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F O R E W O R D  

This Centennial  year, marking Oreg on's fi rst 1 00 years of stateh ood, may wel l  be 
c onsidered t o  mark the first 1 00 years since Oreg on 's pi oneer ge ol og ist and m issi onary 
min ister, Th omas C ond on, began t o  expl ore the ge ol ogy in the State . I t  s ee rus fitting, 
therefore, to dedi cate to the mem ory of Th omas C ond on, this "F ie ld  Guideb ook t o  
Ge ol ogic Trips al ong Oreg on Highways, " whi ch was prepared f or immediate use by the 
1 959 C ol l ege Teachers C onference in Geol ogy and f or future use by the interested publ i c .  

I n  the autumn of 1 852, the y oung Reverend C ond on and his wife, representing the 
H ome Missi onary B oard of the C ongregati onal Church, sai led from New Y ork ar ound the 
H orn t o  San Francisc o, and fr om there continued the i r  trip to Oreg on .  Mr . C ond on was 
f orced t o  leave behind him his ge ol ogy b ooks and his c ol lecti ons of rocks and fossi l s, 
which were his h obby . But once settled at his fi rst church in St .  Hel ens, Oreg on, he 
s oon began to observe the ge ol og ic f ormati ons about h im,  and n oted in h is first rep ort t o  
the H ome Missi onary B oard that the v i l l age was " bui l t  on a bl uff of p or ous v ol can ic  r ock . "  
Alth ough his early years of pi oneer l i fe in western Oreg on left him l i ttle time f or scien­
tific research, he took time t o  c ol lect a few r ocks and f ossi I s .  

In 1 862, the C ond ons m oved t o  The Da l les, a t  that time the head of navigati on 
on the C olumbia River and gateway for g old  miners and m i l i tary pers onne l .  I t  was here 
that Mr.  C ond on's interest in ge ol ogy, particularly paleontol ogy, began t o  be greatly  
aroused as  he r oamed the hi l l s near his h ome . His first find c onsisted of excel lent f ossi l  
l eaves i n  a sands 't one quarry near The Dal les, and l ater he found vertebrate b ones twenty 
mi les s outheast of the settlement . These d iscoveries and his great enthusiasm f or them 
awakened the interest of every one around him, especial ly  the m i l itary pers onnel . 

I n  1 864, Captain J ohn Drake and his s oldiers, whi le on a m i l i tary expediti on 
against marauding Indians in  central Oreg on, camped at Beaver Creek .  At this place, 
n ow kn own as the Bernard Ranch l ocal i ty near Suplee, they c ol lected f ossi l s  f or Mr: C ond on .  
These fossi Is I ater proved t o  be of Cretace ous age . 

F or the next ten years C ond on col lected widel y in central Oreg on and made freque nt 
trips int o Turtle C ove n orth of Pi cture G orge and t o  other vertebrate l ocal i ties . He sent 
much of his materia l  east to experts for identificati on and c orresp onded with B l ake, New­
berry, Meek, Marsh, C ope, Leidy, and other n oted geol ogists and pal e ontol ogists of the 
time . Severa l ,  incl uding Marsh and Le C onte, visited him . 

Later, C ond on's  studies took him al l over Oreg on .  His  remarkable  f ossi l  c ol lecti ons 
and his observati ons on ge ol ogy came t o  be a great stimulus to others and thus began the 
formal study of ge ol ogy and paleont ol ogy in Oreg on .  He was made the fi rst State G e ol ogist 
in 1 872 and in 1 876 became Pr ofess or of Geol ogy and N atura l H ist ory at the Universi ty of 
Oreg on .  His  v ol ume " The Tw o Is l ands" publ ished in 1 902 was the fi rst bo ok on the ge ol ogy 
of Oreg on .  

M ost of the p laces described i n  the " Fie ld  Guidebo ok t o  G e ol ogic Trips al ong Oreg on 
Highways" and t oday eas i ly  reached by autom obi le  and paved roads, were pr obably vis ited 
l ong ag o by Th omas C ond on who  g ot there by much l ess l uxuri ous meth ods . I t  is h oped that 
th ose using the Guideb ook wi II derive as much enj oyment from the ge ol ogy of Oreg on as 
Th omas C ond on did . 

May 25, 1 959 

H ol l is M .  D ole  
D i rector 
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HOW TO USE THE GU I DEBOOK 

HOW TO USE THE G U I DEBOOK 

This Guidebook has been prepared with a dual purpose in mind . First, to serve as a 
guide and reference book for col l ege teachers of geology partic ipating in  the National 
Science Foundation sponsored conference . Second, to serve as a guide to the professional 
geolog ist and the l ayman who has an interest in  geology and is desirous of visiting parts of 
Oregon that have particu lar geologic signifi cance . 

The Guidebook contai ns the road logs of seven trips, representing a total of 1 , 1 00 
m i les of geology along Oregon highways . The seven trips are as fol lows: 

( 1 ) Corval l is to Newport via Depoe Bay . 
(2) Eugene to Coos Bay via Reedsport . 
(3) Corval l is to Prinevi l l e  via Bend and Newberry Crater .  
(4) Prinevi l i e  to John Day v ia  Mi tchel l .  
(5) John Day to upper Bear Val l ey .  
(6) Logdel l  to Pine Creek (Jurassi c) . 
(7) Picture Gorge to Portl and v ia  Arl ington . 

I n  fol lowi ng the road logs, the hour hand position of the clock designates d irections . 
For example ,  beginning at Corval l is, 1 2  o'c lock represents the direction ahead on the road, 
so 9 o'cl ock would  be to the l eft and 3 o'c lock to the right . I f  travel i ng toward Corval l is,  
the reverse would be true . Accumulative mi l eage is stated in the fi rst co l umn of the log and 
is referred to the starting point of the trip . I nterva l  m i leage is l i sted in the second column, 
which enables the user to start or finish the trip  at any point . 

Geolog ic strip maps, as wel l  as cross sections and other i llustrations, accompany the 
trip logs to hel p cl arify the geology . The posi tion of each map in  relation to the tri p route 
is indicated on index maps and also in the logs . Absence of geo logic maps for any trip or 
part of a trip general ly  indi cates the absence of geologic mapping in  that area . ·· 

The corre l ation charts in the Guidebook incl ude many formations occurring in.·Oregon . 
Al l formations are briefly identified in the a lphabetical ·l ist wi th the charts. Those formations 
encountered on the trips, however, are described.in more detaiL These descriptions appear 
under the heading " Stratigraphic  Sequence,"  wi th the formations arranged from youngest to 
oldest and grouped according to the region in which they occur . They wi l l  be found accom­
panying the appropriate trips . 
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A N  O U T L I N E  O F  G E O L O G Y  A N D M I N E R A L  R E S O U R C E S 
By the Staff 

S t a t e o f 0 r e g o n D e p a r t m e n t o f G e o I o g y a n d M i n e r a I I n. d us  t r i e s 

GEOLOGY 

P a l e o z o i c  R o c k s 
Oregon's earth surface has a h istory dating back more than 400 m i l l ion years . Anc ient sch ists in 

southern Jackson County and l imestone in G rant and Crook counties, a l though not dated with certai nty, 
are probably the o ldest rocks in the State and may be as old as the Devonian period of the Pa leozoic . 

I n  l ate Pal eozoic time (Carboniferous and Perm ian periods) , Oregon was invaded by sha l low seas . 
Products of erosion and vo l canism were deposited on the sea floors al ong with shel ls, cora ls, and other 
l imestone-form ing ma teria ls . Subsequently these deposits were subjected to rock-form ing processes . 
Today, l imestone, marble, shale, slate, sandstone, and vol can ic rocks of Paleozoic age are exposed 
in the Wal lowa and B l ue mountains of northeastern Oregon and in the Suplee region of central Oregon 
where they have been upl ifted, fol ded, and faul ted by mountain-bui ldi ng processes . The thick sections 
of these ancient rocks are mute evidence of the a lmost inconce ivable time required to form and emp lace 
them . Typical foss i ls in Oregon 's Pal eozoic rocks are brachiopods, corals, and fusul in ids, as wel l  as 
a few remains of extinct trees such as fern and ca l amites . 

M e s o z o i c  R o c k s  
Rocks of the Mesozoic era formed between 200 and 1 00 m i l l ion years ago . Such rocks are sub­

di vi ded into Triassic, Jurassic, and Cretaceous systems . They cover large areas of northeastern, central , 
and southwestern parts of Oregon . These rocks incl ude marine sediments, vo l canics, and igneous intrusions . 
The sedimentary rocks were deposited in sha l l ow seas and basins that covered much of the State . I n  south­
western Oregon, l ate Jurassic to early Cretaceous sha les, si l tstones, and conglomerates have wi de distribu­
tion and serve as important stratigraphic units for the fie ld  geologist . Large areas in southern G rant County 
and also in Baker and Wal lowa counties are occupied by Triassic and Jurassic l imestones and sha les . Cre­
taceous sandstones occur in patches in southwestern Oregon, and in centra l Oregon . Foss i l  an imals of the 
Mesozoic in Oregon inc lude a few remains of marine repti les and a great abundance of mol l usks of which 
ammon ites, auce l l as, and trigon ia are typi ca l . Fossi l pl ants are chiefly cycads and ginkgos .  

Widespread ultrabasic igneous rocks of peridotite and serpentine are exposed i n  the Greenhorns and 
the Strawberry Range in Grant and Baker counties, and in the Klamath Mountains of Doug l as, Jackson , 
Josephine, and Curry counties .  The ul trabasic rocks are important economica l l y  because of their  associa­
tion with ch rom ite and n icke l deposi ts . In l ate Mesozoic times granite l ike igneous rocks were intruded into 
o lder rocks both in the northeastern and southwestern parts of the State . These rocks are associ a ted wi th 
some of Oregon's metal l i c  minera l i zation . 

C e n  o zo i c R o c k s  
The youngest geo log ic era is the Cenozoic . Th is era is so wel l  represented in Oregon and therefore 

of special  interest to students of the earth sci ences that some descriptive detai l is warranted . The Cenozoic 
has two main divisions ca l l ed the Tertiary and Quaternary periods . The Tertiary time interval is much the 
greater, probably rang ing from 60 m i l l ion down to 1 m i l l ion years ago . The Quaternary, the age of man,  
began at  the close of  the Tertiary and incl udes time down to and including the present . The Oregon Tertiary 
period is subdivided into epochs known from oldest to youngest as Eocene, O l i gocene, Miocene, and Pl iocene. 
Tertiary rocks are represented by th ick sections in the State, except in the interior of Curry and Josephine 
counties where they have only l imited extent .  The Quaternary period is subdivided into the Pleistocene 
epoch, or I ce Age, and the Recent epoch wi th the Plei stocene occupying much the l arger proportion of t ime. 

Eocene: During the Eocene epoch, 60 to 40 m i l l ion years ago, western Oregon was covered by a 
sha l low sea where thousands of feet of vol canic  rocks and sediments accumulated . These rocks now make 
up most of the Coast Range and crop out a long the western part of the W i l l amette Val ley . Some of the 
Eocene marine beds contain fossi l  she l ls . Late Eocene brackish-water deposits in the Coos Bay area contai n 
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coal beds . On the land east of the sea (centra l and eastern Oregon} rocks e jected from numerous active 
vol canoes produced the Clarno formation . This formation is composed of a thick series of lava flows, 
agg lomerates, and vol canic ash, together with Lenses of sediments deposited in l ake basins . These sedi­
ments contain abundant fossi l remains of sem i tropical  p lan ts such as palms, figs, and pecans, i ndicati ng 
a warm humid cl imate throughout the State and the absence of a- cl imatic barrier such as the Cascade 
Range of today . Recent d iscoveries have been made in the Clarno formation of foss i l  remains of rhinos, 
4-toed horses, tapi rs, crocodi les, and other animals . 

O l igocene: In O l igocene time, 40 to 30 m i l l ion years ago, the sea spread into Oregon as far 
east as the present Cascade Range and a I i tt le south of Eugene . Since the Cascade Range was not yet 
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in existence, the ancestral John Day, Crooked, and Deschutes rivers f lowed westward across the State 
d i rectly into the sea . Thi ck deposi ts of tuffaceous shales and sandstones were laid down on the sea floor 
together wi th a wi de variety of marine shel l s .  These foss i l i ferous rocks are now exposed in northwest 
Oregon and throughout the Wi l lamette Val ley . On l and, vo l canoes erupted l avas and exp los ive ma­
terials, particu larly in the region now occupied by the Cascade Range . Volcan i c  ash was carried many 
m i les by the wind and deposited i n  lakes and basins, and was the cause of the preservation of a large 
amount of p lant and animal remains . Of speci a l  interest are the formations in the John Day R iver va l ley 
where down-cutting by the river has exposed high jagged c l iffs of  green, red, and buff vol cani c  tuffs . 
Foss i l  remains, first col l ected from these tuffs by Dr . Thomas Condon, who later established the depart­
ment of geology at the University of Oregon, have become world famous, and a State park bearing his 
name has been establ ished on the John Day R iver . A large variety of pl ants and animals, many of whi ch 
have long been extinct, have been excavated in these John Day beds . The vertebrate fossi l s  are espec­
ial ly  outstanding and may be seen in museums throughout America and Europe . 

Miocene: The Miocene epoch, rang ing from 30 to 15 m i l l ion years ago, marked the wi thdrawal 
of the sea from western Oregon except for embayments along the coast and at the mouth of the Columbia 
R iver where foss i l i ferous marine shales and sandstones were deposited . Such deposits i n  L incoln County 
contain  bones of whales and sea l ions as wel l  as an abundance of foss i l  she l ls .  During this epoch, vol ­
canism cont inued to p i le up lavas, tuffs, and other vol can ic rocks i n  the Cascade region . Volcan ic  
eruptions showered the John Day country wi th ash which aided in preservation of sti l l  more fossi l  plants 
and an imals . The dawn redwood was the dominant tree of the epoch, and an imals included g iant pigs, 
oreodonts, 3-toed horses, g i raffe-camels, ante lopes, rodents, and carnivores . 

Probably the most outstandi ng event in Miocene time occurred during the middle of the epoch when 
the basal tic l avas poured out f low upon flow over extensive areas, particu larly in northeastern Oregon 
and southeastern Washington , to form the famous Columbia River basa l t  formation which is exposed so 
strikingly in the Columbia River Gorge and in the canyon of the Snake River. Deep chem ical weathe ring 
of the top fl ows of this basa l t  in northwestern Oregon resul ted in the formation of large depos i ts of high­
i ron bauxi te, an ore of al um inum . L imon ite bog i ron deposi ts in Col umbia County are a lso associated 
wi th these I avos • 

Pl iocene: The Cascade Range was born in late Miocene to early Pl iocene time . I t  grew in height 
a long a north-south be lt  due to the accumulat ion of lava from large shie ld vol canoes together with regional 
upl i ft .  The high snow-clad peaks we see today, however, were formed by sti l l  l ater eruptions mainly in 
the Ple istocene epoch . Bui ldi ng of the Cascades caused a c l imatic revol ution in Pl iocene time . The 
mountains became an obstacle to the course of moisture-l aden a i r  from the ocean forcing it to lose i ts 
moisture on the western side of the range . Thus the formation of the Cascade Range represented not only 
a physiographic boundary but a lso a separation of the State into two distinct cl imatic provinces . Western 
Oregon continued to be a regi on of m i ld humid cl imate, thick vegetation, and large rivers . Eastern 
Oregon, on the other hand, deve loped a semi-arid to arid cl imate wi th meager vegetation . Forests gave 
way to wide grassl ands populated with horses, camels, and ante lopes . R ivers which once flowed westward 
across the Cascade regi on were now deflected in other d i rections, and some became ephemera l . Where 
lakes existed in cen tra l Oregon, m inute aquati c plants wi th s i l i ceous ske letons formE!d beds of white 
diatomite . 
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I n  PI iocene time nearly the whole of south-cen tra l and southeastern Oregon was buried under sheets 
of lava on as grand a sca le a·s the Columbia River lavas of the preceding epoch . later these l avas were 
broken up into a mosaic  of block-fault  mountains such as the Steens Mountain and Abert Rim . I n  western 
Oregon, upl ift of the Coast Range caused the ocean to recede leaving on ly smal l embayments where marine 
sediments and she l l s were deposited, as at Cape Bl anco and Coos Bay . 

Ple istocene: late in Pl iocene time the cl imate of Oregon became much cooler .  At high alt itudes 
permanent snow fie lds grew thicker and l arger unti l they became gl aciers .  This marked the beginning of 
the Ple istocene epoch or I ce Age, which began about 1 m i l l ion years ago . 

One of the outstanding events of the Ple istocene epoch in Oregon was the eruption of a row of large 
volcanic cones, extending from Mount Rainier in Washington to Mount Shasta in Cal ifornia . Volcanoes, 
such as Mount Hood, Mount Jefferson, and Mount Mazama, were superimposed on top of the older Cascade 
Range . From their  bases, streams of l ava poured down val leys on both sides of the Cascades . G laciers 
near their peaks sent tongues of ice for many m i les down the flanks of the cones, gouging out the rock and 
g ivi ng the vol canoes their  present jagged out l ines . 

I n  southwestern and northeastern Oregon, rivers eroded rocks containing minera l  veins, redeposi ting 
the heavier m inera ls  such as gold and p latinum in gravels a long thei r courses . Along the Oregon coast, 
the ocean receded and left notabl e terraces containing bl ack sand, particularly in Coos and Curry counties . 
The Wi l lamette Val ley had become a structural trough between the rising Coast and Cascade ranges, and 
for a short time du ring the I ce Age it  was f i l led wi th flood waters from me lting cont inenta l  g laciers far to 
the north . Norma l l y  this trough was occupied by the meandering W i l lame tte R iver, and the region was 
inhabited by e l ephants, mastodons, and ground sl oths whose fossi I teeth and bones are found in s i l t  and 
peat deposits . I n  southeastern Oregon l arge l akes occupied down-fau l ted val leys . Their  former extent is 
seen in ancient shore l i nes more than 200 feet above present-day remnants such as Summer, Goose, Abert, 
and Warner l akes .  I n  this region fossi l  bones of Ple istocene mammals, bi rds, and fresh-water she l l s  are 
found in old lake beds . Deposi ts of a lka l i  sal ts are associated wi th the drying up of these l akes . 

Recen t: During the l ast 25,000 years, representing the Recent epoch, there have been a number of 
notable geolog ic  events in Oregon . The majestic Mount Mazama, a huge volcanic cone towering to a 
height of 12,000 feet, was probably a fam i l iar l andmark of the early I nd ians in central Oregon . This 
vol cano erupted wi th great violence about 7,000 years ago wi th such rapid remova l  of magma beneath it 
that the top col l apsed forming the present Crater lake ca ldera . Exp losion was accompanied by avaJ,anches 
and showers of pumice and ash which spread over a vast area in centra l Oregon . Newberry Crater was 
formed in a simi lar way by the explosion of Newberry Volcano, drivi ng I ndians from the ir caves in Fort 
Rock . Final eruptions of these two volcanoes occurred between 1,000 and 2,000 years ago . Final erup­
tions of South S ister are be l ieved to have taken p lace less than 1,000 years ago . E l sewhere along the 
crest of the Cascades as wel l as in the Bend region there have been numerous sma l l  l ava flows and ci nder 
cones, some of which may have formed only a few centuries ago . One of the most spectacular fl ows is 
the desolate region of tortuous bl ack l ava at McKenzie Pass . In far eastern Oregon , the Diamond and 
Jordon craters are surrounded by wastes of bl ack basa l tic l ava that is centuries old but looks as though it 
had just congealed . 

Within histori c times, smal l  volcan ic eruptions have occurred on Mount Shasta and Mount lassen in 
Cal ifornia and on Mount St .  Hel ens in Washington . None are defin ite ly  known for Oregon, but this is 
no proof that our volcanoes are extinct .  Volcan ism appears to be dying out, however, in this part of the 
worl d .  

Other significant events have taken p l ace i n  recent times: G laciers have shrunk to sma l l  remnants 
at high elevations . Streams have eroded canyons in mountai nous regions and have fi l led val leys and basins 
with sediment . landsl ides have occurred in areas of steep slope and incompetent rock . The ocean has 
worn away projecting points of l and leaving many isol ated off-shore rocks . And the wi nd has bu i l t  sand 
dunes a long the coast. Even man has succeeded in changing the shape of part of the topography and some 

of his activi ty has been very he lpful to the geologist . Wherever man makes a deep cut through rock strata 
for a highway or excavates a quarry, he revea ls in cross section a segment of the geolog ic  history of Oregon . 
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MI NERAL RESOURCES 

M e t a l s  
Minera l deposi ts are d i rectly rel ated to the geology and rock types of the State . The gold and si lver 

m ines of northeastern and southwestern Oregon are associated with pre-Tertiary rocks . Copper, lead, and 
zinc deposits, wi th accessory gold and s i l ver, occur both in Tertiary rocks of the Cascades and the pre­
Terti ary rocks of southwestern Oregon . Some copper deposits, al l of the chromi te, and the n ickel deposi ts 
are associated wi th the ul trabasi c  rocks of central and southwestern Oregon . 

Mercury deposi ts occur widely d istri buted throughout the State and have been found in many d ifferent 
kinds of rocks . However, commercia l  depos its are confined to Tertiary rocks . There are three general 
mercury areas in the State - namely, the western foothi l ls of the Cascades; central Oregon, especia l l y  the 
Ochoco Mountains area; and the extreme southeastern part of Harney and Mal heur counties.  Oregon is 
one of the five states in the N ation which produce mercury . Volume of production vari es greatly from year 
to year due to price fl uctuation . 

L imonite i ron ore deposi ts occur wi thin basal t  formations in Col umbia and Clackamas counties . Limonite 
ear Scappoose in Columbia County is m ined for paint pigment . For 27 years before 1900, l imonite near 
)swego in  Cl ackamas County was used as a source of i ron . 

Ferrugi nous bauxite is found at the top of Columbia River basa l t  in several northwestern counties . The 
bauxite depos its have been explored extensjvely  in Washington, Columbia, and Marion counties .  

The on ly  n ickel  m ine in the United States i s  located near R idd le i n  Doug l as County . The n ickel si l i ­
cate ore i s  m ined i n  a large open pit and trammed down to a smel ter  which produces ferroni ckel al loy .  
Approximate ly  1 mi l l ion tons of ore contai n ing 1.5 percent n ickel are m ined annual l y .  

Gold was discovered i n  Oregon i n  1852 and for many years i t  contributed the bu lk  of the State's 
m ineral weal th .  Gold m ines were shut down during World War I I  by a government order since decl ared 
i l legal by the courts, and only a few have reopened . The "freezing " of the pri ce of go ld at 1934 leve ls  
and increased m in i ng costs are other factors i n  the decl ine in go l d  production . 

Uranium ore was discovered near Lakeview in 1955. Subsequent exploration and development of the 
depos it revealed ore of comme rcia l  grade and tonnage . The U . S .  Atomic  Energy Commission approved the 
construction of a concentration p lant l ate in 1957. Other occurrences of uranium are known i n  Crook and 
Harney counties . 

N o n m e t a l l i c s 
L imestone of high puri ty is found in large deposits of pre-Tertiary age in the northeastern and south­

western parts of the State and is used primari ly  in making portland cement . Impure l imestone of Tertiary 
age is found in the northern W i l lamette Va l l ey . A l ime-burning p lant was constructed near Baker in 1957. 
High-grade l imestone from a quarry 10 mi les di stant is trucked to the p lant . 

Coal of subbitum inous rank associ ated with Tertiary sediments is wide ly  d istributed mostly in western 
Oregon . The l argest fie ld  and the on ly  one wi th an important production record is at Coos Bay . Fai rly  
extensive but undeveloped coa l seams crop out on Eden R idge in  southern Coos County . 

Diatomite occurs in l arge depos its in several p l aces in centra l ,  eastern, and south-central parts of 
the State . It has been produced and processed consistently for many years at a quarry on the Deschutes 
River near Terrebonne in Deschutes County . 

Pumice, abundantly di stributed over central Oregon, has been produced commercial l y  from pits near 
Bend in  Deschutes County and near Chemult in K l amath County . By far the l argest production s ince World 
War I I  has been for I ightwe ight aggregate . 

Expanded sha le wh ich has found i ncreas ing uti l i zation as l ightwe ight aggregate since World War I I  
i s  produced i n  two l arge p lants i n  Washington County . 

S i l ica as crushed quartz is produced at a p l ant at the town of Rogue R iver in Jackson County . 
Excel lent refractory c lays occur at Hobart Butte in Lane County and near the town of Mol a l l a  in  

Clackamas County, but at  present are not i n  commerci al production . Common cl ays used in  making bri ck 
and ti le occur in several parts of the State . The greatest number of p lants are in the northern W i l lamette 
Val ley.  
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Oregon is one of the principal semiprecious gem-producing states in the Union . It is famous for 
its agates, petrified wood, opal, jasper, and particularly the "thunder eggs" found in central Oregon. 
Each year thousands of rockhounds search for these gems, from the beaches to the easternmost parts of 
the State . The value of semiprecious gems produced annually is estimated to be $1,000,000. 
Me t a l l u r g i c a l  Pla n t s  

Electro-process metallurgical plants have increased steadily in number and value of production 
since World War II. Included in the list of metallurgical products are: aluminum, elemental silicon, 
ferronickel, ferrosilicon, calcium carbide, titanium, zirconium, hafnium, and steel. Many of the raw 
materials used in the State's metallurgical plants originate outside the State and are shipped here for 
processing largely because of the low-cost electric power. 

Mi n e r a l  Pr o d u c t i o n  
Gold accounted for the bulk of the State's mineral wealth for almost 90 years, but began a rapid 

decline in the period 1942 to 1945. Today the value of gold produced annually is less than $100,000. 
The annual value of nickel production is greater than gold ever was . A booming construction period 
since 1945 saw sand and gravel production rapidly expand to the point where its value is greater than 
any other mineral commodity . If the value of all of the metals treated in metallurgical plants in the 
State is considered, the total far exceeds that of sand and gravel, and Oregon's metallurgical industries 
are still growing in size and number. 
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D E F I N I T I O N S  F O R  C E N O Z O I C  

Alvord Creek formation (Fuller, 1931) 800 to 1000 feet thick. Well-stratified acidic tuffs, predominantly 
white; with a 1JO± foot basic andesite flaw near the top. Consists of descending: 1. white tuff, 
2. flow of basic andesite, 3. white tuffaceous sediments with flora, 4. buff, stratified tuff, 5. brown­
ish tuffs. Flore correlates with Mas call (Chaney). 

Astoria formation (Cope, 188J) 1400:!: feet thick. Dominantly a gray- to bluish-grey, soft, medium- to 
fine-grained feldspot�ic or tuffaceous sandstone. Micaceous sandy shales are commonly interbedded 
with the sandstone, end dark greenish-gray conglomerate is locally present. A few beds of light-gray 
to white fine-grained tuff are also present. Calcareous, sandy concretions are common in the lower 
part of the formation. Fauna: 

Acilia (Truncccilo) conradi (Meek) 
Nucula �nensis (Weaver) 
Nuculana chehal isensis (Weaver) 
Nuculan� o::hsneri elm ana (Etherir =:on) 
Nctica (Te�o')"'r€9onensis (Conrad) 
Notice (Tectonatico) saxeo (Conrad) 
Polinices (Neverita) i�a (Conrad) 
Crepidula praerupta (Conrad) 

Bastendorff shale (Schenck, 1927) 2300 feet thick. Thinly laminated, blue to steel-gray shale streaked by 
lighter thin tuffaceous beds with some thin strata of co.bonoceous sandy shale end feldspcthic sandstone. 
Fauna: 

Uvigerina sp. 
Buli'11ina sculptilis (Cushman) 
Bulimina �nsis 
Coscinodiscus sp. 

Boring lave (Trecsher, 1942) A product of local volcanic action, charccteristically a light-gray, open­
textured, (diktytcxitic) olivine basalt. Light-brown altered ol!vine (iddingsite) phenocrysts ore char­
acteristic. Flow structure is common. Incorporated pebbles derived from the Troutdale formation ore 
not uncommon. Vugs in the lava contain optically positive hornblende, pargasite, which includes 
oath edenite and hastingsite, hedenbergite, tridymite, olivine, and hematite'. 

Breitenbush tuffs (Thayer, 1939) 7500 feet thick. Water-worked land-laid tuffs, breccia, conglomerate, 
and interlayered lava flows. "Leaves" of �vergreen and deciduous trees are present. 

Calapaoya formation (Wells end Waters, 1934) 5000+ feet thick. Conglomerates, tuff, breccia, and lava 
flows in Block Butte- Elkheod area. Consists in some places mainly cf true volcanic breccias; in other 
places it is largely fine tuff, while elsewhere flows ranging from basalt to dacite occur. Upper part 
contains the moiority of lavas. 

Lower part (Celestin formation) contains thick masses of conglomerate derived from volcanic rocks, 
waterworn tuffs, and a few interbedded flows. 

Canyon "Rhyolite" fonnation (Merriam, 1910) 400+ feet thick - Canon Rhyolite of Merriam. A highly 
silicic dense 11rhyolite" with characteristics suggesting welding in some areas and with flow structures 
present elsewhere. Type area is Virgin Volley, Nevada. 

Cascade andesite (Ira Williams, 1916; Hodge, 1931) 500 +feet thick. Andesite lavas and some agglom­
erates, tuffs, and ash. 

Clarno formation (Merriam, 1901) 400+ feet thick. Shales, tuffs (waterlaid), with andesitic and rhyolitic 
lavas, volcanic agglomerates, sands and cloys. Fauna: Uintatheres, Amynodon. 

Coaledo formation (Diller, 1899) 6000 to 8000 feet thick. Upper: gray, medium- to fine-grained tuffaceous 
sandstone which contains less indurated carbonaceous sandstone members, sandy shale, carbonaceous 
shale, and coal. Concretions, as well as coarse sandstone, grit, and coarse grit lenses, occur in places. 

F O R MA T I O N S  O F  O R E G O N 

1350-2770 feet thick. Middle: medium-gray tuffaceous shale with some sandy lenses; several beds of 
well indurated light-colored tuff present. 3000 feet thick. Lower: blue-gray medium- Ia coarse­
grained nodular sandstone predominates, with some grit and intercalated fine-grained sandy shale beds 
which ore darker in color than the sands. The sandstone, which weathers to a buff color, is tuffaceous, 
and many of the pebbles in the few conglomerate lenses are of fine-grained basaltic material. Mud 
cracks, coal beds, and coarse cross-bedded sand lenses indicate shallow water to nonmarine conditions 
of deposition. 1775-1900 feet thick. Fauna: 

Echinoderma.ta 
Eoscutella coosensis (Kew) 

Pelecypoda ---.-

Tracia dilleri (Doll) 
y;;;;.:i� hornii (Gcbb) 

(subsp. clarki (Weaver end Palmer) 
Luci no (Here) aragoensis (Turner) 

Foraminifera - Upper Cocledo 
Ammobaculites cf. hockleyensis (Cushman end Applin) 
Ouinqueloculina cf. minute (Beck) 
Robulus inarnctus (d'Orbigny) 

Foraminifera - Lower Coaledo 
Cyclammina pacifica (Beck) 
Ouinqueloculina imperialis (Hanna) 
Morginulina cf. subbullcta (Hcntken) 

Columbia River basalt (Russell, 1893) 300 to 4000+ feet thick. (Stayton volcanics) Dark gray to black, 
finely crystalline basalt. Columnar basalt flaws in places interbedded with pyroclastic material and 
sediments. (On the map legends of the Guidebook, "Coriba" has been used for Columbia River basalt 
merely as a matter of convenience and to save space.) 

Coquille formation (Baldwin, 1945) 95 feet thick. Basal thin-bedded sandy clay, woad-bearing and peaty 
cross-bedded sands, and overlying cong lome rote. 

Caw Lake volcanic rocks (Baldwin and Co;corcn, unpublished). 

Cowlitz fonnation (Weaver, 1912) 1000 feet thick. Upper: Dark gray, fossiliferous shales and fine-grained 
micaceous, shaly sandstone with much interbedded, tuffaceous sandstone and greenish-gray, ...vaterlaid 
tuff. The tuffs ore commonly cemented with calcite which causes them to weather out as resistant bonds. 
Gastropods ere common in these tuffaceous zones although mollusks ere scattered throughout the upper 
zone. The shales contain Forminifera. Middle: Gray, massive and stratified, fine- to medium-grained, 
micaceous sandstone containing much fragmental plant material. In places the sandstone member is mas­
sive but generally is fairly well stratified. May have calcareous concretions up to 3 feet long. Fossils 
seldom found except at base. Lower: Dark-gray, well-stratified, brown-weathering, fossiriferous clay­
stone and siltstone containing a mixture of much white volcanic ash. Foraminifera and Mollusca are 
common. The shale generally weathers to a brawn, soft, greasy, crumbly, decomposed shale, which 
moy show slight stratification. Base: Well-indurated, rust-stained, pebble, cobble, and boulder con­
glomerate, locally fossiliferous. """fiW' conglomerate was derived almost entirely from volcanic material. 
Fauna: Pelecypods Foraminifera 

Acilc decisa (Conrad) Bulimin� ovate cowlitzensis (Beck) 
�y�eocenica (Weaver) Cibicides natlcndi (Beck)' 

Gastropods Cyclammina pacifica (Beck) 
Exilic dickersani (Weaver) 
Ficopsis cowlitzensis (Weaver) 

Dalles formation (Cope, 1880; Condon, 1902) 1000 to 1500 feet thick. Gravels, sands, and silts resting 
unconformably on Columbia River basalt. Sands are white ta grey in calor. 

Danforth formation (Piper and others, 1939) 20 taBOO feet thick. In the southern part of the Harney Basin 
the unit displays four local facies: l. a distinctive tuff breccia member, purplish-gray and massive 
with a vitreous brownish-gray matrix enclosing abundant unoriented fragments of white pumice, black 
obsidian, and massive inflated rhyolite; 2. a member of basaltic breccia and associated siltstone, sand­
stone, conglomerate, and two intercalated sheets of basalt; 3. stratified siltstone, sandstone, and ash; 
and 4. spherulitic rhyolite. Fresh water fauna are Pisidium sp., Flumincola fusee (Haldeman), and 
Gyraulus parvos (Say). 

--- --



D E F I N I T I O N S  F O R  C E N O Z O I C  

Diamond Crater volcanic rocks (Piper and others, 1939) 750 feet± feet thick . Basal t  flows and scoria; 
type locality, D i amond Craters, Harney County . 

Eagle Creek formation ( Ira W i l l i ams, 19 16) 500 to 2700 feet thick . Volcanic materials: tuffs, breccias, 
agglomerates, and lava flows. Vitrophyric, fine-grained or porphyrit ic.  In order of importance, lava 
types are: pyroxene andesite, hornblende andesite, trachy-ondesite, pyroxene trachyte, pyroxene 
basalt, hornblende basalt, and ol ivine basal t .  

E l k  River beds (Di l ler, 1902) 20-90 feet thi c k .  Basal gray sand with overlying rusty grove l s .  

Empire formation (Di l l er, 1896) 3000 feet thick . Massive poorly bedded sandstone with minor interbeds 
of s i ltstone and a prominent fossil iferous congl omerate lens (Coos congl omerate) . Fauna (representative): 
Echinodermata 

Echinonchnius bl oncoensis (Kew) 
Anorthoscutum oregonense (W . B .  Clark) 
Anorthoscutum oregonense (W . B . Ciark) 

vor. semigibbosus (Howe) 
Mol l usca ideo 

Acila (Truncaci l o) conradi (Meek) 
Aci l a  (Truncacila) empirensis (Howe) 
Acilo (Truncaci l a) bl ancoensis (Howe) 

Pelecypoda . 
� impressa (Conrad) 
Nuculona acute (Conrad) 
� whitmani (Do l l) 

Scophopoda 
-----­

Dental ium petricolo 
Gastropoda 

Ca l l iostomo cammani (Do l l )  
T urci c o  gabbi (Dol l)  

Eugene formation (Smith, 1 924) 8000 to 15,000 feet thick . A marine arkosic to micaceous sandstone con­
sisting primarily of unal tered andesine, euhedral pyroxene crystals and dark mica . Quartz is a m inor 
constituen t .  The fresh dark ol ive to bluish-gray rock weathers to an orange-brown col or .  Fauna: 
Nucula sp . Acri l l a  (Ferminoscola) di ckersoni (Durham) 
Aci l o  shumardi (Dol l)  Epitonium (Boreoscola) condoni (Do l l )  
Nuculana washingtonensis (Weaver) Epitonium (Bareoscala) condoni oregonense (Dol l )  
Yoldio (Kalayold ia) tenuissimo (Cl ark) 

Fern R i dge tuffs (Thayer, 1933) 1500 feet thick . Congl omerate, tuff, and breccias . Lower beds mainly 
tuffs, sandstone, and fine pebble beds; upper portion comprises coarse andesiti c cong lomerate in a 
tuffaceous matrix .  

Fisher formation (Schenck, 1 927) 7000 feet thick . Continental deposits. Consisting of clastic, andesitic 
lapi l l i  tuff, and breccias with basaltic and rhyol i tic  debris .  Coarse waterlaid conglomerates as much 
as 50 feet thick are found in  the l ower port of the formation . There is wide variation in color of the 
tuffs from locality to local ity.  Colors range from medium-gray, grayish-blue, grayish-green, and 
grayish-red to grayish-olive and yel lowish-brown . 

Goble volcanic series (Warren and others, 1945) 5000 feet thick. A section of widespread basic flows and 
pyroclastic rocks . The basal part of the series appears to be interbedded with tuffaceous sediments 
which contain a Cowl itz (upper Eocene) fauna . 

G rassy Mountai n basal t (Bryan, 1929) 400 + feet thick. Bl ack to greenish-black olivine basal t, commonly 
vesicular.  

Harney formation (Piper and others, 1939) 750 feet thick . Massive basaltic tuff and breccia, sandstone, 
and s i l tstone; scoriaceous and massive basalt intercalated at a few hori zons . 

Heppsie andesite (Wel ls, 1956) Thickness unknown . Light-gray ondesitic flows; porphyritic rock with a 
microcrystal l ine grounctnass, and phenocrysts of fel dspar and hornblende or pyroxene . 

l l lahe formation (Eugene equivalent) (Thayer, 1933, 1939) 360+ feet thick . Wel l-bedded tuffaceous 
massive sandstones ranging from pebble conglome rates to massive white ash and fine si l ts; fine-grained 
si lty sandstones are most common . Weathers to l ight- brown sandy soi l .  Fauna: 

Macroca l l i sta pi ttsburgensis (Dol l )  Nucula (Aci l i a  � (Dol l )  

Inner Canyon flows (Baldwin and Corcoran, unpubl ished) 

F O R M A T I O N S  O F  O R E G O N ( C o n t i n u e d ) 

John Day formation (Marsh, 1 875) 1 000 to 1500 feet thick. Upper: andesitic tuffs, sand and gravel s .  
Ignimbrite o f  rhyolit ic composi tion . Fauna: Mesohippus, E l otherium, Nothoeyon . Middle: drab 
to red trachyte tuffs, basal t  fl ows at base (Picture Gorge) . Lower: red, white, and green tuffaceous 
shales. Archaeotherium, E lotherium . 

----

Keesey formation (Schenck, 1927) 1 800 to 2200 feet thick. Upper: Faintly stratified, sparingly fossi l­
iferous, fine-grained tuffaceous sandstone and tuffaceous shale with bands of pebbles and f ine tuff. 
Middle: Light-gray, unstratified, harsh, tuffaceous si l tstone contain ing scattered well-preserved 
fossi ls,  predominantly mol l usca and forami nifera. Lower: Dark-gray, wel l -stratified, fossi l iferous 
c l aystones and si l tstones, with g lauconitic layers .  Fauna: 

Pelecypods Gastropods ' 
Aci l a  nehalemensis (Hanna) · Exi l i c  l incolnensis (Weaver) 
Ne;;;"ocardium w�i (Anderson and Martin) Epitonium keoseyense (Durham) 

Scaphopods Foraminifera 
Denta l i na Eponides kleinpe l l i  (Cushman and 

Crinoids Frizze l l )  
lsocrinus oregonensis (Moore a n d  Vokes) Planulina haydoni (Cushman and 
lsocrinus neholemensis (Moore and Vokes) Schenck) 

Kings Val ley si l tstone member (Siletz River volcanic series) Yokes and others, 1954) 3000 feet thick . 
A tuffaceous si ltstone in the uppermost part of the Si letz River volcan i c  series . I t  consists of dark 
greenish-gray tuffaceous s i l tstone and sandstone with minor amounts of shale . When fresh the pyro­
clastic material is visible and the rock is usual ly not fiss i l e .  Upon weathering it breaks down into 
shaly-appearing cl aystone or weathers to spheroidal masses.  Megafossi l s  from Kings Valley: 
Pelecypoda Gastropoda 

G l ycimeris sagittata (Gabb) Homalopoma umpguaensis (Merriam and Turner) 
G lycimeris cf . �· perrini (Di ckerson) E uspirocromm ium n .  sp . 
Barbatia (Acar) n .  sp . Turrite l la cf. I. andersoni (Dickerson) 
Barbatia (Obfiquorca) morsei Turrite l l a  bramkampi (Merriam and Turner) 

Foram inifera: Discocycl i na (Asterocycl i na) aster (Woodring) 
Pseudophragmina (Proporocyclina) � (Woodring) 

Lorane shale member (Tyee formation) (Vokes and others, 195 1 )  600 feet thi ck .  Previously cons idered a 
member of Spencer formation . Consists primarily of foram iniferal, s i l ty to sandy shales and mudstones 
with a relatively thin line- to medium-grained arkosic and mi caceous sand ot the base . I ntercalated 
sandstone and si l tstone strata become more common toward the top. 

" Lower Idaho" formation (Pinnacle Point beds) (Cope, 1 884; K irkham, 1931) Thickness not published. 
Quartzose sandstones interbedded with friable sandstone and s i l tstones, wel l  cemented and resistant 
basal orthoquartzite . 

Madras formation (Hodge, 1927) 600 feet thick . Unconsol i dated and commonly cross-bedded fluviatile 
s i l ts, sands, and gravels consisting of andesite and basaltic debris of P l iocene-Plei stocene age located 
in  central Oregon (Deschutes Val ley) . Local coarse layers laid down by torrential mud flows and 
pumiceous tuff which is, in part, water lain interbedded or capped by several o l ivine basa l t  flows . 
Most widespread unit is a welded dacite tuff . 

Mascal l  formation (Merriam, 1 901 )  800 to 1000:!: feet thick , Tuffs, ash, s i l ts, gravels, and sands . Contains 
diatom i tic shales, l ignitic coal seams and partings of pumice . Fauna: Merychippus, A l ticamelus, 
Dromomeryx . 

Mehama volcanics (Thayer, 1933, 1 939) 600 feet thick . Terrestrial tuffs, l avas, and breccias which for the 
most part were water laid . Contain fossi I wood . Tuff is white to green in color. 

Mesa basal t  (Merriam, 19 10) 25 t o  50 feet thick . b l ivine basalt, widely spread over region of Virgin 
Valley and Thousand Creek . West of Denio, Nevada . 



D E F I N I T I O N S  F O R  C E N O Z O I C  

"Miocene" beds (James, 1 950) No surfac€ expression; concretionary sandstone cemented by cal c i um car­
bonate bearing Miocene fauna dredged out of Coos Bay . 

Mol a l l a  fonnation (Baldwi n ,  1950, Lowry and Baldwi n, 1952) Thickness nat published . Consists of sand­
stone, conglomerate, and siJt of fluvi at-i l e  origin which are highly tuffaceous and l ight colored . The 
sandstone and conglomerate occur in  the lower part of the section and contain poorly preserved fo:ssi l 
leaves. 

Nye mudstone (Smith, 1926) 25JJ feet thick. A monotonous series of dork-groy to block, smooth-fracturing 
m udstones with occasional s i l tstone l ayers and thin lenses of hard calcareous material . Se lenite and 
jarosite formed by secondary minera l i zation ore common along joints . The mudstone weathers easi l y ,  
and commonly the bedrock i s  covered with sma l l  chips of mudstone and grayish-brown c l ay . Fauna: 

Nucula n .  sp.  Pal in i ces (Euspiro) ri .  sp . 
Aci l c  (Truncccila) pockar,di {Clerk) �ria n .  sp . 
Nuculana cf.  �· c�nsis (Weaver) Priscofusus n .  sp . off. � ·  hanniba l i  {Clark and Arnold) 

Owyhee basalt (Bryon, i 929) 1200 to i50J feet th ick .  B l ock to red, dense to scoriaceous and ci ndery 
augi te-hypersthene basa lt;  few interbeds of water- l a i n  tuff; local basel gray-wh i te tuff. 

Payette formation ( L indgren, 1898) 1JOO to i400+ feet thick . Lake beds and terrestrial series of we l l  con­
sol idated ash, ccrboncceaus shale and coaly shal�, and sandstone; interbedded with local basa l t  fl aws 
{Columbia River basalts ?)  ' 

Skol l Springs fauna Sucker Creek fauna 
Tomorcutus cf. brevirastris Hypohippus near asborni {Gidley) 
Hypohippus sp . Parohippus avus {Marsh) 
Parah ippus near coloradensis {Gidley) Merychippus isanesus { Cape) 
Merychippus isonesus (Cape) Mertchippus brevidontus 
Rhino<erotid Dromomeryx near borealis {Cope) 
Chal iocothere Rhinocerotid 

Moropu� 

Pike Creek fonnotion (Ful ler, 1 931) 1500 + feet thick . Series of a l ternating acid flows and stratified tuffs 
in de�::.ending order: 

1. Biotite dacite 500-c feet thick . 5. Middle tuffs 2QO to 300 fee t .  
2. Upper tuffs 4� :! fee t .  6.  Lower laminated rhyol i te 200+ feet. 
3. Little Alvord Creek rhyo l i te .  7 .  Lower tuffs, 200 + feet.  
4 .  Upper laminated rhyo l i te f low 250 to 58J fee t .  

P ittsburg B l uff formation (Hertlein a n d  Crickmay, 1 925) 700 t o  850 feet thick . Upper: Firm, sparingly 
fossi l iferous, tuffaceous sandstone and shale with beds of fine-grained, white tuff . Lower: Strati fied, 
cross-bedded sandstone with pebble bands, and carbonaceous material . Mas�ive, loosely conso l i dated, 
brown-weathering, medium-grained, m icaceous, concretionary sandstone . Gray, fine-grained, foss i l ­
iferous sandstone with cal careous beds . Fauna: 

Pe lecypods 
Aci la  shumardi (Do l l )  
Nuculonc woshingtonensis (Weaver) 
Solen townsendensis {Clark) 

Gastropods 
Bruclorkia col umbiana {Anderson and Martin) 
Pol in  ices washingtonensis (Weaver) 

Foraminifera 
Few arenaceous ·forms 

Port Orford formation (Baldwi n ,  1 945) 200 feet thick.  Basal buf�and overlain by congl omerate fol lowed 
by a rusty sand which grad�s upward into o blue-gray orgi l l "feous sand which bears fossi l iferous concretions. 

Portland h i l ls s i l t  (Lowry and Baldwi n ,  1952) 25-100 feet thi c k .  ';J.. thick, structureless, l ight-brown s i l t  
that covers much of the Portland h i l l s  a n d  which overlies botll, the Coriba and the Troutdale formations. 
I t  is considered to be a late and quiet water phose of the Troutda l e  format ion . Fauna: a r h inoceros 
tooth that tentatively dotes s i l t  as Hemph i l l ian (middle P l i ocene) . 

F O R MA T I O N S  O F  O R E G O N ( C o n t i n u e d ) 

Portland sand and gravels {Buwalda and Moore, 1930) 500 to 600 feet th ick.  Relative l y  thick deposit of 
sand and fine grave l . Lowry and Baldwin {1952) suggest that the sand was deposited by the Columbia 
and W i l l amette rivers during the rise in  sea level following the I l l inoian g l ac iation, wh i le Trimble 
(1957) attributes them to de l taic  deposits laid down in the ponded basin during a late Plei stocene 
flood or floods . 

Rattlesnake fonnation {Merriam, 1 901) 185 to 300 feet tf.! i ck . Marked by a prom inent c l i ff-form ing vol­
can i c  tuff member i n terbedded with grave l s  and s i l ts .  The ·tuff is 50 to 75 feet thick, and shows 
features typi::.al of an ignimbrite . This member is ashy near the bottom, semivitreous to v i treous in  
the central and upper parts, and composed throughout of  shards, c lear gjass, and pumice fragments . 
It is overlain by boulder conglomerates . Ungulates: P l i ohippus, Neohipparion . 

Rhododendron formation {Hodge, 1933) 100 to 500 feet thick . Basa l t i c  breccia, tuffs, and fl ows . Hypers­
thene andesite tuff breccias ore dominant . Trimble (1955) states as fol lows: "Wide l ateral extent of 
the pyroclastic part of the formation, on abundance of noncorbonized wood in the tuff breccia,  and 
the absence of sorting und stratification point toward a volcan i c  mudflow origin of the tuH brecci a .  

Roxy formation {We l ls,  1956) 1900 feet thick.  Dominantly flows, common l y  vesicular and scoriaceous, 
rangi ng in texture from fe ls it ic to gl assy and in  color from black through purplish to pink to white . 
Local layers of flow breccias and agglomerates. 

Socchi Beach beds {Al len and Bal dwi n ,  1944) Thi ckness not published. S i l tstone containing abondant 
m i ca and thin beds of gray sandstone . 

Sardine series {Thayer, 1936, 1939) 6000 feet thick.  Chiefly andesit ic - individual f lows range from 
rhyo l i te to basalt - some tuff and breccia . 

Scappoose formation {Warren and Norbisroth, 1946) 15JO feet thick . G ray, yel l owish-weathering, firm, 
fossi l iferous, sandy, tuffaceous shale and sha l y  sandstone, common l y  spotted with pumiceous materia l .  
Loosely conso l idated, medi um-grained sandstone . I n  some places strata show pebble bands, cross 
bedding, and interbedded carbonaceous materia l . Bottom is genera l l y  bel ieved to be a congl ome rate 
composed of cobbles and boulders of basic lavas . Fauna: 

Pelecypods Gastropods 
Ac i l a  mula {Cl ark) Bruc l arkia acuminate {Anderson and Martin) 
�o;;rrista weaveri (Clark) 

----

Shutler formation {Hodge, 1 932) Thickness not publ ished . G ravels, sands, and s i l ts of P l i ocene-Plei stocene 
age resting unconformably on Columbia River basa l t  east of the Deschutes River in north-ce.ntral Oregon . 

S i l etz River volcanics {Snave l y  and B o ldwi n ,  1948) 10,00J + feet thick . Consist princi pal ly  of pi l l ow basalts, 
breccia, and pyroc lastic rocks . Basalt breccia is dark grayish-green on the fresh surface end contcins 
veinlets of cal cite and zeolites which are commonly  concentrated between the p i l lows. The basa l t  is 
aphan it ic  to porphyritic and is common l y  vesicular or amygdaloida l .  The weathered rock is ye l l owish-gray . 

Spencer fonn ation {Turner, 1938) 4500 feet thi ck . Consists of o lower massive basal t i c  ond arkosic sandstone; 
a middle m i caceous sandstone unit -whose composition suggests that it was derived from the Tyee formation 
and uppermost beds which are fine-grained si I ts tones and massive sandstones . Fauna: 

N ucula sp . Nuculana cowli tzensis {Weaver and Palmer) 
Aci l a  (Truncac i l a) decisa { Conrad) Yoldia {Portlande l l o) cf .  Y .  duprei 
Aci io  {Truncaci l a) ,�. --rNeaver and Palmer) - --

Steens Mountain andesit ic  {volcanic) series {Fel l er, 1931) 1300 :!: feet thi c k .  Andesite brec cias, fl ows and 
th i n-bedded andesit ic  tuffs in  descending order: l .  upper andesit ic  series w i th breccias, 2. great 
andesite flow, 3. thin beds of coarse andesit ic tuff, and 4. basic ande� i t ic  flow . 

Steens basalt {Ful ler, 1931) 3000+ feet thi c k .  Extensive series of thin fl ows of l i g ht-gray hol ocrysto l l ine 
ol ivine basa l t .  
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Thousand Creek formation (Merriam, 1 9 1 0) 400 + feet thick . Lig ht-colored stratified tuffs, containing 
rhyolite fragments and pumice . Ungulates: P l iohippus ( ? ) ,  sp . ,  Equus (?)  sp . 

Ti l l amook volcan i cs (Warren, Norbisrath, and Grivetti, 1 945)1 0,000:!: feet thick . A series of submarine 
lava flows and interbedded tuff and breccia. The basic l avas are of a greenish-gray color, al tered 
and fractured . 

Toledo formation (Harrison and Eaton, 1 920; S�henck, 1 927) 2500-3000 feet thick.  Upper sandy member 
is 1 000- 1 20a feet th ick.  The lower part of this member is fine-grained, arg i l laceous and m icaceous 
sandstones, s i l tstones, and shales. The upper part is poorly stratified, finn, mi caceous and tuffaceous 
s i ltstones with l imy concretions. The lower member of this formation, the Moody shale, is 1500 to 
1800 feet thi ck .  It is a dark-gray to block, hard, tuffaceous mudstone with some l imy bands a few 
inches th ick.  G l auconite is abundant in some horizons. Carbonaceous material and plants are abundant 
near the base . This member is easi ly  weathered to l ight gray or rust-colored slopes. Fauna: 

Upper sandy member Moody shale member 
Aci la (Truncacila) shumardi (Dol l )  A c i l a  (Truncacila) decisa (Conrad) 
Nucula�gt�Weaver) Nuculana cowl itze�eaver and Palmer) 
Yoldia cheha: isensis (Arnold) Nuculana voderensis (Dickerson) 
Crene l l a  porterensis (Weaver) Yoldia (Portlandia) duprei (Weaver and Palmer) 
Natica wecveri (Tegl and} Natica sp . 
Pol in ice�ngtonensis (Weaver) Conus vaderensis (Weaver and Palmer) �a washingtonensis (Weaver) Gemmule fosteni (Weaver and Palmer) 
Crepidulo ungona (Dol l )  Scophander costate (Gabb) 

Troutdale formation (Hodge, 1933) 1 500+ feet thick . Mud flows of agg lomerates that contain enormous, 
irregu lar, highly vesicular, s laggy and gl assy ondesitic boulders. Columbia River basal t pebbles 
abundant, smal l  l enses of faceted quartz pebbles. Crystal tuffs and gl assy pel lets 1/10 inch in 
diameter form brown sandstone or grit beds . 

Tunnel Point sandstone (Dol l ,  1 898) 800+ feet thi ck .  Fine-grained tuffaceous sandstone of angular to 
subongulor fragments contai ning abundant g l ass; at base is a massive concretionary bed composed 
chiefly of quartz and feldspar with an admixture of tuffaceous material and glauconite; near top is 
interbedded sandstone interbedded with brittle shale and a thin bed of tuff in which g l ass shards 
are conspicuous. Fauna: 

Pelecypodo - Mocoma mol inana (Dol l) G astropoda - G aleoda oregonense (Dol l )  
Spisula veneriformis (Clark) 

Tyee formation (Di l l er, 1 898) 5000 + feet th ick.  Consists of sandstone beds 6 inches to 1 2  feet thick; gen­
eral l y  they are 3 feet to 8 feet th i ck .  The basal part of each bed is o medium- to coarse-grained, 
m i caceous, arkosic sandstone . These grade upward into s i ltstones and mud stones at the top of each 
bed . The fresh rock is firmly compacted, gray- to blue-gray and common l y  has cal careous cement. 
Angular quartz feldspars, tuffaceous materi als and deformed muscovite and biotite are the most abundant 
consti tuents . Fauna: 
Amphimorphina cal ifomica (Cushman and McMasters) 

Clavul inoides sp . 
Cibic ides cf.  C .  warreni (Cushman and 
----r.-r:- and K. C. Stewart) 
Pseudoparre I I  a sp . 

Plectofrondicularia cf. D. packardi 
(Cushman and Schenck) --­

Marginul ina subbul lata (Hantken) 
Bul imina cf . _!. �i (Weinzierl and Applin) 

F O R M A T I O N S  O F  O R E G O N  ( C o n t i n ue d ) 

Umpqua formation (Di l ler, 1898) 1 2, 000 + feet thick. Thin-bedded dark tuffaceous sandy shale with inter­
calated flaggy sandstone beds. To east, on Middle Fork of Coqui l le River, massive tuffaceous sandstone 
members ore present. Intercalated volcanic series: basa lt,  medium- to fine-grained tuffs, flow breccias, 
mud flows, and coarse agglomerates. Fauna: 

Pelecypoda - Nuculana parkei (Anderson and Hano) subsp. coosensis Turner 
Glycymeris fresnoensis Dickerson 

Upper idaho formation (Rome beds) (Cope 1 884; Kirkham, 1931)  4000 :!: feet th i ck .  Predominantly l ight­
colored, poorly indurated tuffaceous shales; some interbeds of volcanic ash and diatomite, upper 
portion sandy.  Fauna: Dipoides stirtoni . (Local i ty: 5 mi les southwest of Rome, Oregon . )  

Virgin Valley formation (Merriam, 1907, 1 9 1 0) 1 000 to 2000 feet thick . Upper zone: White to buff 
beds. Ash and diatomaceous beds. Middle zone: Gray to yel l ow and brown shales and clays . 
Carbonaceous shales, l ignites, diatomaceous beds . Lower zone: White to green, purple, and red 
c lays and ash . Ungulates: Hypohippus, Parahippus, Merychippus, Dromomeryx . 

Wasson formation (We l l s, 1 956) 1 1 00 feet thick.  Pyroclastic rocks of dacitic or rhyol it ic  composi tion . 
Most conspicuous is o chalky white tuff b�d 250 feet thick. 

Yaquina formation (Harrison and Eaton, 1 920) 4000 feet thick.  At the type area the forma tion is o 
coarse-grained, massive micaceous sandstone with abundant tuffaceous material . Cross-bedding and 
conglomerate l enses are common . Carbonaceous material is abundant and loca l l y  noncommercial 
coal l enses are found . The upper two-thirds of the formation is a fine- to medium-grained, gray to 
brown, massive, mi caceous and tuffaceous sandstone . North of the Yaquina River the beds are l ess 
massive; cross bedding is more common and organic m aterial is much more abundant. South of the 
type area, near Alsea Bay, it is typical l y  massive . Contains much l ess carbonaceous material and 
has much glauconite . The basal zone is a thick bed of almost pure gl auconite . The uppermost beds 
in  this area are genera l l y  thinner and more s i l ty than at the type local ity .  Almost pure tuffs and 
tuffaceous shales are common . 



S O U T H W E S T  O R E G O N  C E N T R A L  O R E G O N S U M P T E R - B A K E R  A R E A  W A L L O W A  M O U N TA I N S  

After Merriam and Berthiaume (1943) After Gil luly ( 1937) 
T aubeneck ( 1955) After Ross ( 1938) 

After Wells ( 1953, 1955) Lupher (1941), Thayer ( 1956) Pardee and Hewett (1941) Smith and Allen (1941) 

Hornbrook formation "Chico" formation 

CRETACEOUS 
Horsetown formation 

Paskenta formation 
(Myrtle fm. of Dil ler) Beds at Mitchell 

dikes (dioritic porphyry, etc.) Granitoid intrusive rocks G ranitoid intrusive rocks 
Granitoid intrusive rocks 

Knoxv i l l e  formation 
Peridotite lonesome formation 

Galice formation Trowbridge shale 

Rogue formation l zee group 
JURASSIC Dothan fonnation Colpitts group 

Mowich group 
Donovan formation 

Applegate group Graywacke and shale Hurwal formation 

Martin Bridge formation 

TRIASSIC 
Lower sedimentary series Diorite, granite, and gabbro 

Ultrobasic intrusive rocks 
(peridotite, serpentine 

and dunite) 

Metavolcanic and sedimentary 
rocks {in Canyon Mountain} Clover Creek greenstone 

Clover Creek greenstone 
E lkhorn Ridge argil l ite 

PERMIAN Coyote Butte formation Burnt River Schist Black slate 
{these three formations may 

interfinger - base not exposed) {base not exposed) 

� 
Spotted Ridge formation c 

2 ·= 
� �  

PENNSYLVAN IAN -a.� -g a a -t; -g  
� �  

Coffee Creek formation 
. .  

MISSISSIPPIAN 

{base not exposed) 

DEVO NIAN 

Old Schists 

SILURIAN 
(along California border 

south of Medford) 

(base not exposed 

ORDOVICIAN 

CAMBRIAN 
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Applegate group - Altered lava flows, flow breccias, and pyroclastic rocks, mostly of basic composition 
with some intrusive rocks. Includes lenses or argi l l ite, chert, quartzite, cong lomerate, and marble.  
Exposed over hundreds of square m i les in southwestern Oregon and northwestern Cal ifornia. 

Burnt River schist - Greenstone schist, quartz schist, conglomeratic schist, and some interbedded limestone, 
slate, and quartzite. 

"Chico" formation - Sandstones, shales, and conglomerates containing on upper Cretaceous fauna. 

Clover Creek greenstone - Al tered volcanic flows and pyroclastic rocks with subordinate l imestone and 
chert. 

Coffee Creek formation - We l l -bedded, fai rly pure limestone,, corbonaceous l_imestone, arg i l laceous to 
sandy limestone, and cal careous sandstone . Contains Strioti fero and G igante l la brachiopods. 

Colpitts group - The Colpitts group is separated from the Mowich group by on erosional unconformity and 
a faunal hiatus. The group is divided into the lower Weberg formation of limestone and calcareous 
sandstone and the upper Worm Springs formation of fine-grained sandstone, shale, and mudstone. The 
age of the group is early middle Jurassic (Lupher, 1941). 

Coyote Butte formation - light olive-grey l imestone interbedded with Iorge amounts of sandstone. lime­
stone contains abundant fusu linids. 

Donovan formation - The Donovan formation is the oldest of the Jurassic rocks observed by Lupher (1941 ). 
The formation crops out in on area of less than 320 acres along the Si lvies River 19 mi les north of Burns 
at the Donovan Ranch. The sediments consist of hard, green and gray noncolcoreous sandstone . Sandy 
shale, red sandstone, and yel lowish calcareous sandstone ore we l l  represented. limestone and con­
glomerate ore also present in lesser amounts. The red sandstone contains abundant fossi l  mol l usca. 
It has been considered similar to the red Hardgrove sandstone of the Taylorvi l le region of California. 
Red sandstones appear at several places and in each hove yielded abundant fossi ls. 

Dothan formation - Chiefly sandstone with much interbedded dark shale. 

E lkhorn Ridge argi l l ite - Arg i l l i te, tuff, and chert with subordinate limestone and g reenstone masses. 
Interbedded limestone contains fusu linids. 

Galice .formation (upper Jurassic) - Composed mainly of dark to b lock slates, some sandstone ,pnd conglom­
erates (D i l ler, 1907). 

Hornbrook formation - Indurated uniform fine-grained, greenish-gray arkosic sandstone with local lenses 
of coarse cong lomerate and sandy shale. Fossi l i ferous and calcareous in places. 

Horsetown formation - lower Cretaceous (Shasta series). Consists of shales, sandstones, and conglomerates. 
(Note: Upper Jurassic and lower Cretaceous of southwestern Oregon are being redefined by 

R .  W .  Imlay . )  

Hurwol formation - Argi llaceous sediments comprising slaty and sholy beds, some sandstone and quartzite, 
and a conspicuous hard block hornfe ls. 

Hyde formation - See lzee group. 

l zee group - The l zee group consists of two thick early middle Jurassic formations (Lupher, �94 1 ) .  The 
Hyde formation (Toarcian, according to Imlay) is a massive blue-gray sandstone in the lower port of the 
l zee . The Snowshoe formation includes about 2, 800 feet of shales and laminated sandstone in the upper 
part of the l zee group (Bajocian, according to I m lay) . The l zee group bevels the Colpitts and Mowi ch 

F O R MA T I O N S  O F  O R E G O N 

groups and lies discordantly upon the Triassic strata. There ore also marked lithologic differences as 
well as faunal differences between the Colpitts and lzee groups. 

Knoxvil le  formation (Jurassic) - Chiefly sandstones and shales with cal careous and conglomeratic layers. 
Characterized by Auce llo piochi i .  (Note: Upper Jurassic - lower Cretaceous of southwestern Oregon 
is being redefined by R. W. lm loy.) 

lonesome formation - Included with upper Jurassic racks by L upher (1 941 ) and placed in early Cal lovian 
by Imlay. No fossi Is hove been reported, and unti I better evidence is found,_ the age wi II remain 
uncertain. Thick, resistant beds of sandstone and conglomerate at the base of the formation differ­
entiate it l ithological ly  from the underlying Trowbridge shales. Above the cong lomerate beds, shale 
i ncreases until it  is the predominant l ithology. The shales contain interbeds of gray, bluish -gray, an::i 
greenish sandstone ranging in thi ckness from a few inches to 75 feet. 

Martin Bridge formation - Calcareous shale, limestone, agg lomerate, basalt, andesite, and tuff. 

Mitche l l  beds - Mainly shale, sandstone, and cong lomerate . 

Mowich group - The Mowich group is exposed along the opposite flanks of a truncated anti clinal  structure 
It includes the Robertson, Suplee, and N i cely formations. The Robertson formation is the lower member 
of this group. It consists of a basal conglomerate and coarse greenish gray sandstone overlain by a 
reef limestone composed largely of the pelecypods, Pl i catostylus gregarius Lupher ond Packard. The 
Suplee formation overlies the Robertson formation. It is composed of calcareous gray medium- to fine­
grained sandstone and gray granular limestone. Fossils, mostly pel ecypods, are abundant. The youngest 
member of the group is the Nicely formation, a dark gray to black sandy shale containing block cal ­
careous COI)Cretions which i n  many places contain well preserved fossi Is. The age of the Mowich group 
according to Lupher (1941) ranges from middle lias to upper lias. Imlay has placed the group in the 
P liensbachian and Toarc ian ages. 

Nicely formation - See Mowich group. 

Paskenta formatjon - Knoxvi l le (Paskenta) horizon, the true Knoxvi l le.  The 4,000 feet of dark or yel lowish 
Cretaceous clay shales forming the upper part of the Knoxvi l le of previous reports. Contains typical 
subtropical fauna with abundant Aucel la, which are apparently confined to this interval .  

Robertson formation - See Mowich group. 

Rogue formation - Volcanic rocks. Mainly massive l ight to dark gray altered lava flows, tuffs, agglomer­
ates, and flow breccias of dacitic and ondesitic composition. 

Snowshoe formation - See lzee group. 

Spotted R idge formation - Ranging from compact mudstones and cross-bedded sandstones to very coarse 
boulder conglomerates with local bedded chert. Age determined on flora. 

Suplee formation - See Mowich group. 

Trowbridge formation - Trowbridge shale formation overlies the Snowshoe formation of the lzee group. I t  
crops out a long Ante lope Creek and the upper val ley o f  lewis Creek. The formation i s  composed o f  a 
thick section of dark gray and block shale with only minor amounts of arenaceous materia l .  F l inty 
calcareous concretions occurring along the bedding planes characterize the formation. The concre­
tions have yielded such foss i ls as have been found in these rocks. The oge is given as early upper 
Jurassic by Lupher (1941 ), and early Cal lovian by Imlay. 
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C O R V A L L I S  T O  D E P O E  B A Y  V I A  N E W P O R T  

By 
David A. Bostwick 

This trip begins at Corval l is, Oregon, and fol lows U . S .  H ighway 20 to Newport on the coast, 
thence north on U . S .  Highway 10 1 (Coast Highway) to Depoe Bay . Total  distance is logged at 69 . 1 
mi l es .  Formations encountered on the trip are described below under Stratigraphic  Sequence for the 
Coast Range . This is fol lowed by the trip log and geolog ic  strip maps . 
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I ndex map of the Corval l is-Depoe Bay area showi ng route of field trip and 
posi tion of geo log ic strip maps accompanying road log . 

STRATIGRAPH I C  SEQUENCE FOR THE COAST RANGE 
Q UATERNARY 

1 7  

Dune sands and terrace deposits: P leistocene terrace gravels and Recent dune sands occur in rel atively 
thick deposits along the coastal area, extending in land as much as 2 mi les from the shore . Beds of sand 
and c lay contain ing woad are exposed at Newport beneath the wave-cut p latform of the E l k  River terrace 
(D i l ler, 1 903) . These beds are s im i l ar to and are corre l ated with beds of th� Coqu i l le formation, named 
by Baldwin ( 1945) for local estuarine deposits at the mouth of the Coqui l le River south of Coos Bay . 

Terrace sands and gravel s  that rest upon the wave-cut p l atform are correlated with the E l k  River beds of 
D i l l er as restricted by Baldwin . Dune sands, some of them partly indurated, now l arge ly cover the terraces 
and lower hi l is to the east . These dunes in part represent reworked material derived from the Coqui l i e  and 
E l k  River beds . 



CORVALLIS  TO DEPOE BAY VIA NEWPOR T 

G E N E R A L  L EG E N D  

COR7VA L LIS 
QUA D R A N G L E  ... �AJH 

o' 

Geology compiled from U. S. Geological Survey Oil and Gas Investigations Maps 88 ( Voke s ,  H. E . ,  

et al., l949), 1 5 0  ( Vokes, H. E.,  e t  a l . ,  1954 ), a n d  1 6 2  ( Ba ldwin , E. M., 1955).  
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MIOCENE 

Basal tic rocks: Yaquina Head, 4 mi les north of Yaquina Bay, is formed of coarse basa l tic  agg lomerates 
and flows intruded by dikes of basal t .  These unconformably overlie a baked contact zone of the Astoria form­
ation . A hard, l ight-colored, fine-grained tuff of unknown origi n  occurs in a fau l t  zone on the south side of 
Otter Rock . Basal tic  intrusives, many of them very sma l l ,  cut the sedimentary rocks north of Newport . Contacts 
with the sedimentary rocks show l i ttle a lteration . Dikes are common and cut flows and pyrocl astics . Columnar 
jointing is conspicuous in many of the intrusives and is especial ly  wel l developed in the I ron Mountain intrusive 
and in the road cut along the highway just south of Otter Crest parking area . 

Ages of the vol c�mic and intrusive rocks ore not certain ly  known but may be as old as late Miocene . 

Astoria formation: A sequence of about 500 feet of fossi l iferous sandstones and sandy sha les uncon­
formably overl ies the Nye mudstone along the coast, outcropping in the sea cl iffs between Yoquino Bay 
and Otter Rock and again at Depoe Bay . The sequence is considered to be, at least in part, corre lative 
with the Astoria formation of middle Miocene age at Astoria, Oregon . 

The beds north of Newport, al though predominantly sandy, exhibit a variable l i thology . Most of the 
rock consists of gray to bl ue-gray, soft, fine- to medium-grained sandstone, which commonly  contains 
feldspathic material and in p laces is tuffaceous . Dark, m icaceous, sandy shales are common interbeds in 
the sandstone . A few beds of hard, fine-textured tuff and dark conglomeratic lenses are loca l ly present . 
Large, hard, cal careous sandstone concretions are common in the lower part of the formation . The con­
cretions are genera l l y  fossi l iferous, contain ing invertebrate and vertebrate material . 

P leistocene terrace deposits and Recent dune sands genera l ly cover the contact of the Astoria and Nye 
formations and obscure other exposures of the Astoria away from the sea cl iffs . 

Nye mudstone: About 2,500 feet of bl ack massive mudstones disconformobly overl ie the Yaquino sand­
stone in the Newport area . The�e mudstones constitute the Nye formation, named by Schenck ( 1927) . The 
mudstone sequence contains a few s i l tstone beds and l enses of resistant cal careous material . Networks of 
se lenite crystals  and jarosite are common along joints . Weathering characteristica l l y  has covered bedrock 
with a deep layer of smal l ,  iron-stained chips and grayish-brown clay . Fish scales and spines ore common 
in the Nye, as are poorly preserved Foraminifera . The megafauna is sparse and poorly preserved, and so 
far has not yie lded material defin ite ly  indicative of age . The foram iniferal fauna is considered to indicate 
a probable early Miocene age . 

OLIGOCE NE 

Yaquina sandstone: The Yaquina formation was named by Harrison and Eaton ( 1920) for sandstones 
exposed at the town of Yaquina on Yaquina Bay, 3 mi les southwest of Newport . The formation incl udes 
about 2, 700 feet of shal low-water deposits, consisting mostly of I ight-groy to brown, tuffaceous, carbo­
naceous sandstones and interbedded sandy tuffs . The lower part of the formation is coarser-grained and 
contains more tuffaceous material than the upper part . Foss i l s  are common in the upper part . Carbo­
naceous material is present throughout the formation , some of it coaly . 

B rackish and shal low-water characteristics become more pronounced northward from Yaquina Bay, 
showing more cross-bedding, more carbonaceous material 1 and less massive bedding . The beds weather 
to iron-stained sands . Conglomerate l enses containing basal t  pebbles are increasing ly  common northward . 
At Otter Rock and Seal Rock, beds assigned to the Yaquina consist mostly of cross-bedded, coarse-grained, 
ye l lowish sandstone contain ing pebbles and fossi l  wood . I ron sulfide concretions are common . The l ith­
ology of the rocks at these two local ities is not typical of the Yaquina e lsewhere and seems to represe1 · 

local facies of the formation . 
The fauna of the Yoquina indicates an upper 01 igocene age for the formation and a correlation with 

the B l ake ley of Washington . 
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Toledo formation - Upper Member: The Toledo formation, described by Harrison and Eaton ( 1 920) from 
exposures along the banks of the Yaquina R iver, is separable into two members . 

The upper, unnamed, member of the Toledo formation consists of more than 1 ,  000 feet of sandstones, 
tuffaceous s i l tstones, and glauconitic beds . This upper sandy member incl udes poorly stratified, m icaceous, 
and tuffaceous si l tstones that contain I imy concretions.  The member weathers to a tan, s i l ty to sandy clay 
that close ly  resembles the Lower, Moody shale member .  

The mol l uscan fauna indicates a middle Ol igocene age for the upper Toledo, and the member has been 
correlated with the Keasey formation, Columbia County, Oregon, and the Linco ln  formation of Washington . 

EOCE NE 

Toledo formation - Mood shale member: The lower member of the Toledo formation is composed of 
dark-gray mudstones interbedde si l ty san stones and glauconitic sandstones . It was named the Moody 
s hale by Schenck ( 1 927) . This member is from 1 , 500 to 1 , 800 feet thick . When fresh ly  exposed the beds 
are dark-gray to black, hard, tuffaceous mudstones that incl ude irregular l imy beds a few inches th ick . 
The mudstones are much fractured . I nterbedded sandstones contain coarse pumiceous material . Abundant 
g lauconite occurs at many leve l s .  The rock weathers to form rounded s lopes of  soft, l ight-gray to rust­
colored fragments . Pelecypods and fish scales are common, along with genera l ly  poorly preserved Forami­
nifera . The fauna of the Moody shale member indicates an upper Eocene age, and the member is corre­
lated with the Cowl itz formation of Washington . 

Spencer formation: I n  a few outcrops in the vicinity of Corval l is the Tyee is unconformably overlain 
by basalt ic, arkosic, and micaceous sandstone beds . These beds are referred to the Spencer formation 
(Turner, 1 938) . Probably much of the sandstone of the Spencer consists of reworked Tyee sandstone . The 
Spencer is mostly covered by a l l uvium of the Wi l l amette Val ley . The th ickness near Corval l is may be 
more than 4, 500 feet . The Spencer crops out in the Country Club hi l l  southwest of Corval l is and has 
smal l  exposures west and northwest of Corval l i s .  However, it  has not been found west of Phi lomath . 

A large upper Eocene fauna from the Spencer indicates a correlation with the Cowl itz formation of 
Washington and the Tejon of Cal ifornia . I t  would also be correlative wi th the Moody shale member of 
the Toledo formation exposed north and south of Toledo, Oregon . 

Tyee formation: A thick sequence of rhythmical ly  bedded sandstones and s i l tstones overl ies and proba­
bly overlaps the S i letz R iver vol canic  series in the region west of Corval l is .  This sequence is correlated 
with the Tyee formation described by Di l ler ( 1 898) in the Roseburg, Ore.gon, area . 

The Tyee genera l ly  consists of beds of arkosic  sandstone interbedded with dark gray s i l tstone . The 
sandstone beds range in thickness from 6 inches to 1 2  feet and average about 5 feet . The beds consist of 
medium- to coarse-grained m icaceous arkosic  sandstone that grades rapidly upward into dark gray s i l t­
stone . The contact of the top of the sandstone beds with the overlying s i l tstones is relatively sharp and 
commonl y  marked by ripple marks and smal l scour channels . The rhythmic character of the bedding is 
uniform and distinctive . The complete Tyee section is not known, but the formation is reported to be 6,000 
to 7,000 feet thick in parts of the Toledo and Tidewater quadrangles .  

The sandstone of the Tyee i s  cal careous, firm ly  compacted, and gray to bl ue-gray i n  color on freshly  
exposed outcrops . It contains angu lar grains of quartz, p lagioclase (predominate ly  soda-rich) , wrinkled 
flakes of biotite and muscovite, and fragments of tuff . A few mi les north of Corval l is the sandstone contains 
smal l sub-angular basalt  pebbles cemented by a ltered tuff . West of Phi lomath the basal Tyee does not con­
tain material reworked from S i l etz R iver lavas, and basal conglomerates have not been found . 

The uppermost exposed part of the Tyee consists of th in-bedded s i l tstone and mudstone that weather to 
I ight-grayish orange or I ight-gray chips .  The upper beds are soft and poorly exposed . 

Megafossi l s  have not been found in the Tyee in the area west of Corva l l is, but fragments of pl ants, 
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mostly reeds, are common, especial l y  in the si l tstones of the rhythmic  units . To the south, near Cottage 
Grove and Roseburg, Oregon, mol l uscan faunas indicate a middle Eocene age for the Tyee and a corre­
l ation with the Domengine of Cal i fornia .  At least part of the Tyee seems to have been deposited under 
offshore conditions . I n  the area west of Corval l is a rapid deposi tion in brackish water seems indi cated . 
Certain features of the Tyee suggest deposition by turbidity currents . 

S i letz R iver vol canic  series : The oldest rocks exposed within the west -central border area of the 
W i l lamette Val l ey are a thick sequence of basal t  flows, flow breccias, and minor amounts of i nterbedded 
tuffaceous si l tstone and tuff. The upper part of the series consists of th in-bedded tuffaceous s i l tstone and 
water-laid tuff that interfinger wi th flows . The whole sequence of flows and si l tstones has been named the 
S i l etz R iver volcanic series by Snavel y  and Baldwin ( 1 948) and is considered to be early Eocene in age . 

The upper part of the S i letz R iver vol can ic  series consists of tuffaceous beds and interfingering ba­
sal tic flows, and it has been named the Kings Val l ey member of the vol canic  series for the exposures of 
the beds along both sides of Kings Val ley . In the vicin ity of Kings Val ley the member is about 3,000 
feet th ick . The beds are soft and poorly exposed, and the complete sequence is not known . Dark-gray, 
shaly  tuffaceous si l tstone and interbedded basal t flows, tuffs, and m inor amounts of flow breccia are in­
c luded in. the lower part of the member . The upper part of the member is also poorly exposed and incl udes 
th in-bedded tuffaceous s i l tstone and some thin beds of re lative ly  pure tuff . 

The Kings Val ley member is interpreted to represent a late pyroclastic phase of vul canism that pro­
duced the th ick sequence of basalt ic flows in the lower part of the series . Foss i l s  in the Kings Val ley 
member are genera l ly poorly preserved . Near Marys Peak a fa ir ly large mol l uscan assemblage has been 
col lected that indicates a corre lation with the lower Umpqua west of Roseburg, Oregon (Turner, 1 938) . 
I t  would,  therefore, be corre lative with the Capay formation of Cal i fornia . 

The lower part of the sequence is predominately zeol itic pi l low basal t .  The pi l l ows average l ess 
than 2 feet in  diameter .  Amygdaloidal structure is common in the flows; flow breccia and coarse pyro­
clastic material is rare . Secondary m inerals, parti cularly ch loritic m inerals and zeol i tes, have resul ted 
from hydrothermal alterations that accompanied the submarine flows, and cal cite and zeol i tes are commc 
fi l l ings in the vesicles in the basal t  and between p i l lows . The tuffaceous sediments interbedded in the 
flows are thin-bedded, wel l -stratified, and contain much c lay . At Coffin Butte, about 6 m i l es north of 
Corval l is,  sedimentary beds between p i l low lavas contain a foraminiferal  fauna considered by W .  W .  Ra 
( in  Vokes, Myers, and Hoover, 1 954) to indicate a warm, shal low-water environmer1t and to correlate 
with the Crescent formation in Washington and possibly with part of the Umpqua format i on of southwest 
Oregon . Faunas from both these last two formations are considered to be of early rri iddle Eocene age . 
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ROAD LOG: CORVALL IS  TO DEPOE BAY VIA NEWPORT 

Corval l is, Oregon, post office . Fol low U . S .  H ighway 20 north two blocks to A Street . 
Turn right on A Street . From Corval l is to Phi lomath the highway for the most part is on 
W i l l amette Val l ey a l l uvi um . 

(Begin Fig . 3} 
1 . 5 Oregon Forest Research Center 

(0 . 5} 
2 . 0  Marys Peak at 1 2  o'clock, h ighest mountain in the Coast Range (4097 feet} . I ts upper 

part is made up of a thick si l l  of diori te and gabbro intruded i nto Tyee sediments of m iddle 
Eocene age . The highest part of the mountai n is the upthrown side of a normal faul t  that 

(0 . 3) cuts across the mountai n i n  a northeast direction . At the base of Marys Peak a thick 
section of the S i letz R iver vol can ic  series (early Eocene) i s  exposed . 

2 . 3  Country Club h i l l  at 9 o 'c lock . This i s  an outcrop of the Spencer formation of l ate 
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H ighway crosses the Tyee formation of'middle Eocene age in the north-trending ridge . 

H ighway crosses the northeast-trending Corval l i s  fau l t .  

Phi lomath city l im i ts .  

Road junction . Continue straight ahead on U . S .  H ighway 20 . 

Poorly exposed S i letz River vol canic fl ows . 

Smal l sawm i l l  on the l eft . Logged-over h i l ls ide i l l ustrates in a smal l way the problem of 
erosion on denuded slopes in the Coast Range . 

S l ump topography conspicuous ly developed on south side of h ighway . 

Basa l t  outcrop . 

View of Coast Range at 1 2  o 'c lock . 

Wren sawm i l l  at 3 o'clock . 

Road junction wi th Oregon Highway 223 . Continue straight ahead . 

Bridge over Marys River .  

H ighway here is on the Kings Val ley member of the S i l etz River vol canic series . The 
K ings Val ley faul t  trends northeast across this area . 

(Begin Fig . 4) 
i 3 .  1 

(0 . 3) 
1 3 . 4 

(0 . 2) 

Road cut exposes K ings Val l ey s i l tstone and interbedded basal t .  

Quarry i n  basa l t .  Note the weathered soi l profi l e  and spheroidal weathering developed 
i n  the basa l t  bl ocks under the soi l l ayer .  A si l tstone-basal t  contact is exposed in the road 
cut just east of the quarry . The basa l t  is probabl y  a f low but i ts massive character suggests 
the poss ibi l i ty of a s i l l .  The si l tstone beds have the westerly dip that is characteristic of 
the strata from here to the coast . 
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1 5 . 9  
(0 . 4) 

1 6 . 3  
(0 . 3) 

1 6 . 6  

(6 .5) 

23 . 1  
(8 . 1 )  

(Begin Fig . 5) 
29 . 2  

(0 .4) 
29 .6  

(0 . 2) 
29 . 8  

(2 . 7) 

32 .5  
(0 . 3) 

32 . 8  
(0 . 2) 

33 . 0  
(0 . 1 )  

33 . 1  
(0 . 2) 

33 . 3  

(2 . 0) 

35 . 3  

(2 . 9) 
(Begin Fig . 6) 

38 . 2  

(4.  1 )  

F I E L D G U I D E B O O K  

Back into the Kings Val ley si l tstone . 

Marys Peak at 1 0  o'c lock . Approximate contact of Tyee formation and Kings Val ley 
s i l tstone at this point .  

B lodgett . Road junction . Continue straight ahead on U . S .  Highway 20 . 

Tyee tuffaceous sha les and sandstones exposed in road cut . Fragments of fossi l  pl ants, 
mostly  reeds, occur in the sha les .  S l i de on the south side of the road shows the common 
effect of excavations into deeply weathered materia l . A basa l t  intrusive is exposed at 
the west end of the road cut on the south side of the road . 

Bumt Woods . 

Terrace or bench cut into the va l ley sides at 1 1  o' c lock indi cates rejuvenation of the area . 

Massive sandstone of the Tyee formation , di pping westward . 

In view ahead, on south si de of the highway, bent trunks of trees reflect active creep of 
the steep slopes of deeply weathered Tyee beds . Creep and s lumping in the val ley slopes 
are evident for several mi les .  

S l ump feature at 9 o 'c lock . 

Eddyvi l le . 

Rai l  road crossing and bridge . 

Road junction . .  Continue strai ght ahead on U . S .  H ighway 20 . 

The Tyee formation is wel l -represented by the rhythmical ly  bedded sandstones and s i l tstones 
exposed in the road cut . The sandstone is arkosic  and micaceous . Characteristical ly  each 
sandstone bed makes a sharp contact with the underlying s i l tstone and grades rapidly upward 
into the si l tstone bed above . Fossi l p lant fragments are common in the si l tstones . Spheroidal 
weathering of the massive sandstone beds near the top of the profi le  produces a distinctive 
structure . 

The rai l road tracks on the left of the road connect Corval l is and Toledo and are owned by 
the Southern Pacific . At one time the l ine offered passenger service from Corval l is to 
San Francisco v ia steamship out of Yaquina Bay . 

Chitwood . The rhythmica l ly  bedded Tyee beds here are very s imi lar to those at Eddyvi l le 
but are considerably higher in the stratigraphic section . The strongly entrenched meanders 
of the Yaqu ina River seen from Eddyvi l le to Yaquina Bay indi cate rejuvenation of a coastal 
p lain now evident only as hi l l  tops ranging in e levation from 750 to 1 , 000 feet near Chi twood 
but decreasing i n  el evation toward the coast . Upl i ft i n  the Coast Range, as in  the K lamath 
Mountains, has been episodic, producing several upland erosion surfaces, beginning probably 
in  late Miocene or early PI iocene and continuing i nto Recent time . 

42 . 3  H ighway now on the Toledo formation . The Toledo contact wi th the Tyee i s  obscure and not 
( 1 . 5} defin i te ly  located . 
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Pioneer Mountain summit, 422 feet .  

Exposure of the basal beds of the Toledo overlying the Tyee wi th angular unconformity in 
the new road cut on the south side of the road . 

Toledo city l im i ts .  

Moody shale member of the Toledo formation is exposed i n  the road cut on the north s ide 
of the road . 

49. 8 Moody sha le member of the Toledo exposed on the right side of the highway . Mol l usca 
(0 . 3) and Foram inifera have been identified from this loca l i ty .  

�egin Figs . 7a and 7b) 
50 . 1  Georgia Paci fi c paper m i l l  on the l eft . 

50 . 7  

50 . 8  

52 . 3  

(0 . 6) 

(0 . 1 )  

( 1 . 5) 

( 1 . 6) 

Rai l road crossing . 

Road junction wi th Oregon Highway 223 to S i letz. Continue on U . S .  Highway 20 . 

Yaqu ina sandstone on ri ght side of road . 

53 .9  Contact of Nye sha le  wi th underly ing Yaquina sandstone i s  exposed on  the right s ide of 

54 .0 

55 .5  

55 . 8  

56 . 4  

57. 3 

58 . 3  

58 . 9  

59 . 1  

( 0 . 1 ) the road . 

( 1 . 5) 

(0 . 3) 

(0 . 6) 

(0 .  9) 

( 1 . O) 

(0 .6) 

(0 . 2) 

Yaquina Bay at 9 o 'clock . This is a drowned val ley . 

Paci fi c Ocean ahead at 1 2  o 'c lock . 

Newport city l imits .  

End of U . S .  Highway 20 . Junction with U . S .  H ighway 1 0 1 . Turn right onto U . S .  H igh­
way 1 0 1  (Coast H ighway) . 

Sub-Recent"foss i l " sand dunes are exposed al ong the highway for the next several mi l es .  
Newport i s  bui l t  on the dune sands and on E l k  River terrace sands and gravels  that rest 
upon an el evated wave-cut p latform . 

Yaquina Head at 1 1  o 'c lock . This promontory is made up of basal tic flows and agglomerate . 

Agate Beach turnoff . After storms, col lectors find quantities of yel low and orange chal ­
cedony on the beach, some of i t  sui table for cutting . Source of the chal cedony seems to 
have been the terrace gravels  an the e levated wave-cut bench overlooking the sea c l iff .  

Road to Yaquina Head and l ighthouse on the left . This basal tic headland affords a good 
view of the coast . Sea l ions frequently and whales occasional ly  are sighted from here . 
The l ighthouse is situated on a smal l  grassy slope that represents a remnant of a once much 
l arger e levated wave-cut terrace . Below the parking area a steep trai I descends to a 
basa l t  pebble beach . The wave-cut c l iff exhibits the rough texture of vol canic agg lom erate . 
The beach pebbles and cobbles represent the more resistant basa l t  fragments after the waves 

(0 . 7)  have worked over the c l i ff-derived debris . 

59 . 8  I ron Mountain at 2 o 'c lock . This i s  a basa l tic intrusive . 
( 1 . 0) 

60 . 8  
(0 . 8) 

Sea stacks at 1 1  o 'c lock . 



CORVALL IS  TO DE POE BAY VIA NEWPOR T 

F igure 7a 



CORVALLIS TO DEPOE BAY VIA NEWPORT 

N " \ \ I I 

' 05' J24°oo' 

F igure 7 b  



32 
Mi leage 

6 1 . 6  

F I E L D  G U I D E B O O K 

Sub-Recent sand dunes on both sides of the highway . 
(0 . 9} 

62 .5  Beverly Beach turnout on right . Wave-cut c l i ff on the left be low the highway is formed 

63 . 6  

64. 0  

64 . 2  

64 .6  

65 . 1  

65 .4  

67. 2  

67.4 

68 . 8  

69 . 1  

in  the Astori a  formation . Miocene fossi l s  can be col l ected from l imy beds in  the Astoria 
( 1 . 1 } a long the c l iffs here . " Cannonbal l "  concretions in the sandstone are conspicuous in one 

bed . 

(0 . 4) 

(0 . 2} 

(0 . 4) 

(0 . 5) 

(0 . 3} 

(0 . 8} 

(0 . 2} 

( 1 .4) 

(0 . 3) 

Otter Rock junction . Turn left to Otter Rock and Dev i l s  Punch Bowl State Park . 

Road to Devi l s  Punch Bowl State Park to the left . The park is on an el evated wave-cut 
terrace cut into Yaquina sandstone . The Punch Bowl at the end of the head is a col l apsed 
sea cave . A path leads down to the beach on the south side of the head . Just above the 
beach the path crosses a massive bed of we l l - indurated tuff . From the beach , looking 
back toward the descending path , there can be seen a fau l t  zone separati ng the upthrown 
Yaquina sandstone beds that comprise the head and the less resistan t Astoria s i l tstones in 
the sea c l i ff on the right . The Yaquina is re lative ly thin bedded at this l ocal i ty and has 
conspicuous cross bedding . I ron sulfide concretions are abundant .  The Astoria formation 
is dark blue gray here and underl i es re l ative ly  th ick dune sands . 

Turn right off o ld road onto U . S .  H ighway 1 0 1  and conti nue north . 

Basa l t  intrusive on right side of the highway . 

Columnar jointing is wel l developed in the basa l t  intrusi .te exposed on the right side of 
the highway . 

Otter Crest turnout . From this observation point can be seen the terraces just traversed . 
The parking area on old H ighway 1 0 1 ,  below, is on another el evated terrace remnant .  

Rocky Creek State Park . 

Whale Cove . 

Depoe Bay city l im i ts .  

Depoe Bay and boat basin . Basal ts and pyroclastic rocks are exposed i n  this area . Hy­
draul ic  action has en larged the jo inting in  the vol canic breccia at various pl aces . A long 
one of these jo ints the roof has caved forming an open ing to the surface about 6 feet long 
and 3 feet wide . When winds and tide are favorable,  waves rush into the narrow passage­
way periodi cal l y  developing suffic ient head to cause the sea water to spout, sometimes as 
h igh as 30 feet into the ai r .  The Astoria formation i s  exposed at the northeast comer of 
the inner bay and also a long the south side of the outer bay . 
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This trip starts at the Un iversity of Oregon Campus at Eugene, Oregon , and fol lows U . S .  Highway 99 
south to junction with Oregon Highway 38; thence west on Oregon Highway 38 to Reedsport; and south on 
U . S .  Highway 1 0 1  (Coast Highway) to North Bend and Cape Arago in the Coos Bay area .  Total distance 
is logged at 1 3 1 .6  m i l es .  

For information about the formations encountered, see correlation chart for the Coast Range Cenozoic 
of Oregon and the accompanying defi ni tions of the formations . 
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I ndex map of the Eugene-Coos Bay area showing route of fie ld  trip and posi tion 
of geologic maps accompanying road log . 
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Mi leage 
0 

ROAD LOG:  E UGENE TO COOS BAY VIA REE DSPORT 

(0 . 3) 
(Begin Fig . 8) 

0 . 3  

Eugene, Oregon . Condon Hal l ,  University of Oregon campus at 1 3th and Kincaid, 
Geology Departmental Offi ce . 

E rb Memorial Student Union Bui lding . Eugene is si tuated upon the Eugene formation of 
midd le O l igocene age, and on river al l uvi um . Many of the earl ier good fossi l  col lec­
tions were from tunnels excavated on the campus when instal l ing the heati ng system . 
Go east on U . S .  Highway 99 . ( 1 . 7) 

2 . 0  Judkins Point - a basa l tic intrusive probabl y i n  the form of an east-dipping si l l . 
( 3 . 7)  Continue on U . S .  Highway 99 . 

Between Judkins Point and the point overlooking the junction of the Coast and Middle 
Forks of the W i l l amette River the Eugene formation is  cut by basal tic dikes . The basal t  
may be middle Miocene equivalent to the Columbia River basal t .  Some of  the l arger 
bodies resemble the l i thology of the Judkins Point intrusive . 

5 . 7  Tuffaceous sediments that have been sl iding toward the highway . Many yards of this 
weathered material have been removed . Cracks and ti l ted trees may be seen for many 

( .4) yards up the hi l l . 

6 . 1 An upper O l igocene f lora has been col lected from the sma l l  butte immediate ly  south of 
the overpass . The bedded tuffaceous sediments are probably younger than most of the 
Eugene formation . The flora is l isted by Ro land W .  Brown in the "Geo logy of the southern 
and southwestern border areas of the W i l lamette Val ley, Oregon " by Vokes, Snavely, 

( . 4) and Myers ( 1 95 1) .  

6 . 5  Road Junction of Oregon Highway 38 to Oakridge and K lamath Fa l ls and U . S .  Highway 99 . 
(2 . 0) Continue right and south on H ighway 99 . 

8 . 5  Goshen flora of Chaney and Sanborn ( 1 933) from highway cut o n  o l d  highway where road 

1 0 . 0  

1 2 .  1 

20 . 4  

27 . 3  

28 . 4  

( 1 .5) went around sma l l  hi l l . About 1 00 yards north of overpass across main highway . . .  

(2 .  1 )  

( 8  . 3) 

(6 . 9) 

( l .  1 )  

( 1 . 6) 

Large depression is cal led Camas Swale . G ravels  on floor of swale may point to occupancy 
by W i l lamette River during one of i ts stages of meandering . Pointed peak to the north is 
Spencer Butte, an intrusive body of diorite in the form of an east-dipping si l l .  

Terrace capped by thoroughly decomposed grave l s .  

Junction wi th road to Creswel l .  Creswel l  Butte is located just south of town . Outcrops 
of a quartz-bearing diorite are exposed along the old h ighway 0 . 8  m i l e  from the main 
intersection in  Creswel l .  The diori te is in an east-dipping si l l . 
Continue south on U . S .  H ighway 99 . 

Junction of highway and road from Cottage Grove . Rock surrounding this j unction is 
purp l ish tuff and tuffaceous sandstone of the Fisher formation . Massive Fisher tuffs crop 
out a long Pass Creek . 
Continue south on U . S .  Highway 99 . 

Massive outcrops of cemented F isher tuffs . 

F lora of Sanborn ( 1 937) from rai l road cut paral le l ing mai n highway . Leaves obtained near 
base of F isher formation and near top of Spencer formation are probably upper Eocene . ·· 
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F I E L D G U I D E B O O K  

Coal bed exposed in the road cut on point . This is near the top of the Comstock forma­
tion of Turner ( 1 938) and incl uded within the Spencer formation by Vokes, Snavely, and 
Myers ( 1 95 1 ) 

Base of the Spencer formation . Pebbly tuffaceous sandstone disconformably restmg upon 
s i l tstone and thin-bedded sandstone of the Tyee formation . The re is a larger percentage 
of s i l tstone in the Tyee formation at this point simi l ar to that in the Lorane shale member 
near Lorane, Oregon, and the upper part of the Tyee formation south and west of E lkton . 

D ike by old overpass over rai l road just west of Comstock . Comstock fauna of Turner and 
others along north edge of dike in highway cut .  Contai ns Venericardia and Turri te l l a .  
(Litt le left of Comstock . )  

Massive ly  bedded sandstone of the Tyee formation wh ich i s  more typical of this formation 
than the s i l tstone at the top . 

Junction of Oregon Highway 38 to Coast and U . S .  Highway 99 southward to Roseburg . 
Tum right on H ighway 38 to Coast, via Drain . 

Tyee formation along highway to Drain . (see Turner, 1 938, Drain to Comstock section , p . 2 1 )  

Drain: Junction o f  highway south and Oregon Highway 38 west . A l arge basal t quarry i n  
the south edge of  Drain reveals flows o f  vesicular and zeol iti zed basal t  which d ip  north­
ward approximate ly  35 degrees . This basa l t  is considered a part of the Umpqua formation 
and underl ies the Tyee sandstone exposed a long the highway . Continue westward on 
Oregon Highway 38 toward Coast .  

Jack Creek . Tuffaceous sediments of the Umpqua formation are present north of the high­
way . The h i l l  northwest of this cross ing is underl ain by basa l t  of the Umpqua formation . 
(Geology of Drain and Ani auf quadrangles, L .  Hoover, in preparation .)  

Red ves icular and zeol it ized basal t  in smal l  quarry above h ighway . 

S i l tstone overlying basal t  and underlying massive sandstone which is the base of the Tyee . 
This location, mentioned by Turner ( 1 938), contains orbitoids, other Foraminifera, and 
same mol lusks . The fossi ls  are in the Umpqua formation . 

West of this point to E lkton, the Tyee formation has a homocl inal dip westward of aporox­
imate ly  15  degrees . 

Tunnel through meander neck of E l k  Creek . Mass ive Tyee sandstone . 

B ridge over E l k  Creek to south side of creek .  

To the south in broad meadow i s  o ld  cutoff meander of  E l k  Creek . 

54 . 5  Bridge over E l k  Creek near its j unction wi th Umpqua River .  Side road to left fo l lows River 
upstream or crosses bridge to south side . One and a half m i les west of bridge along Henderer 
Road is large fresh road cut a long the south bank of the R iver . The strata contain a large 
percentage of s i l tstone . Both mega and micro fossi ls  are rel ative ly abundant .  The massive 
Tyee sandstone is genera l l y  unfoss i l iferous, but the upper s i l ty beds of the Tyee formation 

( . 2) contain assemblages in places . 

54. 7  E lkton on Oregon H ighway 38 . The strata at E l kton dip approximately 1 0  degrees south-
(3 . 8) westward but gradual l y  swing to a southward dip a few mi les west of E l kton . 
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S i l tstone, s imi lar to that across river from E l kton . 

Apex of sharp tum on highway . Dip is gently southeastward . Center of south p lunging 
syncl ine is occupied by s i l ty foss i l i ferous phase of the Tyee formation . 
More massively bedded Tyee is exposed west of th is point . 

Mouth of Paradise Creek . 

Sawyer Rapids . Massive Tyee sandstone . 

Center of sync l ine . 

G reen Acres . Large lands l i de from northwest sl ope at one time partial l y  b locked river . 
Note l arge blocks of Tyee by houses just west of Wel ls Creek . 

Scottsburg, on Oregon H ighway 38 . 

Center of highway bridge over Umpqua River . This is the head of tide water .  

Massively bedded Tyee strata d ip  eastward between the bridge and the mouth of  Mi l l  Creek . 

Mi l l  Creek . Seven m i les up the creek a major l ands l ide composed of large blocks of Tyee 
sandstone has dammed the creek approxi mately 300 feet high and created Loon Lake and 
the al luvial flats of Ash Val l ey beyond the lake . 

Sma l l  ravine from the south . Fau l t  breccia is exposed in this sma l l  creek indi cati ng a l ign­
ment along a fau l t .  East side is down thrown . Sudden change in atti tude and general d ip 
west of fau l t  is very gently southward, i n  many p laces appearing to be almost hori zontal . 

Mouth of Charlotte Creek . New highway construction obtai ns fi l l  rock from quarry in  
massive Tyee sandstone .  

Large jetty rock quarry on oppos i te bank of Umpqua River. Large blocks of Tyee barged to 
jetty at mouth of the Umpqua R iver near Winchester Bay . 

Schofie ld  Creek Road . Very narrow pass between river and Schofie ld  Creek has been sub­
merged during certa in al l uvial stages of the P le istocene . Highway between here and 
Reedsport frequently blocked by sl ides . 

Reedsport .  Junction of Oregon H ighway 3 8  and U . S .  H ighway 1 0 1 . Turn left (south) on 
U . S .  H ighway 1 0 1  (Coast H ighway) . 

Bridge over Schofie ld  Creek . 
Al luvial fl at of a former channe l of Schofie ld Creek that fl owed farther westward before 
turn ing northward . Sm ith R iver joins Umpqua R iver from the northeast . -Al l the streams 
a long this part of the coast have been drowned, perhaps more than 200 feet during late 
stages of the Plei stocene accompanying post Wisconsin deg laciation . 

Deep cut i n  southwestward dipping massively bedded Tyee sandstone . 

Winchester Bay, near the mouth of the Umpqua River .  

Lookout at  top of hi  I I  south of Winchester Bay . Jetties of the river mouth vis ibl e .  A smal l 
lake, Lake Marie, is si tuated at base of h i l l  in Umpqua Lighthouse State Park . 
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F I E L D  G U I D E B O O K  

Clear Lake . Most of the larger l akes are the result  of downcutti ng of streams beneath 
present sea level during eustatic changes of sea leve l . Subsequent drowning and bl ocking 
of channel mouths by sand dunes forms lakes . 

Base of Coaledo formation resting upon Tyee sandstone . Pebbly, foss i l -bearing sandstone 
is l arge ly obscured by grass . 

1 0 1 . 2  Weathered s i l tstone of the Coaledo formation . Large s l ides have d isrupted the highway 
( . 8} at this point .  

1 02 . 0  Eel  Lake . This l ake i s  a drowned stream system . 
( 1 .  7} 

1 03 . 7  
( . 5} 

1 04 . 2  

( 3 .  9} 

1 08 . 1 
(2 . 5} 

Junction with road to Tenm i l e  Lake and the town of Lakeside . Continue south on U .  S .  
Highway 1 0 1 . 

B ridge over Tenmi l e  Creek . 
Tree-covered dunes wi th l ive dunes to the west obscure o lder formations for many m i les 
south of Tenm i le Creek . 

S ide road to south Tenm i l e  Lake . Crosses sand dune area, Coaledo formation up h i l l  to 
radar station and Tyee sandstone beyond in arms of lake . 

(Begin F ig . 9} 

1 1 0 .6 

1 1 3 . 5  

1 14 . 8  

1 1 6 . 8  

1 1 7 .6  

1 1 9 . 5  

1 20 . 0  

1 23 . 7  

1 24 .  1 

(2 . 9} 

( 1 .  3} 

(2 . 0} 

( . 8} 

( 1 .  9} 

( . 5} 

(3 . 7} 

( . 4} 

Bridge over North In let .  Sand dune area to west spreads southward into the North Spit 
that end oses Coos Bay . 

Coaledo sandstone at north end of bridge across the bay . 

North end of large McCul loch Bridge across Coos Bay . Road to south goes to G lasgow 
and to upper Coos River .  Landsl idi ng is common in the area between the two bridges . 
Coaledo formation crops out at this point . 

North Bend . Intersection at Coos Bay Hotel . Turn right (west} for road to Empire ·; 

Intersection in Bangor . Turn left and continue on road to Empi re . 

Empi re lakes may be seen to the right of the road i n  depressions in the old dunes . Dunes 
between Bangor and Empire are forested . They are probably P le istocene .  

Road to Coos Bay to left . Conti nue straight ahead into Empire . 
I n  Empire turn south toward Charleston . 

' 

P idgeon Point is a sma l l  point of Empire sandstone . The Empire formation is lower to 
middle P l iocene and at this point dips gentl y westward toward the syncl inal axis para l­
le l ing South S lough . One can park here and fol low the beach southwestward approxi­
mate ly one hal f  m i l e  to Foss i l  Po int . 

Fossi l Point is located along the bay opposi te the road intersection just west of the Barview 
grocery . One must go through private property to get there by the sho rt way but at low 
tide i t  may be reached by way of P idgeon Point . This is a very unusual accumulation of 
fossi l s and conglomerate within the Empire formation . Th is has been discussed by Dol l  

( 1 . 3} and the fossi ls  figured in U . S .  Geol . Survey Prof . Paper 59, 1 909, and by Weaver, 1 942 . 
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M i l eage 

1 25 . 4  

1 25 . 6  

1 25 . 9  

1 26 . 4  

1 27 . 4  

( . 2) 

( . 3) 

( . 5) 

( 1 . 0) 

Center of the bridge across South S lough near Charleston . The S lough fol lows the axis of 
the syncl inal structure . See cross section (after A l len and Bal dwin,  1 944) . 

Charl eston . Coos Head and the Marine B iolog ical Station to the right along the bay . 

Seven Devi l s  Road that leads to Sacchi , Merchant, and Agate beaches and to Bandon . 
Continue on ma in road toward Cape Arago . 

S ide road to Coos Head and to the beach at the Jetty at the entrance to Coos Bay . Empire 
formation makes up the head( and at Coos Head and at the end of the Jetty . This is a mas­
sive sandstone at this point  di pping eastward toward the center of the syncl i ne . A Naval 
Research Laboratory i s  si tuated on Coos Head . 

Bastendorff Beach . The Beach is si tuated between two sandstone head( ands . Mussel Reef 
(Yoakam Point) composed of Coaledo sandstone is s i tuated to the west and Tunnel Point com­
posed of the mid-Ol igocene Tunnel Point formation is si tuated to the east . The strike of 
the Bastendorff formation is northward wi th a steep d ip to the east.  The l i thology is that of 
sha le,  eas i l y  eroded, thus accounting for the wi de beach . The upper Bastendorff contains 
a Refugian microfauna .  The formation is consi dered to be both upper Eocene and lower 

( . 2) O l igocene . (Cushman and Schenck, 1 928, and Stewart, R .  E . ,  1 956) 

1 27 .6  S ide road to the right leads to Musse l Reef (Yoakam Point) . On the point steeply  dipping 
beds of upper Coaledo jut out into the ocean . Coal bed approximate ly  5 feet thi ck is 
s i tuated in the cove along the west side of the point . A good view of the beaches both 
east and west may be obtained from th is point .  Late Ple istocene fault ing has dislocated 

( . 6) the wave-cut terrace with the east side up I if ted . 

1 28 . 2  S ide road to Cape Arago L ighthouse . Lighthouse i s  on Cape Gregory whereas Cape Arago 
is si tuated approx imate ly  3 m i les southwest .  Steeply  dipping beds of lower Coaledo sand­
stone d ip  eastward . The l ighthouse is upon an is l and whose tip points seaward . The m iddle 

( . 5) Coaledo s i l tstone and shale is exposed along the beach to the east . 

1 28 . 7  Sunset Bay . The bay i s  carved i n  the top of the lower Coaledo and the base of th�· m iddle 
Coaledo . The broader backside of the bay be ing in  the middle Coaledo s i l tstones . Several 
fau l ts wi th re l atively sma l l  displ acement have local i zed erosion at this point to form the 
bay . Foramin ifera of the Coaledo formation are described by Detl ing ,  1 946, and Cushman, 
Stewart, and Stewart, 1 947 . Stumps exposed at low tide along the marg in of the bay and 

( . 2) in Big Creek grew during an earl ier stand of the sea . 

1 28 . 9  Bridge across B ig Creek . This creek heads i n  the Bastendorff sha le,  and cuts through the 
( . 9) upper and middle Coaledo formations . 

1 29 . 8  Shoreacres . This State park is the former home of Louis S impson, a prominent Coos Bay 
l umberman . The vi sta house is si tuated near the former residence and the forma l garden 
wi th many exotic p lants is s ituated to the west . Steeply dipping lower Coaledo sandstone 
has been truncated by the sea during the formation of this prominent marine terrace . A 
h igher mari ne terrace is visible to the south . The sandstone displ ays prominent concretions 

1 3 1 . 6  

( 1 . 8) and flutings a long the shore l ine .  

Cape Arago . The road from the l ighthouse to th is point has been para l le l ing the stri ke . 
A faulted ant ic l ine in the lower Coaledo trends northward through the Cape . The beds 
on the east dip eastward, those to the west d ip  westward . The rocks off shore disp lay a 
reversal in dip wi th the dip once again eastward . Many interesting structural features are 
d ispl ayed in North Cove . The beds have been deformed a long the fau l t .  Channel ing is 
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displayed in the Cooledo formation along the shore near a small waterfa l l .  Dott ( 1955) 
suggests that bedding features point to deposition by turbidity currents. 

Middle Cove just south of the lookout is o favorite spot to collect fossils.  Tumer (1938) 
l ists many species from this spot. Sand do l l ars ore relatively abundant in the sandstone . 

South Cove and the cliffs to the south show eastward dipping sandstone. Intraformational 
cong lomerate is prominently displayed. 

Bridge Creek 4 miles west of Mitchel l .  Cretaceous shales i ntruded by andesite 
sills. The house is on the axis of the Mitchell anticline. (Oregon State High­
way Commission photo) 



Looking south across. the John Day River valley at Strawberry Mountain near John Day, Oregon. (Oregon State 
Highway Commission photo) 
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This trip starts in Corval l is, Oregon, at Van Buren Street bridge over the W i l l amette R iver and goes 
east on county roads to Lebanon . From Lebanon i t  fol lows U . S .  H ighway 20 up the South Santiam R iver, 
crosses the Cascade Range at Santi am Pass, and cont inues through S isters to Bend . From Bend i t  goes south 
on U . S .  H ighway 97 to Newberry Crater and returns to Bend . Thence it goes east on U . S .  H ighway 20 
past Pi lot Butte, turns north on Powel l  Butte road, joins U . S .  H ighway 1 26, and proceeds east to Prinev i l le . 
Total distance of the whole trip is logged at 241 . 1  m i les . 

Formations encountered between Corval l is and S isters are described below under Stratigraph ic  Sequence 
in the W i l l amette Val ley and Cascade Range . (Formations east of S isters are descri bed in Fie l d  Trip No . 4 
under Stratigraphi c  Sequence for Central Oregon . )  Road log and accompanying geolog ic  maps fol low forma­
tion descriptions . 

L I N N J E F F E R S O 

L A N E  

I ndex map of the Corva l l i s-Prinevi l le region showing route of trip and posi tion 
of geolog ic  strip maps accompanying road log . 
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STRATIGRAPH I C  SEQUENCE FOR WILLAMETTE VALLEY AND CASCADE RANGE 

PLE ISTOCENE 

The older sediments of the W i l l amette Val ley area are represented by a series of three gravel terrace 
deposi ts and a l ater deposit cal led the W i l lamette si l t .  The gravels  correspond to al ternati ng a l l uv iation 
and erosion related to the g l acial and interg lacial stages of the Cascade Range . 

W i l l amette si l ts : The W i l l amette s i l ts, mapped and named by A l l ison ( 1 953) , are paral le l-bedded 
s i l ts and associated materia ls  which cover the majori ty of the W i l lamette Val ley lowland . At A l bany the 
s i l ts are about 15  feet thi ck, but they thin out at higher e levations . The s i l ts do not occur above 400 
feet e levation . 

The W i l l amette s i l ts are composed of angular grains and cl eavage fragments of a variety of common 
m inerals, main ly  quartz and fe ldspars . I nterbedded with the s i l t  and ly ing on the surface are numerous 
rocks varying i n  s ize from smal l chips to boulders weighing several tons . The coarse fragments and 
boulders are composed of granite, schist, gneiss, quartzite, slate, and a variety of other rocks foreign to 
northwest Oregon . Several boulders have been reported to have g lacia l  striae . A study by A l l ison ( 1 935) 
describes these rocks as g l acial erratics deposited by me l ting icebergs which orig inated in northeastern 
Wash ington and floated down the Columbia River . I ce jamm ing in the Columbia River caused the 
W i l lamette Val ley area to become flooded to a depth of 200 feet . As the ice mel ted and the flood waters 
receded these erratics were left stranded throughout the W i l l amette Val ley area . 

The W i l l amette s i l ts are the l ast materia l s  of g lacial orig in to be deposi ted on the val ley plain . They 
are bel ieved to be of l ate Pleistocene age corresponding to the l atest g l acial stage, the Wisconsin or Tiogc 
in  eastern Washington (Al l ison, 1 953) . 

Linn gravels:  The L inn gravels  are widespread in the area between AI bany and Lebanon . South of 
Albany, however, they are covered by a th in veneer of W i l l amette s i l t  and are exposed on ly where stream: 
have cut through the s i l t .  

The Linn gravel s  i n  the Al bany quadrangle are mainly pebble gravels, sand, and c lay . Pebbles 1 to 
3 inches i n  diameter show considerable rounding . I n  genera l ,  the material is in the form of fans deposited 
by the South Santiam, W i l l amette , and Calapooya rivers . The gravels  are on ly a few tens of feet th ick . 
They extend from about 1 0  to 30 feet above the stream beds to a few feet below the level of the present 
streams . These gravel s  appear to be considerably younger than the underly ing Leffler gravels and older 
than the s i l t .  They are considered to be of earl y Wisconsin age . 

Leffler grave l s : The Leffler gravels  occur in terraces between the e levations 300 and 500 feet above 
sea level . Accord ing to Al l ison and Fe l ts ( 1 956), these gravel s  once covered most of the val ley area, anci 
the present occurrences are merely remnants exposed along the terrace slopes . Much of the top surface of 
the gravel s  is covered by W i l l amette si l t .  The Leffler gravels  were derived partl y from local sources and 
partly from the Cascade Mountains to the east, and were deposi ted by the North and South Santiam rivers . 
Their  texture d iffers from area to area but is predominantly pebble s ize .  The gravel is weathered deeply 
and an oxidized reddish-brown soi l  has been developed . 

Deposi ts of Leffler gravels  along the North Santiam River appear to be a va l ley train from the M i l l  
City g l acier. A l l ison ( 1 936, 1 953) and Thayer ( 1 939) consider them to be the Kansan stage of middle 
Pleistocene age . 

Lacomb grave l s : The Lacomb gravels occupy the terraces above 400 feet el evation in the Cascade 
footh i l l s .  The occurrences are in the canyons of Crabtree and Beaver creeks in the Lebanon and Snow Pea 
quadrang les, in the h i l l  at Jefferson Cemetery, and between Hardscrabble H i l l  and Kno x Butte in the 
A lbany quadrangle . The gravel s  are composed mainly of cobbles and pebbles of basa l t  and andesite but 
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contain considerable petrified wood and chert , They are deeply  weathered and are be l ieved to be early 
P le istocene in age . 

PLIOCENE TO RECENT 

H igh Cascade and rel ated vol can ics : The PI iocene, P le istocene,  and Recent h istory of the Cascade 
Mountains and adjacent areas is largely one of vul canism . Throughout this time, eruptions from fissures 
and central vents occurred at frequent interva l s .  Lavas, pyroclastic rock, ·and associated vol cani c  debris 
p i led up to fonn the H igh Cascades, thus bu i ld ing the major physiograph ic feature separating western and 
eastern Oregon . 

Because of the varied character, p lace, and time of extrusion , these vol can ics ore grouped together 
in th is brief account . For more detai l ed description, reference may be made to Hodge ( 1 940-b) , W i l l iams 
( 1 953, 1 957) ,  and others l isted in the accompanying bibl iography . 

The older rocks of the H igh Cascades are composed mainly of ol iv ine basa l t  and basa l tic  andesite in­
c lud ing , according to Hodge ( 1 940-a & b) , some agglomerate and other vol can ic  debris . Later effusions 
are andesit i c and dacit ic; these l avas ore g laciated . Late in the Pleistocene, after appreciable eros ion, 
basalt ic l ava poured down the canyons to form the intraconyon flows . The most recent effusions have pro­
duced pumice and cinder cones, dacitic glowing avalanche deposits, and some flows of pyroclasti c andesite . 

MIOCE NE TO PLIOCENE 

Rhododendron formation ( ? ) :  The younger rocks of the Western Cascades are composed of l avas and 
tuffs of upper Miocene and possibly lower P l iocene age . These volcan ic  rocks are equ ivalent in part to 
the Rhododendron formation and for the sake of convenience are referred to in the strip maps and corre­
lation charts as Rhododendron formation ( ? ) .  At the base of the formation there are dense black basa l t  
flows which may be equivalent to the Columbia River basa l t  or Stayton l avas . Above the basal ts the l i th­
ology varies from andesites and basal ts to tuffs and breccias . Some of the breccias are sim i lar to the older 
Mehama vol can ics . They are usual ly  less indurated, however, and are separated stratigraphi ca l l y  from 
the Mehama volcanics by a series of l avas . 

The upper Miocene vol can ics unconformably overl ie the Mehama fonnation and dip genera l l y  to the 
west . Near the ir  sources, these vol can ics have h igh but variable dips which are probably in i tia l  d ips 
rather than structural • 

Foss i l  leaves found in scattered occurrences with in  these vol can ics are dated upper Miocene . Vol­
canics overlying the leaf-bearing beds are younger, poss ibl y  lower Pl iocene . 

MIOCE NE 

Stayton lavas : The Stayton lavas, named by Thayer ( 1 939) , are a series of basalt ic  flows, genera l l y  
l ess that 500 feet th ick, exposed in  the W i l l amette Val l ey and Cascade footh i l l  areas . They cap the Eola 
H i l l s northwest of Salem ,  the Salem H i l l s  south of Salem, and have been traced by Thayer to the crest of 
the Mehama anticl ine in the Western Cascades . Southward, Al l ison and Felts have mapped Stayton lavas 
in a number of smal l  discontinuous areas extending to the southern boundary of the Lebanon quadrangle . 
Lavas of sim i l ar l i thology and stratigraphi c  position are exposed at Sweet Home and in the South Santiam 
River gorge a few m i les east of Foster .  

The Stayton l avas are dark gray to black, dense or vesicu lar, hypocrysta l l ine, sl ight ly porphyritic 
basi c  rocks composed of bas ic  p lagioclase, cl ina-pyroxene, magneti te,  and vol cani c  g lass . Ol ivine is 
minor and occurs as sma l l  phenocrysts . Typica l  exposures of Stayton l avas show wel l  developed col umnar 
structure, and the flows are usua l l y  f lat or sl ightly dipp ing . The l avas have been gently folded into broad 
anticl ines and syncl ines . 

The Stayton l avas unconformably overl ie the Eugene and Mehama fonnations and are overla in  by Fern 
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R idge tuffs and other vol canic rocks whi ch have yielded fossi l  leaves of upper Miocene age . The Stayton 
l avas are therefore regarded as middle Miocene and are corre l ated with the Columbia River basal t  on the 
basis of l ithology and stratigraphi c  posit ion . 

OLIGOCE NE TO MIOCE NE 

Mehama volcan ics : The Mehama vol can ics were named for tuffs, breccias, lavas, and interbedded 
water- l aid sediments exposed northeast of Mehama, Oregon . S imi lar rocks occur throughout the Western 
Cascades of Oregon . 

Al though tuff and breccias predominate, there is considerable variation in the I i thology of the Mehama 
vol cani cs from place to place . I n  some areas coarse mudflow brecc ias are dominant, whi l e  in other places 
thi ck sequences of l avas, probably of intracanyon orig in, predom inate . East of Cottage Grove, dacite and 
welded tuffs are commonly  interbedded with basa l t  flows and tuff breccias . Carboni zed wood fragments and 
logs as wel l  as fossi l  leaves are abundant in some of the tuffs . 

In the Lebanon quadrang le, the Mehama vol can ics are typica l l y  waterlaid, th in  bedded, loca l l y  cross 
bedded, tuffaceous sandstones and s i l tstones with occasional lenses of pebble conglomerate . The sandstones 
and s i l tstones vary in composition from place to pl ace and range from nearly pure vol canic g lass to nearly 
pure quartz . The conglomerates are composed of rounded pebbles, mostly porphyri t ic andesite and basa l t . 

The th ickness of the Mehama volcan ics is estimated to be greater than 2, 500 feet .  
I n  the Mehama area the vol can ics are bel ieved to interfinger wi th the Eugene formation to the west, 

whi l e  in the Lebanon area A l l ison and Fel ts note that the upper Mehama overl ies the Eugene formation . 
The Mehama vol can ics are overl ain stratigraphi cal l y  by the Columbia R iver basa l t  formation . The base of 
the Mehama vol can ics is not exposed . 

Foss i l  l eaves in the vol can ics range in age from lower O l igocene to lower Miocene . Al l i son and 
Felts ( 1 956) suggest that the Mehama may range downward into the Eocene . The bul k  of the Mehama is  
thought to be m idd le O l igocene to O l igo-Miocene in  age . 

Eugene formation : The Eugene formation was named for marine sandstone, sandy shale,  conglomerate, 
and tuff exposed in quarries and road cuts with in the city l im i ts of Eugene, Oregon . S imi lar rocks are ex­
posed a long the eastern edge of the W i l l amette Val ley a few mi les north of S i l ver ton . They also crop out 
a long the western edge of the Salem and Eola h i l l s  in the Salem and McMinnvi l l e quadrangles where they 
were cal led the l l l ahe formation by Thayer ( 1 939) . S im i l ar material exposed on the eastern flank of the 
Coast Range and cal led the Pi ttsburg B l uff formation is equivalent to the Eugene formation . 

These sediments are predominantly tuffaceous sandstones with m inor fine conglomerate lenses . The 
composition of the sandstones according to Al l ison and Fel ts ( 1 956) is devi trified vol cani c  g lass, quartz, 
fe ldspar, and p ieces of basalt ic  rock, cemented with secondary si l i ca and l imoni te . Smal l p ieces of 
chert, m ica fl akes, crystals  of d iopside, hypersthene, pargasi te, and magneti te make up about 5 percent 
of the rock . Some grains show considerable rounding . 

Al though continuous sections of the Eugene formation are l acki ng, 600 to 1 ,  000 feet crop out on the 
slopes of Peterson Butte in the Lebanon quadrang le . The formation has been estimated to be 2,500 feet 
thi ck in the Salem quadrang le, and as much as 8, 000 feet th i ck i n  the E ugene area (Vokes, et al , 1 95 1 ) .  
The formation d ips about 8° eastward . 

The E ugene formation is unconformably overla in by the Columbia River basa l t  and equivalent Stayton 
l avas of m iddle M iocene age . Dikes of basal t  thought to be feeders of the Col umbia River basal t  intrude 
the Eugene formation at many loca l i ties . 

On the basis of foss i l s, the Eugene formation is nearly everywhere m iddle Ol igocene . West of Eugene, 
however, some strata may be as old as lower O l igocene; and in the Mola l l a  quadrangle the Butte Creek 
beds, which appear to corre l ate with the Eugene formation on the basis of stratigraphic and I i tholog ic 
s im i l arity ,  are thought by Durham, Harper, and Wi l der ( 1 942) to contain an early Miocene fauna .  
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ROAD LOG: CORVALL I S  TO PRI NEVILLE VIA BEND AND NEWBERRY CRATER 

(0 .5} 
Corval l is, Oregon . At Van Buren Street bridge - Wi l lcrnette River cro-ssing . Beg inning 
of field tri p .  Set odometer i f  driving own car . 

(Begin Fig . 1 0} 

0 . 5  

0 . 9  

1 . 7 

2 . 5  

3 . 0  

3 . 5  

4 . 9  

5 . 3  

5 . 6  

7 .5  

(0 . 4} 

(0 . 8} 

(0 . 8} 

(0 . 5} 

(0 .5} 

( 1 . 4} 

(0 .4} 

(0 . 3} 

( 1 .  9} 

Gravel pit at 3 o'c lock . Sand, si l t ,  and gravel . Typical val l ey fi l l . Materi a ls  are 
basal tic, andes itic, and some chalcedonic pebbles,  a l l  represen tative of the drainage 
of the W i l l amette River, i ncl uding reworked terrace gravels . 

F lood or scour channel s  have been found in Recent a l l uv ial terraces . These channe ls are 
common over the val ley surface . Unti l flood control dams were constructed higher in the 
drainage, the channels flooded each spring and the area from the bridge to this point 
suffered periodi c  inundation . Severe floods are now rare . 

At 3 o 'c lock there is a h igher terrace in the Recent al l uvi um . 

Owl Creek drai ns into Colorado Lake . The l ake is probably an oxbow l ake comparable 
to many such l akes near the W i l l amette R iver in this region . 

Road junction - take right-hand road to Lebanon . I n  the foreground the rise is to a 
terrace covered by W i l lcrnette si l t .  

The Wi l l amette si l t  surface extends across the remainder of the Albany quadrang le  except 
in stream trenches excavated below the s i l t-covered val l ey p lai n . I ncl uded in the si l ts 
or ly ing on the surface are l arger partic les ranging from chips a fraction of an inch across 
to boulders several feet in  diameter .  These coarse fragments are composed of gran ite,  
gneiss, quartzite, s late, sch ist, and various other rocks foreign to the W i l l amette Val ley . 
These errati cs and si lts are considered to have been rafted i n  by i ce during the Pleistocene 
when the val ley was fi l ied by fresh waters from the Columbia . The influx was presumably 
caused by i ce..: jamming of the Columbia R iver bel ow the present mouth of the W i l l amette 
River. Considered by Al l ison to be "Wisconsin (Tioga? } age . "  

Ra i l road crossing - check point .  

Albany-Peori a road junction . Continue east to Lebanon . 

Note smal l streams meandering across the gently westward-dipping W i l lamette s i l t  surface . 

Crossing U . S .  H ighway 99E . At 1 o 'c lock the major prominence i n  the distance is Peterson 
Butte . This is a complex p lug and associated rad iating di kes . The dikes form the ridges 
radi ati ng from the center of the peak .  - F l anking the central core and cropping out wel l  up 
on the s lope is the Eugene formation , a marine sediment of O l igocene age . The Eugene 
sediments are main ly  tuffaceous sandstones and subordinate congl omerate . The finer com-

(0. 2} ponents are fossi I i ferous . 

7 . 7  Rai l road crossing . 
( 1 .  2} 

8 . 9  At 5 o 'c lock . The smal l butte standing above the val ley floor i n  the distance i s  a Tertiary 
( 1 . 4} intrusion of di abasic or basal tic rock . 
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(Begin  Fig . 1 1 ) 

1 0 . 3  New overpass on U . S .  Highway 99 E .  The gravel fi l l  material i s  obtai ned loca l l y  from 
the W i l l amette s i l t  and underl ying Linn grave ls . Only a few feet of top soi l need be 

(0 . 3) removed to reach the gravel s .  

1 0 . 6  Road crossing . Continue east toward Lebanon . 

To the east the footh i l ls of the Cascades are visible rising from the val ley fl oor . Peterson 
Butte and other intrusives sti l l  are prominen t features but they wi l l  soon become insign ifi­

(3 . 0) cant i n  the wel ter of mountai ns and val leys of the Cascades . 

1 3 . 6 Rai l road crossing . Check point . 
(0 . 7) 

1 4 . 3  From this point to the city l im i ts of Lebanon i s  3 . 5  m i les .  L inn gravels  i n  the o lder terrace 
dip gently to the west and northwest under the Wi l lamette s i l ts .  Typical ly these form broad 
va l l ey-plai n terraces 25 to 30 feet above major streams . They are assumed to be approxi­
matel y 30 feet thick .  The Linn gravels are main ly  pebble and granule gravels  moderate ly 
wel l sorted and rounded, and incl ude Cascade Mountain rock types such as  andesites, basal ts, 
and dac i tes . Weathering has been sufficient to soften pebbles and form clay at the surface . 
Unl ike earl ier gravels, a l arge part of the orig inal deposi t is present to the extent that the 
fan shape is preserved west of Lebanon . These gravels show fl uvi ati le deposi tiona I character­
istics . They are considered to be equ ivalent to earl y Wisconsin or Iowan stage in the chron­
ology of the North Central States or Tahoe of the Sierra Nevada of Ca l i fornia . North and 
east of Lebanon, Leffler gravel s crop out in higher terraces . These grave ls are much more 

(3 . 4) deeply weathered and are consi dered to be Kansan or Sherwin stage . 

1 7 . 7  Lebanon city l imits .  Turn right one block, then left two blocks to Main Street (U . S .  High-
(0 . 2) way 20) 

1 7 . 9  Turn right on U . S .  Highway 20 and go south through Lebanon . The town of Lebanon i s  set 
on Quaternary a l l uvi um of the South Santiam R iver val ley . On the west, paral lel ing the 

( 1 .  3) road, the Linn gravels  form the surface . 

(Beg in  Fig . 1 2) 

1 9 . 2  Smal l  bridge across stream . 

1 9 . 3  
(0 . 1 ) 

(0 . 7) 
I n tersection , keep l eft on U . S .  Highway 20 to Sweet Home . L inn gravel s .  

20 . 0  Cascade Plywood Company - produces one of the principa l  l umber products of the region . 
The plant is located on the Linn gravel surface . At 9 o 'c lock, Ridgeway Butte . Miocene 
Stayton l avas overl ie  the O l igocene Eugene and Mehama formations . These lavas are dark 
gray to black fl ow rocks . They are dense or vesicular hypocrystal l ine, sl ightly porphyri tic 
basi c  rocks . The m ineral composi tion is mai n ly  basic p lagioc lase, cl inopyroxene, magne­
tite,  very sma l l  amounts of o l iv ine, and green or brown g lass . They are younger than the 
Eugene formation and the Mehama vol can ics and are thought to be equivalent to the Columbia 

(2 . 6) R iver basa l t  of middle M iocene age . 

22 .6  (Boundary of quadrangle) .  A t  3 o 'c lock, upper Miocene basal ts form a ridge agai nst wh ich 
( 1 . 0) Quaternary grave ls and si l ts have been deposited by the South Santiam R iver .  
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(Begin Fig . 1 3) 
M i l eage 

23 .6 
( 1 .  1 )  

24 . 7  

(0 . 4) 

25 . 1  
(2 . 5) 

27 .6  

( 1 . 5) 

29 . 1  
(0 . 7) 

Para l lel ing the road is a higher, somewhat older Quaternary terrace composed of pebbles 
and cobbles of basalt,  andesite, and daci te typical of the rocks of the Cascades . 

At this point the road rises and traverses the surface of the older terrace . The ridge to 
to the south at 5 o 'c lock is composed of upper Miocene basal ts against wh ich the gravels 
abut . 

At 9 o 'c lock . A ridge of upper Miocene basa l t  (Rhododendron formation ?)  may be seen 
overlying a l im i ted exposure of Mehama vol can ics .  

Li berty road intersection check point .  The contact between Miocene basa l t  above the 
Mehama volcan ics is exposed in the sma l l  butte protruding through the terrace gravel s .  
The lavas have been weathered to a typical  brown soi l .  

At 3 o 'c lock . In the road cut the character of the terrace materials may be seen . 

(Beg in Fig . 14) 

29 . 8  

3 1 . 4  

3 1 .6 

33 . 1  

35 . 1  

Terrace abuts against Mehama formation wh ich is in  turn overlain by middle Miocene 
basa l t .  

( 1 . 6) Sweet Home ci ty l imits .  

(0 . 2) 

( 1 . 5) 

(2 . 0) 

(0 . 2) 

I n  the road cut on the right and at river level on the left are exce l l ent exposures of 
middle Miocene basa l t .  The col umnar jointing as wel l  as the b lack dense character of 
the rock is wel l  displayed . 

Contact of basal t overlying the Mehama fo rmation . Fossi l i zed wood is unusual l y  abundant 
in the Mehama formation in this area . 

Terrace grave ls containing inc reasing numbers of cobbles and boulders abut against the 
ridges of basal t paral lel ing the river val ley .  

Foster, Oregon . Gerl inger m i l l  produces k i l n  dried l umber . The drying sheds are to the 
right . Remnants of the terrace abut against Mehama volcan i cs . 

(Begin Fig . 1 5) 

35 . 3  

36 . 1  

36 . 4  

36 . 8  

(0 .8) 

(0 . 3) 

(0 . 4) 

Rai l road overpass . Gravels  exposed in road cut . Wel l -rounded cobbles and pebbles in 
a si l t  matri x .  

· 

H ighway drops over edge of a terrace, which is here underlai n by the Mehama formation 
cropping out in the road cut at 3 o 'c lock . 

Quaternary terrace at road level . The ridge at 3 o 'cl ock is Miocene basa l t  comparable to 
that observed at Sweet Home . The ridges at 9 o 'c lock are upper Miocene vol can ics over­
ly ing the Mehama formation . 

A h igher terrace at 3 o 'clock composed of wel l-rounded cobbles is pl astered against the 
basal ts of the val ley wal l .  Only a sma l l  remnant of the original terrace remains . Basa l ts 
of m iddle Miocene age form the ridges para l le l  to the road . In the cuts, co l umnar jointing 
of the basal ts is wel l di spl ayed . The bench underl ying the road is a basa l t  fl ow; in this 

(2 . 0) respect it d iffers from the terrace surfaces upon which the road was bui l t  lower in the va l l ey . 
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Mi leage 

38 . 8  

{0 . 3) 

39 . 1  
{2 . 3) 

4 1 .4  
{0 . 8) 

42 . 2  
{ l .  1 )  

43 . 3  
{ 1 . 2) 

44 . 5  
{ 1 . 5) 

F I E L D G U I D E B O O K  

Contact of Miocene basal t and the underl ying Mehama formation may be observed in the 
road cuts . The character of the exposures indi cates the nature of the undulating surface 
of the Mehama at the time of extrusion of the overly ing basic lavas . 

Road crosses the contact between the Mehama formation and the basal ts . 

At 9 o 'c lock the Mehama formation is wel l  exposed al ong the stream bank, and at 3 o'c lock 
it is exposed at the s ide of the road . 

Smal l basa l t  dike cutting the Mehama formation . 

A quarry has been developed in the dense dark gray to black co l umnar basa l t  of probabl e 
upper Miocene age . 

Cascadia Ranger Station . Check point .  

{Beg in Fig . 16 {legend) and Fig . 17 {Map) 

46 . 0  Cascadia State Park . The minera l  springs located near the bank of the stream were wel l  
known to the early settlers . Soda water from these springs and others i n  the v icin ity was 
bottled and used as medicinal water as wel l  as i n  mixed drinks . This is the fi rst State park 
encountered on this trip and is one of 1 6 1  such parks in Oregon . Oregon l eads the nation 
in th is respect . When the 50 parks of Washington and 1 1  each in Montana and I daho are 
added the total is 233 for the Northwest . Every year about 15  m i l l ion people visit and 
en joy this group of parks . 

The stream channel is cut in Mehama formation vol canics . However, this formation can 
best be seen at Wolf Creek where Wolf Creek, Canyon Creek, and the South Santi am have 
cut deep precipi tous-wa l led canyons through the breccia vol can ics of the Mehama formation . 
Mehama vol can ics are shown on accompanying stri p map as part of "Twc" : Tertiary basa l t  

{ 1 . 2) and andesite flows of the Western Cascades . 

47. 2  Wolf Creek cross ing . 
{0 . 6) 

47 .8  

{0 . 2) 

48 . 0  

{3 . 0) 

5 1 . 0  
{0 . 9) 

5 1 . 9  
{ 1 . 6) 

53 .5  
{0 . 2) 

Mehama formation crops out in the road cut at 3 o 'c lock . The type local i ty of the Mehama 
descri bed by Thayer is in the v ic in i ty of Mehama, Oregon,  in the North Santiam R iver 
val ley . At the type local i ty the Mehama not on ly  includes breccias but also tuffs and l avas . 
I t  is considered to be o l i gocene in age . The rock exposed in this road cut is typica l  breccia 
of the Mehama formation . Much of this formation previous ly  observed has been near the 
contact of the overlying basa l ts .  The upper surface of the formation has been characteri zed 
by deep weathering and a l teration to clay even though the fragments reta in the i r  shape . 

Canyon Creek . The brecciated character of the Mehama volcan ics is wel l disp l ayed in the 
shear wal l s  of the creek canyon . The bank of the river and ridge at 9 o'c lock are composed 
of this materia l . 

Bridge over South Santi am River check point .  From the river crossing to and beyond the 
quarry, basal ts overl ying the Mehama formation are exposed in the road cuts . 

Quarry at 9 o 'cl ock . 

Continuous c l i ffs at 9 o 'c lock . These fine-grained gray pl aty andesi tic  or daci tic l avas are 
typical of the middle part of the Western Cascades . 
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Trout Creek Forest Camp . 

54 . 4  Landsl i de area . A re latively recent sl ide crossed the ri ver and caused a temporary dam . 

55. 1  

56 . 0 

57 . 3  

57 . 8  

59 .2  

59. 5 

59 . 6  

60 . 0  

60 . 7  

6 1 . 4 

62 . 6  

62 . 8  

63 .2  

64 . 5 

65. 3 

65. 7 

The sl ide materia l  is unsorted debris of gl aci al  orig in which was deposi ted high on the side 
(0 . 7) of the val ley .  

(0 .  9) 

( 1 .  3) 

(0 . 5) 

( 1 . 4) 

(0 . 3) 

(0 . 1 )  

(0 . 4) 

(0 . 7) 

(0 . 7) 

( 1 . 2) 

(0 . 2) 

(0 . 4) 

( 1 . 3) 

(0 . 8) 

(0 . 4) 

( 1 . 0) 

Moraine capping andesi tic  fl ow .  

Tuffaceous interbeds a t  9 o 'cl ock . 

Soda Fork Creek check point . 

Tuffaceous breccias associated wi th andesitic fl ows .  From this point for the next 1 0 . 5 
m i les pyroc lastics are the predom inant rocks exposed . 

House Rock Forest Camp . 

At 9 o'c lock porphyritic andesite is in contact wi th tuffaceous sha les and th in-bedded 
gritty sandstones . 

Tu ffaceous si l tstones, sandstones, and vol canic breccias are exposed in the road cuts 
at 9 o'c lock .  Th in l ayers of carbonaceous material  incl udi ng a carbonized log may be 
observed . 

Storm Creek . Continuous outcrop of tuffs, andesi tic  flows, and pyrocl asti cs . 

Crazy Creek . 

Sheep Creek . This is an active l ands I ide area . The area is composed of tuffs, cinders, 
and volcanic breccias in c lay matrix overlying an andesite flow exposed in the channel 
of Sheep Creek . This sl ide has proved to be parti cu larly annoying to the State Highway 
Department.  

Past the sl ide area tuffaceous beds and vol can ic breccia wi th interflows of andesi tes crop 
out in road cuts . 

At 3 o'cl ock the val ley of the South Santiam extends westward to the W i l l amette Val ley .  
A t  9 o'cl ock the interbedded character of the tuffs, vo lcanic breccias, and flows may be 
noted in the road cut . 

The road at th is point has been moved in order to overcome l andsl iding . The tuffs and 
pyroclastics are unstable when saturated . 

The prom inen t cl i ff at 2 o'c lock is known as Jump-off-Joe . The lookout station is manned 
during the fi re season . These are andesitic lavas of the Western Cascades, probably l ate 
Miocene or early Pl iocene age . For the next 2 . 5 m i l es colorful pink, g reen, and cream 
tuffs and tuffaceous pyrocl astics crop out in the cuts alongside the road . 

Excel lent outcrops of the tuffaceous breccia . 

G reen massive tuffs and tuffaceous breccia . 

66 . 7 A remnant of a moraine l i es on andesitic lava flows . The mountai n to the left is I ron Mountain 
( 1 . 6) a somewhat eroded cinder cone with several p lugs standing up in  bold  re l ief . 



�Round Lk. 

Square Lk. 

�'�}111�� �Fh\�\,,<= 

CORVAL LIS  TO PR INEVI LLE VIA BEN D  

�m���'\1\\\''. 
Cache Mtn. 

Hayrick 
Butte 

· · ·� 7ll\\\\l1}>�� 
.. �'l����-;l' 

..:;.\\\1/lll/;:;-� �11\·\''!•l\\� 
Hoodo 
Butte 

Big Lake 

BM X 
4772 

Sand Mtn . 

Nasl1 Crater 

Clear Lake � 122 

F igure 1 8  

50' 



CORVALL IS  TO PRI NEVI LLE VIA BE N D  AND NEWBERRY CRATER 6 1  
( Beg in Fig . 1 8} 
Mi lease 

68 . 3  

68 .9  

71 . 3  

72 . 1  

76 . 2  

(0 . 6) 

(2 . 4) 

(0 . 8) 

(4 . 1 )  

P laty andesi tes . Summi t  of Santiam Pass . 

Tombstone Prai rie . 

At 1 2  o'c lock is Three Fingered Jack, one of a number of eroded Pl iocene central vents 
of the H igh Cascades . 

Lost Prai rie check point .  

Road junction to Clear Lake . Recent ung laciated basa l ti c  l avas . Probable source was 
Nash Crater, Sand Craters, and other ci nder cones located a long a fissure trending north­
northwest . F lows from these vol canoes dammed the headwaters of the McKenzie River 
drainage to form Clear Lake and Fish Lake . Beneath the surface of Clear Lake ta l l  trees 
are sti l l  standing,  indi cating the re lative ly  recent age of the flows . Probable age not 
more than 1 000 years . These vesicular ol ivi ne basal ts are exposed on both sides of the 

(2 . 3) road from this point to the North Santi am road junction . 

78 .5  At  9 o'c lock . Th is is L i ttle Nash Crater, one of  many basal tic cinder cones common to 
( 1 . 1 )  the Bend-Newberry Crater region . 

79 .6  Junction North and South Santiam highways . Continue eastward on  U . S .  H ighway 20 

80 . 8  

8 1 . 4  

82 . 3  

82 . 8  

83 .6  

84. 1 

84 . 7  

85 . 8  

86 .4  

( 1 . 2) toward Bend • 

(0 .6) 

(0 .  9) 

(0 . 5} 

(0 . 8) 

(0 . 5) 

(0 . 6} 

( 1 .  1 )  

(0 . 6) 

( 1 .  3) 

Cinders from the many c inder cones of the area are exposed in  the road cuts . 

Contact of g laci ated lava and ungl aciated basa l tic  cinders of the High Cascades . 

Columnar jointi ng in Cascade andesite . 

Moraine debris from Pleistocene g laciers .  

1 2  o 'c lock a ci nder cone . As noted at the road junction, cinder cones wi l l  become common 
features of the topography in this part of central Oregon . 

Excel lent outcrop at 9 o 'c lock  of gray platy andes i te .  The jointing is typ ical of andesite 
of the area . These rocks are o l iv ine basa l t  and basalt ic andesites . 

Santi am Lodge ski area (Hoodoo Bowl) .  The bowl and head wal l are located about one m i l e  
south of the highway . Ski i ng is good from mid-November to late March . 

Santi am Pass . E levation 48 1 7 .  

Continuation of gray andesit ic basal t .  

87. 7  At 3 o 'cl ock is Mount Washington, el evation 7802, a High Cascades central vent . A l l  
that now remains of the vol cano i s  the l ava p lug wh ich sol id ified in  the orig inal condui t .  
This mountain i s  often cl imbed, but offers something of a cha l l enge to the cl imber because 

( 1 . 6) of the rock work at the top • 

(Begin Fig . 1 9) 

89 . 3  At 1 o 'c lock i s  B l ack Butte, probably the l argest cinder cone i n  the Cascades . This i s  com­
posed of pyroxene andesite . The road surface throughout much of this reg ion is made of 
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90 . 4  

9 1 . 9  

92 . 2  

92 . 6  

(0 . 6) 
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( 1 . 5) 
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cinders quarried from nearby cones . This has proved to be the best material for roads 
in th is area . 

At 3 o 'c lock is B l ue Lake, a l ava-dammed l ake . Across the val ley may be seen the 
scraggy, poorl y timbered surface of a re l ativel y recent l ava flow that dams the l ake . 
At 9 o'c lock andesitic basa l t  flows wi th distinct top and bottom flow breccia crop out . 

63 

Suttle Lake at 3 o 'c lock . These two l akes are considered excel lent for f ly and tro l l 
fishing at certain times of the year . During the summer they are the center of a recrea­
tion area wh ich incl udes boating and water ski ing . 

Sutt le Lake is dammed by moraines .  The moraine is exposed in road cut at 9 o 'c lock .  At 
3 o 'c lock the poorly sorted moraine forms a hummocky surface through which the out let  
creek of  Suttle Lake flows to the northeast .  

Green Ridge at  12  o 'c lock . Fau l t  escarpment extendi ng genera l ly due north for several 
m i les, the fau l t  ending in B l ack Butte . 

At this point  the contact is crossed between gl aciated l avas and the younger basa l t ic  
andesites and ci nder cones of the Deschutes group . This g roup inc ludes a l l those l avas, 
torrential  wash materials, intracanyon flows, l ate l avas and ci nder cones, general ly  
bel ieved to be l ate P l iocene, Pl eistocene, and Recent, and occurring on the eastern 
fl anks and east of the Cascade Mountai ns . For the next 1 2 . 5  mi les the road traverses 
the upper surface of this group whi ch has been covered to varying depths by pumice and 
ash .  The soi l produced by s l ight weathering of this vo lcanic debris supports a fine stand 
of ponderosa pine . This timber in the past and at present is one of the important resources 

(3 . 4) of the regi on . 

96 . 0  Meto l ius junction . Head waters of the Metol ius R iver 4 mi les north are of interest because 
the river is fu l l y  born from l arge springs at the base of B l ack Butte whi ch is now at 1 0  o 'c lock . 
Because of the constant flow from this source and other s imi lar sources, the Deschutes River 

96 . 7  

99 . 9  

1 05 . 1  

(0 . 7) 

(3 . 2) 

(5 . 2) 

is un ique in maintain ing a flow which varies on ly  a few feet throughout the year . The 
springs are supported by gl aci al-me l t  waters from the High Cascades flowing t.brough the 
porous l avas and at times actua l subterranean streams flowi ng through lava tubes . Continue 
east on U . S .  Highway 99 . 

H ighway swings around base of B l ack Butte . At 3 o 'c lock is first g l impse of the Three Sisters .  
I t  shou ld  be noted that the flora has changed to the pine forest, manzan ita, and yel l ow pines 
of eastern Oregon . 

I ndian ford - histori cal marker .  " Here was a ford on the I ndi an mountain tra i l  mentioned 
by Lieut . John C .  Fremont . The on ly  recorded use by the early whi tes was by Lieut . Henry 
L .  Abbot and Pacific Rai l road Survey party in Septem ber, 1 855 . "  

S isters, en trance to town . At 4 o 'c lock is  excel lent view of the Three Sisters . These are 
Quaternary vol canoes of different ages . The north is oldest, the middle is intermediate, 
and the south is  youngest . Al l are cen tral vents . The associated l avas are andesite and 
daci te . This is the junction of the San tiam H ighway 20 and the McKenzie Highway 1 26 .  
The trip west on U . S .  Highway 1 26 passes through the Be l knap Crater flows wh ich are com­
parable to those observed at the North and South Santi am junction; but, probably somewhat 

(0 . 8) o lde r .  See Figure 23 for cross sections of the geology of this area . 

1 05 .9 Highway junction . Turn right (U . S .  H ighway 20) to Bend . Leaving Sisters, Oregon . 
(0 . 5) 
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( 1 3 .  0) 

(Begin Fig . 20) 

From 9 o'c lock low Madras formation shie ld  cone . The surface here is composed of 
vesicu lar ol iv ine basa l t  contai n ing hyal ine opal or chal cedony in vesic les . This l ava 
flow is about 30 to 40 feet th ick and in most p laces l i es upon torren tial wash sediments 
wh ich are also a part of the Madras formation . The flow is overlain in pl aces by later 
torrential wash sediments as wel l  as pumice and ash from Newberry Crater.  The over­
lying materials, particu l arly the Newberry Crater pum ice,  th icken to the south and east . 
There is a change in the vegetation from the pine forest of the upl and to the typical 
juniper and sage brush of the plateau . Pine timber wi I I  be again encountered on the 
s lopes of the Ochoco Moun tai ns . The average elevation of the high pl ateau of central 
Oregon is 4000 feet .  Potatoes, clover, and catt le are the principal source of revenue 
for the immedi ate area . 

1 1 9 .4 Q uarry . Excel lent section of torrential wash vol cani c  debris . Vol canic congl omerate 

1 2 1 . 0  

1 22 . 7  

1 23 . 0  

1 23 . 9  

1 26 . 3  

1 27 .4  

1 28 . 2  

overlain by a coarse pumiceous tuff . This rests on the lava flow and may be considered 
as part of the Madras of the Deschutes group . The h ighway drops into the val ley of the 

( 1 . 6) Deschu tes . 

( 1 . 7) 

(0 . 3) 

(0 . 9) 

(2 . 4) 

{ l .  1 )  

(0 . 8) 

(2 . 4) 

Pumice Quarry � m i le  to right . F ine examples of " nue ardente" pumice and welded tuff . 
The 15- to 20-foot exposures show no bedding features but a high degree of uniformi ty 
throughout the deposi t .  This pumice is mined here and at other pits in central Oregon 
for use in the bui lding trades . I t  is used as the aggregate for cement blocks . The fines 
are preferred by pl asterers as a pi  aster aggregate . The physi cal prope rties of the products 
make them high ly desirable for many structures . There is a red cinder quarry on the south 
slope of Laid law Butte north of Pumice Quarry . The cinders are also used in the manufac­
ture of cement bl ocks . 

Deschutes River .  

Torrential wash on top of basal t .  

Pressure ridge . These are usua l l y  characteri zed by a fracture through the ridge . · They are 
common to this surface from he re east to Powe l l  Buttes . 

At 1 1  o 'clock is Pi lot Butte, a ci nder cone and l and mark in the Bend area . 

Bend, Oregon . I t  is of interest that the city waste disposal is through wel ls dri l l ed into 
the basa l ts and because of the porosi ty and lava tubes the waste is dispersed . 

Fol low sign U . S .  H ighway 97 (The Dal les-Cal ifornia Highway} through Bend . The under­
pass drains into a l ava cavern about 90 feet bel ow the surface . 

(Begin Fig . 2 1 )  

1 30 . 6  
(0 . 6) 

1 3 1 . 2  
{3 . 8) 

1 35 . 0  
(3 . 5) 

1 38 . 5  
{0 . 5) 

Bend city l im i ts .  Continue south on U . S .  H ighway 97. 

Lava Butte at 12 o'c lock . From 1 0  to 1 1  o 'clock Newberry caldera and associated ci nder 
cones . 
About 1 m i le  west at 3 o 'c lock lava flow from Lava Butte . This flow wi l l  be seen from 
the top of the butte . 

Cinders from Lava Butte . 
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Edge of flow . 

1 39 . 2  Road junction to Lava Butte . Lava Butte i s  a re l at ive ly  recent cinder cone . I t  has a 
crater in the top approximate ly  1 50 feet deep . On the south side i t  is breached by a 
l ava flow wh ich poured out around the base and flowed to the west and north, extending 
to the val ley of the Deschutes at Benham Fal l s .  A noteworthy feature is the re l at ion 
of the flow to the older terrain; i t  is reasonable to bel ieve that most flows of the reg ion 

(0 . 1 )  bear this re lation to previous flows and surfaces . 

1 39 . 3  Note fau l t  escarpment, with south side down about 30 feet .  The trend is southeast and 

1 40 . 6  

1 43 . 0  

1 43 . 9  

1 44 .5  

( 1 .  3) said to be traced to Newberry Crater .  

(2 .4) 

(0 . 9) 

(0 . 6) 

Lava Cave 1 mi le  to left . Lava tube or l ava cave . The wi thdrawal of l ava from beneath 
the crust is indi cated by the flow l i nes and grooves found along the sides and top of the 
cave . Also at some places stalacti tes of lava form smal l pendants . The floor is s i l t­
covered and at the western extremity the tube is pl ugged wi th si l t .  The entrance i s  through 
a col lapsed hole i n  the roof . 

Lava Cast Forest junction . About 1 1  m i l es east there are casts of trees that were engulfed 
in a re latively recent l ava flow .  

Cross section of ci nder cone . This ci nder cone has been m ined for road metal . The sec­
tion of red and black ci nders shows distinctly the angle of repose assumed by the pyro­
clastics as they fe l l  after explosive eruption . 

S ide trip . Turn right on o ld road and go for 0 .  9 m i le, then l eft to mined-out cinder cone . 
The core of the cinder cone is of andesite and andesite brecci a .  Prior to min ing, the cone 
was approximate ly 200 feet high . F lanking pumice and cinders can be seen in the exposed 
cuts . Unl i ke Lava Butte, where the lava flow breached the side of the cone, here the l ava 
was confined to the center conduit, sol idifying but never reaching the surface . An inter­
esting feature of some of the ci nders is the b lue i ridescent surface . Return 1 . 5 mi les to 

( 1 . 5) U .  S .  H ighway 97. 

1 46 . 0  Turn left on U . S .  H ighway 97 and cont inue south . 
(2 .4) 

South end of Century Drive . Th is  side trip loops m i les into the eastern sl opes of the Cas­
cades . I t  gives access to the Ba chelor Butte ski area and other lake and stream recreational 

(3 . 7) areas . 

(Begin Fig . 22) 

1 52 . 1 Road junction to Newberry cal dera . The area south and west of the junction is probably  a 

1 68 . 1 

P leistocene l ake bed . For the next 1 6  mi les the road rises up the gentle west s lopes of 
( 16 . 0) Newberry volcano and enters the caldera where Pau l i na Creek flows out of Pau l i na Lake . 

The crater and vic in i ty have been described by Howel W i l l i ams ( 1 935) . The fol lowing 
remarks have been taken largel y from his  report . Newberry vol cano is in the form of 
a ci rcu lar shield having a diameter of approximatel y 20 m i les at the base . I t  rises about 
4000 feet above the floor of Columbia River basal t .  On the outer slopes there are more 
than 150 basa lt ic cinder cones . The sl ope of the sh ield varies between 3 and 4 degrees, 
somewhat steeper toward the summi t .  The inside is a great amphitheater surrounded by 
wal l s  averaging 1 000 feet in height along the north and east sides but dwindl ing westward 
to disappear at the outlet of Paul ina Lake . 

The amphi theater is occupied by Pau l i na Lake and East Lake . Pau l ina Lake is about 
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two mi l es long and 1 �  mi l es wi de . The depth varies from 200 to 230 feet and the slopes 
rise sharply close to the shore . I t  is fed from East Lake and from springs, among wh ich 
are some that have a temperature of 1 1 0° F .  East Lake i s  40 feet higher and much sha l­
lower . The deepest soundi ng was in an  east-west trench, probably a fissure where the 
depth is  165 feet . There are warm al kol ine springs on the southeast s ide . 

The main episodes are ( 1 )  upbu i lding of the main shie l d, chiefly by rhyo l i tic  and 
basal ti c eruptions from the central caldera, (2) enl argement of the caldera principal ly  
by down fau l ting , (3) parasit ic eruptions of  rhyol ite and basalt, both on the flanks of 
the sh ie ld and floor of the caldera . 

The main mass of Newberry vol cano was bui l t  up by outpourings from a sing le summ it 
cal dera encl osed by many minor vents and in  l ate stages by fissure eruptions . Explosive 
eruptions added l i tt le unti l the sh ield had reached nearly i ts present proportions . Early 
eruptions were rhyol i tic  fol lowed by basa l t  flows, scoria, tuff, and more basa l t  flows . 
F ina l l y  came the eruption of Pau l ina Peak rhyol ites, wh ich are exposed on the south wal l .  
Recent eruptions began wi th a rhyol i te extrusion high on the southeast rim .  The l ava flowed 
down onto the ca ldera floor . There were also flows and exp losions of basalt and rhyo l i te,  
chiefly from a north-south I ine of vents that bisects the caldera . On the outer flanks there 
were parasite eruptions of basal ti c cinders and viscous domes of rhyo l i te .  

Of particu l ar interest is the l argest and youngest of the obsidian flows . I t  covers 
a lmost a square m i le and is composed, for the most part, of shiny black obsidian bl ocks 
stacked one upon another to a height 1 00 feet above the road level . The flow originated 
from a vent cl ose to the south wal l of the caldera . Lava poured out and flowed northward 
for about a m i le . The surface of the flow is deeply furrowed and grooved and concave 
toward the vent . 

Between the two lakes, a north-south l ine of whi te rhyol i tic  pumice cones rise, almost 
bisecting the caldera . The oldest and most heavi ly  timbered cone rises to about 300 feet 
and has a crater 1 00 feet deep at the top . Except for some rhyol i te and basal t  fragments, 
the cone is made up of whi te pumice fragments as much as a foot in diamete r .  

The l argest of the ci nder cones occupies the neck between the two lakes near the 
center of the cal dera . It rises to 700 feet and has a steep-wal l ed crater about 250 feet 
deep . Gray and buff pumice l api l l i  form the bu l k  of the cone .  There are fragments of 
basal t  and obsidi an found wi th the pumice indicating that both explosion and qui.et eruption 
a l ternated . The concl usion of activity of the vent was characteri zed by the rise of a sma l l  
blocky dome of obsi di an in  the middle of the crater floor . (See Fig . 23 . )  

These notes point out some of the obvious things re lative to this cal dera but the inter­
ested person is referred to the paper by Howel W i l l i ams mentioned at the beginning of these 
remarks . 

(43 . 0) The return tri p to Bend is 43 mi l es to the road junction of U . S .  H ighway 97 and U . S .  
H ighway 20 going east out of Bend . The accumulated m i leage at the junction is  2 1 1 .  1 .  

2 1 1 . 1 Bend, at j unction of U . S .  Highway 97 and U . S . Highway 20 . Turn right on U . S .  20 and 
go east toward Burns . 

2 1 1 . 9 

2 15 . 3  

P i lot Butte at 1 2  o 'c lock . This cinder cone is simi l ar to those al ready observed, but as 
(0 . 8) noted i t  is a l andmark in  thi s area . 

(3 . 4) 

(0 . 9) 

P i lot Butte junction and U . S .  Highway 20 . P i lot Butte may be ascended via the paved 
road spi ral ing to the top . An excel lent view is presented from the top of the Butte . The 
young flow now being crossed has been mapped by W i l l iams as one originating in Newberry 
Crater .  

Road junction . Powel l  Buttes at 1 1  o 'c lock . These are rhyol ite domes of Clarno or John 
Day age which stood high enough to miss bei ng engulfed by the younger lavas and pyroc lastics . 
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Tum l eft (north) on secondary paved road toward Prinevi l ie .  

Fork i n  road . Keep left to Prinevi l l e .  

71 

Note rock fence sim i l ar to those observed in New England .  The boulders come from the 
f ields, and as can be seen there is no shortage of material . However, these fie l ds once 
cl eared and i rrigated are very ferti le,  raising excel lent crops of clover or potatoes . 

Crossroad . Continue straight ahead to Prinevi l ie .  

Powe l l  Buttes at 2 o 'c lock . These Buttes have recently been . mapped by W i l l i ams as John 
Day formation ( 1 957), but they have a lso been considered to be of Clarno age . They are 
rhyol i te domes much o lder than the surroundi ng rocks . At the type local i ty of the John 
Day formation the section is composed entire ly of tuffs . Even so, it is possible that the 
Buttes are John Day age and a potential  source of tuffs . 

Pressure ridge on the surface of the Madras formation . I t  has a crack or spl i t  lengthwise 
of the ridge . This spl i t  is a typi cal feature of such pressure ridges . 

G ray Butte at 1 0  o ' clock . S imi lar to Powe l l  Buttes . 

H ighway rises onto terrace gravels, wh ich are extensive in this area . Note the young 
l avas on the l eft and the o ld Powel l  Buttes to the east bordering the basin of accumulation . 

G ravels in road cut are cobbles and boulders of rhyo l i te from Powel l  Buttes and si l ts from 
the drainage of Dry River to the east . The dry channel can be traced paral le l  to U .  S .  
H ighway 20 for many m i l es to the east . The channel swings north after passing Powe l l  
But tes and final l y  i s  deflected east by the young l ava flow to the west . The gravels are 
terrace gravels  deposi ted by this old stream . 

Powe l l  Butte Post Office at junction of U . S .  H ighway 1 26 .  Turn right onto U . S .  H ighway 
1 26 and go east toward Prinevi l l e .  The flow is now defin ite ly trending east, cl osi ng the 
basin .  The basin was al l uviated, then spi l l ed over to the north . 

Lower part of basin of al luvi ation . The drainage is to the east into the Crooked River . 

Edge of Madras rim above the val ley of Crooked River . 

35 feet of vesicu lar Madras lava overlying thick section of tuffs and volcanic cong lom­
erates which are considered to be part· of the Madras formation . 

Viewpoint at Prinevi l l e .  

At 1 2  o 'cl ock i s  Gray Butte in  the distance . This i s  a Clarno butte protrudi ng through the 
younger l avas . At 1 o 'c lock in the foreground are gravel terraces fi l l ing basin . These 
gravels  were deposi ted subsequent to damming of the Crooked R iver by intracanyon flows 
farther west . In the background the Ochoco Mountai ns form the hori zon . At 3 o 'c lock in 
the foreground are probabl e Clarno vol cani cs overl ain in  the background by John Day forma­
tion tuffs and rhyo l i tes . The John Day tuff can be recognized by the whi te s lopes . At 
4 o'c lock is the continuation of the rim incised by the val ley of Ochoco Creek .  At 6 o 'c lock 
the Crooked River debouches into the va l l ey . The river flows general l y  westward from i ts 
headwaters fol lowing a meandering course, as one might assume from i ts name . 

Upstream the meandering course has been superimposed on the folded Col umbia River basal t 
surface . The probable history of the immedi ate region:  The original fol ded, faul ted, and 
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eroded Columbia River basalt surface was filled by the Deschutes group and modified to 
a relatively flat surface by the late lava flows. Streams developed on the late surface 
as indicated by the oll uviotion al ready noted . The valley in the foreground, once much 
deeper than now, has been al l uviated by the Crooked River because of damming by intra­
canyon flows. Its gradient has thus been increased and a new cycle of erosion wi I I  soon 
ensue . 

Highway junction and viewpoint road retu rn. 

Plastered gravels, similar to terrace gravels of the valley floor, are unsorted and com­
posed mainly of basalts from higher in the Crooked River drai nage . 

Contact of young, cross-bedded grovels and gravelly tuffs of the Madras formation . 

Entering Prinevi l l e .  

The Rattlesnake formation welded tuff has been used os o decorative stone in the archway 
of the Ochoco Inn . 

Palisades near Camp Hancock, Clarno, Oregon. Hoodoos i n  volcanic breccia of 
the Clarno fonnation. (Oregon State Highway Commission photo) 
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This trip starts at Prinevi l ie; goes northeast on U . S .  H ighway 26 to the Mi tchel l  Cretaceous area; 
makes a short side trip north on the Service Creek Road (Oregon H ighway 207) . From Mi tche l l  it con­
tinues east on U . S .  H ighway 26, through Picture Gorge to John Day . Total distance is logged at 1 08 . 8  
mi les .  

Formations encountered on this - trip are described, begi nning on next page, under Stratigraphic  
Sequence for Central Oregon . This is fol lowed by  the road log and geo log ic  strip maps . 
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geologic maps accompanying road logs . 
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STRATIGRAPH IC SEQUENCE FOR CENTRAL OREGO N 

QUATERNARY 

A l luvium:  P leistocene to Recent a l l uvial  deposi ts occur in  flood p lains and terraces along most of 
the streams of central Oregon . The materia l  represents the debris from the ad jacent h igh lands , The com­
position is si l t, sand, and grave l normal ly found along stream val leys and typical of the immediate area. 
One distinctive feature is the frequent presence of a white ash layer. This layer varies in thi ckness fr6m 
a few inches to severa l feet, and has general ly been attributed to the explosive eruption of Newberry 
Crater. The ash fal l, which probably extended over a wide area of central Oregon, was reworked by wind 
and water, and fina l l y  deposi ted along streams . 

P LI OCENE TO PLE ISTOCENE 

Madras formation: The Madras formation was orig ina l l y  named and described by Hodge ( 1927). I t  
i s  a thick piedmont deposit lying east of the High Cascades and i s  composed of ol ivine basal t  and andesit ic 
lavas interbedded with partia l ly consol idated, torrential and lacustrine sand, s i l t, g rave l ,  agg lomerate, and 
basa ltic vo l cani c  debris .  The youngest basa lt flow caps the formation and forms the rimrock, which is so 
noticeable in the region of S isters, Redmond, and Prinevi l le .  The rim rock is a gray, vesicular, ol ivine­
bearing lava. Many of the vesic les are fi l led by opal or chalcedony.  

Wi l l i ams ( 1957) found of parti cular interest a we lded dacite tuff which extends over an area of at 
least 200 square mi les northwest of Redmond . The top and bottom of the flow are on ly  moderate ly we lded 
but the central portion is fi rm ly  we lded . The color near the top is pinkish, becoming gray toward the 
center. Streaky banding is caused by e longate, flattened lapi l l i ,  b lack obsidian bombs, and whitish pumice. 

Fossi I leaves have been found in  the Madras formation near Warm ·springs and were determined by 
Chaney (1938) to be early or middle P l iocene . The leaf beds are evident l y  in the lower Madras. Most of 
the formation, however, is assigned to late P l iocene and early P leistocene . 

PLI OCENE 

Rattlesnake formation: This, l ike many of the other formations of the John Day val ley, was named 
by Merriam (1901 ). The type loca l i ty is a long Cottonwood Creek 4.5 mi les west of Dayvi l le, Oregon. The 
formation may be seen on both sides of the John Day R iver  a long the h ighway between the towns of Dayvi l le  
and John Day .  

The Rattlesnake formation i s  one of the more strik ing features of the area because of i ts colorful layer 
of welded tuff. This layer separates two al l uvial  members and is 30 to 40 feet thick . Along the north s ide 
of the river, the brown to brick-red tuff stands in bold c l i ffs capped by low rounded h i l ls of gravel ,  si l ts, 
and soi l .  Deep val leys separate the monol i thi c  masses in such a manner that the outcrops appear as massive 
monuments or ancient bui ldings, depending upon one 's imagination . Along the south s ide of the river, the 
welded tuff layer is not prominent. Here the grave ls have accumulated in coalesc ing fans and the deposits 
could reasonably  be cal led fang lomerates. 

The welded tuff layer is composed of g lass shards and prismatic fragments of p lagioc lase as wel l  as 
scattered angular fragments of basa lt .  Some fragmented crysta ls of potash fe ldspar, ferromagnesian minera ls, 
and flakes of biotite may be seen . 

That part of the Rattlesnake formation beneath and overlying the welded tuff is composed of loose ly­
consol idated boulders, cobb les, g rave l ,  sand, s i l t, and c lay whi ch washed from the highland south of the 
basin of accumulation . Bedding is not noticeable in the grave ls but it is displayed in the lenses of sand, 
si It, and c lay and in some places there is distinct cross-bedding . 

At the type local i ty 90 percent of the al luvial components, rang ing from sand to boulders, is Columbia 
River basa lt.  West of the section there is an i ncreasing amount of we l l -rounded pol ished pebbles which 
were orig ina l l y  components of the Cretaceous cong lomerates. Eastward there i s  a simi lar increase in  pebbles 
and cobbles which were origina l l y  part of the older rocks of that area. 
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The lower grave ls of the formation are P l iocene in  age as indicated by vertebrate fossi ls studied by 
S tock ( 1948). Chaney a lso supports this age in h is report on a flora from the Rattlesnake . The upper 
gravels, however, are probably P leistocene in age . Maximum thi ckness of the Rattlesnake formation is 800 
feet and the average is 200 feet. I t  overl ies the Mascal l  formation wi th distinct angu lar unconformi ty.  

Rocks of  a simi lar l i thology and age are wide l y  distributed throughout east-centra l Oregon south of 
the Ochoco Mountains .  They have been correlated wi th the type Rattlesnake formation l i thologica l l y  
and on some fossi l evidence by Wi lkinson ( 1939) and more recent ly  b y  Campbe l l  ( 1958). 

MIOCENE 

Mascal l  formation: The Mascal l  formation was named by Merriam ( 190 1 )  after the exce l lent exposures 
observed near the Masca l l  Ranch 4 mi les west of Dayvi l le on the old post road to Antone . These outcrops 
are easi ly  seen from the present h ighway just south of Pi cture Gorge . 

The formation is composed of both water- and wind-laid tuffs accompanied by some conglomerate 
beds . The sediments at the type loca l i ty on the Mascal l  Ranch are main l y  fine-grai ned tuffs, c layey tuf­
faceous sha les, sandy sha le, and lenses of cong lomerate . The color varies from gray to buff to cream, with 
deeper ye l low shades occurring near the base of the section . 

Some of the beds in the Mascal l formation are we l l  cemented and stand out; others are friable and 
less prom inent. Bedding can frequent ly be distinguished by the variations in color. The g l ass shards and 
ash that orig ina l l y  composed much of the formation have been a l tered to c lay, parti cularly in the lowermost 
part of the section at the Masca l l  Ranch . 

Farther east in  the John Day va l ley, the formation, as described by Thayer ( 1956) is large ly  "water­
laid vo l canic ash, aeol ian tuffs, and rhyol i tic  welded tuffs interbedded wi th we l l -rounded pol ished pebble 
gravels" . A lthough the tuffaceous character of the formation is maintained, i t  differs from the type local i ty 
by the presence of we lded tuffs . 

An upper Miocene age for the Masca l l  formation was determ ined by Merriam ( 1901 ), Knowlton ( 1902), 
and other early workers on the basis of the abundant vertebrate fauna and f lora. Most of Merriam 's verte­
brate col lection came from the low ro l l i ng h i l l s  at the Mascal l  Ranch . The fossi l p lants identified by 
Knowl ton came chief ly from the white tuffaceous sha les on the Van Horn Ranch about 15 mi les east of Day­
vi l le .  Other areas of Mascal l formation in centra l Oregon have been corre lated wi th the John Day val ley 
deposi ts by Chaney ( 1925) and Downs ( 1956). 

I n  the John Day va l ley the formation rests conformably or nearly so upon the Columbia River basa l t .  
South of the Ochoco Mountains, however, the formation was deposi ted unconformably  upon the warped and 
eroded Columbia River basa l t  surface . The th ickness of the Mascal l  formation is variable but may be as 
much as 2,000 feet.  

Columbia River basa lt: The huge volume of basic lavas that covers most of eastern Oregon and parts 
of southern Washington were referred to as Columbia River basa lts by I .  C .  Russe l l  ( 1905). 

These basa l ts consist of a series of individua l lava flows that are superimposed one upon another. 
The individual flows vary in th ickness from 30 to 1 00 feet or more . Frequent ly the top of a flow may be 
identified by a baked red soi l l ayer, at other times by a brecciated zone. 

The rock is genera l l y  fine-grained b lack to gray in color. Prismati c basic p lagioc lase may be recog­
nized with the hand lens. Often oliv ine occurs in  granular masses and is usua l ly  c lear ye l lowish green . 

The thickness varies greatly and sometimes within very short distances . I n  central Oregon a long the 
John Day va l ley, thicknesses of 2,000 to 3,000 feet are not uncommon . 

OL IGOCENE TO MIOCENE 

John Day formation: The varico lored tuff beds which are we l l  exposed along the John Day River 
north of Pi cture Gorge were fi rst noted by Thomas Condon in the 1860's. Later, in 1872, 0. C. Marsh 
visi ted the region and in 1875 referred to the basin as " John Day" . I n  1901 Merriam used the name " John 
Day formation" .  The formation is wel l  known for i ts abundant fossi l  p lants and vertebrates . 
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In  the John Day va l ley this formation is characterized by colorful tuffs . The lower member is bri ck 
red; the midd le pale green; and the upper buff to cream . Between the middle and upper members there is 
genera l l y  a welded tuff layer of variable thickness se ldom exceeding 75 feet. 

The vi troc lastic character of these tuffs is recognizab le on ly by microscopic exam ination . G lass 
shards and pumice fragments of the orig inal deposi tion have been a l tered to c lay minera ls inc luding appreci­
ab le amounts of bentonitic c lays . Crysta l l ine material  is common and inc ludes sanidine, o l igoclase, magne­
ti te, biotite, quartz, zi rcon, l imonite, and hemati te .  Brookite has been reported by Coleman ( 1949 )  from 
the Turtle Cove and Sheep Rock loca l i ties. These minera ls are minute and se ldom recognizable in the hand 
specimen.  The composi tion of the tuffs is reasonab ly uniform even though the color varies throughout the 
section . The colors are probab ly caused by ferri c and ferric-ferrous compounds. This l i thology is typical 
of most of the John Day formation in  central Oregon . 

Although some of the beds exposed in the John Day val ley are ash fa l l s which have been reworked 
and deposi ted under fluviati le and lacustrine conditions, the bulk of the material  i n  th is area was probably  
of aeol ian orig in .  The probable source of the ash was volcanoes 50 to 100 mi les west of the centra l Oregon 
basins of accumulation . Total th ickness of the formation at Sheep Rock in the John Day va l l ey is about 
800 feet. 

In the Bend area, just east of the Cascade Mountains, the John Day formation, as described by 
Wi l l iams (1957) is " principa l l y  flows and domes of rhyol i te, we lded rhyol i te tuff laid down by g lowing 
avalanches, bedded rhyol i te tuffs formed by ai rborne showers of ash, and vari colored, fluvioti le and lacus­
trine tuffaceous sediments" . Th is description adds the rhyol i te flows and domes which are not typical of 
the formation i n  the John Day val ley and e lsewhere in  central Oregon . 

Recent work on the vertebrate material in the tuff beds by Schu l tz and Faulkenberg (1949)  places the 
Upper John Day in the Miocene . The lower red beds are considered to be upper O l i gocene . 

EOCENE TO OLI GOCE NE 

Clarno formation: The C larno formation origina l ly described and named by Merriam ( 1901) from out­
crops at Mitche l l  and C larno Ferry, Oregon, has since been found to be very wide ly distributed throughout 
centra l Oregon . 

The formation is composed of several distinctive rock types . Of particular importance are the tuff 
beds. These range from fine-grained tuffaceous shales to coarse gri tty tuffaceous sandstones . The finer 
water-laid fiss i le sha les have been and sti II are a prol i fic  source of fossi l leaves, stems, nuts, and wood, a l l  
typica l  of a tropi ca l  flora . Recently O ligo-Eocene mammal ian remains were discovered by Lon Hancock 
in upper C larno tuffs near the type local i ty at Clarno bridge . 

Volcanic conglomerates and breccias are widespread in  the Clarno formation . They are composed of 
unsorted angular blocks, subrounded cobbles, and bou lders, held in  a tuffaceous matrix. Hornb lende ande­
site is  the most prominent consti tuent a l though basa l ts are not uncommon . These rocks are disti nctive 
because of thei r buff to gray color, rough jagged surface and tendency to form pock-marked, nearly verti ca l 
c l i ffs . 

When fi rst observed, an impression of widespread continuity of a di stinctive l i th ic  unit strikes the 
observer. Most of th is material  is of mud flow orig in and even though the l i thology is simi lar over a wide 
area., the emplacement both in  time and space varies from one local i ty to another, so that the i mpression 
of continuity is erroneous. 

Volcan ic  breccias and cong lomerates are interfingered with hornb lende andesite and basa l t  flows. 
I n  the hand specimen the andesite is characterized by acicular crysta ls of hornb lende and prismatic p lagio­
c lase frequently stained red . The rock as a whole is gray to dark gray usual ly having greenish tinge . 

P lugs, dikes and si l ls of andesite, basal t, rhyol i te and dacite are common features associated with 
the volcanics of the Clarno formation . These intrusives are expressed topographi ca l l y  in the form of buttes 
and i rregular ridges. 

The C larno formation rests unconformably  on the Cretaceous at Mitche l l  and is unconformab ly  over­
lain by the John Day formation at other local i ties .  This, in addi tion to studies of fossi l  leaves and more 
recent ly  mamma l ian fossi ls, p laces the C larno as Eocene to lower O l igocene in age . 
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CRETACEOUS 

Cretaceous rocks have been known in  centra l Oregon since the days of Dr . Condon. Various people 
have exam ined these rocks but no one has proposed acceptable formational names. The largest areal expos­
ure covers approximate ly 150 square m i les in the vicinity of Mitche l l , Oregon. Here an exce l lent section 
across an anti c l i na l  structure is exposed in road cuts extending from the town of Mitchel l  westward for a 
distance of 5 mi les .  

The 5=retaceous of the area consists of a series of shales, s i  I ts tones, conglomerat.es, and graywackes 
having a maximum thi ckness of 5800+ feet .  

The sha les are b l u ish g ray on  the fresh surface and gray where weathered. Except where fresh ly 
exposed, outcrops are covered by fine, b lade-shaped chips se ldom over an inch in  length . Bedding in  the 
sha les is indistinct because of fracturing, jointing,  and spheroidal weathering . Interca lated we l l -indurated 
beds of s i l tstone and sandstone, usua l l y  2 to 6 inches thick, de l ineate the bedding and structure of the sha les .  
Concretions of various shapes, but most common ly  spheroid, are numerous in  the sha les, and many contain 
marine fossi ls, particu larly ammonites . 

The cong lomerates are composed of rounded or subrounded cobbles and pebbles in a matrix of angular 
partic les of graywacke. Lenses of graywacke are prominent. A wide variety of rock types occurs in the 
conglomerates . The most prevalent, based on pebble counts, are chert, quartzite, granit ics, and basa l t .  
Minor amounts of vein quartz, sandstone, sha le, l imestone, phy l l i te, andesite, dacite, and gabbroic rock are 
encountered. The associated graywackes are fine to coarse grained, poorly sorted, but we l l  indurated . 
They are composed of fragments of sha le, basa l t, quartzite, and chert as wel l  as the m inera ls biotite, magne­
tite, fe ldspar, and ch lorite. The color varies from shades of gray to ye l lowish brown . 

I n  regard to the age of the fossi Is, Packard ( 1946) states that "the 20 or more new species, together 
wi th the previous ly described species of the fauna i ndicate that the lower sha le fauna is most c lose ly a l l ied 
to middle and upper Horsetown of Cal i fornia." Recentl y  Jones, in a personal communication, states that 
this lowermost shale member is  Albian, which is in accord with the observation of Packard . 

TRI ASS IC  

L i th ic  units of the Triassic of central Oregon have not been assigned formational names, but Thayer 
( 1956) has mapped various rock uni ts of this age in the Aldrich Mountain, Mount Vernon, and John Day 
quadrang les .  Brief descriptions of these rocks are presented i n  the exp lanation of the map . The fol lowing 
remarks have been compi led from this source . 

Lower Triassic of the area is characterized by a series of u l trabasi c  rocks. These include duni te, 
peridotite, pyroxenite, pyroxene-rich peridotite, gabbro, and serpentine derived from peridotite . Quartz 
diori te and albite grani te form i rregu lar masses in the late-middle Triassic .  The dunite and serpentine are 
of parti cu lar interest because of thei r  re lation to chromi te deposits of the region . The dunite is an ol ivine 
rock containing accessory chromite and associated with a l l  chromi te deposits .  The serpentine is mostly 
derived from peridotite and is so a l tered and sheared that the original rock type is not read i l y  determinab le .  
I t  i s  a host rock for chromi te depos its .  

The upper Triassi c is  characterized by  graywacke and sha le .  These rocks are we l l -bedded penci l 
shales, si ltstones, and graywackes grading into grits .  Thayer further describes the g raywacke shale member 
as fo l lows: 

"We l l -bedded dark s i l tstones and sha les, massive beds of graywacke and gri t, and volcan ic  tuffs, 
tota l ing about . l2,000 feet th ick . Lowermost 2500 feet consists most ly of fine-grained si l i ceous 
mudstones in which lenses of brecciated o lder rocks of a l l  types are interca lated . Some of the 
breccias undoubtedl y  water laid, but most do not seem water worked. Wherever seen, lower 
contacts of lenses faul ted, upper contacts deposi tiona l .  Lower beds nonvolcanic, but a long upper 
parts of ridge east of Fie lds Creek medium-grained volcanic tuffs are dominant. Abundant water­
worked serpentine debris near base of formation shows that serpentine and related rocks are older." 
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ROAD LOG : PRI NEVILLE TO JO HN DAY VIA MITCHELL 

Prinevi l le, Oregon . From Ochoco Inn, go east on U . S .  H ighway 26 toward Mitchel l .  

At 9 o 'c lock . Poorly  sorted gravels  of the val l ey fi l l  are exposed in the embankments 
north of the Highway . This is the face of the terrace observed from the viewpoint west 
of Prinevi l i e .  

At 1 1  o 'c lock . Outcrop of massive rhyo l i te underlain by John Day tuff beds . Terrace 
gravels abut against this rhyol i te block . 

At 3 o'c lock . Basal tic rim rock at the top of the Madras formation rises gently to the east 

At 1 1  o 'c lock . A second large s lab of massive rhyol i te overlying John Day tuffs crops 
out .  These rhyol i te blocks are part of the John Day formation in this loca l i ty .  Presumabl � 
they are large l ands l ide bl ocks and this one has possi b ly moved a distance of 4 m i les from 
h igher in the Ochoco Mountains to the north . 

At 3 o 'c lock loca l  l ands l idi ng . Landsl ide features wi l l  be common throughout the re­
mainder of the trip . Such s l ide areas occur where l avas overlying tuff beds have been 
undercut. This is frequentl y seen where John Day tuff beds are overlain by Columbia 
R iver basal ts .  The large s l ide areas are distinguished by hummocky ground and dis­

( 1 . 6) p laced rock . 

6 . 6  Ochoco Reservoir, a rock-fi l led dam . I t  i s  one of the first irrigation projects i n  Oregon . 

8 . 4  

9 . 6  

The water stored during the spring i s  used to i rrigate the recent terrace surface from the 
( 1 . 8) dam site to a di stance of several m i I es west of Prinevi I I  e .  

( 1 .  2) 

(0 . 5) 

Mi l l  Creek Val ley . Continuous exposures of Clarno basa l ts .  Some landsl ide blocks . 

Terrace grave ls pl astered against Clarno basal t .  

1 0 . 1 Basa l t  Quarry . This basal t  is probably Clarno but diffi cult  to distinguish from Col umbia 
( 1 . 1 )  River basal t because of the g l assy character . 

1 1 . 2 Veazie Creek road junction . The area to the north and east has been prospected for 
c innabar for a number of years . Many prospects have been found which show colors, 
but on ly one proved to be economic . This was the Horse Heaven mine whi ch up unti l 
recent ly  was a l arge producer . The mine is located about 35 mi les north and s l ightly 

1 2 . 3  

1 3 . 5  

1 4 . 7  

1 4 . 8  

( 1 .  1 )  west of this poin t .  

( 1 .  2) 

( 1 .  2) 

(0 . 1 )  

C larno tuff beds . 

Forest boundary . 

Smal l d ike Clarno basal t .  

Junction of o l d  Ochoco highway . Keep left on U . S .  Highway 26 . The sma l ler cinnabar 
prospects are along the ridges f lanking Ochoco Creek to the east . 

I n  the road cuts and the val ley wal ls of Marks Creek a variety of basal ts, hornbl ende 
andesite, and vol can ic  breccias crop out for the next 1 6  mi les .  These l i thic uni ts are 
a part of the Clarno formation . The basic l avas are characterized by a thin pl aty 
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jointing, frequent ly disp laying curved surfaces . The rock on the fresh surface is b lack 
to dark gray . Prismati c fe ldspars con be identified in the hand specimens of both the 
basal ts and andesites . Distinct e longated prismatic fe ldspar and wel l -formed crystals  
of  hornblende characteri ze the andesi tes . The Clarno flows and sediments ore dipping 

{ 1 5 .  9) between 20° and 40° to the southeast in the ridge east of the H ighway . 
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30 . 7  Ochoco summit  4720 e levation . For the next several mi les beyond the summit, I orge 

3 1 . 4  

3 1 . 7  

32 . 0  

32 . 7  

33 . 0  

33 . 2  

33 . 4  

{0 . 7)  road cuts offer on opportunity to observe various aspects of the Clarno formation . 

{0 . 3) 

{0 . 3) 

{0 . 7) 

{0 . 3) 

{0 . 2) 

{0 . 2) 

On both sides of the Highway buff-colored deeply weathered tuff breccia is exposed . 

At south end of cut,the basaltic vol canic conglomerate is cut by a coarse-grained basic 
intrusive . Al l cobbles forming the cong lomerate are basal t .  As progress is  made through 
the cut, volcanic breccias and more volcanic conglomerates ore intruded by basal t s .  
Most of the frequently observed narrow whi te stringers and veins ore composed of zeo l i te .  
I n  many of the Clarno intrusions,as wel l  as flows, excel lent zeol ite and calcite crystals  
may be found . 

Excel lent example of spheroidal weathering . The joint pattern con sti l l  be easi l y  discerned . 

Bedded carbonaceous tuff beds . Beginning at this point and continuing for the next 2 . 2  
mi les ore a series of interbedded carbonaceous tuffs, tuffaceous si l tstones, gritty tuffaceous 
sandstones, and vol canic cong lomerate . The l i thology displayed in the several road cuts 
is unique within the Clarno formation . 

At the beginning of this cut the vol can ic  conglomerate is overl ain by gri tty tuffaceous 
sandstones . 

Basic intrusive . Spheroidal weathering has developed along the jointi ng system . This 
intrusive is a smal l si l l .  Beneath the si l l  is  a thick section of gri tty tuffaceous sediments .  
These sedimen ts ore dipping 20° SW and strike N .  46° W .  

Beginni ng of cut . Al ternating beds of carbonaceous shales, tuffaceous si l tstones, and 
gri tty sandstones containing leaf impri nts and frequent ly fish scales . The sediments ore 
cut by a basic intrusion; again this is a si l l . The i rregular bottom surface of the sediments 
is caused by the intrusive . The wh ite veins ore calcite and zeo l i te .  At the north end 

{0 . 6) of the cut there is a fau l t  gouge zone 20 feet wide . 

34 . 0  The Clarno formation as di spl ayed i n  the series of deep road cuts i s  composed essential ly 
of interbedded tuffaceous carbonaceous shales, si I tstones, sandstones, and some cobble 
conglomerate . This material is associ ated in the v icini ty with vol can ic  breccia and onde­
sitic mud flows . These rock types hove been traced westward to Bear Creek and east to 
the head of the west B ranch Creek drainage . The shales and sandstone contain g loss, 
carbonaceous materia l ,  fragments of basic igneous rocks, and sma l l  amounts of magnetite 
and pyri te . The conglomerates ore composed predominantly of basa l t  cobbles, but chert, 
quartzite, metovolconics, metasediments, and gran i tic pebbles, hove been found in vary­
ing amounts . The volcanic breccia is composed mainly of blocks of hornblende andesite 
embedded in a tuffaceous matrix of the some composition . The cong lomerate and par­
ticularly the breccia ore distinctive in outcrops . They develop c l iffs having an irregu lar 
surface caused by weathering out of angular blocks . Because of the softer matrix in the 
breccia, hoodoo and spi re forms ore common . The color in outcrop varies from greenish 
dark gray to buff . The sediments continue to crop out in the rood cuts and frequent basic 

{0 . 1 ) i ntrusions con be observed . The traverse is down the section of Clarno . 
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At 2 o'c lock B l ack Butte, an andesite intrusion, rises to an el evation of 5027. I t  cuts 
through Cretaceous rocks disturbi ng the structure in the sediments fl anking i t .  Radiating 
from the p lug are a number of andesite di kes of simi l ar composition . At 3 o 'c lock the tip 
of White Butte bare ly rises above the hori zon at an elevation of 5627. This intrusion has 
greatl y  di sturbed the Cretaceous sediments around i ts flank, in  fact, i t  has changed the 
eastward dip of the cong lomerate to a steep westward dip .  The top of White Butte is 
a lmost a continuous outcrop of l ight-gray pl aty hornblende andesite, in contrast to the 
darker gray hornblende andesi te of B lack Butte . 

I n  this road cut, near the base of the Clarno formation, some minor fau l ting is disp layed . 
The deeply weathered breccia contains l arge blocks of al tered pumice and in  this respect 
differs from the younger andesi ti c breccias of the formation . Above the pum ice tuff breccia 
are carbonaceous tuffaceous shales in  turn overl ain by a massive tuffaceous s i l tstone . 

(Begin Figs . 24a and 24b) 

34. 5  

34 . 9  

35 . 4  

36 . 0  

36 . 7  

37. 6  

37.9 

38 . 1  

(0 . 4) 

(0 . 5) 

(0 .6) 

Series of basal t  intrusions . 

I n  the road cut a fau l t  contact can be seen between Clarno vol cani c breccias and Creta­
ceous shales . The shales have been severely fractured . The fau l t  strikes north-south and 
dips 80° west . The pitch of the grooves is 25° north . The gouge zone is about 1 5  feet wide . 

Smal l exposures and irregu lar patches of Clarno tuff beds overl ie Cretaceous congl omerate . 
The attitude of the Clarno tuffs has been greatly disturbed . 

This road cut is of particu l ar interest s ince it is the on ly p lace where thrust fau l ting is  
clearly indi cated . Massive Cretaceous cong lomerate at the top of the cut overrides the 
thin-bedded Cretaceous si l tstones and sha les .  Boulders and cobbles of si l tstone along the 
fau l t  pl ane were rounded during the thrusting . The gouge zone thi ckens to the south . The 
shales and s i l tstones have been fine l y  fractured throughout the zone . Along the fau l t  plane 
there is always a sma l l  amount of water oozing to the surface . I n  the cuts for the next sev­
eral mi l es the attitudes of the sha le  si l tstone series are much steeper than the regional  atti­
tudes on the west l imb of the major structure . The disturbed atti tude can be attributed in  
part to  the thrusting and in part to the many dikes extending westward from B lack Butte . 

Looking toward B lack Butte the ridges in  front of the butte are dikes f l anked by 
Cretaceous sha le; however, the ridge on the sky l ine south and east of B l ack Butte is a 

(0 . 7) thick conglomerate graywacke dipping to the east . 

(0 . 9) 

(0 . 3) 

(0 . 2) 

( 1 .  8) 

The low val ley in the foreground is Cretaceous sha le . Shale val leys can be mapped 
readi ly because they represent the ti l l able l and.  G raywacke, conglomerate, and Clarno 
rocks are covered by sagebrush, juniper, and grass and for the most part consti tute the 
grazing land . 

Cretaceous shales and th in beds of si l tstone are here overlain by massive pebble cong lom­
erate . The cong lomerate caps the ridges away from the road . Near the road j unction 
ahead, shale has been parti al ly  incorporated in the gray andesite intrusive . 

Road junction of old h ighway across the Ochoco Mountains . Continue northeast toward 
Mitchel l  on U . S .  H ighway 26 . 

At 1 2  o 'c lock is Sutton Mountain . Series of Col umbia River basal t flows overlying John 
Day and C larno .  The flows are dipping 1 1 ° to the northwest . As viewed from this point 
they are the east l imb  of a major syncl ine, the axis of wh ich trends northeast . 

At left s ide of road, wel l -bedded buff to cream Clarno tuffs contain excel lent fossi l leaves . 
Overl ying the tuff beds there is a thick basi c l ava flow .  
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This flow farther west is  in turn overl ain by bedded tuffs and vol canic  breccia .  The dip 
is 2"JO W .  and the strike is north-south . This is part of the nose of the Sutton Mountain 
sync l ine . 

At 3 o 'c lock, in the smal l  val ley draining westward into West Branch Creek, is one of 
the historic leaf local i ties of the Clarno formation . Col lections have been made by Chaney, 
Sanborn, and Brown . Brown confirmed the Eocene age of these tuffs . "  The tuffaceous out­
crops in this va l l ey are dark thin-bedded, carbonaceous shale . Excel lent leaf impressions 
may be obtained; however, i t  requ ires work . The ske leton of a smal l  fresh-water fish was 
found as wel l  as the wings of beetles .  

At 1 1 : 30 o'clock i s  a rhyol i te p lug .  The whi te dome h i l l  wi th radio station on top is 
Sargent Butte ,  a dacite intnJsion probably of l ate Eocene age . It has warped the sur­
round ing basic flows as wel l  as a l tering the tuffs adjacent to i t .  

West Branch Creek crossing . 

Bridge Creek and road junction to Painted H i l ls State Park, 6 m i l es northwest . Continue 
eastward on U . S .  H ighway 26 toward Mi tchel l .  Northwest-dipping Clarno basal ts are 
continuous for 2 . 5  m i l es down Bridge Creek where they are overlain by John Day red beds . 
The erosional and angular unconformi ty is wel l shown . 

Contact between the Clarno basa l ts and the Cretaceous upper congl omerate and graywacke 
beds on the west l imb of the Mitche l l  structure . The cong lomerate overl ies a thin section 
of bl uish-gray thin-bedded Cretaceous sha les which so far have proved nonfossi l i ferous . 

The m iddle shale member is in turn resting upon a lower conglomerate graywacke series . 
These beds d ip 28° to the northwest and strike northeast . 

Turn right onto old highway l eading to Mitchel l .  At 1 2  o 'clock the high ridge is an ande­
site intrusion . The conglomerate just observed overl ies the lower shale member wh i ch crops 
out a long the old road for about 2 . 3  m i les .  The shales have sagged but  in  general the dips 
are westward in accord wi th the structure . 

The mult ip le basa l t  di ke has the form of the letter J; the stem paral le l s  the road and actual ly  
holds up the f lat  surface north of  the sha le  ridge . 

Probable  axis of the structure . Stri ke is general l y  NE-SW . 

This cut exposes the shale as wel l  as the si l tstone and fine-grained sandstone . The si l t­
stone, and to some degree the sha le,  weathers into spherical forms resembl ing concretions . 
The rea l  concretions, however, are we l l  cemented, usual l y  qu i te round rather than oblate, 
and some contain a reward ing ammoni te . 

Contact between shale and andesite . Here the intrusive cuts across the shale bedding . I t  
is  interesting to  note the minor al teration of  the rocks at the contact . At  3 o 'c lock across 
Bridge Creek the intrusive para l le ls  the beddi ng of the shale .  Along the creek bank beneath 
the si l l  contact, ammoni tes i dentified as Desmoceras have been col lected . The shale is the 
lower member of the Cretaceous in this immedi ate area . Probably Albian age as indi cated 

( 0 .  2) by Packard . 

46 . 4  Cong lomerate on east f lank of the Mi tchel l  antic l ine overl ies the lower shal e .  At the bottom 
of the section there is a rather thick l ayer of pebble conglomerate associ ated with interbeds 
and lenses of graywacke . The cong lomerate in some p l aces becomes a cobble conglomera� 
with cobbles and pebbles set in a matrix of angul ar parti c les .  Outcrops are general l y  yel low­
ish brown but the fresh surface is dark greenish brown . 



Ecola State Park near Cannon Beach . Sea stacks and head l ands fonn ed by eros ion 
of basa l ti c  rocks typ i ca l  of Oregon coast scene ry .  

<!ove Pa l isades State P a rk  near 
Madras . Canyon cut in Madras 
fonnation by the Crooked R iver.  
Moun t Jefferson i n  backg round . 



Look i ng  east up the Co l umbia R i ver from Chanti c leer Poi nt. Vista House to the 
ri ght; Beacon Rock on Washi ngton side in backg round . 

Cast le Rock on the John Day River  
near K i mber ly.  John Day tuff beds 
capped by a layer of we lded tuff . 

Oregon State Highway Commission photos 
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The rock types represented in the conglomerate incl ude chert, quartzite, granite, meta­
igneous rocks, and basa l t .  Minor amounts of various other igneous and metamorphic rock 
are encountered . 

The graywacke is fine to coarse grained, poorly sorted, and wel l  indurated . The 
cementing material is  genera l l y  si l i ceous and chlori tic . Quartz and quartzite grains pre­
dominate but appreci able amounts of feldspar are a lso .-present .  Lesser amounts of ol ivine,  
biotite, chlorite, and basa l t  grains occur. 

Shale overl ies the conglomerate . Good outcrops occur along the Service Creek 
road and the adjacent h i l l s .  These shales are overlain by a massive cong lomerate exposed 

(0 . 3) in road cuts at Mitchel l ,  Oregon . 

46 . 7  This shale and si l tstone member has no l i thologic characteristic that distinguishes i t  from 
the lower shale member .  However, i t  does l i e  on the lower cong lomerate and so is  strati­

(0 . 1 )  graphical l y  higher in the section . 

Begin side trip north 

46 . 8  = (0 . 0) B ridge Creek - Junction of Servi ce Creek road (Oregon H ighway 207) . 

0 . 7  

0 . 8  

0 . 9  

1 . 1  

2 . 6  

Begin s ide trip 4 . 8  m i l es north on H ighway 207 to see section through Cretaceous sha les 
(0 . 4) overl yi ng the cong lomerates previous ly observed . 

(0 . 3) 

(0 . 1 )  

(0 . 1 )  

(0 . 2) 

( 1 . 5) 

(0 . 7) 

Basal t  d ike . I n  the rood cut to the right and in  the slopes bel ow the road is the eastern 
extremi ty of the " lazy" J-shaped dike that was first observed on the western l imb of the 
antic l i ne .  

At 1 0  o 'c lock an extension of the Bai l ey Butte intrusion . The pecu l iar l ayering is a 
jointi ng phenomenon caused by cool ing . 

Contact of upper conglomerate and shale . Smal l patches of conglomerate typical of the 
top of the Cretaceous east of Mitche l l  crop out in the road cuts .  

D ike at 9 o 'c lock . This extends westward for 4 mi les and i s  the outcrop of the J-shaped 
basa l t  d ike previously  observed . 

· ·  

1 2  o 'cl ock Sutton Mountai n .  A number of the many flows consti tuting the Col umbia R iver 
basal ts are wel l exposed in this mounta in . The top of the mountain dips gentl y  to the 
northwest.  It is one l imb of a major northeast-trending syncl ine .  

Hudspeth logg in.s road j unction . Private road . 

3 . 3  Ridge at 9 o 'cl ock . A very l im i ted outcrop of pre-Cretaceous rocks occupying an area of 
l ess than 1 0  acres . The rocks are phyl l i tes, l imestones, cherts, and cherty l imestone . The 

(0 . 5) sma l l  grayish mass at the crest of the ridge is I imestone . 

3 . 8  Al l uviated and eroded basin of Meyers Creek . The white l ayer i n  the al l uvial  fi l l  is 
reworked ash from the Newberry Crater eruption . Many of the deep val l eys of this 

4 . 7  

region have been fi l led to appreci abl e depths by Recent a l l uvium . Because this region 
is  subject to severe thunder showers and cloud bursts, sudden floods occur in the narrow 
canyons . I n  1 957, gravel ,  si l t, and sand from adjacent s lopes and val leys were deposited 

(0 . 9) in the upper end of this val ley to a depth of 4 to 6 feet in a matter of 45 minutes . 

At the point where Bridge Creek and Myers Canyon join, the 1 957 flood crests were si­
mul taneous, and an estimated 54, 000 cubic feet of water passed in a very short period 
of time . When the l arge vol ume of water from the eastern s lope debouched from the 
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narrow val leys onto the gentl y s loping surface at the upper part of Meyers Canyon, debri s 
accumulated qui ckly to the depths already mentioned . The water f lowed in a sheet over 
the l ip  of a l l uvi um into the narrow co.-:yon and became recharged wi th debris and again 
deposi ted i ts load near the mouth of the canyon . This process was repeated at least once 
in lower Bridge Creek drai nage . Several hundreds of acres of cul tivated land were destroyed 
duri ng the 45 minutes to an hour of the flood 's duration . 

Turn around 

Looking south from Hudspeth Logging road on return to Ochoco Highway . From this point 
the v iew at 1 2  to 9 o'c lock is south to the scarp on the horizon . The highest point is Mount 
Pisgah . This is the north-facing scarp of a south-dipping basa l t  surface . The conical­
shaped butte in front of the scarp is White Butte . On the northwest side just above the 
visible base a rather large dark-colored outcrop is evident . This outcrop is the continuation 
of the north-trending and east-dipping ridge . The dip of the conglomerate ri dge is 2 1 °  to 
the east . However, the cong lomerate on the flank of White Butte dips 3 1 °  west . It is 
quite evident that the intrusion has pushed i ts way through the Cretaceous shales and con­
glomerates . At contact, the conglomerates are sl ightly more indurated and deeper in color. 

At 2 o 'c lock B lack Butte stands high on the horizon .  The cultivated area at the base 
is a shale val ley cal led Hay F lat .  Fossi ls  have been col lected from these sha les which can 
be correl ated wi th foss i l s  found at Bai ley Butte . 

Begi nning with the conglomerate ridge east of Hay F lat, a number of sim i l ar con­
glomerate ridges separated by sha le val leys can be observed . I t  is of interest to note that 
a correspondi ng number of such ri dges and val leys does not occur on the north side of Bridge 
Creek . This suggest an east-west fau l t  paral le l  to Bri dge Creek on the south si de of the 
val ley south of Bai l ey Butte, wi th displ acement along the fau l t  of between 1 0  and 1 2  
thousand .  feet, and movement of the south si de toward the west re lative to the north s ide . I f  
th is i s  true, a l l  of that section from the fi rst cong lomerate ridge east of B l ack Butte is  
higher  in the Cretaceous progressively eastward . A further search for better and more 
paleontologic evidence is in progress . Various hypotheses have been suggested such as 
( 1 ) normal fau lt ing, (2) low angle thrusting associ ated wi th the Ochoco fau l t  zone , (3) a 
series of di fferent conglomerate hori zons, (4) progressive lands l ides . The best answer to 
date seems to be thrusting from the southeast . 

46 . 8  Junction of U . S .  Highway 26 and Servi ce Creek Road . Round trip to pre-Cretaceous 
local i ty was 9 . 6  mi les .  At 1 2  o 'c lock, on south side of Bridge Creek, the conglomerates 
overlying the upper sha le member crop out .  The dip is 28° southeast and the strike is 

( 0 .  6) northeast . 

47 .4  Bridge Creek crossing east end of  main street, Mitche l l . 

The rel ation of the Clarno formation to the underlying cong lomerates of the Cretaceous 
is wel l shown di rect ly  above the Motor Court in the val ley wal l .  The Clarno formation 
appears to be conformable but at the crest of the ridge it is c learl y evident that the Clarno 
was deposi ted on an erosional surface . The Clarno formation in this section is composed of 

(0 . 2) volcanic breccia and congl omerate overlain by a massive pl aty hornblende andesi te flow . 

47 . 6  U . S .  Highway 26 junction a t  Mi tchel l .  Proceed eastward toward John Day . 
( 1 .  0) 

48 .6  Smal l fault  with distinct s l ickensides on the fau l t  p lane . Clarno vo lcanic boulder con-
glomerate crops out at 9 o'clock . Large blocks of Cretaceous conglomerate have been 
incorporated in this boulder cong lomerate . The bl ocks are sometimes so large that they 

(0 . 8) may be mistaken for Cretaceous outcrops . 
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Platy Clarno basal t .  The jointing i s  typical , particul arly the curvature of the joint p lanes . 
Vol canic breccia interfingers wi th the basa l t  flows . 

H istorical marker in memory of H .  E .  Whee ler .  " The man for whom Wheeler County was 
named was attacked by Indians at this spot and wounded . He was the mai 1. carri er between 
The Da l l es and Canyon City .  The mai l was looted and the coach destroyed on September 9, 
1 866 . "  

5 1 . 3  Zeo l i te vei ns in volcan ic  breccia and cong lomerate . The flows and breccia came from a 

54 . 3  

54 . 7  

55 . 2  

55 . 7  

(3 . 0} Clarno vo lcano located north and east . 

(0 . 4} 

(0 . 5} 

(0 .5} 

( 1 . 4) 

Top of pass . East of Mi tche l l . 

Red bed exposed in I ow road cuts . This is probabl y red tuff at bottom of the John Day 
overl ying the Clarno formation . The smooth rol l i ng hi l ls at 1 1  o ' c lock are typical of 
the upl and surface of the Columbia River basa l t  (Coriba) . 

At 1 2  o 'c lock the fl at-topped mesa is rimmed by a thin layer of Rattlesnake formation 
welded tuff . This is the westernmost exposure of this hot c loud ava lanche . 

F rom 1 2  to 2 o 'c lock the north-faci ng crest of the Ochoco Mountai ns forms the skyl ine . 
The scarp is an expression of a fau l t  zone whi ch is an extension of the John Day fau l t, 
a l so the Mitchel l fau l t .  

(Beg in  F ig . 25) 

57 . 1  

58 . 3  

59 . 4  

60 . 4  

62 . 2  

( 1 .  2) 

( 1 .  1 )  

( 1 .  0) 

( 1 .  8) 

Rattlesnake mesa at 1 0  o 'c lock is  capped by wel ded tuff . At 9 o ' c lock Col umbia River 
basal t dips south toward the highway beneath the Rattlesnake formation . At 3 o ' c lock 
the low ridge is  Rattlesnake formation . 

Smal l outcrop of Col umbia River basa l t .  The low ridges south of road are the beginning 
of pediments, a part of the Rattlesnake formation . 

1 2  o 'c lock - drivi ng east down a stri ke val ley wi th Columbia R iver basalt on· the left 
d ipping south . The low rim rock and low ridge on right is Rattl esnake welded tuff . 
Rounded hi l l  at 1 2  o 'cl ock wi th low di p to the south is 400 feet of Col umbia River basal t  
capping John Day tuffs . 

Welded tuff of the Rattl esnake in road cut . Skyl ine at 2 o 'c lock and rock outcrop at 
3 o 'c lock one m i l e  south of highway are late Pl iocene i ntrusives a long wel l -defined 
post-Rattlesnake foul t .  

Antone junction . This road i s  the old post road to Dayvi l l e .  At Antone, 5 m i l es south, 
buff-colored sandstone and pebble conglomerates of upper Cretaceous are exposed . 
Trigonia fauna has been col lected and descri bed by E .  L .  Packard . From this point  the 
U . S .  Highway 26 crosses the Tertiary section and for the next 4 m i les wi l l  pass through 

(0 . 9) Col umbia River basa l t . 

63 . 1  Mountain Creek bridge . 

63 .6 
(0 . 5) 

( 2 . 5) 
Ash i nterbed in Col umbi a River basal t .  

66 . 1  South s ide of Mountain Creek . Newberry Crater ash exposed in  the val ley fi l l  has a 
thickness of about 2 feet .  This whi te ash wi l l  be noted frequently throughout the 

(0 . 4) entire area . 
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(Begin F ig . 26) 

66 .5  The va l ley of Mounta in Creek wi dens, bring ing into v iew a l ands l ide area over which 
Clarno vo l can ic breccia, John bay tuffs, and large blocks of Columbia River basal t  are 

( 1 . 7) indescriminate ly d ispersed . 

68 . 2  Clarno volcanics and cong lomerates crop out for the next 0 . 1 m i le,  and i n  p laces loose 

69 .5  

7 1 . 4  

71 . 9  

72 . 5  

73 . 2  

73 . 8  

74 . 6  

75 . 2  

75 . 4  

76 . 8  

77. 3  

77 .5  

( 1 . 3) gravel s  deposi ted by Mountai n Creek form a mantle on an old terrace . 

( 1 .  9) 

(0 . 5) 

(0 . 6) 

(0 . 7) 

(0 . 6) 

(0 . 8) 

(0 . 6) 

(0 . 2) 

( 1 . 4) 

(0 . 5) 

(0 . 2) 

Sma l l  outcrop of Cretaceous pebble conglomerate and graywacke . This outcrop is lo­
cated m idway between the Antone exposures and those on the John Day River at H umphrey 
Ranch, i nd icating a north-east tren d .  Also note the monol i th mass of Col umbia River 
basalt  at 1 2  o 'clock . This i s  a fau l t  block down-dropped to the north, and i s  the beginning 
of a series of paral l e l  fau l ts striking N .  50° W .  Repetition of Mascal l tuffs overlying 
Columbia R iver basa l t  takes pl ace from north to south across the stri ke of the normal  fau l ts .  

Cream beds of the John Day formation at 9 o 'c lock . The monol i th at 1 2  o'c lock is  a fau l t  
block . The road crosses the fau l t  within a short di stance . 

S l ickensides on left paral l el ing the fau It are smooth and we l l  grooved . 

The ridge at 9 o ' c lock i s  Col umbia River basalt  dipping south . The ridge at 3 o 'clock is  
the Mascal l formation overlying the basal t .  Above the Mascal l at 3 o 'c lock Col umbia 
R iver basal t  crops out again . This i s  additional evidence for the fau l ting al ready descri bed . 

B i rch Creek i s  here superimposed on Col umbia River basal t .  The high ridge at 1 2  o'clock 
is composed of Mascal l  tuffs overlying Col umbia River basal t .  This is  a second fau l t  
paral lel ing the one just passed . 

At 1 2  o 'cl ock rim rock of Rattl esnake wel ded tuff overl ying Rattlesnake gravel s  and si l ts 
which truncate the south-dipping Mascal l tuffs, tuffaceous si I ts, and g ravels . 

Lands l i de masses of buff-colored lower Mascal l  tuffs . 

Excel lent outcrop of buff-colored Mascal l  tuff over la in by a thin mant le of grave l . Thi s  
outcrop i s  cut by  several smal l fau I ts .  

Entering gorge which i s  the result  of superimpos i tion of Rock Creek on the south-dipping 
Columbia R iver basa l ts after cutting down through the Rattl esnake and Mascal l formations . 
The several flows in the Col umbia River basa l ts are wel l  marked by interflow breccias and 
red, baked soi l l ayers of varying thi ckness . 

Pi cture Gorge . Junction of U . S .  H ighway 26 and Oregon H ighway 1 9 .  Keep right on U . S .  
Highway 26 toward John Day . Picture Gorge was named because of ancient Indian wri tings 
or pictographs on the smooth joint surfaces of the basal t .  Refer to F ig . 35 in  Trip No . 7 for 
geologic map of this area . 

Col umbia R iver basa l t-Mascal l  contact at 3 o 'c lock . There are 1 7  Col umbia R iver basa l t  
l ava flows exposed in  the gorge, separated by breccia and soi l l ayers . The Columbia 
R iver basal ts d ip to the south . The John Day River flows along or near the axi s  of a syncl ine . 
This  basin was fi l led by Mascal l  sediments and l ater by Rattlesnake materia l s . 

Mascal l  Ranch road junction - to v iewpoint . Turn right and keep right at fork one m i l e  
west uph i l l  to o l d  a i r  strip .  F rom thi s  point the rel a tion of Columbia River basa l ts ,  Mascal l ,  
and Rattlesnake formations i s  wel l  de l i neated . The south-dipping basal ts are overl a in  con-
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formably by Mascal l  tuffs, si l ts, and cong lomerates . About 1 50 feet of Rattlesnake s i l ts,  
poorl y bedded gravels, and grits truncate the Mascal l sediments . Above the washed sedi­
ments of the Rattlesnake the wel ded tuff member forms the r im rock . This is s imi l ar to 
welded tuff found south of the Ochocos and covering many hundreds of square m i l es .  This 
tuff is composed of g l ass shards, pumice fragments, and bi ts of basa l t  scattered throughout . 
I t  probably represents a short period of time when a hot aval anche' swept down the old 
val ley of the John Day River . Above the welded tuff l ayer there is  a continuation of the 
basal tic grave ls of the earl ier phase of the Rattlesnake . 

The John Day River, l i ke Mountain Creek, eroded down through the younger forma­
tions and was superimposed on the Col umbia River basa l t .  This superimposition is char­
acteristi c  of a l l  the creeks west of here such as Rattlesnake Creek, B i rch Creek, and Pine 

( 1 . 1 )  Creek . Return to U . S .  H ighway 26 . 

78 . 6  Note Mascal l and Rattlesnake formations paral le l ing both s ides of the h ighway . 

8 1 . 3  

82 . 0  

(2 . 7) 

(0 . 7) 

(0 . 1 )  

Enter Dayvi l l e .  

Crossing South Fork John Day River . 

82 . 1 At 1 2  o 'c lock maximum thickness of Rattlesnake gravel s  are exposed in the funnel -shaped 
sl ide . The l ight-co lored outcrop is composed of g lass pel lets s imi l ar to the welded tuff . 
This cross-bedded gl ass sand l ayer can be traced one half m i l e  south where i t  joins the 
welded tuff . Probably represents material that fel l  in a pond or stream . The tota l thick­
ness of the section i s  about 800 feet . Some fau l ting and s l ight deformation of the rim can 

( 1 . 0) be observed . D ips as low as H degrees to the south have been measured . 

(Begin F igs . 27 and 28) 

83 . 1  The welded tuff bed on the north s ide of the John Day R iver at l O  o'c lock i s  about 75 feet 
th ick . Fossi l l eaves have been col lected at the base of the tuff . (Pl iocene) . The Col umbia 
R iver dip s lope at 1 1  o 'c lock i s  broken by a series of fau l ts trending northwest . I t  may be 
accident or fact but for the next ei ght m i les every time the road takes a southeast. .bend i t  i s  

84 . 2  

85 . 2  

86 . 1  

86 .5  

88 . 2  

88 . 7  

( 1 . 1 ) para l le l  to one of the fau l ts .  

( 1 . 0) 

(0 . 9) 

(0 . 4) 

( l .  7) 

(0 . 5) 

(0 .4) 

John Day R iver bridge check point .  

At  12  o 'c lock the series of ri bs below the pediment surface on the sky l ine are Col umbia 
River basal t  i nterflow breccias standing nearly vertical or sometimes s l ightly overturned . 
The breccias here proved to be more resistant to erosion than the l avas . The be l t  of vert ical 
flows is more than a m i l e  wide . On the left or north s ide of the road the basal ts are d ipping 
to the south 1 0° or 1 5° . This is  a fau l ted asymmetrica l fold . 

At 1 o ' c lock three terraces may be seen . Less obvious is the John Day foul t which  has been 
traced wi th minor interruption as far east as Prai rie City . 

Columbia River basa l t  and thick breccia l ayers crop out in the gorge . To the south, Mascal l  
tuffs and Rattlesnake fanglomerates overl ie  the Col umbia R iver basal ts . 

F rom the l ast point to this point the south-dipping Mascal l  crops out at 2 o 'c lock across the 
river . It is cut off to the south by the John Day fau l t .  

Lands l i de area from 8 to 1 0  o 'c lock extend ing a long the river for about H mi les . I n  the 
background the Rattl esnake rim crops out . 
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F igure 29 



96 
Mi leage 

89 . 1 

(0 . 7) 

89 . 8  

(2 . 2) 

(Begin F ig . 29) 

92 . 0  
(0 . 8) 

92 . 8  
(0 . 5) 

93 . 3  
(0 . 7) 

94 . 0  
(0 . 4) 

94 . 4  

( 1. 1 )  

95 . 5  
(2 . 1 )  

97. 6  
(3 . 3) 

(Beg in Fig . 30) 

1 00 . 9  
( 1 .5) 

102 . 4  
(0 . 2) 

1 02 .6 

( 1 . 4) 

1 04 . 0  
(0 . 3) 

1 04 . 3  
(0 . 2) 

1 04 . 5  

(3 . 5) 

1 08 . 0  
(0 . 8) 

1 08 . 8  

F I E L D G U I D E B O O K  

Rattlesnake gravel s  overlain by welded tuff are exposed in a smal l l andsl ide block . At 
2 o ' cl ock is Fiel ds Peak . This is a diori te porphyry intrusion of probable Cretaceous 
age . E l evation of peak is 7360 feet .  

Mascal l tuff beds, wh i ch are prol ific i n  leaves, crop out for a short distance along the 
roadside . Low-grade coal was found in these beds and was mined and used loca l l y  in 
the early days . 

John Day River crossing check point . 

F ie lds Creek road junction . This road gives access to the south into the be l t  of ser­
pentine, gabbroic rocks, and Triassic sediments . Continue east on U . S .  Highway 26 . 

Both sides of the val ley are bordered by the Rattlesnake formation . 

Mascal l tuff beds and Columbia River basal ts bear an overturned re lation to each other 
in thi s  outcrop . (See cross sections) 

B reccia rib near road at 3 o 'c lock . The same vertical atti tude as that observed in s im i l ar 
breccia ribs just east of Dayvi l l e .  This re lationship indicates the asymmetri cal fol ding 
and faul ting along the north face of Aldrich Mountain . 

Strawberry Mountain at 1 2  o 'c lock . 

Terraces in the Rattlesnake fanglomerate both sides of val ley . At 1 2  o 'c lock is Mt . Vemon, 
a south-dipping Columbia River basalt bl ock . 

John Day River crossing . 

Entering Mt .  Vernon . 

Junction U . S .  Highway 395 . Continue east on U . S .  H ighway 26 toward John Day . 
Welded tuffs of the Rattlesnake at 1 0  o ' c lock . (The auriferous Quaternary gravels were 
dredged unti I recently . )  

Smal l outcrop of vol canic  conglomerates, probably Clarno . 

John Day bridge crossing check point . Rattlesnake formation on the right . 

At 9 o 'clock fi rst exposure of green serpentine in low rounded h i l l s on north s ide of val ley . 
Also present are metavolcanic sediments of probable Permian age . These outcrops are 
rel atively continuous in the h i l l s on the north s ide of the val ley . On the south s ide of the 
val ley the exposures are Rattlesnake formation . 

Entering John Day . 

Road junction in town of John Day of U . S .  Highway 26 and U . S .  H ighway 395 south . 
End of traverse . 
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(Refer to Figure 27 for Legend) 
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F I E L D T R I P  N O .  5 

J O H N  D A Y T O  U P P E R  B E A R V A L L E Y  
By  

W.  D .  Wi lkinson and T. P .  Thayer 

99 

This trip starts at John Day, Oregon, and fo l lows U . S .  Highway 395 south through Paleozoic and 
Triass ic rocks to the junction of the Logde l l -lzee road in upper Bear Val ley. Total distance i s  logged at 
18.8 m i les .  For location of trip route, see I ndex Map of Centra l Oregon (at beginning of Trip No. 4: 
Prinevi l le to John Day). 

Mi leage 
o.oo 
(Begin Fig . 3 1 )  

0.4 

1 .0 

1 .6 

2.3 

3.7 

(0.4) 

(0.6) 

(0.6) 

(0.7) 

( 1 .4) 

(0.4) 
(Beg in  F ig .  32) 
4.1 

( 1 .6) 

5 .7 

( 1 . 1 )  

ROAD LOG: J O H N  DAY T O  UPPER BEAR VALLEY 

John Day, Oregon. Turn south on U . S Highway 395 to Canyon C i ty .  From John Day 
to Canyon City note tai l ings from early-day dredg ing ,  Columbia River basa l t  and 
Rattlesnake formations para l l e l  the va l ley on both sides. The Humboldt digg ings are on 
the right side of the road. 

Canyon Mounta in  at 12 o 'c lock . Canyon Mountain l ies to the southeast of Canyon C i ty .  
I t  is composed of a med ium- to fine -gra ined ol ivine-bearing and nori ti c gabbro. This 
mass contains innumerable sma l l  veins which formerly were mined for r ich gold ore and 
were probab ly the source of the p lacer gold. The fi rst min ing was done i n  the 1850's  
and has  continued in  a smal l  way to this  day. 

Humboldt p lacer from I to 3 o' c lock halfway up the mountain .  

Canyon City .  The section from Canyon C i ty to the top of  the pass at the Fa l l  Mountain 
road junction gives the geo logist or the person interested in geology an oppqrtuni ty to 
exami ne a typica l section of Triass ic  rocks and some Poleozoic rocks of centra l Oregon. 
These rocks have been mapped by T .  P .  Thayer ( 1956), From Canyon C i ty to Joaquin 
Mi l ler  Resort, the rocks are Paleozoic and lower Triassic ,  Hornblende schist, a lb itized 
gabbro, serpentine, peridotite, and pyroxenite are visible in the cuts a long the Highway.  
From the resort to the top of  the grade, Triass ic sha les and graywackes stand at high 
ang les or are in  overturn'ed folds , C lose examination of the outcrops brings to l ight many 
features of sedimentation such as graded bedding, ripple marks, and other evidence indi ­
cating the manner of deposi tion . 

Wel l  fol iated hornblende schist. Sma l l  outcrops on each side of the va l ley. 

Serpentine on both sides of the va l ley for the next 1/4 m i le .  Tai l i ngs from dredging 
operations. 

Albi tized gabbro of Canyon Mountain mass . Good outcrop near road, a lso occurs at 
Canyon Creek . This rock crops out for the next 2 mi les .  

Serpentine in  contact with gabbro. Serpentine fol lows a long the righthand side of the 
creek for the next 2 mi les .  A pyroxene-rich peridotite is on the left. The creek fol lows 
the contact. 

6,8 Peridoti te and pyroxenite .  This outcrop is metamorphosed pyroxeni te containing pockets 
( 1 ,7) of epidotization. 
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Mi leage 
8.5 

(2.6) 

JOHN DAY TO UPPER BEAR VALLEY 1 0 1  

End of Pa leozoic and lower Tri assic rocks . Eocene C larno breccias crop out on both sides 
of the va l l ey for about a m i le .  

(Begin F ig .  33) 

1 1 . 1  Joaquin Mi l ler Resort at j unction with Canyon Creek Road. F rom this point, upper Triassic 
shales crop out for 5.5 mi les a long U. S. Highway 395. The Highway crosses a northwest­
trending asymmetri c sync l ine overturned toward the southwest. The sync l ina l  axis l ies 
practica l l y  at Starr Summit. About 10,000 feet of beds are exposed in Highway cuts east 
of the summit, but are cut by too many fau l ts to make a good stratigraphic  section . I n  
genera l the beds may be divided i nto three major groups: I .  an upper sha le-mudstone 
sequence in which some more massive beds may be s l ide materia ls, 2. a we l l-bedded 
sequence of graded graywackes and sha les containing some ashy beds, and 3. massive 
graywackes extensive l y  fractured near major fau l ts .  The uppermost beds in  the section 

(3. 1 )  

14.2 
(0.5) 

14.7 

(0.2) 

are l imy graywackes with which l imestone breccia occurs . 

Triassic sha les - overturned beds. Top and bottom may be recognized by observing the 
graded bedding .  

Curve sign. Exce l lent examp les of graded bedding, ripp le marks, and penecontemporaneous 
fo lding. Sand ro l ls and other features of turbidity current deposi tion may be observed. 
A l l  the beds are evident ly overturned . 

14.9 More examples of graded bedding .  Isoc l ina l fold at east end of cut. Midway and near 

15.2 

(0.3) top, sandstone is fo lded . Beds p lunge toward road . 

Fold ing in Triass ic sha les. 
(0.2) 

15.4 Graded bedding shows tops and bottoms of beds. I ntri cate fo lding evident. Breccia and 

15.5 

16.5 

17.5 

17.8 

18. 1  

1 8.8 

(0. 1 )  gri tty sandstone contain  fragments of sha le .  

( 1 .0) 

( 1 .0) 

(0.3) 

(0.3) 

(0.7) 

Basic dike cutting Triassic shales . Spheroida l weathering we l l  displayed . 

Fa l l  Mountain Lookout road . E levation 5,152. I t  is recommended that the geolog ist 
interested in  the Triassic  rock of this region drive to the top of the pass and then walk back 
down the section a distance of 5.5 m i l es a long the Highway, for it is on ly  in this manner 
that the interesting and significant features of the section can be fu l ly appreciated. 

Junction Logde l l -l zee road west. Continue south on U.S .  Highway 395 toward Seneca. 

Limestone breccia associated wi th l imy graywacke exposed west of the Highway about 1/4 
mi le south of the l zee road . Breccias of this sort are wide ly distributed i n  the Triassi c 
rocks at a rather d istinct horizon, and are be l ieved to mark a ma jor change in  source of 
materia l s  in the bas in.  Return to jul)ction of Logde l l - lzee road . 

Junction of Logde l l -l zee road . Turn left (west) on g rave l road . 

Quarry road. Turn right off Logde l l -l zee road and drive about 1/2 m i le to the State High ­
way Department quarry . Massive coarse-grained g raywacke i s  admi rab ly  exposed . 
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L O G D E L L T O  P I N E  C R E E K  - J U R A S S I C  O F  C E N T R A L  O R E G O N 

This trip starts 17.5 mi les south of John Day at the junction of U. S .  Highway 395 and the road to 
Logde l l .  From here the route fo l lows the Logde l l -l zee road (grave l )  southwest about 25 m i les to the South 
Fork of the John Day R iver; turns left and makes a short side trip upriver and back; then proceeds north­
west downriver about 9 m i les to junction of the Sup lee road (graded di rt) at P ine Creek; and goes left on 
this road up Pine Creek about 2 mi les to Cow Creek . D istances given on the road log are scaled from the 
map and are not actua l road m i les. Tota l  distance of trip is about 39 mi les. For location of trip route, 
see I ndex Map of Centra l Oregon (at beginning of Prinevi l le to John Day trip ). 

Formations encountered on this trip are described i n  the a lphabeti cal l i st accompanying the Corre la­
tion Chart of Pre-Tertiary Formations of Oregon (at front of Guidebook ). 

HISTORY OF JURASSIC SED IMENTATION IN THE PAC IF IC COAST REG I ON *  

By 

Ralph W.  Im lay** 

During early Jurassic time on ly the northern part of the· Pacific Coast region was submerged. The 
sea apparently covered most of Washington and Oregon and extended across northeastern Cal iforn ia and 
northwestern Nevada. The sediments deposited during the early part of the early Jurassic consist of 
normal marine sandstone, sha le, and l imestone that are simi lar to the underlying sedimentary rocks of late 
Triass ic  age and are disti nguishable from the Triassic main ly by thei r  fossi l  content. I n  contrast the sedi ­
ments deposited during the later part of the early Jurassic  contai n much volcanic tuff and lava that are 
interbedded wi th sandstone, and sha le, and that loca l ly i n  Nevada are interbedded with cong lomerates and 
fang lomerates. The presence of such rocks, coup led with knowledge concerning Jurassic sedimentation in  
eastern Nevada, shows that late i n  the early Jurassic volcanoes arose wi th in  or  near the sea in the Pacific 
Coast region and that high lands deve loped a long its eastern and southern margins .  

Marine sedimentation conti nued from early Jurassic into midd le Bajocian time in  the Pacific North­
west, but the sea was probably  less extensive owing to upl ift i n  Nevada i n  late early Jurassic time . No 
faunal evidence for a Ba jocian sea in  Nevada or Wash ington has yet been found . I ts probable existence 
in those states is inferred from the fact that the early to middle Bajocian was a time of widespread marine 
i nvasion in many parts of the world and parti cu larly in North America. The deposits formed at this time 
in northern Cal ifornia consist of marine sandstone, l imestone, and volcanics. Those formed in central 
Oregon consist mostly of sha le, sandstone, volcanic tuff, and lava, but loca l l y  the basal beds consist of 
sandy l imestone . Much of the shale and sandstone in centra l Oregon appears to be tuffaceous. 

During late Bajocian and Bathonian time the West Coast region was emergent. D iagnosti c Bathonian 
fossi ls have not been found, and in those p laces where deta i led studies have been made no stratigraphi c  
uni t  that might represent Bathonian time is present. The contact between the Ba jocian and Ca l lovian rocks 
indicates, however, that no appreciable up l i ft, folding, or erosion occurred during Bathonian time . 

Early in Cal lovian time a sea in  the Pacific Northwest spread eastward across Oregon at least as far 
as western Idaho and southward i n  eastern Ca l i fornia  a long the Mother Lode area. There is no faunal 
evidence that a Cal lovian sea ever existed in Washi ngton or Nevada, but the d istribution of Cal lovian 

* Pub l ication authorized by the D i rector, U . S .  Geolog ica l  Survey.  
** U. S .  Geologica l Survey, Washington, D.  C.  
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LOGDELL TO P INE CREEK - JURASSI C  OF CE NTRAL OREGO N 

E U R O P E A N  
C H A R A C T E R I S T I C  F O S S I L S  S T A G E S  

PURBECK I A N  z $ubsteueroceros stontoni Buchio f ischeriona I 
POR T LA N D I AN <{ Kossmotia d i l l e r i  Buchia pioch i  i -

z 
0 
:r: Buc h i a  ru gosa a n d  1- B u c h i a  mosquensis  -

K I M M ER I D G I A N  1- (found o n ly i n  N .  W. -
Was hington) 

Amoeboc eras 
( A m o ebites) 

Buchia c on c entrica 

O X F O R D I A N  dubium 

C A L LOV I A N  R eineckeites 
Pseudocadoceras, Paracadocera s ,  Choffatia· 
L i l l o e t t i a  buckmani, X e n oc e p hal ites, K e p pler ltes 

B AT H ON I A N  

BAJO C I A N  Teloceras, N ormonites,  Chondroceras 
Sk i rroceras, Po pi I I i  ceras,  Sonninio , Witchel l ia  
Tm e to c e ra s  Docidoceras Prae stri g i t e s  

TO A R C I A N  
Grammoceras,  C �t u l l oceras, Haug1a, H o rpoceras 

H i lda ites, Fann inoceras, H a r p o ceras, Dactyl ioceras 
O r t h oh i lda i te s, H i ld a ft e s, Per o n o c era s 

G r y p h a ea c f .  G. Cymbium,  Weyla, P l i catostyl u s  
PL I E N SBA CH I A N P l i c a t osty lus  

Eoderocera s, Cruci lob i cero s, Weyla a l o t a  
S I N E M U R I A N  

C oron i c e ra s, A r n i o ceras 

H E T T A N G I A N  
Psi l o c e r a s, Wa e h n e ro c e ra s, Eu ph y l l i t e s  

C H A R A CT E RI S T I C  FOS S I L S  I N  T H E  JURASSIC R O C KS 

O F  T H E  PA C I F I C  C OAST REGI O N .  R W 1 1 . .  m a y 

1 05 
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rocks in  eastern Oregon, Cal ifornia, and British Columbia suggests that a large part of Washington and some 
of northern Nevada was covered by such a sea .  The duration of the Cal lovian sea is l ikewise unknown, 
but some ammonites from the Mother Lode area indicate that the sea persisted unti l late Ca l lovian time . 
The Callovian sedimentary rocks in  Cal ifornia consist mostly of sandstone and vol canic tuff that are about 
1 ,500 feet th ick in the Taylorsvi l le area. In central Oregon they consist of sandstone, sha le, and volcani c 
materia l  and attain a thi ckness of nearly 9,000 feet. 

Duri ng Oxfordian and early Kimmeridgian time a sea covered southwestern Oregpn and parts of 
northern Cal ifornia at least as far south as the southern end of the Mother Lode area. There are no records 
of fossi ls of that age in Nevada, in the h igher part of the Sierra Nevada in Cal ifornia, or in central 
Oregon, and on ly  meagre records in northwestern Washington . Most of the sediments were orig ina l fy c lay­
stone, but include some sand and tuffaceous materia l . 

At the end of early K immeridgian time the sea i n  Oregon and Ca l i fornia was restricted, presumably 
by rising land masses to the east, and during the remainder of the K immeridgian the Pacific Coast region 
was above sea leve l except for northwestern Washington . During th is time the older Jurassic beds in  
southwestern Oregon and in  northern Cal ifornia were folded and metamorphosed . Orogeny may have been 
accompanied by intrusions of some granitic bathol i ths. I n  contrast, in northwestern Washington sedimenta­
tion continued throughout the K immeridgian into the Port landian without any structura l d isturbance as far 
as known . 

In  middle to late Port landian time a new marine trough appeared a long the western marg in  of the 
Pacifi c  Coast region as shown by fossi ls of that age in western Cal ifornia, southwestern Oregon, and north­
western Washington . I n  this trough were deposited thousands of feet of terrigenous sediments that contrast 
marked ly with the vol cani c  sediments that contrast marked ly with the vol canic sediments that were depos­
i ted earlier in  the Jurass ic.  Deposition appears to have continued unti l the end of the Jurassic, but the 
absence of fossi Is of ear l iest Cretaceous (Berriasian ) age in Cal ifornia and southwestern Oregon ind icates 
that the sea wi thdrew briefly immediate ly after the Jurass ic.  

ROAD LOG: LOGDELL TO PINE CREEK*  

Mi leage 

0.0 Junction of U . S .  Highway 395 and road to Logde l l .  
(Begin  F ig.  34) 

6.8 Logde I I. 

9.4 S i l tstone and thin-bedded sandstone in road cuts in the upper part of the Snowshoe forma­
tion . 

1 2.7 Wick iup Creek (check point). 

1 3.0 S i l tstone in road cuts in the middle part of the Snowshoe formation . 

1 8 .6 Tamarack Creek . Take trai l up creek for approximate ly 1/2 m i le .  Thin-bedded sandstone, 
si ltstone, and cong lomerate i n  lower midd le part of the Snowshoe formation . The Snow­
shoe formation traversed between these outcrops is a coup le of thousand feet thick and is 
enti re ly  of midd le  Jurassic (Bajocian ) age . Return to road . 

25.3 Road junction at South Fork of John Day River. Turn left and go up river 2 m i les to axis 
of Lonesome sync l ine .  

* Compi led from report by Ra lph W.  Im lay. 
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Mi leage 

25.5 I nterbedded uni ts of sandstone and si l tstone i n  the lower part of the Lonesome formation. 

27. 1 S imi lar uni ts in  the upper part of the Lonesome formation . The formation is about 4,000 
feet thi ck, is enti re ly of early Cal lovian age, and has been considered a typical  F lysch 
deposit by a recent visi ting geo logist from Po land . It contains many mark ings that are 
reported to be characteristic of such deposits .  These markings are we l l -exposed on a 
side road one-quarter of a m i le long that enters the South Fork road at Stop 5. Turn 
around and head downstream . 

29.0 Road junction (check point on ly)  (same as mi leage 25.3). 

29.1 Boundary between the Lonesome and Trowbridge formations. The Trowbridge is much 
sha l ier and darker, is about 4,000 feet thick, and is of early Ca l lovian age . 

29.9 Trowbridge Ranch (check point on ly). 

30.0 Submarine flow in Trowbridge formation crops out as a ridge former and indicates the com -
p lex folding present. 

30.3 Note change in color of shale from b lack to gray at base of the Trowbridge formation . 

3 1 .0 Poison Creek (check point). 

3 1 . 8  The Hyde formation (submarine vol canics) i s  about 1 , 500 feet thick and l ies within a 
sequence of Toarcian age (l ate early Jurassic) . Between m i leage 30 . 0  and 3 1 . 8  are 
poor exposures of the Snowshoe formation . These are several thousand feet th ick and 
range in age from late Toarcian to early Cal lovi an . 

32.7 l zee . 

36.4 Morgan Creek (check point). 

37.4 P ine Creek . Turn left. 

39.3 At junction of Cow Creek and P ine Creek are exce l lent exposures of the Robertson forma­
tion (P i icatostyl us beds), the Suplee formation, and the basa l part of tbe Nice ly  shale .  
These are of P l iensbachian and Toarcian ages (early Jurass ic). 
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P I C T U R E  G O R G E T O  P O R T L A N D  V I A  A R L I N G T O N  
By 

W .  D .  W i l kinson and John E l iot Al len 

1 09 

This tri p  starts in P i cture Gorge at the junction of U . S .  H ighway 26 and Oregon Highway 1 9 .  I t  
goes north on Oregon 1 9  along the John Day River to Condon; continues north on Oregon 1 9  across the 
" Shan iko surface" to Arl ington; then turns west on U . S .  H ighway 30 and fol lows the Columbia  River H igh­
way through the Columbia River Gorge to Portl and . Tota l  d istance of trip is logged at 267 . 4  m i les . For 
location of trip route, see I ndex Map of Central Oregon (at beginning of Trip No . 4: Prinevi l le to John 
Day) . 

Formations encountered between P icture Gorge and Condon are described under " Stratigraphic Sequence 
for Central Oregon" (see Trip No .  4: Prinev i l l e to John Day) . Formations encountered between Condon and 
Arl ington are discussed in the trip log . Formations a long the Col umbia River are descri bed under "S trati­
graphi c  Sequence for Col umbia River Gorge Area, "  which wi I I  be found accompanying the road log for that 
part of the tri p .  

M i leage 
0 . 00 

ROAD LOG: P I CTURE GORGE TO PORTLAND VIA ARLI NGTON 

P i cture Gorge . Junct ion U . S .  H ighway 26 and Oregon H ighway 1 9 .  Go north toward 
Fossi l on Oregon H ighway 1 9 .  

(Beg in F ig . 35) 

Sheep Rock at 2 o'clock is a landmark in  this area exposing brightly colored beds of the 
( 1 .  9) John Day formation . For the next 1 0  m i les, the rocks on both sides of the John Day R iver 

back to the c l i ffs are main ly  lands l ide debris composed of Col umbia R iver basal ts and John 
Day tuffs m ing led in utter confusion . 

1 .  9 Historical marker: " This formation takes i ts name from the river named for John Day of 
the Astor overland party of 1 8 1 1 .  

" Famous the world over for their  wea l th of fossi l bones, the colorful John Day 
beds were la id down in late O l igocene and early Miocene times, when volcanic ash 
choked the streams and fi l led l ake basins . 

" Animals of both forest and p lai ns were entombed . I t  was a varied fauna i n­
cl udi ng bear, dogs, and g iant cats . Rhino l ived on river banks . Tiny camels and 
three-toed horses were abundant . The i r  bones are buried here and brought to l ight 
by erosion, i l l ustrating one chapter of the story of Oregon 's ancient past . "  

At 1 2  o 'c lock Sheep Rock dominates the foreground . The top i s  capped by four flows of 
Columbia R iver  basa l t .  The lower flows are separated by interbeds of tuff showi ng that 
the John Day ash fa l l  continued into the period of Col umbia R iver basa l t  extrusion . The 
basal ts overl ie about 1500 feet of vari colored tuff beds . Red beds are considered the 
lower part of the John Day formation, green beds midd le,  and cream the upper .  A brown 
wel ded tuff layer crops out about half way up the side of Sheep Rock .  The reference to 
lower, middle, and upper John Day is more one of convenience, as Coleman ( 1 949) , 
Schu l tz and Fal kenberg ( 1 949) , and others have found no stratigraphi c  or biogeni c  break 
throughout this section . The wel ded tuff layer is offset 50 feet by a north-dipping normal 
faul t .  At 3 o 'clock looking south, John Day beds dip southward final ly  disappearing under 
the Col umbia River basal ts at the monol i th ic  mass at the mouth of Rock Creek .  
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Above the mono I i th, the Rattl esnake formation mesa may be seen . This is the northern 
extent of the Rattl esnake we lded tuff . 

Throughout the enti re ci rcle the low h i l l s are l andsl ides . 
At the viewpoint the monument to the pioneer geo logist, D r .  Condon, is mounted 

on a block of Cretaceous cong lomerate from near the Humphrey Ranch located about 3 m i l es 
north . 

At 9 o 'c lock the l ast outcrop of Cretaceous appears low in the river val ley . Evi­
dence of fau l ting may be seen in the change in  a lt i tude of the outcrops of Col umbi a River 
flows on the ridge in the d istance . Also in the background numerous flows of basal t  can 

(0 . 6) be seen i n  Middle Mountain overlying green John Day tuffs . 

2 . 5 At 9 o 'c lock Cretaceous sandstone and cong lomerates crop out in the road cut . No 
i nvertebrate foss i l s  have been found in these beds . But some leaf imprints have been 

( 1 . 0) d iscovered . 
These rocks are exposed in a narrow strip al ong the val ley of Deer Gu l ch eastward 

for about 4 m i l es .  They are massive highly indurated conglomerates and sandstones . 
Quartzite pebbles are most abundant but andesi i·e , gran ite, diorite ,  and basi c  igneous 
rocks have been observed in lesser amounts . 

3 . 5  Midd le  Mountain to the north i s  composed o f  a series of Col umbia River basa l t  flows . The 
re lationsh ip between the Cretaceous at Deer Gu lch and Middle Mountain is that of an 

(0 . 7) east-west trending fau l t  and pl aces Middle Mountain on the down-dropped s ide . 

4 . 2  John Day bridge a t  Humphrey Ranch . Highway crosses to east s ide of John Day River .  
John Day wel ded tuff at lO  o'c lock . The re lation of the Col umbia River basal t  to the 
underlying John Day may be seen . The vari ation in the thickness of the Col umbia R iver 
basal t  is  evident . The basal ts poured out over an erosional surface consequently they 
are thin  where they crossed the top of John Day hi l ls and thi ck where former val leys 
existed . Whe re the th in  basa l t  has been cut through there has been a reversal of topog­
raphy s ince John Day times . The val ley fi l l  revea ls a wh ite fri able ash from the Newberry 

(0 . 7) Crater eruption . 

4 . 9  

(0 . 9) 

5 . 8  
(0 . 3) 

6 . 1 
( l .  1 )  

(Begin Fig . 36) 

7 . 2  
(2 . 3) 

9 . 5  

( 1 .0) 

1 0 . 5  
(5 . 9) 

Culvert . This creek dra ins Turtle  Cove . Turtle Cove is of historic interest for i t  was here 
in 1 869 that D r .  Condon co l lected vertebrate materia l ,  inc luding abundant carapace of 
turtle for whi ch he named the cove . Oreodont bones and skul ls  a l so fascinated Dr . Condon; 
fragments of such bones may sti l l  be co l l ected in the spri ng of the year after winter rai ns 
have exposed new materia l . 

At 1 o 'c lock the brown scraggy outcrop is a pre-Cretaceous schist probably of Pa leozoic 
age . 

Quartzi te breccia wh i ch is a part of the older rock series . This is the most northerly 
outcrop known of these older rocks in  Oregon . 

Castle Rock at 1 1  o 'c l ock . Buff John Day tuff and welded tuff exposed in colorful c l i ffs, 
common ly photographed from this point and in morning I ight makes an excel lent Kodachrome . 

At 1 2  o 'c l ock . Pediments in the John Day formation may be seen on the west s ide of the 
river . Such pediments wi l l  be a feature of the vol ley for the next several m i l es .  The 
surfaces of the pediments have a thin I oyer of grovel l ying on the John Day tuff . The 
grovels ore almost enti re ly  Col umbia River  basa l t .  

Good outcrop of grovel typi cal of that covering the surface of the pediments . 
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The Kimberly dike which he re is about 25 feet wide and strikes N .  35° W .  for a distance 
of approximately 4 or 5 m i les . I t  fed one of the numerous flows of Columbia River basa l t . 
D ikes of th is sort are considered to have been the pri nci pal source of the many fl ows of 
Columbia River basa l ts .  They may be observed in many pl aces throughout eastern and 
central Oregon but are probabl y best di splayed in the Wal lowa Mountains of northeastern 
Oregon where they show beautifu l l y  in contrast to the o lder l ight-colored gran i tic rocks 
of that region . 

(Begin Fig . 37) 

1 7 . 9  North Fork of the John Day River .  
(0 . 3) 

1 8 . 2  

( 1 .  8) 

20 . 0  

(0 . 4) 
20 .4 

(5 . 1 )  
25 . 5  

( 1 .  3) 

26 . 8  

( 1 .  0) 
27 . 8  

(2 . 9) 
30 . 7  

Junction of road east to Monument .  The traverse for the next 20 mi les i s  genera l l y  west 
a long Oregon Highway 1 9 .  Each of the sma l l  canyons debouching along the val ley is 
characteri zed by al l uvi al  fans of recent date . They are formed after fl ash floods which 
occur during the spring and summer months . Debris is deposi ted to depths of as much as 
1 0  feet, covering the road and river terraces . 

Sma l l  fan exposing 4 feet of Newberry ash which has al ready been noted severa l times . 
However, this is 1 1 0 mi les a i rl ine from the source . 

At 1 2:30 o 'c lock continuation of the Kimberly dike on skyl ine . 
Baloney Creek . 

The traverse has passed through a broad sync l ine and is now entering an anticl ine structure . 
The axes of both structures strike northeast . As a resul t the John Day formation is exposed 
in  the Spray basin .  The IDsal ts have retreated from the river .  

John Day outcrop adjacent to the road . An excel lent pl ace to exam ine the tuffs . At 
9 o 'c lock the axis of the Spray anticl ine may be seen . 

Junction Oregon Highway 207 leading north to Heppner and the John Day Highway (Ore­
gon 1 9) .  Continue west on Oregon Highway 1 9  toward Fossi l .  

Spray . 

(Beg in Fig . 38) 

(7 .6) 
38 . 3  

( 1 .  9) 
40 . 2  

(3 . 1 )  

43 . 3  
(0 . 2) 

Note the increase in thi ckness of the basal ts . The structure is syncl inal , with the axis 
ly ing south of the river and striking approximately east . 

" Hackly" jointing typical d some massive flows of the basal t .  Amygdaloida l  basa l t  ex­
posed near road l evel is unusual in the Columbia River basa l t  series of flows . Zeol i tes 
and quartz fi l l  the vesi cles . Such zeol i te fi l l ing of cavi ties and joints is usual ly  asso­
ciated wi th Eocene lavas . 

Service Creek . Junction of Oregon Highway 207 to Mi tchel l .  Continue west on Oregon 
H ighway 1 9  toward Fossi l .  

43 . 5  Service Creek pOst office and store . 
(3 . 0) (End of maps) 

46 . 5  John Day beds are rising into a major anticl inal structure . The an ticl ine axis trends north 
toward Fossi I ,  but at Foss i l  it turns to the northeast and continues on this course across the 

(2 . 9) north ha l f  of the Spray quadrangle . 



PI CTURE GORGE TO PORTLAND VIA ARLI NGTON 

Haystack Cr. 

N ote; R e a d  fr o m  t o p  
t o  b o t to m .  

. . .  .......,., Tcr 

�8 

L EGEND 

� ALLUVIUM 

[§qil LANDSLIDE 

--\-SYNCLINE 

� CORIBA 

l::fjd;j JOHN DAY �I( 
A1o sTRIKE a DIP·Im���� 

0._.._........_....._.0._!5 ......_.._1 ........,_ __ __.1.5MILES �����883119 o 55' 

-��-- N -----�CT= 
I 

X X X X X X X X X X X X K X X X X � X X �  

Figure ' 37 

4 4° 5 0' 4 4 °  49' 
Lindsley , 1 9 58 



Muleshoe 

PI CTURE G ORGE TO POR TLAND VIA ARLI NG TO N 

N o t e ;  Read f r o m  t o p  
to  b o t t o m .  

�-­'-of}� {1 -
�-01/o,;;---_ 

------ -
· · ·--

Butler Mountain 

0 

oo 

� ,_"' &' >< � �  fer >< � � 
.A 

t<k3 r??}l .A 

�� R5 >< � 

/< ;< t 
;< � ;< 

I."' 3 

Tcr 

1'1 

R 0 

'X
B 

2S ��\ 
L E  G E N D  

�1/x 
>< 

6 10 � 

1.>< >< I 

�:·:
� 

10 'tf< :::: . .  � 

Y£.Mj· 

·15 � j< 

18 

. . . . . . . . . . . . . . . .  . . . . .  . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  . . . . . . . . . .  ��* :::::::::rid·:::::.:·::: 
• • • • • • • • • • • • •  0 .·.·.·::::.·::)� ··:·:·:·:·:·:·t#3 .. . . J�� :::::::. � ·:·:·:·:·:·:: ._., 

::::::('.Te l  
:.� .... �1 • • • • •  f3 0  • ��:.::::\0 · · · · · · ��� ,; . . . . . . � . . . . f� �: . .  . . . . 

Muleshoe Mtn. 
� ALLUVIUM l::f;�:� JOHN DAY � CORIBA 

+ -- SYNCLINE 

0 0.5 I 0 I I 
I .., � 

44 4 9 

Figure 38 

� CLARNO LAVAS 

A IQ STRIKE AND DIP 

� MILES .c:--r 
Lind s ley,  1 9 58 

I 

1 2 0 ° 0 0° 



1 1 6 
Mi leage 

49 . 4  

50 . 1  

50 . 7  

5 1 . 3  

52 . 2  

53 . 7  

59 . 3  

62 .5  

63 .0  

67 .6  

67 .9  

70 . 7  

78 . 1  

(0 . 7) 

(0 . 6) 

(0 . 6) 

(0 . 9) 

F I E L D G U I D E B O O K  

John Day red beds exposed in Creek val ley .  This is near the base of the John Day forma­
tion . The traverse is down the section through the eastern l imb of the Fossi l anticl i ne .  

I n  the road cut at 3 o 'cl ock, a wi de di ke of Columbia River basa l t  cuts the John Day tuffs . 

Cl arno basal t  and vo lcan ic breccia form the center of the structure . 

Outcrop of Clarno volcan ic  breccia> and basal ts . 

At 1 2  o 'c lock Rancherie Lookout . The conical  peak is a Cl arno hornblende andesite p lug 
which is the remanent of an Eocene vol cano out of which the flows and breccia of the 

( 1 . 5) immedi ate area were extruded . 

(5 . 6) 

(3 . 2) 

(0 . 5) 

(4 . 6) 

(0 . 3) 

(2 .  8) 

(7 .4) 

(4 . 9) 

Summit .  E l evation 3847 . Cl arno andesites and greenish vol can ic breccias . 

K inzua junction . Continue on Oregon H ighway 1 9 .  At 1 o ' clock the Columbia River 
basal t  over lying John Day and Clarno forms the d ip slope of the north l imb of the Fossi l 
anti cl ine . 

Fossi l .  Entrance to town . Fol low Oregon Highway 19  through town . 

Junction, Oregon H ighway 2 1 8  west to Clarno . Continue on Highway 1 9 .  H ighway 2 1 8  
leads to the famous leaf 1 nut, and mammal beds a t  the type local i ty of the Clarno formation 
about 1 8  m i les southwest . 

Last outcrop of the John Day formation on Oregon Highway 1 9 .  

Cummings Pass . E levation 3366 . Highway passes over Columbia R iver basa l t  north to the 
Columbia River and west to Hood River, except for the l imited local basins in wh ich P l io­
cene and P le istocene gravels  have accumulated . 

Mayv i l l e  check point .  

Undercut i n  stream val ley . Exce l lent fine-textured Columbia River l ava . 

83 .0  Condon . This is the begi nning of the eastern Oregon wheat be l t .  From here north to the 
break of the Columbia River, wheat is grown on the rol l i ng upland surface . This surface 

85 . 0  

85 . 1  

i s  not a plain, however, but is deeply inci sed by youthful box canyons that are not visible  
(2 . 0) from this van tage point . 

Right turn on Highway 1 9 .  
(0 . 1 )  

Left turn to Arl ington on H ighway 1 9 .  
( l .  1 )  

86 . 2  Crest of ridge . H ighway passes over the l i ttl e-eroded original upper Miocene surface 

93 . 2  

of the Columbia River basal t, known loca l l y  as the " Shan iko surface" named after a smal l  
town to the west of the John Day River. The Shaniko surface i s  gently rol l ing, and is 
i ncised on ly  by the youthful canyons of the John Day River and i ts tributaries . I t  d ips 
from here about 4° to the Columbia River to the north, where it is folded and faulted, as 

(7 .  0) wi I I  be seen . 

Gwendolyn . Check point .  
The trip route is now wel l  into the Columbia River basin, wh ich is the largest l ava pl ateau 
in North America . I t  is en ti re ly  underl ain by Columbia River basa l t .  The basal t  covers 



Mi leage 

1 0 1 . 5  

102 . 9  

105 . 7  

107 . 0  

107 . 2  

(8 . 3) 

( 1 . 4) 

(2 . 8) 

( 1 .  3) 

(0 . 2) 
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more than 1 50, 000 square mi les .  I ts thi ckness varies from about 2000 feet up to possibly 
1 0, 000 feet in the center of the basin in southeastern Washington, where a recent wel l  
is reported to have penetrated 1 0 , 000 feet wi thout going through the basa l t .  

Al though structura l l y  and physiographical ly a basin ,  i t  i s  folded i n  broad warps, 
which in south-cen tral Washington trend a l i ttle north of west . Foldi ng is best developed 
around the periphery, as might be expected . 

Undoubtedly the basin ing originated in middle Miocene time as the basal ts were 
be ing extruded . With a speci fic gravity over three times that of ice, a 2000-foot section 
might be expected to produce subsi dence as great as that of a m i le  of ice .  

Road cuts on the east slopes of the upper courses of the canyons expose wi nd-blown sand 
and ash deposi ted by the preva i l ing southwesterly winds . 

Mikkalo  junction . Entering Juniper Creek Canyon , one of the tributaries of Rock Creek, 
wh ich wi l l  be crossed in a few m i les . 

Rock Creek bridge . 

Heppner junction . 

Gravels in road cut on right, overlain by cal iche at about 1 300 feet .  This is  the southern 
extent of the Shutler formation, formerly cal led Arl ington lake beds . Hodge ( 1 932) con­
sidered the name "Shutler" to be more appropriate . Formation is composed of water-worn 
gravels in the lower part, overlai n by lake beds, overlai n  in turn by more gravels,  and 
lying in a basinal area adjacent to the Columbia River and east of the Deschutes River .  

(4 .5) The Shut ler  formation interfringes westward wi th the Da l les formation (Hodge, 1 942) . 
Moraine- l ike deposi ts and ice-rafted glacial  erratics were emplaced in this area 

during a period of gl acial i ce jamming wh ich produced ponding . The lake thus formed 
spi l led over into Alka l i  Canyon and thence by way of the John Day River into the Columbi a 
River .  Bretz ( 1 925) shows an  area of  ponded water extending east from Arl i ngton to Umati l l a,  
and a sl ight pondi ng from Arl ington west to The Dal les . 

1 1 1 . 7 At 9 o 'c lock, quarry in torrential unbedded and poorly sorted grave ls . Note .cal i che at 

1 14 . 9 

(3 . 2) contact of gravels and si lts . 

(0 . 8) 

H i storical marker: "At this point the Oregon Trai l crossed from east to west . F i rst trav­
eled in 1 884 by W .  W .  Weatherford, who settled 5 mi les south of he re . "  

1 1 5 . 7  At 8 o 'c lock Alkal i Canyon . I t  formed a spi l l way channel for gl acial floodwaters from 
the east into Rock Creek 7 mi les to the west, thence into the John Day River Canyon . 
The divide area is more than half a m i le wi de at an elevation of more than 700 feet . In  
the next 10  m i l es, many spi l l way channels, some of them with scabland topography, were 

1 1 8 . 5  

(2 . 8) carved by the floodwaters from the east, fl owi ng into this canyon, and thence to the south . 

(0 . 4) 
At 3 o 'c lock scabl and basa l t  crops out . 

Bretz defines channe led scabland as the eroded surface of the Columbia basa l t  formation . 
f t  is bare rock or is but thinly covered wi th basa ltic debris . Basins excavated in sol id 
basal t  are common . Stream grave l ,  99 percent basa l t, occurs in al l scabland tracts . 
Except rarely, it does not occur in terraces, nor does it cover the floors of channe l s .  
I t  i s  deposi ted in great rounded mounds on the lee side of basa l t  knobs and el ongated 
with the channels . These gravel deposits are interpreted as bars made by g lacial rivers . 
F ina l ly, above the level of the scabland and associated deposits is a deep mantle of 
loess on the pl ateau 
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Mi leage 

1 1 8 . 9  

( 1 . 4) 

1 20 . 3  
( 1 .  8) 

1 22 . 1 
(0 . 2) 

1 22 . 3  
(0 . 5) 

1 22 . 8  

(7 . 9) 

1 30 . 7  
(4 .5) 

1 35 . 2  
(2 . 1 )  

(Begin side trip) 

1 37 . 3  
( 1 .  3) 

1 38 . 6  
(0 . 1 )  

1 38 . 7  
( l .  7) 

1 40 . 4  

F I E L D G U I D E B O O K  

At 3 o 'c lock thick section of torrential gravel wi th ind istinct foreset beds dipping 
steeply west . These beds cascaded over the crest from the east to form a thick depos it 
exposed for the next mile on the right of the Highway . 

Cut at right exposes l ake beds of Shut ler formation . Low terraces on right are lake beds 
about 100 feet above the river .  

Entering Arl ington . 

Junction wi th U . S .  H ighway 30 . Turn left and then right through town . 

Alka l i  Gu lch bridge . Large l ands l ide across the river at 3:00 o 'c lock . In order to under­
stand the physiography of this area, the structure and history must be summari zed . The 
river fl ows along the syncl inal axis where the gently north-dipping Columbia River basal ts 
are folded (and in pl aces faul ted) by the Co lumbia River monoc l i ne .  The skyl ine to the 
north is hi gher than the surface to the south . The Spokane floods reached an el evation 
of at least 1 000 feet above the river and the scouring of the basa l t  wi th high- level gravel 
fi l l i ng in protected reentrants (nearl y every tri butary canyon) is a prominent feature . 

B la lock . Note gravel terraces up B l a lock Canyon to the south, and at 2 o 'c lock across 
the river in reentrant on sky I ine . 

Large grave l deposit in mouth of canyon at 3 o 'c lock . 

Phi l l ipi Ranch road . Turn left off Highway . 

Phi l l ipi Ranch junction . Keep right . At e levation 750 feet,  this spi l lway channel from 
the Columbia River debouched into the John Day River to the west . 

Characteristic scabl ands on left . 

Phi l l ipi Ranch viewpoint, e l evation 1 300 feet . From this vi ewpoint may be seen much 
of the ev idence for a " Columbia River faul t" as descri bed by Hodge ( 1 93 1 ) . The surface 
under foot and extending to the southern hori zon was designated by Hodge ( 1 93 1 )  as the 
Shan iko surface, a pl ateau determ ined by Columbi a River basa l t  and a true expression of 
the underlying strata . I t  extends regul arl y to the foot of the Col umbia scarp against whi ch 
it abuts . Whi le  broad gentle warps may be observed, the regional dip is general l y  north­
west and the dip continues in the exposures north of the river . The north dip slope of the 
Shaniko surface cont inues to the foot of the Columbia River scarp which rises abruptly 
a long the north edge of the Shaniko surface . The view north from this viewpoint shows 
th ree bl ocks, cut by two "V"-shaped stream val leys, which represent the continuation of 
the Shaniko surface abutti ng against the scarp . These bl ocks are a part of the fau l t  mosai c .  
Another bl ock much lower at Rooseve l t  may be seen on the north side of the river opposite 
Arl ington . Due north a bl ock designated as Towel block, is ti l ted to the east . Evidence 
of a recent l ava flow which presumably crossed the river at Quinton immediate ly  below 
the viewpoint may be seen west of Towel bl ock . I ts brecciated surface is easi l y  recog­
n izable . Creeks crossing the scarp and down-dropped blocks have developed since the 
faul ting . 

Additional evi dence for fau l ting may be seen farther west . This includes more blocks, 
truncated or faceted spurs, and the abrupt ending of the scarp where it is cut off by the 
Ortley anticl ine west of The Dal les . 
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The tri p to Phi l l ip i  Ranch viewpoint and return is 8 . 0  m i l es .  

U . S .  Highway 30 . Turn left toward The Dal les .  

Outcrop of vol can ic  breccia a t  9 o 'c lock, whi ch was eroded to form Quinton surface . 

Sharp pi nnacles across river at about this el evation from 1 2  to 2 o ' clock .  I t  has been 
suggested that these are ei ther intrusions a long the Columbia River fau l t  or cemented 
faul t breccias . 

' 

Note faceted spurs at 3 o 'c lock . 

John Day River .  Historic Marker: " Named for a member of the Astor party wh ich came 
overland in 1 8 1 1 and 1 8 1 2  to bu i l d  a fur-tradi ng post at Astoria at the mouth of the 
Columbia . After wintering wi th I ndians on the Snake River, John Day and Ramsey 
Crooks were robbed of thei r cl othing and arms by I ndi ans at the mouth of this river 
whi l e  attempti ng to overtake the ma in party . They wandered naked for weeks before 
bei ng rescued . "  

At 2 o 'cl ock, break in  skyl ine probabl y represents course of Col umbia River faul t of 
Hodge ( 1 93 1 ) . 

S i te of John Day Dam, now under construction . S lack water of The Dal l es Dam (20 mi les 
downstream) be low this point . 

Entering Rufus . 

Junction wi th U . S .  Highway 97 to Maryhi l l ,  Washington . 

At 3 o ' c lock concrete repl i ca of Stonehenge bui l t  by Sam H i l l ,  rai l road mogu l . At 
1 o ' c lock is Maryh i l l  mansion,  a l so bui l t  by H i l l  and dedi cated by Queen Marie of 
Rouman ia on her vis it  to the United States . I t  is now a State museum . 

Biggs junction, U . S .  Highway 97 south to Wasco and Bend . 

Entering Biggs . 

Maryhi l l  at 3 o 'c lock . Note truncated gravels  above and to left . 

Fu l ton Canyon junction to Wasco . 

Deschutes River .  Histori c marker: " The Oregon Tra i l  crossed the hazardous river at this 
point by floati ng prai rie schooners, and swimming the l i vestock . An i sland at the river 
mouth was often uti I i zed when the river was h igh and the ford dangerous . Pioneer women 
and chi l dren were frequently ferried across the stream by native canoemen, who made 
the passage in  exchange for bright colored shi rts and other trade goods . "  

Near the turn of the century the is land referred to above was panned by Chinese 
laborers and smal l  amounts of gold  were recovered . As recent ly as 1 9 1 8, a wooden tol l  

( 1 . 7) bridge upstream 3 m i l es was maintained by a pioneer Scotsman named Moody . 

1 73 . 5  Note th i ck dissected high-level grave ls a t  3 o 'c lock . 

( 1 . 4) Wishram at 2 o 'cl ock . 



1 20 
Mi l eage 

1 74 . 9  

1 75 . 7  

1 76 . 9  

1 77 . 3  

1 78 . 7  

1 80 . 2  

1 80 . 6  

1 8 1 . 4  

1 8 1 . 9  

(0 .8) 

( 1 .  2) 

(0 .4) 

( 1 . 4) 

( 1 . 5) 

(0 . 4) 

(0 . 8) 

(0 . 5) 

(0 . 3) 

F I E L D G U I D E B O O K  

Cel i lo Indian vi l l age . The Cel i lo Fa l ls  of the Col umbi a were located here before they 
were drowned by The Dal les Dam . This was where, from time immemori a l ,  Indians fished 
for sa lmon with dip nets from the rocks above the narrow channe l . Large damages for 
loss of fishing righ ts guaranteed by an early treaty were paid by the government . The 
fa l l s were origina l l y  by-passed by portage, then by a portage rai l road, l a ter by a canal , 
wh ich was bu i l t  at a cost of about 6 mi l l ion do l l ars . 

Wel l -defined terrace gravel de posits across river . Lands l i de block at 2 o'c lock . Note 
hoodoos on c l i ffs above highway . 

Course of o ld canal and highway can be seen at l ake l eve l . 

Sand dunes on left . Barchans along here in the early 1 900's were photographed by the 
United States Geo logi cal Survey and were used as i l l ustrations in several textbooks . 

Note south-dipping scabland basa l ts fr�m 1 2  to 2 o 'clock, on north l imb of the Dal les 
sync l ine . Mount Hood at 1 2  o 'c lock . 

The Dal les Dam (rock fi l l  at th is end) . 

Dam en trance . Note south fish l adder and generator p lant .  Spi l l way, l ocks, and north 
fish l adder are at north end . 

Road to viewpoint .  

Junction of U . S .  H ighway 1 97 to Bend . 

1 82 . 2  P i l low l avas i n  quarry and road cuts on l eft . These are considered to be proof of sub­
aqueous l ava flows . The ye l low material between the pi l l ows is a l tered g l ass cal led 
pal agonite . 
Entering The Da l les . 

(Road Log to be continued . ) 

3 9  

C L A C K A M A S  

I ndex map of Col umbia River area showing route of trip and posi tion of 
geo logic map accompanying road l og .  
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STRATI GRAPH IC  SEQUENCE FOR COLUMBIA RIVER GORGE AREA 

RECENT 

Al l uvium: Sand and si l t  in Columbia and Wi l l amette rivers and the i r  tributaries. Seldom rises above 
50 feet e levation . Some sand dunes. 

Terrace deposits: Sand and si l t  in abandoned channe ls and benches above the 50-foot e levation . 

PLE ISTOCENE 

A l l uvi um:  F ine sand and s i l t  overl ying lacustrine deposits, mostly fine l y  stratified, loca l ly  cross­
bedded . Found up to 350 feet in  e levation . Contains some erratics (ice-rafted? ). 

Lacustrine or estuari ne deposits: Unconsol idated deposi ts of grave l ,  sand, si lt, and c lay, espec ia l ly  
in the Port land area, which once fi l led the basin to an  e levation of 350 feet, and is now eroded in  a seri es 
of terraces at 275 feet, 200 feet, and be low. Contains widespread angular erratic boulders. Deposi ted i n  
a ponded area around Portland during late Pleistocene b y  the torrentia l  waters of the " Spokane floods" . 
Contains boulders up to 7 or 8 feet diameter. These are the deposi ts of the " Portland De lta" . 

Loess: Buff, c layey sandy s i l t, which mantles the h i l l s  west of Portland above an e levation of about 
600 feet, conforming to the topography. Probably  midd le P leistocene in age, but may be older. 

PL IOCENE OR PLE ISTOCENE 

Boring lava: Light gray diktytaxi tic ol ivine basa lt, scori a and ci nders from local vents. F i l ls val leys 
in  Troutdale formation, or forms shield or cinder volcanoes upon Troutdale surface, in  Portland area. I n  
gorge, shie ld volcanoes of simi lar composition and degree of erosion and weathering may l ie in  val leys cut 
in Col umbia River basa l t  (Underwood Mountain and Lost Lake Butte ), 

Cascade andesi te: L ight-colored andesite, basa lt, and trachyte of many ki nds and varieties, and 
assoc iated minor pyroc lastics composing the wide shield vol canoes which cap the Troutda le and Columbia 
R iver basa l t  south of the gorge, but do not extend far north of the gorge. F lows are genera l ly  thin ( less 
than 50 feet)  and i nit ia l  dips are low. Beacon Rock, Wind Mountain, and She l l rock Mountain may be 
feeders to these flows. Nesmi th Point is a dissected cone exh ibi ting i ts vent. These volcanoes are pre­
dom inantly P l iocene in  age, but some of them, such as Mt, Defiance and Larch Mountain, may be early 
P leistocene . 

PLI OCENE 

Da l les-Troutdale formation: Mudstone, sandstone, and cong lomerate representing a lower P l iocene 
basin fi l l  in structural depressions and tributary va l leys on the Columbia River basa l t  and Rhododendron 
agg lomerates. Underl ies most of the Portland Basin, occupies a large area around The Da l l es, and is found 
in the south wal l  of the lower gorge occupying va l leys cut in the basa l t ,  The basal mudstone member 
(300 feet thick ) is found south of Portland; in the gorge on ly the upper cong lomeratic member appears, wi th 
a maximum thickness of 750 feet above Brida l Vei l .  Percentage samp l ing at fi fty loca l i ties (Al len, 1932), 
involving a count of 1500 pebbles, showed that the average composi tion in the grave l l y  phase of pebb les 
be low 3 inches in diameter was 40 percent basa lt, 30 percent quartz, and 30 percent andesite .  Size range 
was as fo l lows: Bou lder beds with sizes above 6" • • • • • • • • • • • • • • •  , 1 1 % 

Boulder beds wi th s izes from 3 to 6" • • • • • • • • • • • • • • 1 1  
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Pebble beds wi th sizes below 3" • • • • • • • • . • • • • • • • 27 
Beds of pebbly  gri t . • • • . • • • • . • • • • • • . . • • • . • . • 9 
Beds of c lear gri t • • • • • • • • • • • • • • • • • • • • • • • • • 33 
Beds of tuffaceous sandstone • • • • • • • • • • • • • • • • • • 9 
Beds of c lay or fine tuff • • • • • • • • • • • • • • • • • • • • • I 

Rhododendron formation: East of Tanner Creek to beyond Herman Creek (about 8 mi les )  the interva l 
between the Columbia River basa l t  and the Cascade andesi te is occupied by beds of tuff, cinders, and agg lom 
erate . Maximum thi ckness is 600 feet. Simi lar rocks occur extensive ly  to the south and west in  Bu l l  Run 
River, where they are overlain by Troutdale formation, a l though the explos ive volcanism wh ich produced 
them may have been in part contemporaneous, 

MIOCENE 

Co lumbia River basa l t: Dense b lack, g lassy, low-ol ivine basa l t, i n  flows up to several hundred feet 
in  thickness tota l i ng 2,100 feet in  the gorge . Inc ludes soi l zones between flows, pi l low l avas at Crown 
Point and west of Hood River. West of Hood River, the basa l t  does not extend beyond 1 0  mi les north of the 
gorge, and the tota l areal extent of basa l t  is less than 50 square m i les. 

OL IGOCENE TO MIOCENE 
Eag le Creek formation: Poorly sorted vol canic sediments; agg lomerates, breccias, cong lomerates, 

tuffs, and some interbedded thin  lavas. Large ly  torrentia l  and mud flow, some lacustrine origin ,  Source 
from at least two vents north of gorge, where Eagle Creek formation rises to 4,200 feet e levation in Big 
Huck leberry Mountain,  More than 90 percent of the unit may be c lassified (Al len, 1932) into five types: 
I .  dense, fine-grained tuffs, 2. coarse tuff-breccia, 3. crysta l gri t to fine-grained breccia (I to 5 mm), 
4. boulder conglomerate ( I "  to 5' boulders), 5. tuff to fine-grained tuff conglomerate, pebbles less than 
I em . Lower Miocene and poss ib ly upper O l igocene in age . 

SEQUE NCE OF EVE NTS 

1 .  Accumu lation of volcan ic  debris from Eag le Creek volcanoes, ash fa l l s, mud flows, and fluvia l  
debris, from volcanoes north of gorge. 

2. Outpouring of Co lumbia River  basa l t  flood, lappi ng around the Eag le Creek volcanoes and cover­
ing the bajadas extending from them towards the south . Long time-intervals between flows, some of whi ch 
were subaqueous. 

3. Period of long-continued erosion to a mature surface . Extensive weathering in  western Oregon of 
this surface with production of lateri tes and deep soi I profi le .  

4.  I nvasion of area by ancestra l Columbia River, deposi ting Dal les or  Troutdale mudstones, s i l tstones, 
sandstones and cong lomerates as a basin fi l l  of a wide area. Folding of the area was probably  in i tiated 
during and continued after Troutdale time, s ince the formation rises to e levations of over 2,400 feet in  the 
center of the gorge, yet forms the main part of the fi I I  of the Portland Basin, to depths of at least 1 ,000 feet 
be low sea leve l .  According to Hodge ( 1938) the ancestra l aggrading river flowed through a structural 
downwarp to the south of i ts present course . 

5. Pouring out of lavas from shie ld volcanoes of Cascan-Boring age. Hodge be l ieves that the river 
maintained i ts southern course unti l P leistocene times, when Mt. Hood and other P leistocene volcanism 
diverted it to the north around the main area of Cascade lavas, temporari l y  forming "Lake Condon" in  
centra l Oregon. This is the "consequent" theory of origin for the present course of the channel .  
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6. Rapid down-cutting, large ly in  soft Eag le Creek formation, of the gorge as Lake Condon drained . 
E rosion of much of the lake deposits and the Da l les formation. Superposi tion of the stream across Windshe l l  
i ntrusive (Wi nd Mountain-Shellrock Mountains }, dissection of Nesmith volcano, and steepening on the south 
side of the gorge as a resu l t  of numerous lands l ides in soft Eag le Creek sediments from the north, forcing the 
stream to the south, with undercutting of the basal t .  

7.  Eruption of late P le istocene volcanoes north of the gorge, producing intracanyon flows which 
fi l led the gorge to e levations of over 900 feet at Wind River, forming the high bench across the mouth of 
Herman Creek east of Cascade Locks; and 600 feet opposi te L i tt le Whi te Sa lmon River. Underwood 
Mountain, north of Hood River, temporari ly dammed the river to at least 1 ,300 feet, and a later  flow down 
the Whi te Sa lmon River had a surface elevation of about 500 feet. 

8. Pending of the Port land Basi n and Wi l l amette Val ley by eustati c rise in  sea leve l (or damming of 
the lower Columbia }  fi l led the basin to about 350 feet wi th lacustrine or estuarine sediments. Other 
evidences of these " Spokane floods," first postulated by Bretz ( 19 17, 1925}, in the area of the trip consist 
of the channe l l i ng around Rocky Butte, giant erratics in the Portland area and as far south as Eugene in the 
Wi l lamette Val ley, scabland channe ls at Oswego and farther southwest, floodwater bars a long the Col umbia 
Gorge hundreds of feet above present water leve l ,  scablands developed on benches h igh above The Da l les, 
the fina l oversteepening of the south wal l  of the gorge, and the strippi ng of most of the extensive intra­
canyon flows from Wind, L i tt le Whi te Sa lmon, and Whi te Sa lmon rivers . 

9 .  Late P leistocene and Recent terracing of the Portland "de lta" deposits, Bonnevi l l e  lands l ide 
(Bridge of the Gods}, loweri ng of sea leve l to permit  erosion to depth severa l hundred feet be low sea leve l ,  
and recent submergence . 

(Begin Fig . 39} 
Mi leage 
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1 83 . 1 
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CONTINUATION OF ROA D LOG 

PI CTURE GORGE TO POR TLAND VIA ARL I NGTON 

( C o l u m b i a  G o r g e  S e c t i o n }  

Entering The Da l les . The name was first used in Oregon by Franchere, in his 1 8 14  
narrative descri bi ng the Long Narrows of the river here, from the French word meaning 
fl agstone gutter .  The Dal l es l ies in o syncl ine in Col umbia River basa l t, original ly  
fi l led wi th the Dal les formation, first described by Thomas Condon in 1 874, as  o rem­
nant of on old l ake bed . The beds were dated as PI iocene on the basis of vertebrate 
fossi ls, many of which were col lected by Condon himse l f .  The Dal les syncl ine origi nal ly  
fi l l ed with Dal les beds to an  el evation of 850 feet near the river .  Traced southward, 
the beds rise to 2, 000 feet . Sti I I  farther south and west, they can be traced to an eleva­
tion of 3, 000 feet before they are covered with Cascade l avas . 

Union Pacific Depot and The Dal les Hotel 

Harvey Al uminum Company plant at 3 o 'c lock; at 9 o 'c lock fl at-topped cl iffs of the Dal les 
beds . At 1 2  o 'cl ock extens ive area of lands l ide blocks and tal us from west side of Dal les 
syncl ine in basal t .  

Leaving The Dal les, keep left on U . S .  Highway 30 . 

Scablands on both sides of Highway . Golf course on left underl ain by flood grovels  de­
posi ted on curve of big bend . Grave ls exposed in quarries on right of H ighway . 



PI CTURE GORGE TO PORTLAND VIA ARL I NG TO N 

Columbia 
River 

Bingen 

Trout Cr. H i l l  
0 

<!: -4---t+ .... --

Not e ;  R e a d  fro m to p 
to b o t to m .  

The Dal les 

M t n .  

Cam a s  

Figure 39 

·:=·. 

Tme 

� A L L U V I U M  

k(9�d INTRACANYON LAVAS 

hTO;J CASCADE - BORING L AVA S 

I:::;::;:[!:,[II PLI O C E N E  I N T R U S I V E S  

&'.F� T RO U T D A L E  F O RM A T I O N  

� DAL L E S  F O R M AT I O N  

� COLUMBIA R I V E R  B A S A LT 

n:7::IT1I u.:u1D E A G L E CR E EK 

0 5 
E3 H H 

1 0 

��I 

4 5 30' 



Mi leage 
1 86 . 6  

(0 . 9) 

1 87 . 5  

(2 . 4) 

1 89 . 9  
(0 . 3) 

1 90 . 2  
( 1 . 6) 

1 9 1  . 8  

(1 . 6) 

1 93 . 4  
( 1 . 2) 

1 94 . 6  
(0 . 4) 

1 95 . 0  
(0 . 3) 

1 95 . 3  
(0 .6) 

1 95 . 9  
(0. 7) 

1 96 . 6  
( 1 . 3) 

1 97 . 9  
( 1 .  2) 

1 99 . 1 

(2 . 0) 

20 1 . 1  

( 2 .  7) 

203 . 8  

PI CTURE GORGE TO PORTLAND VIA ARL I NG TON 1 25 

Leaving scabland area, and entering west flank of Ortley anti c l ine .  The Dal l es beds have 
been stripped off the crest of the antic l ine to the south, except for a few patches . 

Approaching fau l ted axis of Ort ley antic l ine, vis ible across river at 2:00 o 'c lock . Fau l t  
zone is occupied by a multiple fau l t  o r  intrusive breccia forming vert ical hogbacks . Drag 
on east side of fau l t  suggests down drop on west . Axis of fol d  about � m i l e  east of fau l t .  
Note number of flows (at least 15) in  cl i ffs at 3 o'clock . 

Rowena . O ld  highway ascended to crest above the river by a famous series of l oops 
across l ands l ide area i n  basal t  ta lus and blocks . 

Bridge overpass . Note high gravel bar with pit at 3 o' clock across river . 

Entering southeast flank of Mosier sync l ine, the axis of wh ich here l ies across the river .  
Structural terraces on basal t scoured by floodwaters . Mouth of White Salmon River at 
3 o'clock . 

Memaloose I s land viewpoint . This was an I ndian buria l  ground unti l 1 957, when the 
graves were removed by the government . 

Note high gravel benches from 8 to 1 2  o'c lock, formed i n  lee of promontory to the east . 

Memaloose I s land at 3:30 o'c lock . Axis of Mosier syncl ine goes up val ley at 4 o 'clock 
and para l le ls  river ahead . 

Outcrop of gravels  on left . Note scablands up to 500 feet above river on di p s lopes 
across river .  

Axis of Mosier syncl ine at  12  o'c lock, paral le ls  H ighway . Landsl ides along H ighway 
here continual ly  in motion . 

Mosier Creek bri dge . Mazel ike I ndian fortifications appear on ta lus s lopes at 1 0  o'c lock . 

The fences along the ra i l road track for the next m i l e  are designed to automati cal ly set 
the block signals should  l arge boulders break the wi res . 

Approaching B ingen anti c l ine,  named for hamlet at 2 o'clock . Dal les gravels continue 
over crest of ant ic l ine at 1400 feet el evation to the south of the H ighway near Grand-
view H i l l . The base of the Dal les beds in the Mosier sync l ine is at about 350 feet e levation . 

Cl iffs and high bench across the river from 1 to 3 o 'c lock are l avas of ol ivine andesites . 
Source was a smal l  i ntracanyon volcano of early Pleistocene age near the town of Under­
wood, at 2 o'c lock . These l avas unconformably overl ie  steeply dipping basa l t  a few 
hundred feet above river l eve l . 

Bridge across Hood River . Thi ck quartzi tic gravels, probably equivalent to the Dal les 
formation to the east and the Troutdale formation to the west . These gravels  rest upon 
west-dipping basalt at the east approach to the upper bridge (across the o ld highway) 
south of th is  point . U . S .  H ighway 30 crosses the axis of the Hood River-White Salmon 
rivers sync l ine, wh ich flanks the easternmost exposures of the Eag le  Creek formation 
several mi les to the north . This downwarp has been suggested as a pre-Cascade-lava 
course for the ancestral Col umbia River . The syncl ine extends for nearly 20 m i l es to 
the south wi th an average width of 5 m i l es .  The east wal l  of the val l ey is probably a 
faul t escarpment, a l though defin i te proof is lacking . Abundant g lacia l  ti I I  and outwash 
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occupies the val ley bottom, exposed in road cuts and in the youthful canyon of the river, 
i ncised 200 to 300 feet below the wi de-val ley surface . 

Hood River juncti on and overpass . In the next few mi les, notice the sharp change in vege­
tation, dictated by the Cascade Mountains rain shadow, from sagebrush and jun iper  to 
Doug las fi r and hemlock, by way of oak and jack pine . The annual ra infa l l  at The Dal les 
is 20 inches, as compared wi th nearl y 40 inches at Portl and . 

G l aci al deposits in road cuts . Some geologists bel ieve that g l aciers from Mount Hood 
actua l ly  reached the Col umbia .  

Note intracanyon lava bench across river 

Underwood volcano on skyl ine at 3 o 'clock . 

Unconformable contact of Underwood l ava over basal t wel l exposed across rive r .  

Thick deposi t of east-dipping pal agonite tuff with abundant vol can ic  bombs, probably 
from Underwood vol cano or from a sti l l  nearer vent . Overlain in  cl iffs above Highway 
by Underwood l avas . 

Contact wi th underl ying, steepl y dipping Col umbia River basal t .  At 1 2  o'c lock, Mitchel l 
Point . Basa l t  is di pping 30° to the southeast . I t  is capped by 1 00 feet of quartzi ti c 
grave ls, in turn unconformably overl ain by Cascade l avas wi th low ini tial dip . 

Rounding Mitchel l Point, the wi ndi est spot in  the gorge . The old highway got around 
the c l iff by means of a tunnel above . Acr.oss the river at 3 o 'c lock are the intracanyon 
f lows of the Litt le Whi te Sa lmon River, wh ich came from vents 20 m i l es up the val ley 
to the north and west . The bench el evation is at about 500 feet above river level . The 
high peak at 1 o 'c lock is Dog Mountain (2989 feet) , structura l l y  an antic l ine in basal t, 

(2 . 3) and the westernmost river- level exposure of basalt  for many mi les .  

2 1 1 . 3 At 3 o 'c lock noti ce dips in  basal t  on e ither side of Dog Creek; eastward on the east s ide, 

2 1 2 . 0  

2 1 2 . 9  

2 1 3 . 0  

2 1 4 . 1 

and 1 1 ° to 15° W .  on the west side . The basa l t  of Dog Mountai n is possi bl y fau l ted up 
on the west . The wide basin farther west is l ands l ide underl ain for the most part by the 

(0 . 7)  Eagle Creek formation of Clarno and John Day age . 

(0 . 9) 

(0 . 1 )  

( l .  1 )  

(0 . 4) 

Viento Creek . Al though Viento is Spanish for windy, and this region is certai n ly  wi ndy 
enough, the name has an en tire ly  di fferent origin, deri ved from the fi rst two letters of 
the ncmes of three rai l road men, Henry Vi l lard, W i l l iam Endi cott, and Tolman . I ra W i l ­
l iams ( 1 9 16) reports 500 feet of Troutdale gravels  in Vien to Creek between the elevations 
of 2000 and 2500 feet .  This is an unusua l thickness, approaching that at Bridal Vei l ,  
at the l ower end of the gorge . 

Starvation Creek picnic area . Creek named by an early pioneer party who " suffered a 
defection in thei r commissary . "  The fal ls here are 1 86 feet high and are the easternmost 
of the spectacular series in the gorge . The Dog Creek anticl ine is visible across the 
ri ver at ·3 o 'c lock . 

Quarry at 9 o'cl ock is in unsorted debris wh ich does not appear to be normal tal us; rather 
it is more probabl y a flood deposi t in the lee of the point we have just rounded . Note 
fine col umnar structures in basal t  at base of cl i ff .  

Lindsey Creek bridge . Upper contact of the Col umbia River basa l t  i n  the creek bed 2 
m i I es south is at 2300 feet .  



Sheep Rock near Picture Gorge on the John Day River. Tuff beds of the John Day fonnotion copped by Columbia 
River basalt. (Oregon State Highway Commission photo) 
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Wind Mountai n at 1 o 'c lock . This is the northern of two large intrusives (the southern, 
on the Oregon side, is She l l rock Mountain) whi ch have been cal led the " twin guardians 
of the Columbia . "  They rise to nearl y 2,000 feet on e i ther side of the river . Both are 
composed of andesite porphyry, with l abradori te feldspar dominant in  the phenocrysts, 
and ol igoclase-andesine fe l dspar dominant in the groundmass . Baked contacts with the 
i ntruded Eag le  Creek formation have been found on both sides of the river .  Xeno l i ths 
of basa l t  in the andesite and a baked, amygdule-fi l led contact breccia in  the saddle 
south of She l l rock Mountain indicate the post-basal t  age of the i ntrusive . S imi l ar c i rcular 
bodies of about the same areal extent (1 square m i l e) were found 2, 4, and 6 m i l es north 
of Wind Mountain, i ndi cating a l i ne of centra l i ntrusions, probably  feeders to now-eroded 
Cascade volcanoes, lying on the Mount Hood-Mount Defiance axi s .  

H ighway fol lows around base o f  She l l rock Mountain . The ang le of repose of the ta lus 
slopes is about 42° . Mount Defiance, 2 mi les south of Shel l rock Mountain, is the highest 
peak, after Mount Hood, in the ent ire gorge area, reaching 4960 feet e levation . L ike 
Larch Mountai n to the west, i t  is one of the l ater (possibly early P le istocene) vo lcanoes, 
and sti l l  retai ns much of i ts shie ld l i ke orig inal surface . There is some evidence that a 
flow from Mount Defiance came down one of the val leys towards the Col umbia .  

2 1 6 . 3  Look for brick-red exposures i n  cuts south o f  H ighway . These are outcrops of the eastern­
most exposure of the Eag le  Creek formation on the south s ide, baked by the nearby She l l ­
rock intrusive . Tuff has been changed to a bri ttle, red jaspery materi a l ,  and pebbles of 
vol can i c  conglomerate have been sheared and contorted . 

Note how the cl i ffs are retreating on both sides of the gorge, as the re l at ive ly  non­
resistant Eag le  Creek formation rises above river leve l . To the north, the Eag le  Creek 
and older rocks continue for many m i l es, on ly patches of Columbia River basa l t  cap the 
crests of the ridges for a few mi les north of the gorge . The outstanding physiograph ic 
feature for the next few mi les i s  l andsl idi ng,  wh ich has been and sti l l  is the dominant 
process of erosion in  this part of the gorge . Recent sl idi ng north of Wind Mountain caused 
relocation of the Bonnevi l le power l i ne . Several square m i l es are sti l l  in motion in this  

(0 . 7) area . 

2 1 7 . 0  Gorton Creek bridge a t  Wyeth Station . Note flood gravels  at 1 2  o 'c lock in  reentrant, 
with high scabland channel behind bench at 1 1  o 'c lock . This high bench on the south 
s ide of the river is a narrow but flat-topped ridge which extends for 3 m i l es, and has 
diverted Herman Creek to the west for a m i l e  and a ha l f .  I t  is a south-side remnant of 
i nt racanyon l ava from Wind River  val ley in  Washington . The surface of the bench can 

(0 . 6) 

2 1 7 .6  
( 1 . 2) 

2 1 8 . 8  
(0 . 4) 

2 1 9 . 2  
(0 . 5) 

be seen across the river . Two flows, the older  and upper reachi ng an e levation of 1 , 000 
feet, and the younger and lower reach i ng an e levation of 600 feet, are exposed on both 
s ides of Wind River, where a narrow canyon has been cut to a depth of more than 300 feet 
i n  the lower flow . The Columbia River was undoubtedly  dammed at least twi ce by the 
Wind River (sometimes cal led Herman Creek) flows, wh ich came from a smal l vol cano, 
Trout Creek H i l l ,  15 m i l es up the val ley to the northwest . The l egend of the " Bridge of 
the Gods" undoubtedly  post-dates these flows and resul ted from more recent damming by 
the great Bonnevi l le l ands I ide rather than from l ava damming . 

Wind River intracanyon l avas exposed in road cuts, and from 2 to 3 o'clock across river. 

Active l andsl ide area, frequently d isplacing H ighway and rai l road . 

H igh cl i ffs at 9 o 'cl ock in Wind River l avas . These are ol ivine andesi tes . 
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The highest exposure of exotic gravels in  the gorge were found by the writer at an eleva­
tion of 2700 feet due south of he re . A sample of 20 pebbles consisted of 7 quartzi te, 
4 dense red rhyo l i te, 8 weathered andesite, and 1 granite . This is the highest point 
reached by the Columbia River basal t  i n  the south wal l of the gorge . 

The low isolated knobs at 3 o'clock are di ssimi l ar in composition from other intrusives 
in the Eagl e Creek formation, bei ng dense, uniform pyroxene trachyte . Active land­
s l idi ng along here has repeatedly di sturbed the H ighway and rai l road right of way . Low 
c l i ffs across the river are in part lands l ide blocks and in part di kes in the Eagle Creek 
formation . 

Herman Creek Bridge . Herman Creek canyon l ies nearly 2 m i les to the east; here the 
contact of the Eag le  Creek formation rises to a maximum of 620 feet, the h ighest on 
the south s ide of the gorge . The high Benson P lateau west of Herman Creek has a summit 
el evation of 4, 200 feet; beneath the Cascade l avas, from 3, 1 00 to 2,500 feet, l ies a 
bed of ci nders, red ash, and vol cani c bombs bel ieved to be correlative wi th the Rhodo­
dendron formation, a pyrocl astic and vol can ic  breccia unit  which l i es between the 
Columbia River basa l t  and the Troutdale formation along the Sandy River and i ts upper 
tributaries west of Mount Hood . 

Entering Cascade Locks . Basa lt  lands l ide blocks on left .  

"Bridge of the Gods" to Washington, l eaving Cascade Locks . This is  the site of the old 
cascades, caused by the Bonnevi l l e  l ands l ide from the north . This great sl ide heads in 
Archer, Hami l ton, and Table mountains from 1 to 2 o'cl ock, capped by smal l remnants 
of Columbia R iver basa lt, at 2300 feet el evation . 

Tra i l  to Sheridan Viewpoint above Bonnevi l l e  Dam on right . Note i rregu larities of 
structure and composition caused by l ands I idi ng . 

Bonnevi l l e  Dam at 2 o'clock . 

Eag le  Creek bridge . E levation of the top of the Eagle Creek formation here 'is nearly 
500 feet; two m i l es to the south it is  400 feet .  The southward dip of the Eag le  Creek 
is greater than this . The first good outcrops of the formation appear at the west end of 
the bridge . 

Tunnel in l andsl ide block of Columbia River basal t .  Note l arge area of l ands l ide across 
the river, extending 3 m i l es back from the river to the base of Table Mountain . R iver 
was diverted nearly 1 !  mi les from its stra ight course by the sl ide, and now forms a l arge 
loop . The surface of this l ands l ide exhibi ts undrained depressions, numerous recent low 
scarps, ti I ted trees, as evidence of recency of movements . 

The H ighway here i s  cut i n  a great compound feeder dike of diabase, upon which the 
south end of the dam and the powerhouse is based . 

Tanner Creek Bridge . Road junction to Bonnevi l ie Dam . Four m i l es south up Tanner 
Creek,  Troutdale exposures appear between the Col umbia River basal t  and overlying 
Cascade andesites from 1 950 to 2 1 00 feet e levation . 

E ntering best exposures of Eagle Creek formation a long the H ighway . Beds dip 6° to 9° 
southeast . Numerous petri fied logs and l eaves in  vol canic congl omerate and tuff . 

Upper end of road cuts in  Eagle Creek formation . Beacon Rock at 2 o 'clock, is the 
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eroded vent of a PI iocene volcano, rising 840 feet above the river .  Actua l ly  it is on ly 
the southernmost of a series of bosses or necks (or a great north-south dike?) wh ich ex­
tends to the north for more than 2 m i l es . I t  i s  red, scoriaceous, and vesicular near the 
summit, and baked contacts with Eagle Creek formation are found on the south and south­
west sides . The col umnar structure on the east side is hori zontal , ly ing east and west; on 
the west side the col umns are vertical . The rock was named by Lewis and C lark in 1806 .  
The high summ it  of H an i l ton Mountain rises to 3, 000 feet el evation; the basa l t  capping 
rests on Eagle Creek at an el evation of 1 , 550 feet, and the contact rises steeply to the 

(0 . 8) north for 3 mi les, beyond which basal t is eroded away . 

229 .0  Moffett Creek bridge . Joseph LeConte ( 1 874) co l lected fossi l  leaves from a carbonaceous 
l ayer beneath the west abutment of the ra i l road bridge in 1 871 and 1 873 . J .  S .  D i l ler 
co l lected leaves here ( 1 896) that were determined by Knowl ton ( 1 900) to be Miocene in 
age .  Chaney ( 1 9 1 8) and B retz col lected a fossi l  flora of 72 species in  1 9 1 6 .  Both Chaney 
( 1 9 1 8) and Berry ( 1 929) consider this portion of the Eagle Creek to be Miocene, and 
Chaney ( 1 944, p .  1 2) cal l s  it  lower Miocene . It has been suggested that much of the 

(0 . 4) John Day ash came from Eag le  Creek vol canoes . 

229 . 4  Good exposures of Eag le  Creek formation, di ppi ng 5° to the southwest (apparent dip 
(0 . 7) hori zontal) . 

230 . 1 McCord Creek Bridge . A trai I leads from the east end of the bridge up McCord Creek 
� mi l e  to E lowah Fa l l s, where the contact of the basalt overlying the E ag le  Creek forma­
tion is exposed at an el evation of 220 feet .  These fa l ls have a verti cal drop of 289 feet, 
the lower part of the cl iff being undercut in the soft pebbly tuffaceous Eagle Creek forma­
tion . The basal col umnar portion of the lowermost flow is wel l exhibi ted here . A few 

231 . 1  

232 .0  

232 .5  

234. 1 

234 . 4  

steps east of the bridge in the road cut a verti cal trunk o f  petrified wood 2� feet in diameter 
stands just above h ighway level . This tree stood up nearly 10 feet 40 years ago (Wi l l i ams, 
1 916) ,  but vandal erosion has now reduced it to a stump .  Note the poor sorting of the 

( 1 . 0) mudflow debris i n  wh i ch i t  is enclosed . 

(0 . 9) 

(0 .5) 

( 1  . 6) 

(0 . 3) 

GoQd view of Beacon Rock at 9 o'clock . At 4 o'clock Hami l ton Mountain . Pinnacl es on 
the skyl ine to the south have been given various names (St . Peter's Dome is a round erosion 
remnant of basal t  1500 feet above the river) . Nesmi th Point immedi ate ly to the east 
exposes a cross section of a Cascade vent . More than 100 feet of Troutdale gravels were 
found at an el evation of 1 700 to 1 800 feet, below Nesmith Poi nt and on the ridge above 
S t .  Peter's Dome . The numerous thin flows of Cascade andesi te can be di fferentiated in 
the upper cl i ffs from the thicker basal t  flows below .  

Dodson Station 

Junction of o ld Scen ic  Highway wi th freeway . Turn right off main highway onto Scenic  
H ighway . The Cascade summit  surface south of  here l i es at e levations from 3, 000 to 4, 000 
feet .  N umerous smal l gl aciated ci rques on the east sides of the ridge crests and vol canic  
cones, a t  e levations above 3500 feet . 

Horsetai l  Fal l s  drop 22 1 feet over one flow . Al though not exposed, the Eagle Creek forma­
tion probably extends this far west at .river level . 

Oneonta Fa l ls i n  gorge 900 feet south of Highway . This vertica l-wa l l ed youthful go rge 
is cut i n  two flows of basal t, each nearly 1 00 feet th ick . A few feet above Highway l evel 
is the contact wi th a thi rd underl ying flow . Along th is contact, wh ich drops to creek leve l 
as one goes upstream, the writer mapped 65 holes, from 6 inches to 3 feet in di ameter, repre­
senting molds of trees overwhelmed by the upper flow . Most of the holes are al igned east 



' 

.... ""' 

Columbia River at Celi lo Falls, Oregon. South-facing escarpment on Washington side extends 80 mi les to the east. 
(Oregon State Highway Commission photo) 
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and west . I n  them are remnants of carboni zed, opal i zed, or otherwise s i l ici fied wood 
which once constituted the tree material . The word "Oneonta" is of New York origin,  
but for many years before 1 887 a sidewheel river steamboa� named "Oneonta" p l ied 
the river, and i t  is possible that the creek derived i ts name from some incident connected 

( 1 .  7) wi th the boat . 

236 . 1 Note lands I ide high above at 9 o'clock and debris in river around navigation marker at 
3 o'clock . I n  1 946, when the new highway was under construction , this tal us was being 
used as borrow pit materia l  by the State H ighway Department .  Spring rai ns caused a 
s l ide whi ch carried down an estimated 300, 000 cubic yards of materia l ,  the ta l us breaking 
away for 1 000 feet up to the bedrock c l i ffs above, temporari l y  block ing the highway and 
rai l road . The navigation marker now visib le  was raised 20 feet out of the water and t i l ted 

(0 . 6) 30° by the toe of the sl ide . 

236 . 7  Multnomah Fal ls . The highest and best-known fal ls i n  Oregon . The main fal ls drop 541 
feet, the lower fa l l s  69 feet, wi th a drop of 10 feet in  the interval between; a l l  i n  al l 
620 feet .  The main fal l s  drop across three basa l t  f lows, a fourth causes the lower fal l s .  
The top o f  the Troutdale  formation in  c l iffs to the south l ies a t  1 600 feet el evation . 
Above i t  are l avas from Larch Mountain  sh ie ld vol cano . Multnomah is an I ndian tribal 
name, fi rst used by Lewis and Clark in their  journals for November 3, 1 805, as "Mulknoma, "  
appl ied to the river now cal l ed Wi l lamette (with the accent on the second syl labl e) . 
Lewis and Clark l ater app l ied i t  to a tribe on the lower Columbia .  E thnologi sts bel ieve 

(0 . 6) i t  original l y  meant "down river . "  

237. 3  Wahkeena Fa l l s .  A multip le  fal l ,  242 feet high . Tra i l  l eads � m i l e  across a foot bridge 

238 .3  

239 . 8  

240 . 4  

240 . 7  

241 . 3  

241 . 5  

242 .6  

to  the top of the fal l s .  The name is said to be a Yakima I ndian word mean ing "most 
( 1 . 0) beautifu l , "  and the fa l l s  l ives up to i ts name . 

( 1 . 5) 

(0 . 6) 

(0 . 3) 

(0 . 6) 

(0 . 2) 

( 1 .  1 )  

(0 . 7)  

Note basa l t  cl iffs at head of 500-foot tal us slopes on the left . Western pinnac le  has been 
cal l ed Angel 's Rest; eastern pinnacle Dev i l 's Rest . Base of Troutdale formation l i es at 
600 feet above Bridal Vei l ,  at 965 feet; top of formation at 1 450 feet above Bridal Vei l ,  
and 1 000 feet here . I t  has been suggested that the gravels  fi l ied a north-south " Troutdale 
val l ey" which crossed the area in  pre-Columbia Gorge times . · ·  

Bridal Vei I Junction; keep to the left . Cape Hom across the river at 3 to 4 o'c lock . 
Lower part of c l i ff is Columbia River basa l t ,  dipping gently to the southwest, and upper 
part is Troutdale  gravels, capped by lava from sma l l  Mount Zion vol cano . 

As we round the bend, Bridal Vei l  Fal l s are bel ow the road at 1 o 'c lock . 

At 3 o'cl ock erosional p i l l ars ( "P i l l ars of Hercules") in  brickbat basal t .  Cal led "cucumber 
structure" by Hodge . 

Brickbat basal t  overlying basal col umnar basal t forms "mushroom " effect a long the h igh­
way cuts . 

Shepperds Del l ,  with fal ls at 1 1  o'clock . 

Latoure l l Fa l l s,  249 feet h ig h .  Named for a pioneer settler in the vicinity .  Ta l bot State 
Park was donated to the State in 1 929 by the I umber baron Guy W .  T a I bot .  Note that 
the fal ls apparently drop over a sing le  flow of brickbat basal t  wi th curved col umns 
toward the base; the recent notch at the top is on l y  20 feet deep . 
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Entering the famous " Figure-E ight Loops" of the o ld scenic gorge highway . This highway 
was finished in 1 9 1 6, and was then considered a remarkable feat of highway engineering . 

Pi l low l avas in uppermost flow of Columbia River basal t, l ying above bri ckbat basa l t .  

Troutdale  outcrops above road on  left . 

Crown Point Vista House . E levation 720 feet .  Rest rooms inside . Note gently  west­
s loping surface on the Troutdale formation across the river, capped by Mount P leasant 
(western) and Mount Zion (eastern) shie ld  vol canoes of Boring age (Pl iocene) . 

Troutdale  vol canic sediments and pyrocl astics, with steeply southwest-dipping foreset 
bedding exposed in road cuts . Note l arge anomalous boulders in fine-grained matrix, 
and poor sorting . 

Baked contact of l ava flow of Boring l ava ly ing above Troutdale gravels . 

Larch Mounta in road junction, keep straight ahead . Thi rteen mi les of paved road to 
lookout at 4056 feet elevation on summit of large shie ld  vol cano . The western l arch 
does not grow on Larch Mountain . Early lumbermen cal l ed the noble fir (Abies nobi l is) 
l arch . 

-- --

Chantic leer Lookout, 850 feet e levation . Excel lent view up the gorge across l andsl ide 
amphi theatre in the foreground . With the Vista House on Crown Point at 1 2  o'c lock, 
Beacon Rock p lug l ies d irectly above; Mount Pleasant and Mount Zion shield volcanoes 
l ie across the river at 1 0: 30 and 1 1  o'clock; Rooster Rock dike (or l andsl ide b lock?) is 
at river level at 1 0: 30 o'c lock; Larch Mountain sh ie ld volcano on the sky l ine at 1 2:30 
o'cl ock; Pepper Mountain vol cano at 1 o 'cl ock . Beneath Crown Point, the contact of 
the south-dipping Columbia River basal t  wi th the overlying Troutdale gravels  may be 
easi l y  seen . Road cuts along the highway just west of Crown Point are in Troutdale 
gravels, overlain by a 50-foot flow of Boring lava, from 1 to 2 o'c lock . The gorge here 
trends N .  70° E . , hence the apparent westward dip of the south-dipping Co.l.umbia River 

(0 . 1) basa lts . 

246 . 3  H ighway i s  passing over the summit level o f  the Troutdale formation, possibly a terrace, 

246 . 8  

247 . 8  

248 . 8  

250 . 3  

250 .5  

at about 800 feet el evation . I t  wi l l  drop in a series o f  steps, a t  about 1 00 feet to the 
(0 . 5) m i l e . 

( 1 . 0) 

( 1 . 0) 

( 1 . 5) 

(0 . 2) 

( 1 . 1 )  

D ropping down to 600-foot terrace toward Corbett . 

Corbett Junction . Just north of this point the Columbia River basal t  drops below river 
level on the east flank of the W i l l amette sync l ine . Basal t  crops out at one spot in the 
bed of the Sandy River about 3 m i les south of this point, possibly on the south side of an 
east-west downwarp which has been suggested as the Troutdale-time course of the Col umbia 
River .  Note the youthful stage of erosion of this upl and surface . 

Road junction . Keep to the right .  Highway has been dropping down across several ter­
raced surfaces carved by the Sandy River .  

Spri ngdale Junction . Keep l eft . 

H ighway now on 200-foot terrace of the Sandy River. 
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Dabney State Park . Note incised meanders and terraces at severa l leve l s .  

Upper Sandy River bridge . Keep straight ahead, and park at good spot beneath Troutdale  
c l iffs . Note channel -cutting at base of conglomerate beds just west of bridge . Numerous 
exoti c quartzi te pebbles, probably derived from the Bel t pre-Cambrian terrane of B ri tish 
Columbia, characteri ze much of the Troutdale cong lomerates . 

Excel lent exposures of Troutdale gravel s .  Approaching Big Bend, an incised meander, of 
the Sandy River .  

Note " arches" a t  2 o 'c lock . These are joint structures of unknown origi n in lavas from a 
smal l  shie ld vol cano, ca l led Chamberlain Hi l l ,  wh ich cap the c l i ffs above the Troutdale 
formation about 1 00 feet above the river .  They occur for a cons iderable stretch between 
here and the town of Troutda le at the mouth of the Sandy River . 

Talus along road from the overlying Chamberlain H i l l  flows . 

Turn sharp left (narrow bridge) across Sandy River .  

"Arches" v isi ble at 3 o 'c lock in upper c l iffs . Entering Troutdale . 

Turn sharp right on access road to main highway; cross overpass and turn left (U . S .  Highway 30) . 

Enter Freeway . Turn right toward Port land . 

Reynolds A luminum Company plant at 3 o 'clock . The 275-foot (here actual ly above 300 feet) 
terrace is on the skyl ine at 9 o'clock wi th lower terraces below . 

R ising from Recent al l uvium onto 75-foot terrace . 

Arata Road Junction . 

Rising to l OG-foot terrace, underlai n by Ple istocene a l l uvium . 

Overpass . 

1 8 1 st Avenue overpass . The new level ing project on the left is " Ra i l road Park" an industrial 
devel opment on the 1 00-foot terrace . Camas, Washington, a paper-mi l l  town, is at 4 o 'c lock . 

Quarry at 9 o 'cbck in l acustrine gravel s .  As in nearly a l l  quarries in the Portland "de l ta, " 
these sands and gravels are steeply  foreset-bedded to the west and southwest, and are poorl y 
sorted . 

Rocky Butte at 1 1 :30 o'c lock . This is a Boring vol cano, eroded to a stump, in l arge part 
by floodwaters which have steepened the east face and carved a channel around i t .  

102nd Avenue overpass . Trave l ing just bel ow the edge of the 275-foot terrace on the left . 

Approaching and paral le l i ng the flood scour channel which sweeps around the so.uth and 
east side of Rocky Butte . The Butte is  composed large ly of vesicular and diktytaxi tic gray 
ol ivine andesi te, as exposed in the county rock p i le  (quarry) on the east side of the Butte . 
Red cinders are exposed in road cuts on the south crest of the Butte . An abandoned quarry 
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on the west side exposes a feeder p lug cutting up through Troutdale conglomerate, the 
( 1 . 9} bedding of which appears to have been arched by the intrusion . 

267. 4  60th Avenue underpass, and wel l  into east Portland . The Freeway wi I I  fo l low the scour 
channe l ,  which began at Rocky Butte, al l the way to the Wi l lamette River.  The wel l­
defined terraces cut by the W i l l amette and Columbi a rivers at  200 and 100 feet el evations 
are not visible from the Freeway . 

West Port land is underl ain by the west fl ank of the W i l l amette sync l ine .  Basal ts dip 
eastward as much as 30° . Overlying the basal ts are a few patches of Troutdale gravels, 
masked by a mantle of possibly upper P l iocene si l ts ca l l ed the Portland H i l ls si l ts .  The 
crest of the Portland H i l ls to the west is capped by lavas from a sh ield vol cano of Boring 
age, Mount Sylvania .  A few flows from this vol cano came down val leys almost into 
Portl and . 
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