
Geology along U.S. Highways 197 and 97 between The 
Dalles and Sunriver, Oregon 
by Gary Smith, Department of Earth and Planetary Sciences, University of New Mexico, Albuquerque, New Mexico 87131 

This highway-geology gUide was prepared for an as-yet unpublished travel brochure for the general public. 
We thank the author for his permission to print it here and for his help in adapting it to a different format. -Ed 

Introduction 
A LAND BUILT BY VOLCANIC ERUPTIONS 

The west coast of North America is referred to as an 
active continental margin. Large-scale geological pro­
cesses involving horizontal motions of the outermost 
layers of the earth cause earthquakes, volcanic erup­
tions, and the uplift of mountains. Volcanoes are re­
sponsible for the formation of most of the rocks formed 
in Oregon over the past 45 million years. The rocks and 
landscapes that one sees while driving between The 
Dalles and Sunriver are nearly all related, in one fashion 
or another, to volcanism. 

TYPES OF VOLCANOES AND VOLCANIC ROCKS 
(significant terms printed in boldface) 

Volcanic rocks are solidified magma, molten material 
produced at depths of 75-150 km beneath the earth's 
surface. The chemical composition and physical proper­
ties of magma are variable, depending on the depth and 
temperature at which the rocks melt, the type of rocks 
that are melted, and the degree of solidification that 
occurs as the magma cools on the way to the surface. 
This variation produces a wide range of volcanic rocks 
and an equally varied array of landscape features result­
ing from volcanic eruptions. Silica, a compound of the 
elements silicon and oxygen, is the most important 
constituent of magma, comprising about 45-75 percent 
of the melt by weight. 

Volcanic rocks represent solidified lava, as magma is 
known when it reaches the earth's surface, and are 
named on the basis of silica content and the silicate 
minerals that they contain. Rocks formed by crystalliza­
tion of relatively low-silica lavas are called basalt, those 
derived from high-silica lava are known as rhyolite, and 
the most common intermediate composition is named 
andesite. Low-silica lavas contain more iron and mag­
nesium than higher silica varieties, which gives them 
darker colors. Basalt is generally dark gray or black, 
andesite is light gray or greenish gray, rhyolite is most 
commonly white, pink, or tan. 

The composition of the magma not only determines 
what minerals will crystallize from it, but it also controls 
the nature of the volcanic eruptions that occur when 
the magma arrives at the surface. Basaltic lava is less 
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viscous ("sticky") than andesitic or rhyolitic lava. 
Basaltic lava, therefore, is more fluid and moves as a 
thinner and more rapidly flowing lava flow. Andesitic 
and rhyolitic lavas show greater resistance to flow and 
generally do not travel more than a"few miles from their 
eruptive vents. In some cases, silicic lava does not flow 
away at all, but accumulates as a high, steep-sided, 
bulbous mass of lava on top of the vent; these features 
are called lava domes. 

Volcanic eruptions are driven by gases that are dis­
solved in the magma where it is subjected to the great 
pressures of overlying rock within the earth. As the 
magma rises near to the earth's surface, this pressure 
diminishes until it is insufficient to keep the gas from 
forming bubbles in the melt. This process is analogous 
to the formation of bubbles in a carbonated beverage 
when the container is opened. Gas bubbles rise in the 
magma, pushing some of the magma along, and pro­
duce explosions when they burst through to the sur­
face. Basaltic magmas contain less dissolved gas than 
more silica-rich magma varieties; consequently, erup­
tions of basaltic volcanoes are less violent than those 
occurring at andesitic or rhyolitic volcanoes. 

During explosive eruptions, some of the bubble-rich 
lava is blown out as a froth, which is qUickly quenched 
to volcanic glass upon contact with the cooler atmo­
sphere and broken into fragments of Widely ranging 
sizes as the bubbles continue to expand. These frag­
ments, called pyroclasts (from Greek words meaning 
"fire broken"), include volcanic ash, pumice, and cin­
der. A rock f9rmed of consolidated ash is called tuff. 

Most pyroclastic fragments are blown skyward by 
volcanic explosions and fall back to the surface. The 
bulk of this fallout material accumulates adjacent to the 
vent from which it was erupted, but if the fragments are 
ejected to great height, a considerable volume may be 
carried away by the wind and fall back to the earth at 
great distances. The resulting deposits become thinner 
and composed of successively smaller particles at 
greater distances from the volcano. Because eruptions 
of gaseous rhyolite are the most violent, rhyolitic tuff is 
more voluminous and widespread than that of basaltic 
or andesitic composition. In some cases, rhyolitic and, 
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+ Generalized geologic map of road guide area: Left, The Dalles to Madras; right, Madras to Sunriver. Numbers refer to 

numbered sites in text. 

less often, andesitic pyroclasts are not simply ejected 
upward, but may flow downslope as rapidly moving, 
hot avalanches of ash and pumice, called ash flows. 
Ash flows may devastate hundreds of square miles 
adjacent to volcanoes. The resulting rocks, composed 
principally of pumice set in a matrix of finer ash and 
minerals crystallized from the magma are called ash­
flow tuffs. 

Volcanic landforms vary as a result of the difference 
in eruption character exhibited by magmas of different 
composition. Basaltic magma erupts without prodUcing 
much pyroclastic material and generates fluid lava 
flows. Basaltic vents, therefore, are usually marked by 
small accumulations of cinder, called cinder cones, 
surrounded by extensive black, solidified lava. If large 
volumes of lava are erupted, they may construct a 
gently sloped shield volcano. 

Andesitic magma generates more pyroclastic debris 
than basalt, and resulting lava flows are thicker and less 
extensive than those related to less siliceous magma. 
The resulting landforms are stratovolcanoes that are 
composed of alternating layers of lava and tuff (e.g., the 
major Cascade peaks). Because andesitic lavas are more 
viscous than basaltic ones, the slopes of stratovolcanoes 
are steeper than those of shield volcanoes. 

Rhyolitic magma may also produce stratovolcanoes. 
More commonly, however, rhyolite is erupted in the 
form of pyroclastic material that falls or flows over a 
large area to produce extensive light-colored tuff. 
When rhyolite lava is erupted, it generally forms domes. 

PERIODS OF VOLCANIC ACTIVITY IN CENTRAL 
OREGON 

Eocene and Oligocene (45-25 million years ago) 
The earliest volcanism recorded in central Oregon 

occurred during the geologic epochs of the Eocene and 
Oligocene. Volcanic rocks of this age are most common 
in the Ochoco Mountains, located to the east of U.S. 
Highway 97. The oldest of these rocks, referred to as 
the Clarno Formation, are present in the Mutton Moun­
tains, northwest of Madras and are featured at the 
Clarno Unit of the John Day Fossil Beds National Monu­
ment east of Madras. Clarno Formation rocks are an­
desite lava flows and mudflow deposits-chaotic mix­
tures of andesite boulders and smaller fragments 
formed by landslides and rapid erosion of loose debris 
from the steep flanks of stratovolcanoes. Overlying the 
Clarno Formation is the John Day Formation, composed 
mostly of light-colored tuff recording the fallout of 
airborne ash from countless eruptions of ancient Cas-
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cade volcanoes. Eruptions from small rhyolite volcanoes 
in central Oregon also produced widespread ash-flow 
tuffs. Rhyolite lavas formed steep domes south of 
Madras. John Day Formation tuff and Clarno Formation 
mudflow deposits and associated sediment, are famous 
for the abundant and well-preserved plant and verte-. 
brate fossils they contain. The story that these fossils tell 
about the climate and landscape of long-ago Oregon 
can be learned from visits to any of the various units of 
John Day Fossil Beds National Monument located in 
eastern Oregon. 

Middle Miocene (17-12 million years ago) 

The John Day Formation deposition was followed by 
several million years of erosion without any preservation 
of volcanic materials in central Oregon. This period 
ended at about 17 million years ago with the onset of 
eruption of the gargantuan lava flows referred to as the 
Columbia River Basalt Group. These basalt lava flows 
cover 63,000 mi2 of Washington, Oregon, and Idaho to 
an average thickness of two thirds of a mile. If spread 
evenly over the state of Oregon, they would produce a 
layer 3,500 ft thick! Most of the basalt was erupted 
from long cracks, or fissures, located in northeastern 
Oregon and southeastern Washington; others were 
erupted in central Oregon near Monument. Similar 
Prineville Basalt is prominent near and 'South of Madras 
(Hooper and others, 1993). 

The basalt lava was obViously very fluid to produce 
such extensive flows. It was also erupted so nonexplo­
sively that very little material accumulated around the 
fissures to produce recognizable volcanoes. Instead, the 
sites of eruptions are now marked by the basalt fillings 
of the fissures themselves, called dikes, that can be 
seen in deep canyons subsequently cut through the 
basalt flows in central and northeastern Oregon. Over 
much of the northern half of our route we will see many 
of these lava flows as layers of dark basalt. The eruption 
of so much basalt dammed some streams to form lakes, 
repositioned some rivers to new courses, and reduced 
some to sluggish streams that meandered across the 
almost flat upper surfaces of the lava flows after they 
cooled. Sediment deposited by these streams can be 
seen as light-colored layers of sand and gravel between 
basalt flows. The sediment is composed primarily of ash, 
pumice, and rock fragments eroded from ancient Cas­
cade volcanoes. These beds can be seen at several 
points along the route but have been officially named 
only in the area west and north of Madras, where they 
are called the Simtustus Formation (Smith, 1986). 
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DESCRIPTION OF THE TRIP AND OF NUMBERED GEOLOGIC SITES 
The entire extent of the trip could easily require more than one day. Keep this in mind as you make your trip plans. 

And although the main route is on well-maintained highways, be aware of weather conditions and possible closures 
on side roads. 

This description of the tour leads south from The Dalles. In order to help users who might wish to travel from south 
to north, only interval distances are indicated 

SITE 1. BEGINNING OF TRIP, COLUMBIA RIVER 
BASALT GROUP OUTCROp, PILLOW BASALT 

The Dalles, Oregon. Stop near top of hill on u.s. 
Highway 197, just south of bridge across Columbia 
River and interchange with Interstate 84. Parking avail­
able on west side of road 

The route along U.S. Highway 197 southward to the 
junction with U.S. Highway 97 features two rock for­
mations: the basalt lava flows of the Columbia River 
Basalt Group and sediments of the Dalles Formation. 
The prominent roadcut at this locality illustrates the 
result of a Columbia River basalt flow entering a lake. 
When lava flows enter standing water, much of the lava 
is quenched to glass and broken into small fragments 
during the explosive generation of steam. Larger masses 
of lava detach from the main body of the flow but 
remain as coherent spherical or ellipsoidal blocks of 
quickly chilled, glassy basalt, which are referred to as 
pillows. Ellipsoidal pillows in the lower part of this 
roadcut are surrounded by ash that was generated by 
the interaction of the hot lava with the cold water, and 
is now altered to the yellow-orange mineral palagonite. 
The long axes of the pillows are oriented at an angle 
pOinted downward toward the southwest, the direction 
in which the lava flow was moving. The unpillowed 
basalt at the top of the roadcut is part of the same lava 
flow that did not interact with the lake water, because it 
flowed where the pillows and ash had filled in the lake. 
The thickness of the pillow basalt, therefore, is a mea­
sure of the depth of the lake. 

To the north are the Columbia Hills, an anticline uplift 
of folded basalt. Late Miocene sediments of the Dalles 
Formation accumulated in the basin south of this uplift 
and now form the bluffs along the south side of the city 
of The Dalles. 

Between here and Dufur, 12.5 mi to the south, 
roadcuts expose basalt, including more pillow basalt, 
and consolidated sand, gravel, and tuff of the Dalles 
Formation. This material was derived about 7-12 million 
years ago from volcanoes that were in the vicinity of the 
present Mount Hood stratovolcano, which is intermit­
tently visible from the road. 

12.5 mi from The Dalles to Dufur. 

10 mi from Dufur to summit on Tygh Ridge. 
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SITE 2. TYGH RIDGE SUMMIT 

Use for orientation and preparation for 7-mi descent 
through Butler Canyon to Tygh Valley. About 4.5 mi 
down from the summit, note basalt quarry on east side 
of road For side trip west ("county road" mentioned 
below), turn off about 2.5 mi farther, into Tygh Valley, 
and continue on Wamic Market Road toward Wamic. 
Oregon Trail historic marker and viewpoint about 2 mi 
up this road 

From Dufur southward to this point, U.S. Highway 
197 climbs the flank of the Tygh Ridge anticline, which 
is underlain by folded basalt and defines the southern 
edge of The Dalles basin. The highway then descends 
the steeper south slope of the anticline through Butler 
Canyon. At least 20 flows of Columbia River basalt, 
totaling 1 ,000 ft in thickness, are exposed along the 
road. The basalt is black, as can be seen on freshly 
broken surfaces, but appears mostly rust colored be­
cause of surficial oxidation of iron and magnesium 
silicate minerals. These mineral crystals are not visible to 
the unaided eye, but reflections from small grains of 
another silicate mineral, feldspar, can occasionally be 
noted. Most of the basalts exhibit columnar joints 
generated by contraction of the cooling lava flow. 

Close observation reveals numerous light-gray or tan 
layers of sediment and tuff between some basalt flows. 
These layers record deposition of river sediment and ash 
between basalt eruptions. 

At the base of Butler Canyon the road enters the 
Tygh Valley basin. Dalles Formation sediment underlies 
most of the prominent mesa in the middle of the valley 
and can be seen in roadcuts along the county road that 
extends westward from the village of Tygh Valley to­
ward Wamic. Younger sediment, tuff, and basalt, similar 
to the Deschutes Formation farther south, overlie the 
Dalles Formation, including the Juniper Flat basalt that 
the highway is built on for most of the route between 
Tygh Valley and Maupin. This basalt differs from the 
Columbia River basalts on Tygh Ridge by being lighter 
colored and containing easily visible crystals of white to 
glassy feldspar and green olivine. This lava flowed into 
a developing Deschutes River canyon to form a promi­
nent bench upon which much of the town of Maupin is 
constructed. 

10 mi from Tygh Valley to Maupin, where high­
way crosses Deschutes River. 
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fotId .......... Iwtt.r 1ooIr., -' Iliff fIWflY. 

1$ mlf10m Ho)' er..k -.J /ut1toH 10 .. _ 

'" 11pto..,... 97 MId M.t AW'#. 

$Ill 5. MADRAS 

No ~ '~I pdr!t Conlin"" ,"-'Kit 
M ..... U"" H¥fIwoy91. 

Tht city of Mad.", ,Rot> in • bcwI''''"!*l "oIoy 
orodtd ... MdW'Mn1 of 'ho Dtsehr.IIn For ..... tion. w ...... 
is noted 11$ .... ' I.-awn ....d.tor-.o In ........ ou. 'ood .... ,.. 
ond buIdin •• """v.1ions within and ... ., the town 
Therl .,1 ... Iova flews In ,,,. Oach.tla Formallon • 

• 
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<0lIl dhctl)l noru. ot lho ....wpoIn1 •. An oIMt .hy. 
loVI dorM witlon the "*'" Oor fotmallon ,"""" Junip« 
.... \tII. ~, to \he _Ih. 

The ".,kab..:l fOClI npoM<lln tho anyon w .. 
or • .....:I • ., .... Iavl. ...t ash·fIow "'If ot 1M De­
ochules f<InnI.uon thaI. II IhII kIc.oIitJ. _. \of..,. 
......... _ ... d n- the C'*"'* _ • I*iod ot 
orIIy • '- hundreci thou....:! yMI'I durIn& 1M 10", 
MIca ... A poO",i"ilil~ " ... ow "",Jecbon 01 black 
bAMIt, .kiln. 550 It .1xMo th. 10k .... par .... tho 
o..chula and Crooked RN •• 10 ' ... m The 1>iarnI in lho 
middlo of lho par .. Thb IIVI tIow. dfl ... mlned 1>1 
,"olooclMl'looIcIpe-dec&y me1IIod< 10 boI ohwl 1.2 
........ ,...... DId. WI< .. vpted""' NlwMrI')' ......... 

vIIObk "" dHr daY' r.o mI I ... IY "" tho ~ 
horIIon. II poured InIO lho CrooIcod _ utI)U'I. 

.. ..dy Nt to Its pI ..... 1 dirrw,""" ... ond corrtInued 
""""'""' ..... pW lho a>nfWnc1 with the Dach.rtes 
_ for o.notIw ] .... Tho .-. corwd m. canycm 
"'_. 1HYIn, Tho Island and .......... III COlI"*"",,, 
w.dp.shopod iICCVmIIIoUon. 01 boa!! din .... , to tho 
...... )'to:' wolb .. tho ,""",d of IN< " .. t orupUon. Tho 
","""""'1 coIu.,.., ..... d D'.... ' Illnin. and f&l\dorn 

Ilflll,..,..," 0/ froctu ... within lho buol' <II Tho 
loland _ro plod"""" Dy <ClII"KIion cIurIn, oo/idlfb.­
"'"' ond ...... , ot tho bHotIi< ...... 

,.. "'" 
TN< pi_I Ioc&II)o ""' !ho _"" 0/ ,ho parI<. 

poo.ida • 1* ...... 1i'te "" 1M peloID' "om wiII*r tho "III ....,..,.,.. AdJocont to tho ,.-Idn, .... b dhpIooyocf 
• tNuJt b<IuI4« willi pottr<>&lYPht thol ...... w l",.d 
hom Iht CrGObd _ c:aroro>n borI .... Iht , .......... 
..... HIod. 

If ..... this Vlllu,. poInl 0lIl can look dioodl)o north· 
word 111/10 owth end ot tho "-ll1Iows 01 Tho (olon<i. 
lief .... tho tr...,tion. 01 If .... la .... lho Crooked II'Id 
o.lIchul .. Rlvtr. ""'I It lhi> pilon!; ~ow lho (On/luOfl'" 
l,.nO\,*, 2 mi dow..,,,,,,,,,, ' 0 lho n ... th. 

Loobo. -"'word It tho plow 01 Tho Ship, ..... <.lr! 
__ <II 'ho .... tlNl tNrI .... k .. 'II> tho Do:schw .. 
_lion s.nd ond "I"" .. __ I .If ...... 
lhal IIowod _ord " ..... lho C ........ Tho plorri­
....." while IIyor and lho ir,"cuWIr.oded prnWoh·"IY 
unit .... tho Iicm ..... of 1M ~ •• 1 .... ·fIow I>IIf 
lmpl<liClll 01 tho bwat tufl ...... , tho ~, .. u 
"-' tho !ypk.oI1..-turo ot uh-tlow Mf>, with r:t.m .. 
ot p<lmi<ll and ,."bnic: f'"P""""IJ in • fino, obr ..... 
mllrbc of uh. 

00 "'" climb tho t,.p ok>p.o 01 Tho Ship It..!f! 

Sjnoi., 10)"01" <II ~1. ash·tIow "'fl. end 10 •• <.lr! 
'" ~ _, tho .r>&deut, .1xMo \he Cn>obd 

, 



o...dIlII .. Form.tIon .t TlHt Ship 10 Cw. PoUwdes n.to PaJI<. VIew .. '""" ...".... rim on .. st __ 110<1< 1_ .. 
• 1JIbIe "" tt.c ,ent .. dcyliM. 

_ ..,0 o.schut .. RIve, &I"J"M of Lw ail)' ChiPIOOI<. 
Also ",<>mIn..,t ob1, to..se canyon wdo ... ch...tlc 

......... of Deocht.t .. FcrmItIon."d the )'OJ"'" basalt 
that ... ~ltoo2. 50 thol the "yet .... rIO m,or ....... "". 
tAl: !he.. ... w..bIId.o. Theoo IondJlldo ....... u~..d 
tub<tonllal damage to tho St.t. P .. ~ ,...ow., Just out 
of The Ship. but n ..... also been beneficial by ",ocIucin, 
'ololivoly flat .. us wiWn the oIhetwise .w.p·waIltd 
''''y'''' thot or. utill.ed lor """'I'I'""n<l> ."d <lay_ ... 
a'"'' -.t of The Ship and the lo<llities .t the It'IIIIr>a. 

Ab<1u1 8 mI ftom pl/* en/",,'u /0 ,.lvrn 10 
HIQ>_y 97 Md 10 /<Ip 01 Sl.dtIk _1wHt> ;.m¥>n 
Burr.I/,,1 fUYTf.CK Butt.. 

51TE 7. JUNIPER aUnE GRADE 

No puflaJI.ot rIoppinl """I. "t this pant. HI"'way 91 aassn a saddle I><twean 
)unipar Butt. on lhe west .,,0 HI Y'to<k Bulle on the 
~ The Sulles muk I ... we.stem fId~ of the Ochoco 
MaYnlHts, 0 pm of the SIu. M<>untalrn. whkh •• tend 
200 rni northoutw .. d into ooutheU\om W&<Nn"oo. 
Most .. '" peak> ond ,i<lp< In till ..... or. <<lI"Ilp<I<e<I of 
wlcr.ni< ,oek> of tile l<>M Day Fotmotlon ..... n!pet 9une 
15. ,hyolit. dome.. ... io CIIn. Suites, vIsIbI< about 1~ mI 

" 

te t he 5OIIth. Tolled .. yon of ...... ·flow tutl <OfJIpm. 
Ho)'Slo<k SUtle."d 010 also "posed ob1, the hlp.y 
In ,aocicul<.. SWill of Haystack Bu"" .,,02 ...... 1 ~ mI 
d"~t."t I.s eray Butto. compooed of buaIt flows ."d 
-,.."t """tanIn, luI 1auiI •. .,,01 topped by • thlc:k. 
'hyoIiUc .... ·fIow cop. The luI Io<.iIo documont a 
""."p 110m oubttopO:al to tempel.1e climatoln .... "'01 
O,ep 1><_ 30 otId 40 million ,. .... "'" (AshwIII. 
19$3). 0r1 the SOI/thefn hori..",. about 50 mI dktant io 
tho Newt.My -...kar.o .• DrDOd bua/tlc: ohl.Id. 

6.4 mlfrom /<Ip ofuddk loOp" Wit~ 

SITE •• PflU SkENE OGOEN STAn SCENIC VISl"A 
(Now <Ifflcl.ol nome lor w .... t ~1fId to ... a .tatoo pork) 

This WAysicio ",0Yida an OYIikIok of the no .. ft· 
deep Croolcod RIver ""&e. The ,olIrDOd DrldJO to lhe 
west of lhe ",p.y wu completer! In Ill" ."d WIS 
tho flnol hu,cIIo In • n.arly deado·lon, .ffart to """. 
o\roct • ,olIrood Into "",val Or."",. 

L<:>cIdn, ,,"det tn. hlpay DrldJO. on • ..., ..... 
..ertkaI ~ <>I hoo.oIt ",,-,ptod from Tethercw 8""es, 
oboul4 mI to the "",th-II", """'" !a •• flaw ... -...t 
Madra. 10 tho north. FcIowIn, tho ""'pilon of thio 
baIoIIt. obouI 5.3 mIIIon y .... .,.,. the Craokod _ 



/unIpti' _ . tho __ ... 01 the ad-.. M ... -. VIew II ... the _tII .. ut, lAy .. n-. _tod '""" Ttoth .. . .. ,lilt. WIdorlto IIoIdo In III. ' .............. . 
cut tM canyon to it> l>I...",t depth prier I<> .bout 1.2 
......", )"' .... ago .... , that tm. • • "00..,,.,..,. --. of 
10 •• flow. from Newbetry "altona. about 40 mi to tl>o 
oooth. flowed Into tka C' ooked RIver,...,. _ .• , 1M 
1'''''"''. ~ II I<> <JVorflcr.om8. The Ia ... formed tM dark 
dItfs 01 buM! that ton btl _ ultndW1S along both 
JIda 01 tho rtver !rom the ~oy brldB" to tho lum In 
1M ,iv .. downsueorn f,om tM ,oiIrood brldp. Tha 
canyeo; 'NO< ' K"11n lho _ pooitiotl ofterward. Spec. 
t&cUIot dffI c:ornpoood c/ 1hb ..",. ,,",,)'C'1.~ ,"". !Iow 
<II" btl Men in Tn. tHnd ot C ..... I'>oIMd .. Slale PorI<.. 

~.2 mI from ",.hlr ShM O~" WIlyskh ro 
tumoIf (~ostJ to Smith Roc" St,1e hr". 

SITE , . SMITH ROCK n"u PARK 

" 3.5· ... olde trip from u.s. Hi«hw.y 97 brinp)IQU 
to thO. fan"lClU$ rod climbe,,' ch .... nge. ne fiOQ.!t.hlgh 
,",ck ,.,...,t with tuI.a.!ed .erticaI clift. 'lI"eoenlS 0 
sma.I ,hyaIitic....,u"., In 1M JOhn Ooy Forma! ..... . Tho 
,ock If Inclu .. led tuff tho! wo< genoraled by "01)' vkIIent 
... pbIon. , .... Itirtg from tho chan,. Inttiocticwo 01 • 
,!SIn! rlrjiclite mo.gma and <hollow groundwalor. Tho 
wotor "" ... thed \he moama 10 class Ihot w03 puho.,­
fled arid oj<l<tod AI....., fin. t>h ",hon tho ",.Iot "'03 
•• pIo.Ivei)-· c~ed I" >t.om. Tho fI, ... ftiI18 tIItf cone 

was cenlered below tho \OIoItof1' .... ork>oIc and Incktdu 
.. 01 lho yellow·brown loeb ,tv.1 rIH .t.ov. tho rivet 
ok>ng it> wide curve from tile east. In tho """""S 30 
tnI50n yu<o Of ID. tka t"ff con. "'0< tihod 10 I .... 
oootheo.<l du",,! "~of tho Ochoeo Mountain. and 
dHpIy dlsse<tod by <!r .. m •. 

6.~ mI from lumoff fa In~ of ~.Jt 97 
iUtd 126 In !1od, ... Hi C""t>w ..... 1-#8ftw.y 9'-

I. '" "" !rom IiwImofId la Inl .. _tiool of IfK/t­
WIlJt 97 tmd 126 in /?r4, ... >d. Corrlinw Of) Hlp_ 
WIly97. 

9.7 mI fr ..... HiP .... p 97/126 1rt1eo_11o" fa 
"Ir~' fa Hf6h ~ M"s=m; an us! sidtI of 
lVh-y r*>forrm/ian .1 5<1'- .182-4754). 

• .7 fill "-~h ~I M<J_m to Mlrvta !"(II 
Uv. ,vtds \1Ii1'or C ... hIr (",""-/ian frem u.s. 
fensl Srrvia, p/>oM In hfId 54' ·593·24~I). 

SITE 16. lAY" lANDS VISITOR CENTER AND LAY" 
.~, 

Sauth 01" s.nd. U.s. Hlghw.y 97 climb< au' 01" lhe 
O"Chu ..... b&>in and ""to . hi",. p"c,c<JVorocj pial .... 

, 



, .... 
• •• 

Lond< \Ibita ConI .. "now port 01 
..... , ......... *...; in 11190 .. "" 
_barry _01 ............ Moooou_ -U~ ""'" 

A .......... 01 int ....... vookank 
fe,"",a ton be ..... in 1111$ ~ 
,. I V" ..... olorl, '" ..... U.s 
Hllhway 97 .... th of ...,d, indud-
irI, loy. Iu, .. , loy. RIw!r ea ... , 
IlId ..... V. Ca$I Fornt. Trollo ond in_ 
Iorprell ... JUIdos 10 I ..... hollU, .. 
... proyidod b)' In. U.S. FOI'HI SII ' 
"""". wlid'loper.ta Iho IAvl Lan<!o 
V!iIIOI Con, .. nlll IA •• ... tt. A 
stop II Iho _'" <tnl ... ~ 
'IWI"_ d.d, .. 10 I vWt 10 tho 
narby I4ch Oaort -.n. Tho 
........ .............. _ low on tho -"'" 
...., flank of lho ., .. , Noo .. b.,,~ 
ohooId .......... whdI il 10m ..... 
frmn tho \q> (t/ ...... I<ItIf 001: .... 
of )'CUll' dndor ....... cIo! tho flank 
of Newberry """"0, ""th me 
1"""1'''' CO!HI1o end _"'od 
baAIt loY. IIow:s nllr>din. alon •• 
norlhwal fOlJ~ . ..... '0 lAy. I"n. . 

.....v. Butt. (Cio ... ,aII)o <IoMcI from 
C/ctoIMI \lIr"."h ~,h) 

Leva Butt. Is. mile! CO!HI. ,bout 
6.160 )"0" old. Ilia! can .... -
pb.cl olorl, /gg! If_ and ~y I 

pa..-d ,<>0<1 to I!Io ~ fromlho 
__ obsorI,1ion t_. _ can 

... t .. " b.uy wItMo 10 tho .... 11\­
-. ~ b<ood o..d!ut .. Io&M to 
1M north bo)'ond tond. and I 
pII'IOfln'll (t/ lho Ho,,, Case .. 
Ranp to tho _L A "Oil Io.odI 
""',md thl 15O·ft-doop IUmmil 
tll'-, VIowo to tho .... 11w .. 1 Itom 

CrMIood _ Go<t;e .t ~ ... S~_ 01;'" $ .... k_ Vlo .... Yk¥o " ,. tIw It!is lral ... "'" U.s "'P"Y 97 .. ~~ ·_-totr ................... '" tIw '"''''".y........... sbow smolIot &CaJmuIIU"". of 
01 Ycicanl< , ... ~. AI tho ..,nac.. theM , ... ks ... 1" ...... _ bo .. llic ..,."er 110.\ l",mood ob:l, tko ....... Itoctu," 
IIy basaH lay. f\ow; o.nd .....o..ted dndo! <on .. HanlOn. thrO<o,~ w~~ mqn'II "* 10 Ito<! ..... y. autt. One 
\1Ia latp Nowbouy voIcuoo shIokI. M .... y oi Ill ... I>&Mlt <Ill ........ an -,,""'lat~ 01 block >pOtt ..... 0<IIId 
flows .... Ie!:s than to,COO yun old and main many oi tho vont WI fM lho IaVI flows ... "".,nd .. , tho baH of 
IhI It .... III<IfIcI.I I ... tu, .. It>o.t ... dwod.mtic: of Lava Butt • . ThISo jaYI fIowo -.. aboul 6 .100 10''' 

It.....,. ..... ted jaYI and ... r-"'Y Ioddn, witI! W &nd 11& .... total voIurn. 01 IIjlpI'eo<mo\tl!y 175 ...... 
oIdot bISaIt; WI tuo- -.. ~ olen, tho ,,,.,t. cubic , .. do. 
fanlw to tho II<I!Ih. Tho y<IOlnpst lavas "' ... iIIIo '" no 
"'plllIon on lhem. ....... , tbe ..... a ..... ~ ~ 
""""'""til. whlcto w .. ulilil.ct for I!Io I ' ...... "" 
ApcIIct .. _ in I'Hi6. Tho U.s. ForuI s.Moo Lava 

• 



Sonlth Rodr II S",1th Rod< S_ Porl" \/low .. ... !he _0<1 f""" . lewpolnt in !he 1'0.11<. 

Lo. I 1110 ... Ca • • ((:Iosed ~gvember , 10 "",I ,~ I", Forosl ServkfI !load 9720. which "'I .. SKIS u.s. Hith. 
~..- of hlbomolin& bolo) wly '17 neat ".w0F »1 , 53. A ihorl ~kl alan. 111, 

Thos clromaUc voIcaIIlc IHI." ... ASOOdIo,od w1!h I in, .. prellW troll prDYid .. ~"'t Into whit Npp.rI. 
!,t.VI flow "",pte<! .. , .... tho I""""tion alLa • • III<lte. whtt1 b...tt IIvl fiowJ Into I for .... 
Th. bualt flow «dod."d MIIidiII«I obi. Its edpo ond About 6.000 yeo" qo, I baalt ,,"VI flow, "",ptod 
t"!', whila moll"" Iov. conlln~od ... flow wilhin ." from fb;u,,,, IDc.aW juJ! north d tho I'6'kin. OJN. 
Int .. 101 tube. The ~ .... eventually drolntd OWly onlO'l'ed It",nt. n.. fluid hasalbc lev. qylcldy chlk<l to 
downslope. ond the soItcDfled war~ ond '00' we,. ..... wt.... tt .,.".,. In """teet with tho tokIer II .... n,. 
01,..,,,. 0<1011'" to koef> tho *""iy t~bo "I"'" 0\1'" maJ! tr __ e, 01 COlI .... a>n<umod by Ih. l.v. flowing 
0/ iIJ len"" &J a cova. unimpeded between the bu rnln, If ... , "",,"ov .. , c"" -

A hlka Inlo Lov. River elV. provide. on oppotI",,]ty Iin...cl <IawrtsIopI, and '" tt... 10...,1 oIlho IoVI flow f .... 
tD Wtw lho Int,d", gf I 5.200-fi·Ion, ",",""I 01 thi$ the iocolly solidified basalt "'''0IIn<in, '''''''"' t,_ 
.... I~b<! with &e<.O" pinod UWDllth. point wMfelho pr<>jocted '" hollow coIumns.bov. tho upper ", rl..,. 01 
,oaf " t d.lube ~ood. Me". than tw" dGI ... similar Ih. sdldifyin, flow. Mony ,,' those low. ooIlIrIik. 
La"" tube cov" or. \:n""", In oth.< b...tt b . "". ""'IIWI' ,emain. The Int.,;." void 'otpr" .... nt<. mold 0/ 
roundln, Newberf')' .cIcono. th. tr ... trunk IN.I W&J burned by I .... soIkjjlyln. ,,"VI. 

8ecau .. oIlile IkIId o;horKloriUks 01 bo5aIt IoVI. the 
Intoricn 01 "'"'" moIdJ Include o.t.IIod cam at tho 
hark."d <hotrod wOC>d 01 tho .. _ 01 lite IIH. 

iB mI ""'" ."froM. t<J ll ~. ~ Cov* /0 
turnoff /0 IOIUf "" ~ s..-ri< .. Rc»d 9720 /0 
"VI cutF..-..I(.turnolf~toS"""'- MId 
Mccmt 8.odrMlr). 

Lo ... Cut forest (Rc>.d m.y.' nme. bI dosed bI· 
",." .. 01 snow) 

This f .... n .. bn. eecIo&i< .. n is ,e .. 1>ed by.n ...... 1 
20-.... round tOp •• curslon wom U.s. Hi£hwlY g7 "" 

R£ffRE~e ES CllEO 

1uhwIII. M .. S~ lassil Ib .. In the , om ~ 011110 
e_odor Mco.mlafns, Oro..,..' Ore&<>", Geokil)', v. 
45, no. 1 0, p. 10]-1 11. 

1Iishop. E.M .. 1m. FIoId up ",ide \0 C""" Plu..dro< 
«;ominrJ«I "" _ 17) 

, 



..... luU ••• tt,. ..... "'"do .WIOl (Onto< • 

• 



(C"""'-d __ f;'IJ 

SUllO ,..,~ ."d tho o..chut .. bUn; o<~p c;..,I. 
01)', Y. 52. MI. I. p. 1) ... 16. 
~, E.M , • ..,C SmIth. C .... 1990," field ",,,,, to tIM 

,eoIofy of C ..... PaJisad., SIne Park .,,~ tho cont.oI 
Doochut .. buIn II c.rmol o"p; 0 •• "", Gooiol)', 
v. '2. MI. I, p,)"'12-
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