthene and olivene. Augite ig the predominant phence
eryst pyroxene, while hyperathene occurs sparingly, especlal-
iy in the upper flows of Sardine lountain., Ceeasional pseudo-
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Waterlaiﬂjgrgen tﬁff of the Illahe Fbiﬁ*ﬁ&ag,‘a;%“
miles easf of Detroit on the Santiam Hiéﬁi‘f} The
variety of fragments is apparent. Plain light,‘ZGx,
S. 103

Fine green tuff from same locality as A. The erup-
tive nature of this specimen is proved by the abun-
dance of delicate glass shards. Plain light, 26x,
5. 104

Altered dacite of the Sardine Series showing porphy=-
ritic texture. ¥ A GEV1trified zone surrounés the
partially reaarbed qnnrtz phcnocryst tn th# oenterm“ _
Crossed nieols, 86x. Sp. S. 1lll1. o

Chlorityxvsaudomorpﬁio after olivine ia't  ika naaw |
from the Sardina Serieﬁ. Kernels of oi£V156 mny bo
geen, A reaction rim of grenular augite aurrounds

the chlorite, Plain light, 62x, Sp. S. 72.
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morphg of chlorite, carbonate and quartz after olivine were
noted in a few slides. The rroundmass pyroxene in all sec-
tiong ocours as mimute prisnms and droplets; it may be pigeon=
ite, but was too fine to be determined. The total average cone
tent of ferromarnesian minerals is less than twenty-five per-
coenta.

Primary quartz (Plate XIC) was observed only in
the lavas near the Ialls diorite plug. The quarts occurs eg
comparatively large phenocerysts which have been partially re-
sorbed =nd fractured, Secondary querts is present in many
flows, OClass, where present in the base is colorless or very
lisht brown, and in small amounts.

The Serdine lavas show many of the effects of
woathering or inciplent alteration, The ferromagnesisn minere
als are very ocommuonly partially or entirely chloritised mnd
the feldgpars show inecipient kaolinization., 1o olivine, as
guch, was found in the flows.

The larpe dilkes in the Iittle North Santlam River
ere identical in texture and composition with the flows, except
that they are gomewhat eoarger, and contain much olivine in
geveral instances. The olivine remaing only as kernels our-
rounded by chloritiec material, which in turn is rimed with
fine gramilar supgite. (See Plate XID) Undoubtedly the sugite
rims were formed around olivine phencerysts as & resultl of
mg;atia maotmn} while the olivine was chloritized after <
solidification of the roeck. Olivine grains and pseudomorphs

were observed in all stapes from almost perfect crystals to

' Bom. H.L.s mgwolution af tho ngsmm nucb: ?rinoeton
Unive. Press, pp. 54-02, 1028
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augite. The pmall dikes are sinilar to the normal Sardine
flovpe.

The Serdine lavag have the gharacter of normal
{low basalts except that the feldspar-pyroxene ratio is
larger than in the latter. The low percentage of pyroxene
(15 = 257) indicates a low iron magmesium content., This iz
x The rocls may be considered
low=-augite basalts or high caleium (labredorite) andesites.
Yhere primary quartz is pregent, they border on dasitie
types, with hirher silica snd goda content.

borne out by chemieal analysin.

Rhyolites

The rhyolites found in this seetion of the Cage
eades ghow all the echaracters of such rocks. They are pinkish
to white, porphyritie, and show ngood flow structure. (Plate
XIIA) In the Sentinel Hills section many sve lithoidal oy
glagsy =nd contain lithophysee.

Pyroxenes are abgent, having been replaced by
chloritic material, Glasc is the main constituent, and commone
1y forms ninety percent of the slides. It is elouded with
submiercseopic dust particles, and In most ¢ases pertially
devitrified. ©Come of the flows contain numerous inclusions:
one flow in the Seantiam gection was observed to contain
obgidian stringers over six inshes in length. An obsidian
flow occureg in the Sentinel Hills section. The rhyolites of
the various localities are very similer though possibly of
1. Caliaghan, L. op. ¢it., De 246




&7

different ages.

Halls Diorite

The Intrusive mass at Halls, soutlwest of Sar-
dine lMountain, is a little over a mile across, anl is roughly
raatan@;zhr in outline., The rock varies in appearance from &
fine grained purplish gray, porpbyritic rook at the edpge, to a
mediun pgrained 2lmogt white porphyritic roek in the interior.
There seemg to be no fefinite textural gradation from center
to edpe except at the very edpe of the mmss., Small aplitic
dikes cut irregularly through the intrusive body.

In thin gection the dark border phase was found
to econgist of gmoned phencerysts of andesine in a groundmass of
sramlar feldapar, quartz and accessory minerals., Bilotite
is comon but not abundant ac minute flakes, while orthoclase
occurg =g interstitial materisal in the groundmags. Orthoclase
algo replaces the plagloclage phenoeryste, in places alnogt
completely. Guartz is sbundant in the groundmass, but probably
doeg not constitute more than five percent of the rock,

The coarsest phage of the roek, (Plate XIIB) ex-
posed in Cumley Creek, contains large hornblendes =nd pheno-
erysts of podic andesine (ALGS An35), more or leso mzﬁlaaaﬁ by
orthoclase, A few my!. orthoeclase grains occur in the grounde-
mase vith quartz and plagioclase, ag well as interstitial orthe
clage. Epidote is scattered irrerularly through the rock eg
replacerents in plagloclase and is probably secondary.

Smaller offshoots of the main massg, such as the



dikes west of layflower Creel, differ from the latter mainly
in ratio of phenoerysts to groundmass, and ferromagnesien
minerals. Augite appears to have been the originel pyribole,
but is now almost completely altered to green hornblende or
ehlorite (penninite)s Orthoclase partially replaces the an-
desine phenoorysts and is present as intergtitial croundmass
material. Epidote iz sbundent, end in pleces is replaced by
guartz. In one slide myrmekite was found present in great
abundance.

Althsaggm the ferromagnesian minerals vary from
place to place, the mineral compogition of the plug iz quite
uniform. Quartz probably does not smount to over five percent
of the roek, nor does orthoclase. According to Johamsen's
clagoification® the rook is a tonalite, or possibly quarts
diorite.

%here intruded by the dliorite or gmall dloritic
stringers, the lavag were epidotized and chiloritized, the
pyroxenes and ealcie plagioclases being gttacked first. Vith
more intense alteration quartz, sericite, pyrite and hematite
were introduced. In hand specimen the main effect appears to
have been bleaching which has not destroyed the original tex-
ture of the rock. In one slide of a highly altered faciles
the feldspars have been slmogt completely replaced by chlorite
and gericite, and sggresates of quartz and epidote with small
mounts of sericite =nd sodie plagioclage. The two mineral
scgerblapes geem to be very distinet. The glasey bage of the

1. Johannsen, A.; A degoriptive petrography of the igneous
rocks: vol. 1, pe 168. Univ, of Chieago Press, 1951
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PLATE 12

Flow rhyolite occurring near lMcCoy Creek, The pheno-
erysts are albité-oligoclase, the fractures containing
hematite. TPFlow structure is visible din the groundmass.
Plain light 26x, Sp. 5. 113.

The coarse facies of the Halls diorite porphyry. Large
phenocerysts of twinned hornblende and andesine iie in a
groundmass of quartz, plagioclagse and orthoclase.
Crogsed nicols, 26x, Sp. 8147,

Pseudomorph of sericite after plagioclase in altered
tuff, now composed of sericite, hematite and pyrite.
From mineralized zone just west of Mayflower Creek.
Crossed nicols, 62x. Sp. S. 90

Glazssy bagsalt from the Outerson geries containing pheno-
crysts of labradorite and augite in black glass base.
The sharp white and black line cutting the largest
feldspar is a fracture in the section, Plain light,
26x, Sp. S. 145,
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flows was greatly devitrified (Plate XIC) snd in many ceses
partially replaced by small patches of granular secondary
quertz. The most intenge mineralization produced = vock
composed entirely of sericite, pyrite and hematite. (Plate
XIIC) A veinlike mags of this rock occurs in association
with two large diorite dikes west of Mayflower Creelk.

IIOE CASCADE LAVAS

The Iizh Cascade lavas are characteristically
1ight gray, very fresh porous rocks. They commonly contain )
mich olivine, Some of the series are so siniler petrograph-
ieally that separate deseriptions of them would be needless
repetitions. Thus, the Plgpoon basalts are alrogt identienl
with the bulk of the Minto flows, and esmnot be dlstinmished
from the latter in hand gpecinen. Generally speaking, there
is more variety in the Outerson geries and in the later lavas
on the gumait hichland then in any other part of the Pliocene~

Pleigtooene gection.

Outerson Ceries
The Cuterson lavas sre basalts ranging in color
from black to the normal lizht gray of the young basalis.
The teztures vary accordingly from hyalopilitie to looge dia-
begic or parallel, The finer rocks are denser, alo¥ pood

flow structure, and are largely class. The coarser rocks are
gsﬁart;ly liphter solored, more porous, and may or may not
show good flowage.

The mineralogy of the lavas is very sinple. The
. feldspars range from bytownite (AblS AnES) to modie lsbrador-



ite (AbSO AnS0). O©livine occurs in almost al) the flows,

is common in most of them, end abundant in many. Hypersthene
is much less ecomuon than olivine, and when present occurs as
phenoerysts. Augite ie the dominant pyroxene: it occurs as
phenoerysts =and in the mz'zm}zmmﬁ. In the extremely glacsy
rocks labradorite and sugite are the only minerals distin-
puishable. (Plate XII) In the coarser rocks 1lizht colored
glags is present only in small amounts.

Dattle Ax Series

The Rattle Ax lavas are all lisht gray, porphy-
ritic basalts. Very few of the {lows ghow columner jointing,
but are either mascive or platy. The thick flows are very |
platy. These roclke are so ginmilar to the iMinto lavas that they
were not studied in much detail,

A thin gection of the very thiek flow in the top
of Gold Putte showg two distinet gauemtiom of minerals., The
larpgeat phamu;rysts, bytownite, are 2,5 mm long: the average
gize 1o § ma. The groundnass minerals mx'ngo +08 ma in size.
The bytownite grains are currounded by very narrow sharp rims
of andesine, indieating that the groundmass feldspars are also
andesine. The dominant pyroxene is hypersthene, which is the
only phenceryst pyribole, and is abundant in the groundmuass
with augite., Ierpe gtreaky pseudomorphs of magnetite and grane
ular sugite (?) have replaced the larpest hypersthenes. (Plate
XIVA} This flow is noteworthy in that it contains an sbundance
of tridymite f1illing minute porous spaces,. Small erystals can
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be distineuished in the hand specimen with the aid of a lens.
In thin geetion some of it shows pseudohexagonal twimming.
The mineral compogition of the roeck end the sbundange of tri-

dymite make 1t unigue.

As mentioned above, the Winto series is very homoe-
ceneous éxcept in the upper part, which probebly comprises
effusives of a later date. The Hinto series 1s especially
interesting however, for the opportunity it affords for tracing
flows outward from the aetual center of eruption, This is pog-
gible in the east‘ end of Lizsrd Ridpe.

The coarse intrusive i1g = white gramlar rock con-
taining sbundant honey=-colored pyroxenes. In thin sestion two
renerations 6: minerals are evident; the average feldspar
gizes of the two generstions sre 0.5 and 0.3 nm respectively.
The pyroxenes are 1.2 and 0.2 mm. The texture is that of a
fine gabbro. (Plate XIIIA) The feldspar is labradorite, the
phenoerysts beings more ealeic than the ms erystals.

Aungite ocours as pollkilitie plates molded on the
feldspar, vhereas hypersthene formg mediun sized to small gube
hedral prisms, some encloging feldspar drops. A fow apatite
needles were obgerved, algo tridynite as interstitial material
between feldepars. (Plate XIIID) The mineral composition of
the rock iz ms followg: labradorite 74.57, hypersthene 13.257,
surite 0.75%, nagnetite 2%, spatite and tridonite less than 0.5%.

The finer intrusive facles shows two @mmfiots s
but the contrast in grain sizes is much greater. (Plate XIIIB)



The first generation feldspars (Ab3 An7) range from 0.8 to
1.0 ma in length. The groundmass plagioclase (Abl Anl)
averages 0,25 nm, Hypersthene tam the place of augite as
the phenceryst pyroxene, formins similer poilkilitic plates.
It is agsgociated with olivine, =nd may be M:Lv a reasction
product, Olivim'eacura as much resorbed graing rimmed with
granular sugite, enclosed as kernels in poikilitic hypersthones
or, rarely, poikilitiec susite. liogt of the sugite 1o in the
form of gmall mrains between the feldspars. A few grains of
trwmta cccur as a filling in mimute porous spaces. The
mineral composition is: plagioclage Tl.4%s pyroxene 19.6%3
(Augthyp is sbout 2:1) olivine G.G633 magnetite 2,58, The
rock beeause of its fine texture and gabbroid composition ig
elagsified as a micro=gabbro.

The flow equivalent of the intrusive im a platy
1lizht gray basalt containing small reddish pyriboles in an
aphanitic groundmass, At £irst glence, under the mieroscope
thore are two generations of minerals, but actually all gra-
dationg in gise occur between the finest groundmass =nd the
larpest phenoerysts, (Plate XIIIC) The maximm phenoeryet
gizse iz l.4 m, the groundmass size averages about .08 mm,
The plagicclmse is medium Iabraderi‘be (Abz An3) the largest
graing being finely soned within the m&arite range, and
mach sealloped by resorption, Olivine iz sbundant as larpe
graing surrounded by gramlar auglte; some is enclosed in
plagioclase. Iypersthene is the dominant pyroxene, ocouring
ag subhedral poikilitic plates, commonly sssociated with
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gabbroid texturé of the rock. Labradorlte, hyper-

sthene and augite are the principal minerals pre-
sent. Crossed&ﬁicols, 26xe Bp. 8% 159

Border faciles of Grizzly Peak intrusive showing
two generations of minerals. An olivine pheno-

crystd'lies below =nd to the left of center. Crossed

nicols 26x.h”?

Intersziti&l tri&ymitﬁ bntveen feldspa,,
coarse facies bf@fﬂe Grizoly Peak intrusive.flﬁéth
augite and hypersthene are present. Flain lisht,

62x. - 8p. 8. 1293
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olivine and magnetite. Augite is present mainly ss fine stout
prisms evenly distributed in the groundmess or as rimg purround-
ing olivine, but a few very ragged poikilitie plates were ob-
gserved, The suglite seems to have been the last mimeral %o
erystallize. This rock is alwost identical with the Pigeon
Pasalts, which will not be separately discussed.

The most interegting feature of this sequence,
agide from the textural variation, is the change of augite from
the phenocryst pyroxene in the comrse intrusive to the ground-
mags pyroxene in the flow facles. It appears to be explained
by some resorption-recrystallization process. The ebaence of
olivine in the coarse rock, and its somparative abundance in
the flow is probably to be explained by the resmection princi-
ple ag get forth by m’* In the rapidly chilled flow rock
complete equilibrium of the magmatic liquid and orystals float-
ing in it was not established before golidification, with the
regult that eomplete resorption of the olivine and ealeic lap.
radorite did not take place. Ience the resorbed olivines ang
zoned feldspars which are present. In the plug, which cooleg
slovly, equilibrium was established, ¥he olivine being come
pletely resorbed, and the feldspar being essentially unzoned,
The presence of free glliea (tridymite) i:i the plug implles
that although the llinto basalts contain olivine, they are satu-
rated with respect to silieca. The occurrence of tridymite in
this plug snd in the thick Battle Ax flow suggests that slow
sooling of & large mmss 1s nesessary for the mﬂen of tri-

1., Bowen, Hs Lej Ope Clte p. 5462



dymite from the megmetie liguid. The sbgence of even opaline
gilica in the thin flows bears this out, The presence of the
tridymite of coursge indicates that thﬁ lavag =and plugs were
largely solid though still at relatively hish temperatures
when the silics orystalliszed. After formation of the tridy-
mite cooling was probably rather rapid through the inversion

Mmpantm of tridyaite %o quartz, othervise some imwinn

vrmm be mmi

The lavas on the Iigh Caseades summit upleand are
of meny varieties, Plagioclace renging in compogition fron
andesine (AbS An2) m‘hhmémrite (AbS An7), is the only eso-
ential mineral. Accessory minerals inelude augite, hypersthene,
olivine and hornblende, in addition to the ubiquitous magnetite,
Any two or three of the ferromegnesian minerals may be present
in a given rock. Hormblende was not observed with olivine, b::xt
that iz the only apparent 1imit on the munber of possible cone
him‘kioﬂa.

The commonest rock type is a medium gray bagalt
spotted with olivine and licht %m plagioclape phenceryste.
{rlate XIVeE) The plapgioclace g)hamma% are caleic labrado-
rite or bytownite, usually well soned. Olivine 1z sbundent
ag graing of all simes in various stapes of resorption. Hypere
sthene and sugite also ocour 28 phenoerysts. The groundnass
usually shows mod flow structure, and is composed of fine
feldspar, pyroxenes, and lisht colored glass, 'fhis Mk forma
magsive flows devold of remular jointing, md very resistant
to g,mni erogion,

AN R

1. Bosman, Ee Baj Properties of um: Am, Chem. Sog., Hon.
WQ; ﬁﬁe w’- Pu 76




The true andesites are light pink to white,
commonly very porous, snd contain glistening bdlack horn-
blende or pyroxens erystals. The texture of these rocle 1o
very porphyritis: the phencerysts are gometimes almogt a
centimeter long vhile the groundmass is too fine to be deter-
mined, as shown in Plate XIVC. The plagioclase
andesine showing some soning, IHypersthens, su

showing terminsl faces,
gorption effects. Augite, on the other hand, sg a rule shows
rounded or rapgred outlinesg due te regsorption. The outlines
of meny sugltes and hornblendes, particularly the green
variety of the latter, are very similar, The chief difference
in the occurrence of the two minerals is that the hornblende
ig always surrounded by a smudsy rim of magnetite dust, sag in
Plate XIVD, It is inferred that the hornblende originated
by resction of augite with the megmatie 1liguid in acocordance
vith Poven's discontimous reaction series.’

The basaltie flows were apparen
1iquid then the sndegiteg at the time of extrusion. liany of
$he bagalt flows are persistant snd gan be recognised by their
texture or color over comparatively wide sreas. The andesites,
on the other hand, are rather restricted areally, and tend to
form plug=like mesgeg, Pyramid Butte (Plate 3&} is puch a
plus. Double Peals sre formed of very massive andesite flows
and a thick flow breccia., The very porous nature of the ande-

1. Bowen, ll. Le; ODs Clte; Do 58 et Me

56
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PLATE 14

Tridy nite, above and to the left of center, 1m tho
Battle Ax lava capping Gold Butte. The 1rnagultr
black mass is a granular agpregate of‘tqgate qnd
magnetite pseudomorphic.:tter olivine (?); Plain
light, 62x. Sp. S.. 141, i _
Gray porphyritie olivine basalt flow weétﬂgffﬂiuhiie 
Lake, Flow structure ig evidenced by the orientation
of the larpge gray olivine and twinned labradorite
phenocrysts, some of the latter showing zonation.
Crogsed nicols, 2éx. Sp. S. 149,

Relations of augite, hypersthene, hornblende and
magnetite in andesite from Pyramid Butte. A clean
cut hypersthene ligs just below the center of the
pilcture, and a reabéﬁiglaugite grain about one half
inch above, Just fiﬁbﬁ of the center is a kernel of
hornblende rimned with magnetite. Plain light, 26x.
Sp. S. 164, |
Relations of augite, hornblende and magnetite in
andesite from the Sentinel Hills., A magnetite rimmed
hornblende lies in the center of the picture, below
it lies an aupite phenocryst showing some resorption,
The large light area at the upper left is a hole in
the slide., Plain light, 26x. Sp. S. 150,
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sites suggests a large content of volatlle gases; presence

of mineralizerg is also indicated by the hornblende.

Summary

The Western Cascade lavas are dominantly lsbra-
dorite andesites or low-pyroxene basalts., A few dacites
oceur, also olivine basalts, The tuffs are in the main ande-
gitic. Two Rhyolite Series occur in the‘eastern part; one is
probably Eocene, the other is later Tertiary and interbedded
in the andesltic series.

The Hizh Cascade lavas are very light gray basalts,
usually containing olivine or hypersthene. Andesites occur in
the upper part of the~Minto Series, but were not observed

elagewhere,



CHAPTER V

GLACIAL GENIOGY

Three distinct periods of glaciatinn are
represented in the Yorth Santiam River basin. The three
glaeiatinns, from earliest to latest, are the Will City, Detrsit,
and Tunnel Creek, and are named frnm the localities where their
deposits are best expnsed. They are correlated with the Sherwin,
17ahoe, and Tinga, respectively, in the Slerra Nevada. Correlatinns
with the Sierra glécial stages are based on comparative erosinn of
the moraines; destruction of glacial erosinnal forms, and on the
fact that glacisal stages;Z%ﬁig?s district were all of thé alpine
tvype. Certainly the ¥iseconsin and probably the earlier glacilers
also, headed on the western slopes of the High Cascades and moved
westward down the walleys of the Vestern Cascades. During the
earlier glacliatinsns extensive ice streams undoubtedly also
originated in the ¥Western Cascades, but during the 1§st glacial
epnch they were confined to very small areas. The ¥Will City glacier
tramersed tuo-thirds the width of the "estern Cascades; the

“4aconsin ice barely entered the eastern side.

The %11l City Glaciation:

The ¥ill Citv glacisztinn was much earlier than
the nthers, and far more extensive. Till and lake silts are exposed
along the river from Gates to a pnint almost three miles west of
¥111 City. The best till exposures are at ¥Mill City, opposite the
Heammnand Lumber Company mill, and in the north bank of the river
below the bridge. (See Plate VIIA). The vertiecal banks are exposed
twenty-five feet of till covered with a thin veneer of river gravel.

Part of the river bed is till, part old volcanics, but the till
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probably dnes not extend far belsaw river level. The total thickness
pf the t1ll 1is about two hundred feet. North of ¥111 City reddened
moralnic deposits are expnsed at about 1000' A.7. The best vertical
gection 1s 1n a creek in section23, 1.9 8+, H.2E., where the till is
almnst cantinuously exposed for two hundred feet. The t1l11 rests on
polished tuff in the river at 725', and the upper limit is a sloping
bench about 500' wide at an elevatinsn of 925%,

The till is medium gray in color, very compact,
and similar to many eantinental moraines in fineness of matrix and
pnlishing of boulders. It contains unweathered striated and facetted
boulders of all siﬁea and representative of praetically all rock
types of the Santiam district. Because of its induratinn end habit
of forming vertical expnsures, the t1ll tras been mistaken for
agglomerate by previonus iﬁvéstigatora, and at first was mapped as
such by the writer.

Except in the road cut above Mill City, where the
till has been weathered, the ¥ill City glacial depnsits are very fresh.
The ¥oraines west of Mill City also show the effects of ernsinsn and
weathering and in road cuts the matrix is sandy and brown, all
except the larger boulders being ¢~mpletely rotted. Vvhere the ¥oraines
depnsits are above the level of the main valley fill they clearly
show the effects of weathering. Their freshness in exposures along
the river banks is probably to be explained b~ the fact that until
very recently, geologically, they lay below river level where
groundwater movement would be exceedingly slow in such compact fine

material.
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PLATE 15

Bluff of MAl1 City glacial till welt of‘ﬂill City.
The large boulders in the river have apptrentls
fallen from the bank, The upper six feet of the
gsection congists of river gravel,

The Mill City glacial moraines four miles west of
Mill City. The ridge crossing the view from left to
right is a large lateral moraine, In the middle dig-

tance is an intermoreinal depression, to the right of

which fiaes another small lateral moraine occupied by
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Mutwash gravels and varved silts are assnciated
with the morainal deposits in many places. At %111 City there sre
twn or three small pockets of highly ennterted varved silts in tre
t111, and the section shown in PlateXVa grades inte sutwash gravels
#ith steeply inelined bedding three-tentha of a mile west of ¥411
(1tv. Veat of Cates varved silts are expnsed enntinuously for a
trird »f a mile in the north bank »f the river. %Their average
expnsed thickness 1s twenty feet, but they are gently feolded in place
extend below water level, and are overlain by heavy river gravels,
gn that thelr total original thickness was probably eonsiderebly mare.
povnstream they end against a bedrock dem, and upstream wedge nut
an tap of outwash gravels and till as shown in Plate xvlia (FPig.30.)
The fact that the varved silts sverlie the delta
rravela, instead »f fingering ints thew, indicates that the gravels
were first deposited in a shallow lake as the ice retreated; readvance
nf the 1ece then raised the moreinic dam the varved silts being
depnsited during the secnnd recessinn o»f the ice front. Ho ¥i11
City moraine is exposed in the river east »f CGates.
The nnly definite topographic expression af the
1111 City moraines 1s west of ¥ill City. The above-mentinned bench
presumably represents a small remnant of lateral moraine. The best
marainal topngraphy 1s found an the broad perched flat in sees.22and
23, 1 98, E2 Le The long narrow eastewest ridge (te the left in
late xv 13) 1mmed1afely above the river 1s a lateral moraine lying
nn tuff. The till is probably not aver fifty feet thick. Yarth af
this ridge, and below the rnad where it turnus northwest, aré tun
small parallel lateral maraines abaut twenty feet high which are
gseparated by twe imperfectly drained tandem kettle~hnles twn hundred

feet acrnass. The southerly nne of these 1s occupied by the orchard



A. The slacial sestion in the North Santiam River west
of Gates. Till oan be distinguished along the water's
edpge. It is overlaid by outwash gravelg which to the
right of the picture show foreset ledding, The deark

Be
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to the right in Plate XVB. Retween the large lateral and the small nmes
ijs a roughly triangular flat which narrows westward to a sharp
v-gully. The flat, still imperfectly drained, 1s a partially filled
intermorainal depressinn. Abnve the rnad ts an elevatisn of sbout
sne thousand feet are many irregular humps and depressinsns suggesting
morainie forms. Glacial origin rather than landslide origin is proved
by the presence of houlders of oliving basalt not knawn te accur
west of Detroit. The broad flat northwest »f the maraines which
ends abruptly above the terraced valley floor of the Little North
Santam Liver was evidently an overflow channel into that valley
vhen the ice blocked the main Worth Santi;m valley. Glacial gravels
énntaining facetted boulders and lying »n white tuff at about
840 feet on the road down to the ILittle North Santiam River support
this hypothesis.

Although the absnlute western limit of the ¥ill
City glacier 1is not known, the absence of till west of the moraines
described suggests that the 1ce di1d not go much farther; VMehamsg
may be cnnsidered a safe western limit. The presence of outwash
gravels near ¥ill City indicates that the moraine there wes a
recessional deposit. Contortion »f the varved silts might be due ton
oscillation »f the ice front, with consequent over-riding of recessimal
depnsits, or simple slumping. The fates silts clearly indicate a
morainally dammed lake, and are the farthest east deposiis positively
identifiable as Mill City in age. An occurrence of possible ¥Fill
City till lies in the saddle south af the 2200' gransdiortte kneb
between Cumley and Kinney Creeks, in sectinn 18, Te. 9 Se.,F« 5 E.
The saddle is broad and contains a marshy erea five acres in extent.
Smooth topography shich enntrasts sharply with the normal rough

topagraphy on either side, deep sandy soil, and large olivine



pasalt boulders ali pnint to glaclal actinn. Since the will City ice
pust have been quite trick in the narrow gorge, the till pecket
may have been some distance above the battom »of the gl;cial valleye.
The absence of till east of Gates, coupled with
the lack of a glaclal profile in the gorge east »f Niagara is
gignificant. The glacial traugh was unﬁuubtedlf very narrow because
af the resistance of the mineralized rocks; therefore a comparatively
small amount of poste-glacial down-cutting might destroy the ll-profile ,
gyhe fact that the prpfile has been destroyved, and the lack aof t1l1l
in the river east »f Cates prove that the glacial valley profile
was somewhat steeper tha that of the present river. These
phenomena and their isplicatisns are considered helowe. (See page6di.)
The beat indicatinns as tn the age of the ¥i1ll City
moraines are theilr relatinﬁs ta the terraces of the Santiam Vflley.
 The anly morainic topogrsphy remaining is nn the bench naw 200feet
above the Horth cSantism River, and vhat may have been a drainage
channel now ends over 150'feet above the Little Yorth “antiam iiver
terraces. The "hungeup" poeitinn Af the maraines is due mare ton
lateral planatinn of the streams than ts down-cutting: that is
shown by the oceﬁrrenee of till in the river. All traces of mareines
nn the gauth side of the valley have been destrnyed. The mile-wide
terraced floanr of the main river was formed in post-Vill City time,
becsuse the gruvels of the flonr lie on the till. 7The flaor, howe
ever, is nat merely nn gravel terrace deposits, but east of ¥ill
1ty smoothly truncates tilted lava flows. At Gtates the river was
superposed on a lava ridg= as a result »f 1its meandering. Yinor
terraces from ten tn trenty-five feet high are nymerous south and
west of M1ll City, each indicating a temporary halt in the down -

cutting process to the present rive: level. ¥hether the till 1is
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nlder than the hundred fant terrace south of Tysns has not been

proven, but 1t may well be. Although destructien of the glacial profile
in the gorre might have been aceosmplished very rapidly, planatinn of
massive lava flows, and farmatinsn of the later terrseces wnould reaquire
wuch time. It 1s suggested that the M1ll City glacilatinn 1s the

equivelent of the Sherwin epoch of the Sierra Nevadae.

The Detroit Claciation

Very little evidence 1s left of the Betroit glaciation,

The ohly till exposures are; an outerop in the Santiam River just
above the Cuartzville traill bridge, a large mass of gray till in
river gravels exposed in the road eut at the east end »nf the
Ereitenbush Eiver highway bridge, and till in place in a road cut

a half-mile southwest nf Berry. The exposures are all very small;
the t11ll 18 very similar to the Fill ¢'ity in compactness, amount of
matrix, freshness, and faceting of boulders.

Varved lske silts are well expnsed in railronad cuts
and the west bank of the Santiam River over a‘ﬁ mile étretch downstream
from a point about twn hundred yards above the Detrnit Ranger statinn.
The varves are very fine, some being almost paper thin, and show
regular coarser banding about every six inches. (See Plate 17a) In

very few places are they undisturbed, but are usually highly folded,

contorted, and even bregciated in places. Their stratigraphic thickness
is not less than forty feet, and may he more. The crumpling may have
been caused by slumping, but the severity would suggest overriding »f
ice as the cause. Above the ranger station the silts glive way to
heavy river gravels »r outwash. The lake filled by the silts must

have been nearly a mile long, hut not over one guarter as wide.

The till near the Quartzville trail bridge is presumably part of the



yrainic dam.

The lack of exposures of the Detreit till renders
sterminations of its age and extent very difficult, 1if not impossible
ne height »f the till exposure below Berry (1450') shows that the ice
ztended inte the gorge; probably as far as Halls, possibly to
ardine Creek. At Halls the valley has the appearance »f an aggraded,
ndified glaclal trough. Foreever, 0.45 mile east of Favflower
reek, and a gond hundred reét abnve the river, the beautifully
triated glacial erratie shown in Plate xvl 13, is jammed in a very
arrow water-wnrn channel..Sueh a large boulder would lose its striae
efore travelling far, even in a powerful stream; 1is freshness in
pite of its expnsed positinn precludes placement during Mill City
ime. Althnough not econclusive pronf of direet glacial depositinn,
ts presence strongly suggests that the Detroit glacier extended
inme distance into the gorge. Moraines would disappear almost as
‘ast as built in such a valley, sn their absence 1s not unexpected.
‘he north bank of the gorge, particularly from Sardine Creek east
is more or less plastered ts heights of 100 tn 150' above the river
t1th very poorly assorted materlals which appear to be valley train
#1th admixéd taluse In places this material very clnsely resembles

glacial £111, but no well facetted boulders were found, nor have any

glaciated bedrock surfaces been discovered in the gnrge.

The Detroit glaclatinn was extensive, and it must
have greatly modified the tnpography of the High Cascades. The main
eggsentials »nf the present glacial topography were probably produced
during this time. The higher ridges descending westward from the
High Cascade summit reginns plainly show the effects of glaciation,
but snme have esamparativelv thick soill eovers, indlcating pre-"isconsin
glaciatinn; Minto Mountain and "nndpecker Ridgze are cases in point.

Alsn, the higher flats such as Grizzly Flats and Binﬁﬁam Basin do
not show the severity of ice actinn commensurate wit their



not show the severlity of ice action commensurate with their
topography. The inference is that they were given their main
size end form by the Detroit ice, and were left untouched or
only slightly modified by the later Tunmnel Creek ice. The same
considerations would hold true for the major valleys, but to a
lesser extent.
Physiographic evidence is the basis for separat-

ing the Mill City and Detroit glacistions. The absence of a
glacial profile in the gorge, especially below Mayflower Creek,
necessitates downcutting since Mill City time, yet the Detroit
$il11 occurs below the present river level, If the Detroit till
is considered as a recessional moraine of the Mill City glacia-
tion, either upwarping of the gorge section or glacial gouging
on o large secale is required., There is no other evidence for
either. loreover, the valley train material is too poorly sor-
ted and too angular to have been derived from the Tummel Creek

or Breitenbush moraines, and is too low in the gorge %o have been

deposited in Mill City time, even if that type of material could
remain in such a narrow valley for so long a time, The Detroit

$111 is accordingly correlated tentatively with the Tahoe glacia-

tion of the Sierra Nevada,
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The Tunnel Creek Glaclation

The mor alnes and physiography of the lag glaclation,
the Tunnel Creek, are for the most part, well preserved. The
terminal moyeine in the lorth Santism Valley is 10.8 miles east
of Detroit at an elevation of ~bout 2000', The morainic topo-
graphy is perfectly preserved across the full width of the val-
ley floor, exceplt where the river has cut a rather narrow gabe
The morainal belt ig about a quarter mile wide with a maximum
height of one hundred feet. The till as exposed along the high-
way is shown in Plate XVII Bj 1t is typleal alpine-type till,
with the rock fragmentis showing very few facéts or striase.

The terminsl moraine in the Breitenbugh Valley has
been almost obliterated. Till is exposed in a roadcut just below
Cleator Bend at 2200 feet elevation, 2 mile and a half west of
Breltenbush Springs post office. No moralnle topography was ob-
gerved; river terracing and planation, caused partly by landslid-
ing farther downstresom have removed all but a little of the tlll.

Recessional moraines are well preserved in several
placeg; in the Horth Santiam valley proper opposite Woodpecker
iidge at 2250 feet, and north of Independence Praibie at 2500
feet; on the Pamelia Creek trall at 2400 feet and probably at
3000 feet just below Hiedelke Creek (e branch of Milk Creek);

s beutiful hooked latersl moraine wase noted on #ilk Creek jJjust
below the Bkyline Trall at 4400feet. The only recessional moraine
noted in the Breitenbusgh dralnage is at 2000 feét in the valley

of the Bouth Fork. IHost mordnes of this type havedoubtless been
destroyed by stream action, as considerable thicknesses of t1ill
are exposed in the cut ban ks of many streams. The glaciers on
it. Jefferson sre the last remnants of the once powerful local
glacliers _

T he valley profiles of tre High Cascades are typlcal-
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Varved glacial si
the Detroit Ranger lon
is clearly shown by the coarger bands about gix inches -
apart. Individual varves are scarcely visgible,
Glacial till of the Tunnel Creek moraine a short dis-
tance west of Tunnel Creek. The angularity of the

erratics 1s gtriking,
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ly glascial, as shown in Plate XVIII A. Indicatioms of the depth
of the 1ce are scant, but if the valleys were well f£illed, it ap-
pears that the ice should have advanced Farther down the Santiam
River wvalley than 1t did. It geens probsble therefore that the
valleys were only partlally filled; thin bench glsciers occupy-
ing the higher areas such a8 Grizzly Flats and Siaghem Sasin
would sccount for their mild glacistion. On the other hand, the
main upland in the vieinity of Olallis butte was covered by a
sheet of ice about 1000feet thiek, which overrode some of the
larzer hllias and all of the smeller ones and left a landscape
simiieor to that of the Lake Superior reglon. Rﬁnk—b@sih lakes
are fully zs numercus as moralnslly dsamed lskes, Strise indi-
cate that the ice moved northward pest Olallle Butte and fanned
out westward toward the edge of the sunmit highleond. Probably
a sinilsy fonning ocenrred elong the eastern margin. The
breadth and elevation of the summit highland must have accounted
for the local thickness of the ice sheet. Excepting the summit
highland ares, the Tunnel Creek iee probsbly enly slightly modl
fied the topegraphy left by the Detreoit glaclation.

Jefferson Park (Plate XIX) 18 & remarkable example
of a flat glaginted divide and is worthy of special mentlon,
The park is at sn elevation of about 5800feet, has a area of over
one thousand scres, and is over one and one-hslf kiles long from
cast to wegt, North of 1t Park Putte ridge stands a thousand feet
higher, and I, Jefferson towers slmost a2 mile above it on the
south, The maln section of the park 1z so flat that only the
drainage shows the location of the actual divide. Eastward the
park slopes gently down to the eirgued head of the Whitewater
river valley. The west end of the psrk 1ls more stepped down to
an elevation of about 5500°', where it is hun: above the valleys
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LATE 18

e

View east @mm the glaciated valley of Whitewater
River froﬁ}thc head of the cirque at the east end

of Jefferson Park, The high ¢liffs of Lionshead

are clearly vigible at the left.

Tumble Lake as seen from Sardine Mountain. The
¢liffs are formed by massive flows of the Sardine
Series. The higher valley level of ths mtmit Bagin
is visibla, T&n'ms Fing&rud ka, ut,. ‘
The Three sistm's zms viszbla zm ‘the B
the ridge.tarmgéjby“tﬁ&xﬁgtayﬂﬁgudﬂ»?1”
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. eut or mt: Butte. m‘k Buﬁuo 1&:‘{"&

right." ?lh observer is looking :wﬁh‘zfrm a miﬂﬁ
one thousand feet above the floor of the park.
Mt., Jefferson and Jefferson Park as seen across
Russell Lake, The trees grow on low basgalt ridpges

which are probably formed by the edges of i

ned
lave flows. 2
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below, The western hanging , however, is due to cliff resession
in Iavﬁs, rather than eirgue formstion. The rlatnaan of the di-
vide 1s explalned by the impinging of extensive glaciers on the
north slopes of it. Jefferson ngalnet rark butte ridge, with con-
sequent splitilng of the lee in to two maln east-west glaciers;
the directlons of strise support this hypothesis.

Contrasting shorply with the extensive glaciation of
ihe ilgh Cascades are the small loeslly glaclated areas of the
vestern Cascades. Clrgues sre by no means rare; Tunblel ake
below Sardine Yountsln (Plate XvIII B) is in one, and lary (lacy)
reek hesdn in s cirgue east of Coffin ®cuntain. Other cirques
are known to exist in this general section. In the Elk *ake
district 1s siluated the largest area of ¥Wisconsin gleciation
west #f Ireltenbush ot Springs. “here a rather extensive gla-
ecler went more than four miles down the valley of Elk Llake Creek
and spliled over into the Humbug Creek drainage ln two places.
The western pap or spillway is near the head of EZlk Lake; the
ezgtern one is at the head of Duanlap Creek, where Dunlap lake
is perched{See Blate XX). jelow the western gap the ice reached
to 360C' snd below Dunlap Lake $0.3200. The lower pari of Humbug
Creek was terraced by the ovtwash gravels. 4t least two well
preserved moraines are precent in the Elk Bake walley.: One dam:
the lake and the second is a quarter mile farther east below
the meadowshown in Plate XX, The head of the valley 1s a clrgue
¢ ut deeply iato the old battle iAx volcano; the northeast slopes
of battle Ax woére also heavily glaeclated,

The freshness of Lthe moraines snd surfaces affected
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the open meadow. Gold But
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Be.

Rolling to
School, The valley in the ‘ d y para-
llels the strike of the Stayton lavas., The view
looks toward the northwest,

Mill Creek gap one half mile north of Turner. The
observer is standing on the eastern wall looking

northwest at the western bluffs. Mill Creek follows
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by the Tunnel (reek gliaclatlon leaves 1ittle doubt as to the age
of the ice. This glaciatlon 1s correliated with the Tioga of the
Sierra N evads and the ‘lsconsin of the lilssissippl valley.
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CHAPTER V1

'fhg mismm.

The p hysiograrhic diselmllarity of the Western Cas-
cadeg and Yigh Cascades especlally from Cuterson Nountaln south-
wzrd is no less pronounced than the structural histus., Since the
rresent forma of esch of the twe divisions is direetly related
to 1ts structure and age, individusl trestment of each part is
requited in - complete physiographic snalysis of the Cascade

The Western Casa.des exhibit a rether ¢lose relation-
ship between physiographie form and structure. The characteris-
tice of the range are those of a deeply eroded mass of folded
rocke of varying reslstance, the range having acquired its pre-
sent helght by normal faulting along the eastern margin. rPhysio-
grarhically, the Western Caseades may be divided into three lon-
gitudinal belts: the western belt of dip slopes; the high cen~-
tral belt of massive lava flows deeply inclsed by steep-walled
valleys; and the eagtern belt of tuffs which 1ls characterized by
rather gpen valleye. :

Yestuward from the crest of the dehama anticline dip-
slope topograrhy is predosinent, Below 1000feet elevation the
Stavton lavas alnost everywhere limediately underllie a thin soil
cover{ Plate 228); from 1000 to 2000 feet benches formed by ressi-
tant beds of the ¥Fern Ridme Tuffs are common; above 000 feet
the gurface of the ridses is remarkably uniform 4ipplng about
one and one-half degrees northwest{see plate 224). The highest
elevation which these surfices attain is about four thousand feet
at the House Mountain Scarpwhich is due to erosion on the crest



A, A view east across the $ha.yton Buin ta t:ha vul.hx
of the North Santinm River. 'rho mun Hountain aoax-p'
and the dip slopes tre visible to tho left o.lso dip
slopes east of K&nga'son te the ri&t (ovar the barn
roof ), The N. Santiam valley 1ies in the center of tho:
view. Photograph taken from a point sabout one mile
north of Parrigh Gap.

B. Dip slopes on the Stayton lavag southeagt of Kingsion.
The hill in the center distance is composed of Fern
Ridge tuff, and tuff occupies the foreground. On the

- akyline tba ‘dip alopes north of the North Miﬂm River g
| Vulley m dimly vieible. _ Tha view is no‘ ‘ i
-trom tha mthwaat mr oi‘ m Mehama S
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of the lishama anticline. The Salem Hills, as shown in Plate v,
‘ave characterised by a surface formed on the eastward dipping 5
Stayton lavaa,

“he degree of dissectlon of the struetural surfaces

outlined sbove varies greatly. [he structurally flstter parts
of the Salew Hills exhilbit o rolilng landscape which shows little
relstion o sitructure{bee rlate AXIA)., where the Gip of the lavas
is stleeper us west of Harlon, cuesta topography is very pronoune
¢6d. The weslern sargin of the Selem Hills 1s an erosion scarp
characberised by much landsiiding in the Illshe sediwents. 7The
foothill slopes of the Wiestern ¢ seades ave well preserved elow
elevatlions of 1100 feet. ¥Where the upper lasva surface attains
grester helghts exposure of the easily eroded lehama volcanics
perpmits undercutting snd widening of the rajor valleys. Both
the North Santlam iiver valiey (Map, Plate 1), and Thomas Creek
(Piate VII B) widen out in this way. The smaller styesams north-
east of Staybon have cut into but not through the lavas, and have
lnecised deep valleye inte the Fern Ridge tuffs. m valieys in
the lavas are deepencd mainly by headward resession of waterfalls
ou individusl flows. The Fern Ridge tuffs are deeply dissected
by sub-paraliel valleys trending normal to the strike of the for-
nation. The uwniformity of the interiluve corests is atiributed

to structural control rather than tiiting of = former peneplain
ag suggested by Sm.tthl. The uppermest portion of the House lioun-
tain scarp is somewhal stepped where one or two massive lava [lows

-

Smith, ¥. De.3 Physleal and Economlc Ceography of Oregon;
the Wililametie valley,
Commonwealth Fev.; “niv. of Opegon., vel. 7, no.4, p.158,1925,
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A gravel ﬁ;
surface, s%#th ef.
foregroun65§1'1§éa than six inches dee

ver is faecing northeast.

igaoag

A view south aecrogs the old Little North Santiam valley
segment northweat of Mehama, The Ridge is composed of

Stayton lava, with a remnant of Fern Ridge tuff remain-
ing on top.
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oceur although for the most part it 1s a very irrsgularly dissec-
ted mountaln face,

Horth of the secltlon under considerstion the Cascade
hange foothills glope directly dowa to the @ldareial floor of the
Willamette Valley. In the N orth -uatlam section hewever the
Stayten basin is sepsrated from the maln rillaneite Valley by the
gslem Hills and the Turner Warp. The basin has been bresched in
two places: at its northwestern corner by i1l Creek gap, shown
in plate *XI B, and on 1ts southern gide by the main valley of
the vorth santlam River. The basin is a very low alluvial fan
bi2ilt Ly the North Santiasm River. That the basin was formerly
fililed ts a greater depth is shown by the well preserved gravel
terraces which border its eastern margin {Plate I;). Those ter-
races whlch stand nearly ons hundred feet above the basin floor,
have besn reduced by lateral rlanatlen on the part of the North
Santiam River, and also by stripplng from the surface of the un-
derlying Stayton lavas, as shown la Flate XXIII A.

The widening of the valley of the North Santlam Fiver
ln the Nehama volcanie and tuffaccous faeles of the “ardine ser-
ies 18 wery pronounced as far eset as Hinto (eee Flates I and 11).
The fMoacr of the valley ls vensered with tarraee gravels through
whish the river hes cut 2 narrow channel aboul fifty leet deep
fraﬁ 7 ehasma easlward, Terrsces from ten to flfteon feet An helght
sre not uncomoosn, bul with the exception cf high terrsces such
as those zgouth and esst of Lyons, shown in Flate I, the greatest
depth of gravel ls probably not more than fifty fest. At Gates
there are two maln terrace levels, one at 555 feet aboul fifty
feet apove the river, the other about 125 feet zbove Lhe river.



~he lower terrace level ls due paptly to gravel £111ing, partly
o planstion of tllted lavas.

Puarther evidence of uuch latéral planation by the i
North Santiam fiver is shown by thefsct that intercision of the
Jittle tiorth Dantlam Tlver oecurred - goze long pest date. The
interciglon ocourred northwest of ‘ehsma esusing sbendcnment of
the cegrent of valley shown in Tlate 23B. The valley floor is
now three hundred feet above the nsin valley level and indicates
2 mile cheortening of the Little Morth Ssut fam River.

Tha highest part of the Vestern Cascades is the belt
in which the Cardine Ceries occurs. In this part of the range,
the .ldge cresis average 4500 to 5000 feet in elevation,the
relief beling i:et.wen three and four thousand feet. The valleys
are narrow and steep-walled, the ridges belng sharp erested.
Seattered glaclel cirques occcur above thirty five hundred feet.
in the North Sentiam FEiver Valley ummistakeble evidence of 2 wide
vailey stage 1s preserved. .s shown in Plate XXIV the old vally
nsrrows rapldly eagtward and has s lon gitudinal profile several
tines steeper than the present vsliley which is sharply incised
"in'1%e bottonm. £t the enﬁ of the scuthern spur of Sardine Loune
tainevidence of this valley is very scanty. The steep longitug-
inal profile and rapidé nurrowing of the vailley suggest that At
was formed Ly o smmil streanm whick hesded on a dralvege divide
gouth of lardine Lountaln,.

The esztern bLell of tuffs is charagterised by leas
rugged topograchy than the central leva belt. The vslleys are
wmore open allhough by no weans troad. The geuersal ¢levation
of the ridse crests is ne-rly the same as ln the ceqlral zo ne
probably because of greater distance between large alreams, and
the greater elevation of those streams nesr thelr he-ds. Land-
slides asre very common. True hogback topogra hy,(shown in Plate
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The North Santiam River V‘llwy'
The broad valley stage, ri’ﬁﬁg :
is vigible, MeCully P“""’a!
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line left of the center. 3 ‘
to the left, spurs of Ro.,elﬁ 4@9 u t

character of the present m “ er left.
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26A) is developed on the steeply in clined beds in the west
1imb of the Breltenbush =nticline; elsewhere there 1s & complete
"lack of correlation between topogra by snd gtructure. .

#here lavas of the High Casesde sequence oceur on the
tufrs. ags in the vieinity of Battle Ax and along the eastern mar-
gin of the ?#estam asncsdes, they dominste the landsoane, The
Tlows,usually mansive ar nlaty, commonly form ¢liffs two or three
hundred feet in heisght{Plates 26 B. 28B). Thin hedded flows give
rise to a very gharp crested ridse triangular 1n eross-section .
This kind of ridge, shown on Plate 284, 1s beet exemplified by
Eattle Ax iteelf, hence 1s for convenlence named the Battle ax
tvre. Although the battle Ax lavas do mt#om eninences above
the general ¥estern (agcade skyline, the Outsrson deposits form
a much dissected elongate mass on thee astern margin of the Ves-
tarn Cascades. This mass, which south of the Horth fantiam River
risea f ully one thousand fest sbove the tuffs to the west, is
showm in pPlates XVIII B, XXII &, |

The Battle ix lavas sre -wobshly the chief resson for
the difference in the present charagter of the lorth Santlian and
Breltenbush River Valleys. 7hereas the mtimfa Valley mst of
Soulder Creel has been continuously ercded sinee the uplift of
the vesterm Cascades, the SBreitenbush Valley wes eroded to a fair-
ly broad stage, then filled with laves, snd has now been partly
re-excavated. The lower limit of the lav.s wae 2200 feet or less,
only gilx or seven hundred feet nbove the present valley bottou.
The massive flows now form ¢liffs, uneecslnble in places, along
the north side of the valley, from ¥rench Creek to ilumbug Creek,
Esgt of the lave osutpouringe the wvalley widens at the Junotion of



74

Humbug Creeks, then narrows again in the minerslized zone east
of Bast Humbug Creek,

| | The Detroit Valley seems to be an znachronism. All
the Valleys above it zre fairly narrow, and the valley below it
1s in part a gorge in which the s tream is not yet at g rade. The
width of the valley, two milesg, can scarcely be atiributed to weak
rocka, becausethe western slde is 2 ut in the Sardine l.avas.
Small remmants of hlgh level terraces sloping abouvt three degrees
southwestward occur at 2300 and 1700 feet either side of Tumble
Creek, which was diverted almost a quarter of s mile southwest
behiind the lower terrszce, Boulders of olivine basalt wmere found
on the higher bench. The 1solated hill in the center of the val-
ley geemsg %5 have been part of an old floor which is well pres-
erved southeast of the Horth Santiam River. This lﬁvél,cat on
bedrock) is only slightly dlssected by the stdeams from Blowout
¢liffs, yet stands 2 good two hundred feet above the river. This
latter flows through = narrow valley which may have been glacla-
ly excavated, and which separates the hill from the surface to
the pouth asross the-river. The bedrock surface appears to rise
slightly toward the riverws:d nargin, suggesting that the hill
was the north divide of the valley. Hortheast of this hill, and
west of the Sreitenbush Fiver there -re extensive gravel terraces
at an elevation of sbout 1500 feet, These coarse river cravels
are well expoged in the Breitenbush ro-d just north of Detroit.
The depth of gravel susgests that the Santlam once flowed around
the north side of the hill; glacisal moraines may have caused the
initial diversion from the old channel. That the bedrock surf-
ace ig Plelstocene 1s proven by the exposures of Detroit till at
the bottom of the Santlam chennel; the shelf is probably a rem-

nant of a Pleistocene imm.ture valley stage not preserved in the
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gorge .

The topographic effect of the young lavas which were
poured out on the Jestern Cascades has been pointed cut above
with reference tothe ureitenbush vzlley. In addition to filling
the EBreltenbush valley the Battle 4x lsvas establlsucd a system
of rofighly radial drainsge centering ab Battls Ax. The streams
were guperposed on Lhe older rocks, snd have now ocut deep valleys
into them. East Humbug CUreek znd the oSreitenbush River apparent-
1y skirted the base of the volcano,

The Cuterson velcaznle aecumul-tions caused a distinet
‘narrowing of the pre~Pigeon North Santian River Valley, as is to
be expected. This constriction is well shown by the small width
of the ligeon basaits Letween “ount sruno and Outerson lountain
28 compared withtheir brezdth south, and especlally west of the
Bibow, ‘The steepness of the east side of the Coffin group prob-
ably is due to severe erosion by the trunk glacler which moved
northward slong the Horth Santiam Valley.

in the Breitenbush drainage there l1sg a slight phys~
iographic evidence of the easbern margin of the Western Cascades.
The divides north and south of the river contimue from the old
ioves o the younger. Breitenbush Hot Springs is situated in
a surprisingly broad valley at the Juncetlon of the Horth and 8outh
¥orks of the Breltenbush River and Devils Creek, The broadness
cf_the valley is probably due tc the presence of 2 body of bed-
ded sandy tuff in the breitenbush Series., Such sédiments crop
out zlong Devils and Skunk Creeks and undoubiedly underile the
large iandsilide syrea south and west of the Hot Springs. The north
and west 1limite of the valley are determined by resistant tuffs

and 1avaa'somewhat mineralized; the southern side by the cliffs
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af Outérson Yountain and Timber Butte: and the ¢astern edge by
the eliffed ridge ends of Devils Feak and Breitenbush Hountsin.

| That the valley has been develeped tc 1ts present
form since “int o 4time is proven by the cegurrense of “uterson
luvss In Bald sutte and the base of all the ridges to the south,
If the valley had deent present 1t would hove Leen £1illed with
“uterson deposits; or 1f cubt in the Outerson debris would have
been fllled with Minto lavas . ‘The searp was essentially in-
tact when the Outerson sruptions sccurred; this ia proven by
the basal contaet of the “uterson zeries. That 4he (linto laves
went condliddrsbly farther went isn proved by their nroscnoe,seven
hndred feet thisk, in “anafield “ountain. 7The nresent broad
valley at the hot sorings, 1f erodoed out of 230144 lavas of the
type in Breitenbush Vountnin, i1s in compatibie with the youth-
ful eharaeter of the valley west of Scorpion Creekx. It bhecomes
reagsonable, however, 1f “he main mug wag relatively ensily eroded
podiments with & thin eanping of later voleanics. From the
baae of the o0ld scarp east, the present stroams are gonsidered
a8 oconasquent; fros the tasge of thwe sgsrp to Scorplon Creek

they are pmbﬁhly supernposed,

South of Jefferson Park the High G:-;,sead?s are
egsentially, as described above, an elongate sceunulation of
lavas rising to a definite erect slong the line of voleanie
pesks. The physiography of the west slde only 1s 13011;634 in
this p8pere. The originsl lava slopes have been greatly low-
ered end dissected streans heading well toward the crest of L he
fiange as shown by Plate XxX. The valleys are steep walled and
terminate in cirques, or broasd glaclated basinges The westward



PLATE &

The panersams oéitho High Cascades from Woodpecker Hill

to Pine Ridge,f#ﬁ geen from Bachelor Mountain, The ridge
in the foragra&ﬁd is the eastern gpur of Mt. Bruno, east
of which the Séﬁtiam River flows northward., From north to
gouth the main;?%aturea are: the valley of Whitewater
Creelk; Woodp&o%@r Hill, composed of Quterson deposits;
Woodpecker Creéﬂg Woodpecker Ridge, composed of Hinto

lavag; Mt, Jefé%#aon, rising above the valley of Pamelia

Creek; Minto fgktain; Minto Creek snd Bingham Basin;
ki
Bingham Ridge; Marion Creek valley; and Pine Ridge.

L
ol
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7
flowing streams are tridutary to the northward flowing North Sam-

tiam River whose course was originally determined by the interse-
ection of the surfaces of the Outerson series and the uin to ser-
ies. The uinto Lavas completely buriled the isolated rhyolitic
hills but flowed around the Cuterson deposits 1. #oodpecker ridge
and east of Boea Cave. Small valleys were formed at the margins
of the flows; hence the similarity of the upper courses of ood-
pecker and Cheat “reeks. *he Santiam Fiver which presumably m
marks the origiaai western limit of the #into §svaa is regarded
ag the western boundary of this -part of the High Cascades.
Horth of Jefferson Fark the High Cascades assume the
plateau character already outlinzd in the discussion of structure.
The western edge of the origina& !ﬁ;&&eﬂ of the lavas was fully
as high as the ridges of the VYestern Cascades, so there is no e
evident physlographic boundary between the two ranges. The source
of most of the lavas south and west of Olallie Butte was in the
vieinity of fark Butte. This is shown by the dips in the lavas
and also by the northwestward dourses of the two forks of the
Breitenbush River. The elevations of both features increase uni-
formly to = maximéim of TOOO feet in Park Butte, which is known
to be a voleanic neck. The Fark Butte voleano probably surpas-
sed the present lit. Jefferson in grandeur, and unquestionably
dwarfed it in bulk, DNogth of Olallie butte the highland eleva-
tion decreases uniformly to about 3500 feet at the head of the
osk Grove fork of the Clackamag HKiver in the lount Hood quad-
rangle, The valley of Cub Creek, a tributary of the Clackames
fiiver which was beheaded by the Ereitenbush River, marks the
westernedge of the summit highlands. Hhododendron Bidge, which
extends northward from Collawash Mountain, was apparently bullt
up by flows from sources located close to the course of the
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postulated Cascade fault, and is fully as high as the summit up
highland,

Quite probably Olallie futte and iount dqefferson
were bullt simultanecusly, after the lirk o Lavas had been deeply
eroded. Both are greatly eroded steep cones set on the older
broad mass of the liinto Lavas. The present form of Olallie
Butte 1s not its original outline, but is the resuit of glacial
scour around its base, and normal erosion above the ice level.
Its base once extended at least a mile farther west, and the eas-
tern side was deeply eroded by glaciers.

The Pigeon flows straddle the boundary between the
Western and High Cascades. Their maximum thickness, 1600 feet,
ie at Tummel Creek; thelr maximum width, almost three miles, is
attained a mile west of Timber Butte. The valley they filled was
broadly mature in the Ereitenbush series, considerably constric-
ted in the Outerson series, and narrowed rapldly from the Elibow
south. The old valley bottom i1s probably only a little sbove the
level of the present Santiam River as the basal contact of the
basalts west of the Elhow is nowhere more theon 250 feet, and in
most places is not more than 100 feet above the river. South
of “hitewater Creek the do&u from the steep western ends of
7oodpecker ridge and Minto Mountaln has buried the Pigeon basalts
to such and extent that only the broad benched surface, seen in
Plate X A, and occasional small basalt outcrops prove their pre-
sence. The southerntost remnant of the flows is the 400 foot
knob south of Independence Prairie Ranger Station. It is west
and south of the pre-rigeon channel.
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The entire range shows the effects of glacial action
action in Wisconsin or eariler times. The high ridges were pro-
ba'ly heavily glaci=zted during the iill City and Detroit glacia-
tions, but were little affected by the Wisconsin ice, The vsl-
leys ho wever , were fairly well filled by the Wisconsin ice and
have typileal glnclal erogs-profiles, as shown in Plate XVIII-f.
The valley floors are all veneered with glacial t1ll or gravecls
to such an extent that bedrock 1s rarely exposed in their lower
courses. iilk and Famelia Crecks are consplouously asggraded
below an elevation of 4000 feet, Pamelia Lake wa8 probably dan-
med by debris from 1ilk Creek, which heads in the Hilk Creek
glaciers on the west slde of #Hount Jefferson.



Derencenent of Dra inare

It iz ot at all purprising, in recions of
voleanie activity fo find evidences of disordered drainace.
In a2 simple volecanic ranse the drainage is everywhere conse-
quent, I such = ranpge were bullt upcon an older one, the
previous drainape would be locally obliterated and mipght be
deranzed at great distences by blocking of mmjor drainage
lines. '

In the High Csseades the drainage is conse-
quent, The only major drainege change noted in them was
the beheading of the Cub Creek branch of the Clackamas River
by the Breitenbush River. The eapture ceccurred mthuut
of Peld Putte, and diverted the upper six miles of Cub Cresl.
The Cub Creek velley was fully a mile wide st the point of
eapture, and now stands sbout eight hundred feet sbove the
Preitenbugh River walley. (See Plate XXXIXII) The Cub Creecl
level shown im Plate XXXIV is prominently displayed along
both sides of the North Fork of the Breitenbush River, and
is aluozt intaet for & distance of tiwes miles weat of
Prefterbush Iake. The eapbure must have oceurred during
Detroit rlacisl time or earlier, and was probably caused, or
at leagt aided, by ice crosging the former divide west of
Cub Creels. The situation is judged to have been similar to
thet east of Elk lLake during the Wisconsin epoch.

In the Vestern Cascades drainage chenges were
probably more profound. The low level of the Battle Ax
Iavag and Pipeon Bagalts prove that the eastern side of the
prange had been eroded essentially to the present depth at



The beheaded valley of Cub Creek hﬂ viowed rrnm avmitan»
bugh lMountain, The lower level vall&y af ﬁha Brcitanbﬁah
River can be seen crossing the view rrmm,rlght to lafsﬁ'
Bald Butte is to the left; Mt, Bbod 1a vis!hﬂa evar tho
gshoulder of Sisi Butte, which is,t purbitlly disaeattd
cone, The ridge in the lower L : ) ‘

of PBreitenbush Mountain,
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Greek. The bresdth of the Cub Creek

bush River,
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Pyramid Butte, An 1n§#uaive,an&é@&ﬁ@fﬁlﬁg}“ﬁgaﬁvfrom
the northwest. Glaciated muaaivq»élivihs'bﬁgilt is
ghown in the foreground. |

Eﬁ.,Je{fersen as seen from the east gide of Olallie
Butte, The crags sre probably intrugive magses of the
old plug, but may be very thick flows, The Three Sis-
ters are visible to left of Nt, Jefferson., Breiten-
bush Butte is directly below lit, Jefferson,
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least ag ocarly as liddle Pleistocone time, and the Santiam
Valley developed to mturit;y. If the Det:-eib Bagin had been
present in snything like its present form when the Battle Ax
Lavags were poured out, it schould have beex;i filled at leest
partly; however, no olivine bagalis are !mm to oecur in
place weat of Trench Creek. The bma&enmg of the uantim
Valley from west to east strongly sugpeatﬂ: valley dew:npod
by an esatward flowing stresn which maso% the Caseade fault
searp and maintained its eourse in gpite aftlae Outersgon erup-
tions, but turned gouth at lesst ms far as neodpecker Ridge,
and possibly beyond Hinto Mountain. Incomplete dmmming by
the Outerson series would psrtially sccount far the widening
of the velley just to the ﬂcf The topomh? buried by
the Rattle Ax Iavas was mtmm:m, but of tiha Lype which
would ocewr 1n the upper portzona of = nusy lﬁm that ocou=
pied by the pre~Figeon Mntiqu. The absence ‘?f &thw in
the Detroit Basin suggests mnt in pre-Pattle Ax tine the main
valley was the Ssntiam esat ar Detroit, and mﬁ joined by &
minor bramh or branches I’Nal the southwest, #hbﬁ ew Detz'oit
bagin is now located. Blowout Creek may bave 3&1::34 1:2& pre=
Pizeon Santiam (hereafter ra;term to as the me San§
here. : B
The wide nuay stage in the lorth %lntimﬁ Vaﬁgy
west of Sardine lountain indicates on the other W & rather
gmall streanm (the Vest Santlam) which even in mltm'ity hﬂd a

hich gradient, and probably lLeaded near the south spu:r of Bn\-
dine Mounteain. The present vaney u a youtbful nwey. amoat

Y



& gorge, whogse gtream is not yet at grade; moreover this
valley has been cut down enourh in post HMill City time to
remove all positive evidence of the powerful pglacier which
passed through. In addition, the upper portion of the liorth
Santian which now occupies the valley of the former Isst Sane
tiam hag cut a youthful valley very little below the level
reached by the latter, although it must be & much more pover-
ful stream,

In brief, the evidence points to two drainage
gystems in the Vestern Cascades in pre-Cuterson time. The
West Santiam was gmall east of M11l City; the Emst Santism
may heve been larger but in any event developed a mature
valley which opened out throupgh the Cascade fault gearp into
the Eagtern Orepgon of that time., The Cuterson arn:pt:sna eon=
stricted the valley near the nov buriled gcarp, gndﬁare«d the
gstream southward past the Outerson depogits in 'ﬁoodéeeleer
Ridge. Deyond that point its course is unlmown, The Pattle
Ax Iavas ceused only loeal changes in the drainape go are re-
glonally unimportent.

' Then the Hinto Lavas were extravasated, they must
have dsmmed sny eastward drainage from the Vegtern Cageades, iw
ecluding the East Santiam, Thelr superposition of a short sec-
tion of the Breitenbush River bag already been noted. South
of Outerson mountain, they formed the east side of the trough
along which the liorth Sentism River t’;o'a northward, The rhy-
olites in Minto lountain probably were high enough to prevent

the total £1lling of the fault line valley to the west (possi-



bly occcupled by the Bast Santiam); hence the drainage of the
aroa imnediately to the gouth was northward. The Basgt San-
tian must have been ponded to the helight of the lowest divide,
which happened to be thmt into the Vest Santiam drainere.

The divide was probably not over 2500 feet above tide.

As soon =8 the ponding occurred, several things
magt bave happened. First, linto ILake bepgan to T111 wp vith
gravel and detritus and the divide began to wear down. 4s
soon ag the lalke wasg {illed, material gtartsd over the divide;
the latter was ratherrapidly cut down, and the level of the
f1illing correspondingly lowered with the formation of ter-
races. The high terrages west of Detroit may well be rem-
nante of such deposite. The presence of olivine bmsalts on
them proves the valley wes filled to that level (2800') in
pogst~futerson time, and in view of the sbove mentioned rela-
tions of the Outerson seriles, probably in post-liinto time.
7{1linz to guech a depth would afford opportunity for super-
position of the later streams soross spur ridges; the gentral
hill southwest of Detroit ig presumed to bave originated in

this nanners

,, The width of the valley filled by the Pigeon
bagalts along the foot of the High Caseade slopes indicates
e not incongidershle period of ercsion between the eruption
of the ilinto Lavas and the later flows, & time certainly long
enough for the removal of the lake £illing. The thiclmess of
the Pipeon Lavas strongly indicates that they eompletely
blocked the Santiam drainape to the gouth, as the divide



into the !lcKenzle drainapge at pregent iz only one hundred
feet hicher than the top of the Pipeon flows, =and has been
built up by posteglacial flows. Again a lake mugt have
formed, whoge helipght was determined by the divide, and the
Sentism drainage from the Elbow south went into the loKensie.
During glacisl times, possibly first during the 111 City
slaciation, eertainly during the Detroit, ice passed over

the bagalts, which are thin bedded and would be eroded rapid-
ly by ice action, Sirnce ice movement was probably relatively
fagt through the liorth Santiam Valley and very slow midway
between the Horth Santiam and lelenzie outlets, repid lowere
ing of the bagalt dam at the Hlbow and re@stablishment of

the liorth Santlam drainage resulted. Ibpe of recognition of
traces of the labe filling 1s small because of the geverity
of the slsciations in this area, the sbundance of late gla-
eial gravels and the dense forest cover.

It thus sppears that the North Santiam River,
thourh young s rivers o, has had a history greatly compli-
oated by the velesnic erustiong st various times during the
Pliocene and Pleistocene. 1Its history may well have been
nearly duplicated by other gtreams which eross the western

Cagondes.



HOT SPRINGS

Tumerous hot springs oceur in the vieinity
of Breltenbush Dot Springs, and two health resorts have
been built up. The individual gprings are gmall and
geattered over an area of about & square mile, The total
flow of the springs 1o estimated at one hundred thousend
pallons per mﬁl The temperature of different springs
veries between 125° end 1940, about half of the total
flow belng at the higher temperature. The water contains
large amounts of godiwm ehloride » taloium, and iron carbone-
ebes, algo some gulfate radieal snd siliea. Sodium chloe
ride iz by fer the mogt abundant mineral constituent.

Deposition of earbonate from the spring wa-
ters has cauged acoumlation of the travertine ghown in
Plate XXAVIIA and cementation of river pgravels to form a
magcive conglomerate, Illany sumll gprings issue from the
gontact between the conglomerate and the underlying ande-
gite flow, One such gmall spring is shown in Plate XXXVIIB.
The main point of geologleal interest in .the springs is the
fact that the pregence of the springs denotes contimuing
ipneous sotivity in this part of the Cescade Range.

1. BEruckman, H, H.; Personal Communication
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The overhanging ledge is travertine; boulders ﬁav be
geen in the shadow beneath,
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CHAPTER VII
GEOLOGIC LISTORY

The geologic history of the sentral Oregon Cag-
cades, while complicated in detail becsuse of the intermite
tent character of voleanie activity, is in broad outline rather

gimple.

Little or nothing is known of its history before
the Oligocene. Apparently shortly after the perilod of folding
at the end of the Eocene, wulcanism began in the Cagcade re-
gion with eruptions of the explogive type. The great thiokw.
ness of the Preitenbush tuffs was scoumlated while erosgion
carried much oi’ the debris to the ocean, the m:m;aﬁm eclogely
following the eastern margin of the Willamette velley. The
éent.-ern of eruption were probably spread over a rather wide
zone. At the end of the Oligocene the @ﬁtl& t‘olding; of the
Illahe and llehama formations occurred, This folding was due
to compression whish caused loeal buekling in the soft tuffa-
ceous gsedimenta. The direetion of mpplication of thege forces
is not eclear. During this perilod of buckling the Cascade vol~
canoceg were active so no sharp stratigraphic break occurs
within the range as at the western edpe.

In the 1iddle Miocene the explosive mctivity
gave way to extensive extravasation of lava, probably at the
gane time the Columbia River Dagalts were poured out. The
sources of these lavas were probably fissures located between
House lountain and the easterm edge of the Sardine Seriles.

The lavas accumileted to = thickness of over six thousand
feet, thimming rapidly eastward, snd less rapidly to the west.



Flows of the filssure type probably occurred in the general
region of the Villanette Valley at this tiwme, ag it is not
likely that the Stayton lavas all originated in the Cascade
dountains,

Toward the end of the ililocene period voleanic
activity ceesed, piving ercsion full sway. During late lio-
cene time the folding of the Cagomdes ocsurred, probably
shortly followed by intrusion of the diorite with concomi-
tant nmineralizetion, The axis of folding was generally northe
espt-couthwest, The steep folding of the tuff series might
have been eauged by their relative incompetence or by a north-
wegtward scting forece which erumpled the eagt gide of the
range. In any event, the intensity of the folding decreased
toward the nortlwest.

. The perdod of folding terminated the Nioecene, and
was probably followed by a period of ercsion during which the
elevation of the range was congiderably reduced. The main
dr_ui.mga divide of the Vestern Casoades at that time was in
the vieinity of Sardine Hountain, The Serdine lavas stood
gsomewhat hisher then the tuff area to the east, The eleva-
tion of the mountains before uplift by faulting is subject to
conjecture as little or nothing is known of the pre-Pliocene
landscape.

In Barly Pliccene time, tension along the margin
of the Basin and Range province and the Columbia Plateau was
accompanied by faulting presunably of the normal type, along
the eaztern side of the Cascades. The Cascades were raised
about one half mile along the Cascade fault, =and tilted west-
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werd. Erosion was rapid in the soft tuffs elevated in the
eastern side of the mountalng, so valleys were quiekly cut
down to give a relief of & half mile or more. Soon after
the valleys had begun to wigen as the streams approached
grade, the Outerson volcanig eruptions occurred along the
general line of the fault. gThey partially blocked the East
Santiam, causing 1its valley to be widened,

Soon after the guterson eruptions ceaged, the
gcene of voleanic activity gpifted some eight or ten miles
eagt to the line of modern ypleances. The Minto lavas were
poured out, deeply buryinz the area east of the Cascade fault.
The eastward flowing streamg in the Western Cascades were di-
verted along the western fogt of the IHigh Cascades, or reversed
in direction. The portion of the East Santism east of the
present gite of Detroit wag yeversed, and forced over the
divide into the West Santian valley. At nearly the same time
the Minto lavas reversed the East Santiam, &he Pattle Ax vol-
cano was bullt up, filling ¢he Breitenbush valley. Both the
post~iinto Breitenbush and peversed East Santiam were now
larger than their predecesgors by the smount of water they
received from the western giopes of the High Caseades. Minto
Iake was soon filled with getritus and emptied ess the outlet
wag lowered. During the emptying process, either the Santiam
or Preitenbush Rivers wasg gpperposed across a mountain spur
and in 1its downward course 4golated the hill in the Detroit
Bagin.

Some time befgre the Ssntiam Gorge had reached
its present level the Mil)l city ice advanced from the east,
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passed through the porge, and extended almost to Mehama, It
was a powerful glacier, and undoubtedly deepened and widened
the gorge. Upon 1ts retreat, normal gtream downecutting pro-
ceeded rapidly with the abundance of water and placial material

Probably before the lill City glaciation, and
certainly before the Detroit glaciation, the Santiam valley
was blocked by the Plgeon basalts. Between the Mill City and
Detroit glaciations the Santiam Valley west of the Detroit
Bagin reached its present depth. This suggests that the San-
tiam had its full flow, and that therefore the Mi1ll City gla-
cier had breached the Pigéon lava dam, 0Olallie Butte and
Mount Jefferson may have been built about the same time the
Pigeon basalts were srupted.

The topography left by the Mill City glacler was
probably largely destroyed by the time of the Detroit ice.
The latter advanced beyond Detroit, and performed the main
gsculpturing of the High Cascades. Local pocket glaciers
doubtless existed in the Western Cascades during both thege
early glaciations.
; The ¥isconsin glaciation apparently followed
clogely enough after the Detroit so that the eirques of the
latter atill existed. The Visconsin ice freshened the cirques
and valley profiles but did not affect many of the higher sur-
faces covered by the Detroit ice. The present cirques in the
Western Cascades were probably formed during the Detroit
glacial epoch, =nd freshened during the Wisconsin glaciation,

In post glacial time, in the particular area
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studied, only normal erosional processes have been in opera-
tion. The extensive gravel depogits Raid down during the
glacial gtages have been partially removed and the Horth
Santiam has intrenched itgelf slightly below its flood plain
from Mehama east.
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The gection under congideration extends from
the Willamette River south of Halem eastward to the sumit
of the Casesde Ranpe north of Mt, Jefferson, 7The data se-
eured in the courge of thls investigation lemd support to
Callaghan's theory that the Cagcade in Orecon ocon-
gists essentially of two lgsnmmétm&@ vigions g}ﬁgh he

named the Vestern Gmmﬁes and the Wiy h W

The *‘eamm Cagcade vam” Wh m  in
age from Eoeene to Ifiogcene, have been gently eomp ‘ in-
to folds trendins northesste-ghoutlwest and int " ‘places
by dloritie rociks. Structural contimuity of the m Bills
homoeline with the Vestern Caseades is demmmmy m
eagtern marpgin of the Vestern Caseades ig the north-south
- trendines Casgeade fault which follows the valley of m Borth
Sentism River, and pute of{ the Fegtern Cascade structures.
The rocice of the Iligh Cageadeg are divided into four geries.
The eseurrence of eenters of eruption awazg the Cesgaude fault,
the Cageade fault itself, and the aligmment of both the ear-
lier and later Iigh Cascade volesnoes imply that the distri-
bution of IEich Caseade vents is controlled by a northesouth
system of fractures, possibly of the Pasin Range type, which
intersecis tim Vestern Q&aes&e structures ahuqmly,

- mﬁ!‘ﬂﬁmi surfaces ave mammm apparent in
the Iiech Casecndés, and are well exhibited in the western pore
tilon of the Teatern Cagesdes,  The main masg of the Vestern
Cascedep 18 in the early mature simpe of the erosion ¢ycle.
The High Csscades have been deeply trenched by glaciated
valleys at. rigﬁ;ﬂz &ng’.tw te the sxis of the range.

Three epochs of gl&ﬁi&%iﬂn are ms;gnim and
correlated texx%tiw with the Sherwin, Tahoe, and Pioga of
the Dierra Nevada, 1 the large glwiam headed on the wesn-
tern glopes of the High Cascades and edéd down the Tege
tern mm m1m vmiag ﬁut&m

It 18 de monst ated on tha mn of structural evie
dence that the mww ;_ma was raised essentialiy to
ita m@nﬂ; position in pre-iiddl ,Pﬁm 4time, and deeply
sroded before the wim High Cagecade lava _erupt
Yo mm:m of & widespread emion mxm in this t of
the Cascade lanpge was ‘M‘. “Bvidence is given sugpes mg
that before the ‘extrusion of the Hish Cageade lavag the draine
age divide of the Vestern Capsoadss was wegt of Detroit. Irup-
tion of the Hish Caseade lavas effected intepration of the pre-
gent lorth Santiam &mimm syotem by demming the eastern
streamg, forcings them over a low &ivme to the west. ODeveral
other less important éimim changes are described.

Petrographbically the baik of the iigh Cagcade lavag

are bagalta., Andegitic Javag ocour mainly in the younger peaka,
The Testern Casecade lavas are largely lasbradorite andegites, al=-

thourh dacites and rhyolites ocour,

- &
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General Geology

The part of the Salem Iills considered in this paper lies
south and east of the Willamette River south of Salem, Cregon.
The area is in the middle of the Willamette Valley, midway be-
tween Fugene and Portland, ahd occuppes the southeastern part
of the Salem quadrangle of the Topographie Atlas of the United
States, |

Strueturally the S8alem IIills are very simple, They are
a warped homociine, maturely eroded, of lavas dipping northeast;
the dip varies from 00 to 3°, The lavas lie unconformably on
- folded tuffaceous mariﬁe sediments of the Illahe formation.
The angle of dip in this formation is about ten degrees, butb
dips of forty-five degrees were recorded. Thedstrike of the beds
is generally northwest, but varies greatly‘from place to place,
The basal contact relations of the lavas indicate that the

pre-lavae tmndscape was in the mature stage of the erosion cycle,

The Illahe Formation

The Illahe formation is best exposed on the western scarp
of the hills, but also is revealed in scattered patches east of
the hills, where the lava capping has been cut through. In the
western portion of the area the Illahe formation is mainly com-
posed of sandy or silty tuffaceous sediments, with occasional
thin gravelly waterlaid tuff beds. The maximum pebble size in
suech beds is less than one half inch; the pebbles are'of nearly
all types of volecanic rocks, andesites being dominant. Fine
sandstone is the predominant type of sediment, some of these beds

being very well cemented with carbonate, I+ is gray when fresh,
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and brown when weathered. The fragments composing the cosrser
facies are plagioclase feldspar, quartz, oceasional pyriboles
and magnetite, in addition to minute roeck fragments. The in-
complete weathering of the feldspars suggests rather rapid
transportation and deposition of the sediments. True shales
are entirely absent., The following section a mile north of

Sidney is characteristic,;

Section at Locality #7

Thickness
Basalt
2801 Massive poorly bedded coarse sandstone
a? Highly cemented medium gr=ined gray sandstone
containing abundant pelecypods and some gastro-
pods. Only fossiliferous horizon in section
507 Tine silty sandstone
12! Hard waterlaid tuff with half ineh fragments
90" Fine silty sandstone
o7 Coarse waterlaid tuff similar to above
L0t Fine silty sandstone
2t Coarse waterlaid tuff
257 Fine soft sandstone
21 Waterlaid tuff, pebbles to 2", well cemented
. 457 Silty sandstone
A Fine dark gray highly eemented siltstone
N Bottom of exposed section
363" .

The formation is much more variable in the eastern part of

the area. Very fine white, chalky-textured tuffs are in places



interbedded with coarse sandstones and tuffs, the latter having
fallen in water but not been reworked, These fine tuffs feel
like yéast when wet. Fossils oceur even in the coarsest materials.,

Northeast of Tﬁrner the sediments arevmore heavily bedded,
predominantly pebbly, and apparently contain no fossils., Where
the sediments underlying the lavas again appear, ten miles or so
east of Turner, they are definitely continental. A flat syneline
in the lavas east of the Salem lills makes it impossible to trace
the two facies continudously into each other, butbt structural
relations to the lavas and the type of deposits strongly indicate
that the formations are stratigraphically equivalent. Northeaét
of Scio heavy conglomerates and tuffs interbedded with fine shaly
beds are well exposed iﬁ Thomas Creek. The relations, snd the
faet that no fossils were found. indicate near shore continental
deposition.,

Fossils, though not uncommon in the Illahe formation, are
well preserved only in the well cemented beds. Most of the re-
mains are casts and molds; specific identification 6f forms is
therefore rather difficult if not impossible. Some thin lenses
are almost entirely composed of fragmentary casts, but actuzmi

shell material is rarely preserved because of the deep wesathering,

-

Table I

Complete List of Identified Species from the Illahe
Formation in the Vieinity of the Salem Hills

Pelecjpoda Y. L ‘4 2. <, 4,
Acila shumardi Dall 1,5,8 X X X X
Ledsa lincolnensis Weaver 4,11 X
L. washingtonensis Weaver ; 4 X
Macrocallista pittsburgensis Dall 4,10 x x x X



Lick, 1. 2 3. 4.

Pitaria clarki Dickerson
Solen c¢f, eugenensis Clark
Tellina eugenga Dall

T. ef. pittsburgensis Clark
Thracia cf. condoni Dall
Yoldia oregana Shumard X
Diplodonta ef, pariles Conrad 4,6

-3 3
M

> @

Gastropodsa

Molopophorus gabbi Dall 6 p:d
Natlca washingtonensis Wesver 6
Strepsidura lincolnensis Weaver 4
S. washingtonensis Weaver ¥

ol

Et

« L. Illahe localities
. FPittsburg Bluff
. Fugene Formation
« Linconl-Porter horizon, Washington
. San Lorenzo, Central Californis

Many of the species of this fauna are highly ornamented
forms which are recognized as oceurring through a rather limised
range in the Lower or Middle Oligocene. The fauna is a warm
water tropical type.l

Division of the Illahe formation into distinet faunal
zones is not possible at this time., The irregular folding of
the formation and discontin ity of exposures render such division
- diffmeult at best. Furthermore, the present collections are
- admittedly not sufficiently complete to warrant such a division
on paleontologic greunds.

Nuculacea are the most abundant and widespread forms,
They are restricted almost exclusively to the fine silty sands
stones, although Acila shumardi was found in the pebbly con-
glomerate at Locality # 1. No forms belonging to this super-

family were found in the coarse sandstone at Locality #7 where

Pitaria clarki is so abundant. Gastropods are in general less

1. Diekerson, R.5., Climate and its influence upon.the Oligo-
cene faunas of the Pacifie Coast: Cal, Acad. Sei, vol., 7,
Pe 188, 191%,



numerous than pelecypods; they are extremely plentiful dbut very
poorly preserved in lenticular masses at Localities #3 and 74,
No gastropods were found east of the Salem Hills proper; this

suggests that they lived only in the quieter waters offshore.

Correlation

The distinetness of the faunal assemblage permits rather
definite correlation of the Illahe Formation with formations
in Washington, California, and other parts of Oregon, The
occurrence of Illahe species elsewhere has beén indicated in
Table I. The similarity of the faunas of the Pittsburg Bluff,
Eugene, and Illahe formations would undoubtedly be muech closer
if complete faunal lists of the three were available.

Sehenck has left little doubt as to the correlation of the
Pittsburg Bluff deposits with the Tugene Tormation.! The oceur-
rence in the Illahe Formation of diagnostic species common %o
both the above formations indicates that deposition was simul-
taneous in all three areas. The exposures at Holmes Gap which
were deseribed by Schenck and identified as Oligocene2 474 un-
doubtedly beréng to the Illahe Formation.

The affinities of the Oregon Oligocene faunas to those of
Washington and California has been indicated by Clark.® He
found that forty percent. of the species found in the San Torenwo
of Central California occurred also in the Middle Oligocene of
Oregon and Washington. He found also that the fauna as a whole

was entirely distinet from the Focene (Tejon), whereas less

1. Schenck, H. G., Stratigraphic relations of the Western Oregon
)ligocene formations: U. C. Publ. Dept. Geol. Sel vol. 18, p. 38,
2. ldem; p.-41.
3. Clark, B. L., The San Lorenzo series of Middle California: T,
C. Publ, Dept. Geol, Sei., vol., 11, p. 95, 1918,



than ten percent. were found in the Miocene or vounger beds.

In view of the above data there can be little doudbt that
the Illahe Formastion of the Salem Hills is to be ecorrelated with
the Fugene and Pittsburg Bluff Formations in the Middle Oligocene,
These formations in Oregon are in turn closely related in time
to the San TLorenzo Tormation of lMiddle Californis and the Tincoln-~
Porter Horizon of Washington.

The Stayton lavas which overlie the Illahe Formation are
regard~d as Middle Miocene. The magnitude of the unconformity
‘between them and the Illahe Formation indicates that the lavas
are considerably younger than the marine sediments. Furthermore,

Middle ¥iocene Columbia River lavas have been traced to the south

edge of the Estacada quadrangle in the west side of the Cascade
Range. The Stayton lavas thicken toward the north, and are very

likely the thin border of the Columbia lavas.

Fig. 1. TFine white tuffaceous facies of Illahe Formation
west of Turner., Three foot rule for scale.
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