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It is difficult to do justice to Oregon's unique
and varied geologic past with the broad brush strokes
of a summary. As the state experiences a variety of
processes from erosion to volcanism and even glaciati-
on, each leaves its unmistakable signature recorded in
the rocks and strata.

Plate Tectonics

Because of Oregon's position on an active
continental margin, tectonic processes have played a
profound role in the state. With globa or plate tecton-
ics, land masses are riding atop great plates of the
earth's crugt that are congtantly in motion. As they
move, the plates can pull apart, collide, or dide past
each other. When a plate rifts or breaks up, molten
rock pours up as lava from cracks that open in the
dretched crust. As the lava cools in a rift zone under
the sea, a submarine mountain range or ridge is
condructed along the rupture. Currently an extensve
and growing system of undersea ridges exists along the
floor of the world's oceans. When plates merge and
collide, the heavier one dives beneath the overriding
dab. Once this occurs, the veneer of sediments atop
the descending dab is scraped off and accreted to the
upper plate. At the same time, rocks carried down or
subducted beneath the overriding plate are meted to
be recyded. Some of the melted rock makes its way
through the overriding plate to emerge as volcanics.
The remaining magma crystdizes beneath the surface
forming a foundation to the volcanic chain.

Developed on moving crustal plates, volcanic
idand archipelagos are typicdly involved in accretion-
ay tectonics. Carried on an oceanic plate, the idand
chain will eventudly collide with a landmass on an
oncoming plate where it is attached or accreted to the
edge to become part of the mainland. As part of the
accretion process, plate fragments making contact with
the mainland rotate to obtain a "fit". The contact point
between two colliding plates is often marked by along
trough or trench. Between this trench and the idand
chan a shdlow forearc basin may develop. Behind the
archipdago, a backarc basn may subside between the
volcanic chain and the mainland. Perallel to the

archipelago, both of these troughs derive volcanics
from the idand chain, athough the backarc basin
receives sediments from erosion of the adjacent main-
land as well.

Each moving tectonic plate has a leading and
trailing edge. Along the leading edge, where collision
and subduction are taking place, there are large-scade
earthquakes and widespread volcanic activity. The
leading edge, with its active continental margin, con-
trasts sharply with the passve margin of the trailing
edge. Along passive margins of continents earthquakes
and volcanic activity are subdued to nonexistant. Here
the main geologic processes are erosion and deposition.

Much of Oregon's early geologic history
concerns plate movements and the accretion of exatic
terranes. Situated on the leading edge of the North
American plate, Oregon has repeatedly been the site of
multiple collisons with smaller continental plates that
were svept up and added to North America It is
estimated that two-thirds to three-fourths of the state
is composed of rocks and sediments that originated
elsawhere in the Padific basin. Fragments of these
terranes make up the geologic collage of Oregon.
Throughout these collisions, volcanic events and
earthquakes mark the mileposts of changing land-
scapes, climates, and flora and fauna
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Paleozoic

Although the assembly of Oregon's component preserved. A few Mississippian brachiopods and corals

fragments began in the lower Mesozoic over 200
million years ago, pieces of the state were being
fabricated in far-flung ancient oceans as far back as 400
million years before the present. The oldest known
rocks in the state are Devonian, and during this period
Oregon was a broad embayment of an ocean with a
shoreline to the east across Idaho and Nevada. On the
Farallon oceanic plate diding beneath the North
American continental plate, a line of volcanic idands
accumulated limestones and even a few terrestria
deposits containing plant fossls in an offshore tropical
latitude. Throughout the Paleozoic sediments contin-
ued to develop in this distant oceanic environment. At
some point in time the landmass collided with and was
attached to the western margin of the North American
plate,

Remnants of the terranes are found today in
the center of the state in eastern Crook County and in
parts of the Klamath Mountains to the southwest. In
eastern Oregon a few scrappy exposures of Devonian
limestone and a flint-like rock caled chert contain
Oregon's oldest fossils. Within these rocks remains of
microscopic creatures known as conodonts as well as
specimens of brachiopods and tropical cords are

Subduction zone between
continental block and mainland
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as well as a diverse Pennsylvanian flora of fern and
fern-like plants that grew in an ancient upland are also
found in rocks of central Oregon. Permian fossl
protozoa, corals, crinoids, molluscs, and brachiopods
from the same region reflect both marine continental
shelf as well as deep water conditions. Devonian rocks
may occur in the terranes of the eastern Klamath
Mountains, athough the strata here has been so
thoroughly altered by heat and pressure that most of
the evidence has been destroyed.

Mesozoic

At the beginning of the Triassic, events in
Oregon reflect a period of collison and accretion. It
was about this time that North America began break-
ing away from Europe and Africa to create the early
Atlantic Ocean. As the Atlantic grew progressvely
larger, the ancient Pecific became smaller. During this
process, the continental shdf off the Atlantic Coast
expanded as sediments were dumped there from the
intensive erosion of the mainland. Simultaneoudy the
West Coast grew by accreting large and small exotic
blocks to its leading edge. In the Mesozoic of Oregon,
the mgjor areas of continental accretion were the Blue
Mountains and Klamaths. Although today these regions

\ As the continental plate

moves west, it scrapes off
and accretes smaller
continental blocks and
island archipelagos atop
the oceanic plate.




are across the state from each other, there are indica-
tions that during the Mesozoic they may have been side
by side near present day Idaho. Here they projected as
low idands above waters of the deep ocean that
covered Oregon.

Packets of imported rocks or terranes, bounded
by mgor faults, make up the bulk of the Blue Moun-
tains and Klamaths. Evidence that the rocks in these
aress are not native to Oregon or North America is
confirmed by fossls found here. Triassic cord reefs in
the Wdlowas of eastern Oregon are particularly
dgnificant in that they represent a type only previoudy
known from the same period in the European Alps.
Such a smilarity suggests a strong &ffinity between the
two areas. Oregon's oldest foss| vertebrate remains are
those of ichthyosaurs from the Walowa Mountains.
Like tuna, these huge streamlined animals, dwelling in
a open ocean, were sustained speed swimmers that fed
primarily on fish and squid or molluscs. The nearly
complete skeletons of these fidhlike reptiles resemble
specimens known today from the western Pecific and
southwest China. Nearby Triassic ichthyosaur fossls
from Nevada, moreover, are atogether different from
those in Oregon.

Foss| plants from the Jurassic period 180 years
ago are known from Douglas County in the Klamath
Mountains and Hells Canyon of the Snake River in the
Walowas Like fosdls from al of Oregon's terranes up
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to this time, these are dmost certainly exotic. The
variety of cycads, conifers, and ginkgos in these floras
indicate an uplands environment dotted with shalow
lakes and marshes. Horsetails, quillworts, and the
abundance of large ferns point to a moist climate. Such
a diverse cosmopolitan flora, found across Oregon as
well as Alaska, Asia, Europe, and Antarctica, suggests
widespread tropical and subtropical conditions. Alter-
nately it may mean that microcontinental blocks with
a dmilar flora were dispersed to dl corners of the
world.

The skeletons of tiny glassy microfossis of
protozoa known as radiolaria have been used very
effectivdy in the past few years to correlate Permian,
Triassic, and Jurassic rocks in Oregon as well as to
attempt to trace some of these terranes back to their
point of origin. Radiolaria are dgnificant for their
potential in dating ophiolitic rocks. Ophiolites repre-
sent a sequence of oceanic crust beginning with igneous
mantle rocks and ascending to undersea lava flows
Capped by radiolarian-bearing deep sea silts, clays, and
cherts, ophiolites make up much of the Klamath and
Blue mountains.

By Cretaceous time, 80 million years ago, two-
thirds of Oregon lay beneath a broad seaway with a
shoreline extending diagonally northwest by southeast
across eastern Washington and Idaho. Depressions or
basins between the newly attached exotic blocks and

Collison and accretion
New subduction zone on outboard
sde of accreted block
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The Pteranodon, large flying reptiles,
were part of the Oregon Cretaceous.

the mainland were filled by Cretaceous sands, muds,
silts, and volcanic materia that created, for the firs
time, "home-grown", local rocks and fossls in the state.
The rapid deposition of these sediments in the Mitchell
basin of central Oregon and in severd smaller basins
in the Klamaths was optimum to preserve a record of
the rich plant and animd life that exised here. The
magority of Cretaceous rocks containing fossils in
Oregon are marine in origin. Terrestrially derived
sedimentsyield cycads, ginkgos, and pam. The fern-like
tree, Tempskva, known from Baker County, is repre-
sented by dlicified chunks that identify the characteris-
tic matted trunk structure in cross-section. Even
though scattered marine Cretaceous fossls have been
described from Crook, Grant, and Wheder counties,
the best preserved material is found in southwest
Oregon in the Klamath Mountains where bottom
dwdling clams, and snails, as wdl as cephalopods
reflect shallow water continental shelf conditions.
Sandstones and mudstones in Whedler County repre-
sent shalow Cretaceous seas that covered esstern
Oregon. Here bones of swvimming reptiles, the fish-like
ichthyosaur, as well as those of the flying reptile,
Pteranodon. with a 10 foot wing span, have been found
in the Mitchell basin.

Restoration

Cenozoic

Throughout the Cretaceous, the shoreline
steadily retreated westward until the Cenozoic Era, 60
million years ago, when it curved diagonally across the
dtate taking in the Klamath Mountains and central
Oregon before sweeping north into Washington. The
Eocene epoch marked the beginning of a complicated
series of tectonic events that would completely alter
the face of the state. Moving dowly westward, the
North American plate was approaching a volcanic hot
spot that separated the Juan de Fuca and Kula plates.
Volcanic activity and ocean spreading combined to
create a north-south chain of volcanoes across the hot
spot off the western coast. Shortly after formation, this
idand archipelago collided with North America to
become the foundation for the Oregon and Washington
Coast Range. After collision the subduction zone that
had delivered the block to North America was aban-
doned, and a new trench appeared on the western,
oceanic side of the idand chain.

Subsidence of the new Coast Range block
formed two troughs, a forearc basin over the volcanic
block and a backarc terrestrial basin east of the idand
archipelago. Initially sediments eroded from the
adjacent Klamath Mountains were carried into the
open ocean basin atop the volcanics of the idand arc.



Tempskya, a unique fern-like tree, is composed of
many branching stems encased in a mat of roots
that form a mass resembling a trunk.

Eventudly, however, the easterly Idaho batholith
provided material that was transported by awell-devel-
oped riverine sysem to be deposited in the forearc
trough. Sandy bars formed aong the shallow waters of
the shdf and dope, while fine-grained sediments were
caried into the deepest region of the trench. Shallow
marine deltas are common in the southern end of the
badn in the early and middle Eocene, while intermedi-
ate and deep water settings in the northern part are
better developed in the late Eocene.

A wide variety of ocean environments from the
uf zone to deep bathyal existed, each with its own
diginctive suite of marine invertebrates. Fossils from
these sediments record warmer Eocene climates that
coded toward the Miocene. The presence of tropical
molluscs as the snail Turritella show temperatures
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ranged as high as 60 to 80 degrees Fahrenheit. Fossl
fig, laurel, and palm from the coastal plain aso reflect
a wam climate with as much as 60 inches of rainfall
annualy. Adjacent to the coastal margin, an open
embayment with svampy depressions was responsible
for coa deposits near Coos Bay. Foraminifera in
middle Eocene sediments of the basin include many of
the larger disc-shaped forms only inhabiting tropical
latitudes today, whereas late Eocene formations yied
a more temperate, continental shdf assemblage.

Beginning in the early Eocene, a backarc
terrestrial basin developed in central Oregon. As the
Coast Range block rotated and expanded westward, the
thinning crust behind the block erupted with extensve
volcanics. Great outpourings of lava from 44 to 32
million years ago covered the region with volcanic
debris that blocked streams, created ponds, and caused
mudflows when loose ash mixed with water. Rapid
burial in this tropical climate was favorable to preserv-
ing fossls of crocodiles, rhinoceroses, horses, sheep-
like oreodons, and large hoofed mammals such as
uintatheres and titanotheres that roamed the water-
ways, lush forests, and grasdands of the early Tertiary.

A rich flora of tropical leaves, nuts, seeds, and
fruits, preserved from this region, shows the lack of any
rea climatic change east to west across Oregon. At this
time the state had a low, wide coastd plain extending
out to the shoreling, and moisture laden air masses
from the Pecific were free to move in an esdterly
direction without the impediment of either a Coast
Range or Cascade Mountain barrier. As climatic and
volcanic conditions altered in the late Oligocene and
Miocene, semi-tropica vegetation supported a popula
tion of animals preserved in loca basins that would
look somewhat familiar, although none of the species
exactly correspond to those living today. Oligocene
floras, dominated by the dawn redwood, Metasequoia,
became digtinctly more temperate in aspect.

Eocene warm water foraminifera
(protozoa) are the size and shape of coins.
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Around 40 million years ago, congtruction of
the ancestral Western Cascades began with volcanism
triggered by the renewed subduction of the Faralon
plate beneath the North American plate. Lying just to
the east of the shoreline, a broad volcanic arc produced
thick accumulations of lava and ash that would eventu-
dly develop the foundations of the older Cascade
range. Even as they were growing, the mountains were
being actively eroded by streams carrying the volcanic
material westward to the nearby ocean basin.

Near the end of the Oligocene and into the early
Miocene, 20 to 25 million years ago, the forces of
crustal stretching and the movement of tectonic plates
triggered faulting, extensve volcanism, and the deve-
opment of the Basn and Range block mountain
topography characteristic of southcentral Oregon. An
eas-west dretching action expanded this area of
Oregon severdy, and the resultant thinning of the
semi-brittle crust produced faults that provided a route
for the masdve extrusions of the Columbia River,
Steens, and Strawberry Mountain volcanics. Vadt
amounts of lava flooded much of eastern Oregon
creating an extensve level basdt plateau. With only

crests of of the Blue Mountains projecting, outpourings

of the Grande Ronde basdts here reached their
maximum 15 million years ago. Accompanied by the
northward tilting of the Columbia plateau, lava poured
into eastern Washington and through the gap in the
ancient Cascade Range cut by the Columbia River to
reach the sea. Once plateau volcanism ceased, the late
Miocene saw renewed eruption in the Western Cas-
cades where andesitic lavas formed the broad platform
which would later accommodate the Pliocene High
Cascades on the eastern flank.

Fish-like ichthyosaurs
swam effortlessly through
the broad shallow Mesozoic
seas that covered much of

Concurrent with the development of the
Western Cascades, the Coast Range began to form as
a broad north-south fold in the late Miocene. As the
older Western Cascades were tilted and uplifted, a
west-facing ramp formed effectivdy cuting off moisture
to eastern Oregon, thereby profoundly changing the
earlier wet, tropical climate to the drier one of today.
Gradualy plants such as Metasequoia that required a
large amount of rainfal disappeared to be replaced by
oaks, box dder, willow, and cottonwood. As the inland
forests gave way to grasdands, the hoofed mammd
population changed from large browsing animals to
fleet-footed grazing species as wel as smal shrews,
moles, mice, and squirrels.

The appearance of the Pliocene High Cascade
pesks relatively late in geologic time began with
extensive outpourings of basalt that in turn triggered
the creation of discontinuous north-south grabens or
troughs. As the lavas were extruded, the region beneath
the High Cascades drained as it continued to sink into
a series of depressions bounded by faults that extended
most of the length of the range.

The lce Ages of the Pleistocene brought
glaciers then widespread floods to Oregon beginning
amost 2 million years ago when continental ice masses
advanced into Washington and Montana. Ice dams in
Montana, that created enormous lakes by repeatedly
blocking the the upper drainage of the Columbia River,
failed periodicaly releasing huge floods that scoured
eastern Washington and the Columbia channdl. On
their way to the ocean, the rushing waters ponded up
to produce temporary lakes a Wadlula Gap, The
Dalles, and in the Willamette Valey. Floodwaters that
washed into the valey carried suspended sediments
along with large erratics or boulders on chunks of ice
that came to rest a heights up to 400 feet above sea



leve. The colder temperatures adso brought glacial ice
and erogon to the higher peaks of the Blue Mountains,
Steens, and Cascades. Extensive glacier complexeswere
responsble for carving out the digtinctive U-shaped
valeys daning smal lakes, and leaving behind long
moraines. Where glacid activity was accompanied by
ative volcaniam, ash, lava, and mud flowed down the
dopes of the mountains to mix with glacia deposits on
the aprons of the peaks.

Continuous volcanic activity resulted in further
changes in the Cascades. Explosive episodes of volca
niam produced Newberry Crater and Crater Lake. As
late as 200 years ago, volcanism built smal domes and
cones on the sdes of peaks here. Mt. Hood has been
paticularly active. Crater Rock, a dome near the
summit of the mountain erupted in the late 1700s and
ealy 1800s while gas, smoke, and pumice have been
obsarved higtoricaly.

The dow uplift and tilting of the Coast Range
block, beginning in Eocene time, continued into the
Peidocene as the descending Juan de Fuca plate
accumulated a wedge of accreted sediments aong the

edge of the North American continent. Eastward tilting

of the coastd mountains also produced a basin that
would become the Willamette Vdley, the southern end
of a much larger structure extending into Washington
cdled the Puget Sound-Willamette lowland. Along the
Oregon coadtlineg, tilting from pressure of the growing
acoretionary wedge combined with the rise and fal of
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Semitropical and temperate leaves
and seeds of walnuts, grape,
Palaeophytocrene, and Chandlera
from the Clarno period of eastern
Oregon 34 million years ago.

sea level produced a series of step-like Pleistocene
erosiona terraces. During glacid stages, volumetric
fluctuations of the ocean occurred when ice, formed on
land, lowered sea level. As the ice mdted to re-enter
the ocean, sea leve rose substantially. By Pliocene time
the western shoreline lay only dightly to the east of
where it is today.

Pleistocene vertebrate fossls are thoroughly
scattered across the state. Famous for its vertebrate
remains, Foss| Lake, just northeast of Christmas Lake
vdley, is now a dry lakebed that was part of a much
larger system of ice age lakes scattered over this region.,
The fossl bones of large number of species of water
fom show that the lake was a mgor stop-over for
migratory birds as well as being the habitat for many
freshwater fish. In addition, loose sands of the old lake
are littered with bones of elephants, horses, cames,
cats, wolves, dogs, peccary, and bears, as wdl as a
diversty of rodents.

Ice Age mammals roamed throughout western
Oregon where thick forests and plentiful ranfal
resulted in the development of swamps and doughs in
amost every natural low spot or sedimentary trap,
Animals would occasonaly stumble or be washed into
the ancient bogs where they were buried. Very often
skeletons were preserved with most or al of the bones
intact. Among thelarge Pleistocene mammals, the most
awesome were the large, ox-szed ground doths which
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weighed up to a ton. Standing upright, these bipedal
animals reached 10 feet high. The great daws of these
massve creatures suggest they were harmless root
diggers as well as browsers.

A magor enigma with respect to these fossl
mammals of the Pleistoceneistheir disappearance over
avery short period. This event took place about 11,000
years ago in Oregon as well as throughout the rest of
North America. This interval correlates with the
opening of an ice free corridor through Canada to
Alaska and Ada across the Bering Strait. Much of the
Strait was still emergent from the sea at this time, so
a clear avenue for animal migration was open. Among
the migrants was prehistoric man. With weapons and
group hunting techniques, humans could have made
short work of even the largest mammals which were
probably driven to the waterways by increasing drying
and warming conditions that marked the end of the
Pleistocene.

Holocene

Recent geologic evidence points to catastroph-
ic prehistoric earthquake activity dong the Oregon
offshore trench separating the Juan de Fuca and North
American plates. Unlike other active margins in the
Pacific, the subduction zone here binds up for centuries
before releasing suddenly. As rocks of the Oregon
Coast Range suddenly snap from their stressed position
during an earthquake, coastal regions drop down
severd feet. Periodic catastrophic earthquake activity
in the past is marked by digtinctive evidence of rapid
land subsidence the length of the coast. Large-scde
earthquakes are also recorded offshore where multiple
turbidity currents, shaken loose by the event, deposit
their distinctive layers across the continental shelf and
slope.



A Hisory of Geologic Study in Oregon

The currency of science is the published
literature. In this regard, the record of publications
reflects the history of the development of geologica
stiences in Oregon.

Exploring Expeditions

The study of geology in the Pecific Northwest
began obliquely with the Lewis and Clark Expedition
commissoned by President Thomas Jefferson in 1803
to explore the west to the Pecific Ocean. President
Jefferson, in a lengthy letter of instructions, exhorted

not become extinct, and, since he had seen bones of
the giant doth, Megdonyx, in Virginia, he fdt that
these huge beasts had migrated westward instead of
disappearing from the earth. However, no one with
training in geology accompanied the expedition, and
the resulting volume, History of Expedition under the
Command of Lewis and Clark to the Sources of the
Missouri, thence acrossthe Rocky Mountains, and down
the Columbia, published in 1814, is of minimal geologic
relevance.

Thirty years went by, including nearly 10 years

the paty to look for the "remains and accounts of any of debate in Congress, before a bill was passed on May

[animals] which may be deemed rare or extinct. The
mineral productions of every kind ... [and] volcanic
appearances.”" Jefferson was convinced that animas did

14, 1836, to outfit an exploring expedition to the
southern polar regions as well as along the Padific
idands and northwest coast of this continent. One

View looking toward Saddle Mountain from Youngs River below Olney, Clatsop County. lllustration by

Joseph S. Diller, 1896.



Silver Lake looking southeast by E.D. Cope, 1889.

purpose of this American exploring expedition was to
test the theory, presented in Paris in 1721 and debated
in America years later, that holes in the polar regions
led to the hollow interior of the earth. Theories such
as this, combined with the desire for political and
military expansion, economic gain, and scientific
curiosity about western North American, led Congress
to allocate funds for an expedition of six ships com-
manded by Charles Wilkes. The Vincennes, Peacock,
Relief, Porpoise, Sea Gull, and the Flying Fish left
Norfolk, Virginia, on August 17, 1838, with a team of
scientists which included geologist James Dwight Dana.
Dana, then 25 years of age, taught at Y ale University.

Rounding Cape Horn, the ships criss-crossed
the Pacific, landing near Puget Sound on May 2, 1841.
Arriving later than the others, the Peacock, with Dana
aboard, was destroyed on a bar at the entrance to the
Columbia River, although everyone survived the
mishap. The Wilkes party explored between Puget
Sound and Vancouver before crossing the Washington
Cascades, where they conducted surveys of the Colum-
bia River gorge. In August, 1841, Commander Wilkes
directed a party of men, led by Lieutenant George
Emmons, to journey overland across the Klamaths to
San Francisco where they would meet up with the
Vincennes on September 30. The entire expedition
returned to New York in June, 1842.

Dana accompanied the San Francisco group,
and his report provided a concise, geologic account of
the region through which he travelled. Leaving the
"Willammet" district, the party traversed the Umpqua
Valley and climbed what Dana called the Umpqua
Mountains, "a most disorderly collection of high precipi-
tous ridges and deep secluded valleys enveloped in
forests’. He was obviously referring to the Klamaths
and Siskiyous immediately before the group encoun-
tered the Shasta River.

Dana observed and wrote extensively on the
geologic features of Oregon, commenting on the
mountain ranges bordering the oceans, the evidence of

volcanic activity, describing the, "abundance of basaltic
rocks over its [Oregon] surface, the granites of the
Klamath area, and other rocks as he passed through.
Coastal units, assigned to the Tertiary, are listed, and
molluscs collected from the Astoria Formation were
subsequently identified by Timothy Conrad, renowned
invertebrate paleontologist with the Philadelphia
Academy of Sciences. Descriptions of fossil cetacean
bones, fish, Crustacea, foraminifera, echinoids, and
plants were incorporated into the report.

With his concluding remarks Dana assessed
Oregon's potential. "Although Oregon may rank as the
best portion of Western America, still it appears that the
land availablefor the support of man is small... only the
coast section within one hundred miles of the sea ... is all
fitted for agriculture. And in this coast section there is a
large part which is mountainous, or buried beneath heavy
forests. The forests may be felled more easily than the
mountains, and not withstanding their size, they will not
long bid defiance to the hardy axeman of America. The
middle section is in some parts a good grazing tract; the
interior is goodfor little or nothing".

The magnificent volume X of the United Sates
Exploring Expedition During the Years 1838, 1839,1840,
1841, 1842, under the Command of Charles Wilkes
contains Dana's "Geological Observations on Oregon
and Northern California" These 145 pages constitute
the first formal geologic observations in this area.
Unfortunately Congress was in a parsimonious mood
when it came to funding publication of the fina 18
volumes and 11 atlases of the Expedition so that they
took 30 years to complete. Ultimately Congress only
allowed 100 copies of the set to be printed. One
volume was intended for each state of the nation, and
the remaining copies were to go to foreign govern-
ments. Three private copies were given out, one of
which was to Dana who received $16,000 in pay for
writing volumes 7, 10, 13, and 14. At the outset, 30 of
the volumes were destroyed by fire and never replaced.
An angry Dana had 100 copies of Volume X printed
from his own funds, distributing them to private
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libraries. In Oregon there is an "unofficid" copy at the
Univergty of Oregon Library in Eugene, athough the
accompanying atlas of illustrations is missing.

Wetean Journeys

Charles Fremont, while not trained as a
geologig, cannot be ignored in the early examination
of the Wes. Certainly a person of curious and quixotic
nature, Fremont could be caled a "scientific explorer.”
Fremont had married Jessie Benton, daughter of the
influentidl Senator Thomas Hart Benton from Missou-
r. After that Fremont had no difficulty obtaining
gopointments and funding from Congress for his trips
aooss the continent including one in 1843 to survey
Oregon Territory. The purpose of this, his second of
three western journeys, was political aswell as scientif-
ic. The expedition was charged with reporting on
topography and collecting geologic and botanical
goedmens in order to gain ay knowledge of the
interior which might prove useful in substantiating the
dam of the United States government to the "valley of
the Columbia”.

Departing in the spring of 1843, the Fremont
paty of 39 men included the German map maker,
Chales Preuss Once the group had crossed the
Rockies it journeyed down the south bank of the
Cdumbia to The Dalles. After a brief sde trip to Ft.
Vanoowve for supplies, the party explored the region
e of the Cascades to Klamath Lake and down into
Cdifornia While Fremont's journal contains some

the

A sketch of Lake Abert, Lake County, by I.C. Rus-
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notes of geologic interest, the main contributions from
his trip were some fossl plant specimens from the
Cascades sent to James Hall, New York State paleon-
tologist, aong with a map of Oregon and Cdifornia
In 1848 when Congress redtricted Danas
Volume X to 100 copies, it generoudy funded the
publication of 20,000 copies of Fremont's " Geographic-
a Memoir upon Upper Cdifornid' and Preuss "Mgp
of Oregon and Upper Cdifornia” In actuality, most of
the map was a synthesis of data on Oregon and Cali-
fornia from previous trips and other sources. An earlier
"Map of the Exploring Expedition to the Rocky
Mountains in the year 1842 and to Oregon and Cdlifor-
nia in the years 1843-4" by Preuss in 1845 was well-
drawn and accurate, but the Willamette Vadley and
Coast Range were left blank. These maps, as well as
others of this period, were topographic only and lacked

geology,

Padfic Railroad Surveys, 1853-1855

In 1853 an act of Congress was once agan
instrumental in furthering geologic knowledge of the
Pacific Northwest. The act was designated to employ
"such portion of the Cor ps of Topographical Engineers...
to make such explorationsand surveys... to ascertainthe
most practical and economical routefor arailroad from
the Mississippi River to the Pacific Ocean". Congress
budgeted $150,000 for this project and sent out "a
mineral ogist and geologist, physician, naturalist..." under
the leadership of the Topographical Engineers. These
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explorations were known as the Pecific Railroad
Surveys from 1853 to 1855, and the geologists em-
ployed to survey Oregon and northern Cdifornia were
John Evans and John S. Newberry.

The firg railroad survey of the northwest
funded by the U.S. government set out from St. Paul in
1853 with John Evans hired as the geologist of the
expedition that was overseen by Isaac Ingalls Stevens,
newly appointed as Governor of Washington territory.
Evans, whose training was in medicine, "wasintrusted
withthegeol ogical reconnaissanceof Oregon...". Oncein
Oregon Territory, Evans began his work on the Colum-
bia River, exploring much of Washington before
finding himsdf 150 miles south on the Umpqua River.
He then traversed to Empire, near Coos Bay, before
returning north by way of the Willamette Valey and
Vancouver. Unfortunately the "Geologica Survey of
Oregon and Washington Territories’ by Evans wes
never receved by Stevens and was thought to have
been lost. A partia log of Evans' trip was found 50
years later and deposited at the Smithsonian. The log
was never officidly published, athough typewritten
copies entitled the "Route from Fort Vancouver, 18%4-
56" are available. With so many gaps, however, and
only references to the lithology in the notes, the report
is only of limited geologic value.

A professor of geology and chemistry at the
School of Mines a Columbia College, New York,

e NGV
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Newberry was titled the geologist and botanist of the
survey which left San Francisco in 1855. This party wes
under the leadership of Lieutenant R.S. Williamson
and Lieutenant Henry L. Abbot of the Army Corps of
Topographical Engineers.

Once over the Sierra and Klamath Mountains,
the men spent a month crossing and recrossing the
Cascades near the Three Sisters permitting Newbery
to study the geology of the Cascade and John Day
regions in great detail. The variety and color of the
John Day beds impressed Newberry. "Some arepure
white, otherspink, orange, blue, brown, or green. The
sectionsmade by their exposure have a picturesqueand
peculiar appearance...". Following the "Mpto-ly-as'
(Metolius) and Deschutesrivers, Newberry reported on
the stratigraphy and structure of the canyons. The
warm springs of the Deschutes were examined ad
andyzed separately by E. N. Horsford, who accompa:
nied the party. Newberry was the firg to differentiate
between the coastal chain in California and the Oregon
Cascades. He correctly identified glacia festuresin the
Cascades and erosional evidence in the Columbia River
canyon. Hismost significant economic contribution wes
an account of the cod mining possibilities of "Coose
Bay", Vancouver Idand, and Cape Flattery.

Volume VI of the Pacific Railroad Suvey
included the "Reports on the Geology, Botany, ad
Zoology of Northern Cdifornia and Oregon”, made to



the War Department, in which John Newberry's
"Geological Report on Routes in California and
Oregon" with its beautifully tinted plates appeared in
1855.

U.S. Geological Survey

With the end of the Civil War in 1865 the
government began funding numerous excursions to the
West in order to carry out observations in the natural
sciences. Many publications resulted from the four
great western surveys conducted between 1867 and
1879 under Clarence King, Ferdinand V. Hayden, John
Wedey Powell, and George M. Wheeler. Subsequently
the tasks and many of the scientific workers of those
surveys were incorporated in the newly created U.S.
Geologica Survey within the Department of the
Interior.

Representative of the earliest published studies
dealing with Oregon are Leo Lesquereux's 1883,
"Description of Miocene Species of California and
Oregon" published as part of the Hayden Survey and
Russdll's slender volume, "A Geological Reconnais-
sance in Southern Oregon”, 1884, from the Wheeler
aurvey. Joseph S. Diller's report on the "Coos Bay Coal
Field, Oregon,” was written as part of the 19th annual
report of the Survey. Diller also produced the first
three Oregon folios between 1898 and 1903 for the
U.S. Geological Survey's "Geologic Atlas of the United
States."

Turn of the century

About this time Thomas Condon had begun an
informa study of Oregon geology and paleontology
while stationed at The Dalles as a missionary. Condon
mede frequent trips to the John Day fossil beds,
collecting mammal bones and leaves. Condon's geologic
studies eventually forced him to choose between the
ministry and a career in geology, a decision that came
when he accepted an academic appointment at Forest
Grove College in 1873.

The increasing attention given to Oregon
geology precipitated the creation of the office of State
Geologigt in the fall of 1872. The appointment fell to
Thomas Condon, and it was his duty "to make geologi-
cal examination of different parts of the Sate from time
to time," ajob which was to pay $1000 in gold annually.
Severd years after his appointment, the University of
Oregon opened at Eugene, and Condon accepted a
position there as a professor of geology in 1876.

Condon, in his capacity as geology professor
and State Geologist, living and working for years in
Oregon, was in the position to synthesize a comprehen-
dve theory on the geologic development of the state.
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Condon's ideas were published as The Two Islands and
What Came of Them in 1902. This book appeared
about 100 years after Lewis and Clark had reached the
Northwest and 53 years after Dana's "Geologica
Observations...". The significance of the book is that it
attempts to summarize knowledge and scientific
expertise on Oregon geology in order to draw conclu-
sions about Oregon's geologic past, a task much more
difficult than Dana's because of the increased informa-
tion current in the 1900's. In his introduction Condon
states "But this large body of information is so scattered
that few have the time to collect enough of it to form a
continuous unity of its history". One of Condon's great-
est contributions to expanding knowledge of Oregon's
geology was an outgrowth of his own intense interest
in science. Condon carried on a voluminous correspon-
dence with several prominent eastern scientists, as John
Newberry, who had seen Condon's Miocene fossil
leaves and requested more material. Condon had sent
specimens and corresponded with Spencer Baird of the
Smithsonian, Edward Cope of the Academy of Natural
Sciences, Joseph Leidy of Philadelphia, O.C. Marsh of
Yale University, and John C. Merriam of the Universi-
ty of California. As a result of these activities the
scientific community was not only aware of Oregon's
geologic resources, but many took the time to come to
Oregon to see the geology first hand. Articles on
Oregon paleontology and geology proliferated as a
consequence of these activities.

Condon was not alone in pushing forward the
boundaries of geologic knowledge in Oregon. Among
those who worked in the northwest, mineralogist and
stratigrapher Joseph S. Diller stands out as having
contributed significantly to the geologic record. Diller
produced 56 papers and maps on Oregon alone while
employed by the U.S. Geological Survey. Among his
important works are "The Bohemia Mining Region of
Western Oregon" (1900) as well as a number of
outstanding map folios of southwestern Oregon. The
"Port Orford Folio" was issued in 1903 and the "Riddle
Folio" in 1924.

Diller's efforts produced the first detailed
geologic maps of regional sections of Oregon. Up to
this point a number of maps on the geology of the
United States had been composed, as William Mclure's
"A Map of the United States, Colored Geologically"
(1809), but, in spite of the title, these covered only the
eastern part of the country. "Grays Geological Map of
the United States' by Charles H. Hitchcock, professor
of geology at Dartmouth, issued in 1876, is typical of
the maps being published which depicted the geology
of the country in broad strokes. The hand-colored
Hitchcock map shows the Cascades as volcanic, the
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Willamette Valey and coastline as Tertiary, some
Cretaceous rocks in the Klamaths and southeastern
Oregon, and the remainder of Oregon (Coast Range,
eastern Oregon, Klamaths) as "Eozoic', that is preSilu-
rian. From the 1850's to after 1870, the firg regional
geologic maps of the Pacific states included only areas
of Cdifornia and a number of profiles of Vancouver
Idand.

Most of the early maps that even featured
Oregon were concerned with the Coast Range only.

Ellen Condon McCornack's A Sudent's Geological Map

of Oregon with Notes in 1906 is the firs complete
geologic map where Oregon is not part of a larger
geographic unit. On this map the geology, from preCr-
etaceous through Pleistocene, is not colored but is
depicted by symbols. In drawing up the map, McCor-
neck "tried to gather knowledge from all available
sources," at that time relying on publications by Con-
don, Diller, Lindgren, and Russell. The accompanying

25 pages of text provide a summary of Oregons
geologic history.

Diller's record was nearly matched by that of
Edward Drinker Cope, vertebrate paleontol ogist, whose
work focused on the John Day and Great Basin re-
gions. "The Slver Lake of Oregon" (1889) and "The
Vertebrata of the Tertiary Formations of the Wegt"
(1883) were produced by Cope who often collected
fossls under difficult conditions. At one point Cope
was conducting his fidd work with a team of four
mules and a wagon and was reduced to eating bacon,
sewed tomatoes, and crumbled biscuits, even feasting
on cold canned tomatoes for breskfadt,

Once again, an overview of Oregon geology
was synthesized this time by two geologists, Warren
Dupre Smith, a fidd geologist, and Earl L. Packard, a
paleontologist, a the University of Oregon. "The
Sdlient Features of the Geology of Oregon” in 1919
was issued as an article in the Journal of Geology and
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as a Univerdty of Oregon Bulletin. This short account
of 42 pages takes "an inventory of our knowledge" of
Oregon geology presented in a fairly technica manner.
Mog of the text deals with stratigraphy, athough there
is a short section on the geologic history and econom-
ics of the state. Smith, serving as chairman of the
Geology Department some time after Thomas Condon,
received numerous requests for copies of the publica-
tion, which was not distributed commercialy but which
he sent out without charge.

Classc papers by IraWilliams, "The Columbia
River Gorge; its Geologic History", with its outstanding
photographs, appeared in 1916 as did J. Harlan Bretz's
controversd papers, "The Channeled Scablands of the
Columbia Plateau” (1923) and "The Spokane Flood
beyond the Channdled Scablands' (1925). Geologists
dismissd Bretz's ideas and were dow to accept the
notion of large-scale floods.

Faloning Decades

Severd geologic steps forward in the state took
place in the 1930's. The firg of these occurred with the
beginning of the school year in 1932, when a new
depatment of science a State College in Corvdlis
begen to train students in geology. A shy, well-known
paeontologi, Earl L. Packard, was the reluctant dean
of the new science school. Prior to this time, geology
dassss had been taught a Corvalis by the School of
Mines In 1932 the school of geology aong with other
sdence departments was transferred from the Universi-
ty of Oregon a Eugene to Corvdlis where al science
programs were combined. The purpose of the reorgani-
zation was to reduce duplication in dass offerings
during times of financia stress. The decision was based
on recommendations made after a survey of Oregon
higher education had been conducted. In the sciences
the mgor argument soon emerged over the issue of
which schoal should offer "pure” science as opposed to
"gpplied” science.

As a result of this arrangement, 86 sets of
dence journads were moved from the University of
Oreggon to the library at Corvalis. These books were
neve fully processed a State College, and the transfer
of books ceased in 1933 when the University of Oregon
librarian, O.F Stafford, Dean Packard's officid repre-
sentaive at the University of Oregon, refused to dlow
Belgen's Handbook of Organic Chemistry to be moved
fram the Eugene campus. After a decade of unhappi-
ness protest, and conflict, the State Board of Higher
Educdion restored the natural sciences to Eugene in
192

Yet another geologic milestone was marked in
1937 with the initiation of a state geology department.
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Some years earlier, in 1911, the State Legidature had
created a state Department of Geology, nearly 40 years
after Thomas Condon's appointment as the State
Geologist. This Oregon Bureau of Mines and Geology
was firg incorporated into the Oregon Agricultural
College at Corvallis, but, when beset with financia and
bureaucratic problems, the Bureau disbanded in 1923.
In spite of these troubles the Bureau had contributed
dgnificantly to the geologic literature by issuing
bulletins, short papers, maps, and miscellaneous
publications.

In an attempt to rectify the situation, the
Legidature created the present Department of Geology
and Minera Industries in 1937 with a biennia operat-
ing budget of $60,000 and an additional $40,000 to
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grubstake loans of $50.00 a year to any prospector who
applied and met the requirements. The Department's
firg bulletin in 1937 contained federal placer mining
regulations. Clyde P. Ross' "The Geology of Part of the
Walowa Mountains," in 1938, sold for $.50, and Henry
C. Dake's "The Gem Minerds of Oregon”, for $.10 in
the same year. During 1938 the Department issued the
"Press Bulletin® monthly to be replaced a year later by
the "Ore-Bin", sent free to libraries, universties,
colleges, and legidators. Earl K. Nixon, firg Director
of the Department, stated the purpose of the publica
tionwasto "advisethe public of thework of the Depart-
ment and of new and inter esting devel opmentsin mining,
metallurgy, and geology”. In 1979 the"Ore-Bin" became
"Oregon Geology", the title reflecting a change in
emphasis in the geology of the state in more recent
years.

During this period, Howd Williams "The
Ancient Volcanoes of Oregon" (1948) and Raph
Chaney's "The Ancient Forests of Oregon” (1956) were
the culmination of many years of work in Oregon. A
sgnificant force in Oregon paleobotany for decades,
Chaney wrote and published extensvely in the state
until his death in 1971 &t the age of 81 years.

Ewart Badwin, a professor of geology at the
Universty of Oregon, was another geologist who
worked and published extensively in the state. His firg
edition of the Geology of Oregon appeared in 1959, just
57 years after Condon's synthesis of Oregon geology.
As with Condon, Badwin had lived in Oregon for a
number of years and was faced with the task of gather-
ing and compiling information from an overwhelming

A view of the Cascade Range by E.D. Cope, 1888.

number of sources. His firg edition written in a non
technical manner, "isconcer ned mainly with the histori-
cal geology of Oregon...". Theinitial edition of Baldwin's
book was issued and distributed by the University of
Oregon bookstore sdlling for $2.25 each.

Beginning in the late 1960 s and continuing to
the present, the theories of continental drift and plate
tectonics had the greatest impact on geologic research
and literature in Oregon. Gaining acceptance only after
years of controversy, continental drift theory was
synthesized in 1960 by Harry Hess of Princeton Univer-
sty who compiled facts about the creation and move-
ment of the sea floor in a hypothesis that he cdled
"geopoetry”.

From that point foreward, the concept of plate
tectonics took amost 10 years to cross the continent to
the West Coast where it was ushered in with Robert
Dott's, 1969, "Implications for Sea Floor Spreading'.
Dott briefly reported on the"widely acclaimed hypothe-
sisof seafloor spreading and especiallyitslatest refine-
ment, thelithosphere plate hypothesis..." touching briefly
on its impact in Oregon. He fdt, rightly enough, that
these"raresimplifying generalizations of knowledge (will)
provide powerful new basesfor formulating and rapidly
testing questionsabout theearth”. In 1970 Tanya Atwat-
er's paper "Implications of Plate Tectonics for the
Cenozoic Evolution of Western North Americd', an
extensive treatment, appeared. As knowledge of tecton-
ics expanded, the theory that much of the western
margin of North America was made up of accreted
terranes was supported by David L. Jones, N. J. Silber-



ling, and John Hillhouse, 1977, in "Wrangdlia - a
Displaced Terrane in Northwestern North America’
and William P. Irwin's "Ophiolitic Terranes of Cdifor-
nia, Oregon, and Nevadd' (1978).

As early as 1965, before plate tectonics or
accretion theories had been fully accepted, William
Dickinson and L.W. Vigrass, in their "Geology of the
Suplee I1zee Areas, Crook, Grant, and Harney Counties,
Oregon,” puzzled over the geology of central Oregon.
These problems were readily explained in 1978 by
"Paleogeographic and Paleotectonic Implications of
Mesozoic Stratigraphy and Structure in the John Day
Inlier of Central Oregon” by William Dickinson and
Thomas P. Thayer. The paper by Howard C. Brooks
and Tracy L. Vallier in 1978, "Mesozoic Rocks and
Tectonic Evolution of Eastern Oregon and Western
Idaho", summarized tectonic knowledge of the Blue
Mountains at this point.

Cascadia, the Geologic Evolution of the Pacific

Northwest, by Bates McKee appeared in 1972. The
versdtile Bates McKee, pilot, hockey player, yachtsman
aswel as geologist, began teaching a the University of
Washington in 1958. Energetic and enthusiastic,
McKee gathered together material for his book, taking
sabbaticd leave from 1970 to 1971 in order to com-
plete the manuscript. Cascadia was written for the
laymen, student, and geologist to provide "an introduc-
tion to the evolution of the Northwest landscape”.
Oregon geology is included along with that of Wash-
ington, British Columbia, and parts of 1daho although
ome of the geologic details are cursory because such
a wide region is covered. McKee died in 1982 in a
plane crash while doing field work in the Cascades.
Notable regional compilations at this time
fooused on the Cascades and western Oregon. The

dasic paper by Dadlas Peck and others "Geology of the

Central and Northern Parts of the Western Cascade
Range in Oregon (1964) was supplemented by Geology
and Geothermal Resources of the Central Oregon
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Unitsof North America appeared in 1983, acompilation
of regional stratigraphy, along with the "Geologic Map
of Oregon West of the 121¢ Meridian”, 1961, by
Francis G. Wdlls and Dallas L. Peck, and its compan-
ion "Geologic Map of Oregon East of the 1214 Merid-
ian, 1977, by George Walker.

Geologic Literature on Oregon

The firg bibliography of Oregon geology was
C. Henderson and J. Wingtanley's Bibliography of the
Geology, Paleontology, Mineralogy, Petrology, and
Mineral Resources of Oregon, published in 1912. The
number of articles listed in this bibliography reflects
the interest generated by early explorations which had
opened Oregon to a multitude of geologic workers.
Reviewing the citations in the bibliography, it is clear
that the early publications give sweeping overviews of
the region, while the subject matter of papers after the
1870s had narrowed to more locdized topics. The
mgjority of publications during this period focusad on
paleontology, followed by those on physiographic
features.

In 1936, Ray C. Treasher and Edwin T. Hodge
produced the Bibliography of the Geol ogy and Mineral
Resour ces of Oregon which appeared just after Dorothy
E. Dixon's Bibliography of the Geology of Oregon in
1926. Examination of these volumes shows a striking
increase in the number of articles on Oregon geology.
Treasher and Hodge lig 2,155 publications as com-
pared to Dixon's 1,065 articles, and Henderson and
Wingtanley's 493 items in 1912.

With these bibliographies, publications on
mines and minerals, followed by those on paleontology
and regional topics, constituted the bulk of geologic
literature. During this period there was a definite
emphasis on economic geology. Gold was treated in
302 articles, cod in 110, copper in 98, and iron in 91.
This interest is reflected in the publications deding
with counties that have a high amount of mining

Cascade Range in 1983, edited by George R. Priest and activity as Baker County (118), Klamath (92), Jose-

Bevaly F. Vogt. Parke D. Snavely and Holly Wagner
summaized the "Tertiary Geologic History of Western
Oregon and Washington” in 1963. John E. Allen's The
Magnificent Gateway, ageologic guideto the Columbia
River, was issued in 1979. Other significant contribu-

tions that assambled geologic material were the Mineral
and Water Resources of Oregon in 1969, published by

the U.S Geologicd Survey, aswell as the Handbook of
Oregon Plant and Animal Fossils by William and
Blizabeh Orr in 1981, which collected al of the
paeontologicd materia for the state under one title.

Two mgor additions were the COSUNA charts and the
date geologic map. The Correlation of Stratigraphic

phine (81), and Jackson (79), whereas Lane County
appeared in only 17 publications and Multnomah in 9.
Individual paleontologists were the most prolific
researchers, led by John C. Merriam's 44 papers on
vertebrate paleontology and Ralph Chaney's 28 on
paleobotany.

From the 1940s to 1960s, the subject matter of
geologic literature showed gradua changes and trends.
The preponderance of literature was on minerals,
followed by those on formations and regiona aress,
while the number of papers on paleontology had
declined. There were a total of 2,069 papers liged in
the Bibliography of the Geology and Mineral Resources



The first geologic map exclusively of Oregon by Ellen Condon McCornack, 1906.

of Oregon for these years. The emphasis was ill on the
mining industry in both geologic literature and research
with 77 articles on gold, 78 on chromite, and a surge of
papers on oil and gas (113) led by the State Depart-
ment of Geology's reports on Oregon's mineral indus-
try adong with other department publications. Those
counties most often cited in the literature were Clacka
mas, Lake, Lane, Lincoln, Douglas, Baker, and Grant,
which were being closdly examined for their economic
resource potential as well as being surveyed for region-
a geologic data. Characterigtically Lincoln County was
reviewed for fossl localities, landdide hazards, coastal
geology, agates, and a variety of other subjects. By the
end of the 1950s and 1960s, research in fidds of
Oregon geology were becoming more diversfied.
Groundwater, volcanology, structural geology, and
petrology were expanding fields of study.

Topics in geologic literature were spread farly
evenly over broad areas from the 1960s to 1980s
Approximately 975 citations were on formations, 850
on areas of regiond interest, 735 on minerals, 563 on
paleontology, 334 on ground water, 286 on geomor-
phology, 260 on structure, 250 on volcanology, 235 on
tectonics, and 199 on petrology. The total number of
papers for Oregon geology listed in the Bibliography of

the Geology and Mineral Resourcesfor Oregon was 4,549

for the 20 year period.

Areas generating the most interest were in
Malheur County (160), Grant (117) and Harney (121)
counties in central Oregon, Klamath (118) and Lake
(146) counties in the south, and Coos (111) and Curry
(130) counties on the coast. Much of the activity was in
regional mapping, structure, stratigraphy, minera
resources, and paleontology. Volcanism ranked high



during the period. As evidence of this interest, the
Columbia River basdlts led with 227 citations, followed
by the John Day Formation with 101, and the Clarno
Formation with 78. Coastal regions were examined for
minera resouces, coastal processes, paleontology, and
dratigraphy.

After 1980 research was further refined into
narow categories as tectonophysics, strontium iso-
topes, day minerdogy, diagenesis, and organic materi-
ds However, the lines between the individua fidds
became blurred with the development of interdisciplin-
ay fidds of research. Delineation of formations (1145)
led in citations in the literature, followed by economic
geology (994), regiona topics (779), volcanology (622),
pdeontology (540), and groundwater (471). The
number of papers on aspects of tectonics had doubled
ater 1980. The total number of publications for the
period from 1980 to 1990 was 2,244.

It is interesting to note that research focused
on the same counties as earlier (1960-1980) with the
exception of Deschutes County where intensive explo-
ations at Newberry Crater contributed sgnificantly to
the compiled data. In Malheur County the preponder-
ance of articles were written on the McDermitt Calde-
ra, in Klamath County hydrogeothermal exploration
ad Crae Lake dominated, whereas volcaniam,
mingd resources, and some geothermal research
accounted for the emphasis in Lake County. Severd
gedogic maps as wdl as maps of mineral resources
were produced on Curry County.

Finding solutions to geologic problems today
is redly no more difficult than in the past. In most
recent years focus has been on seismicity and earth-
queke hazards, geothermal research, economic resourc-
es, and environmental concerns. The geologic literature
will reflect these trends as they continue to mature.
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Blue Mountains

Physiography R

The Blue Mountains physiographic provincein
northeast Oregon is defined on the east by the Snake
River Canyon, on the south at Ontario in Maheur
County, on the north by the Washington State line, and
to the west by an irregular line running near Pendle-
ton, Prineville, Burns, and back to Ontario. Topogra-
phy of the Blue Mountains intensifies eestward begin-
ning with the low hills of the Ochoco Mountains in
Wheder County and rising to glaciated summits of the
Walowa Mountains in Walowa County. The western
portion of the province is part of a wide uplifted
plateau, while the eastern section contains a striking
aray of ice sculpted mountain peaks, deep canyons,
and broad valleys

The multiple origins of the Blue Mountains
are evident in the topography. It is not a cohesve
mountain range but a cluster of smdler ranges of
vaious orientations and relief. To the northeast are
the Wdlowa Mountains; the Elkhorn and Greenhorn
mountains are centraly located; and the Ochoco,
Aldrich, and Strawberry mountains are in the southern

Distribution of major and minor A
mountain ranges in the Blue
Mountains I

part of the province. The highest peaks of the province
are the Walowas, an immense oval-shaped range 60
miles long and 30 miles wide. Within the Eagle Cap
Wilderness, the most rugged portion of the Wallowas,
nine peaks rise over 9,000 feet and seven others over
8000 feet. A number of broad vdleys as Grande
Ronde Valley, Baker Vadley, Virtue Flat, Sumpter

' Valley, Lost Valey, and Bonita Valley lie between the

mountain ranges.

Severd extensve watersheds drain the Blue
Mountains. The Grande Ronde, Imnaha, Walowa, and
John Day are the longest rivers. Of these, the John Day
River, one of the mogt lengthy in Oregon, cuts across
the province in a northwesterly direction before making
a sharp turn toward the north near Clarno, entering
the Columbia River close to Rufus in Sherman County.
The John Day runs 280 miles from its headwaters in
the Blue Mountains.

Geologic Overview

The Blue Mountains are geologicaly one of
the mogt fascinating areas in Oregon. The unique
aspect of the province is its patchwork origin of
separate massve prefabricated pieces of the earth's
crust. Permian, Triassic, and Jurassic rocks were swept
up and accreted to the late Mesozoic shoreline, which
at that time lay across eastern Washington and Idaho.
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Within these terranes the oldest rocks in the state are
to be found.

Although major events have been sketched out,
details of the geologic history are still only poorly
known. Geologists are now aware of the exotic nature
of most of the older rocks here, which have been
mapped and described as well as dated with fossils and
radioactive decay techniques. What remains is to
determine where each of the blocks or terranes origi-
nated as wel as how and when they were transported
and accreted to North America

M etamorphism, intrusion, and vol canic activity
annealed these exotic blocks to North America where
they became the foundation of northeast Oregon.
These remnants of the earth's crust in the Blue Moun-
tains offer an opportunity to study in detail a "collison
boundary", the point where multiple large-scale blocks
or tectonic plates have collided and merged with each
other. Here a natural outdoor laboratory is available to
view the wreckage of ancient idands that were cast up
on Oregon's prehistoric shores.

Following the accretion of the mgor exotic
terranes here, a vast shallow seaway of late Mesozoic
or Cretaceous age covered most of the state depositing
thousands of feet of mud, silt, and sand. This oceanic
environment of warm quiet embayments and submarine
fans was populated by ammonites and other molluscs
as wdl as by marine reptiles, while tropical forests of
giant tree ferns grew aong the shore.

With uplift and gentle folding of the crugt, the
shoreline, which ran northward through central Ore-
gon, retreated wesward beyond the present day Cas
cades, and a long interval of volcanism ensued. Thick

Distribution of Miocene Columbia River Group lava
flows in the Blue Mountains (after Anderson, et al.,
1987)

lavas intermittently oozed from fissues and vents
throughout the region during the Eocene and Oligo-
cene. Volcanic activity was interspersed with periods of
sedimentation and erosion when local basins or depres-
sons in the lava were filled with sediments deposited
there by streams. Reptiles, mammals, fish and plants
living in the tropica climate of this time died and were
buried in the volcanic sediments. Originating from
fissures in the Blue Mountains flow after flow of
Miocene lavas eventualy covered aimost a quarter of
the state. Areas of central and northeast Oregon were
a wadeland of dark basalt up to a mile thick. As the
lavas cooled and shrank, long vertical columns formed
within the layers. Today the harder basats cap and
preserve many of the colorful rock displays.

Widespread glaciation in the Walowas during
the Pleistocene gave the region its find unique appear-
ance. Beginning about 2 million years ago, the climate
rapidly grew colder with the advance of a continental
ice sheet southward as far as northern Washington,
Montana, and Idaho. Although the Walowas weren't
entirely covered by ice, glaciers built up in vdleys
formerly occupied by streams. At the height of the Ice
Ages, nine mgor glaciers spread through the moun-
tains, only to melt and retreat with warmer tempera-
tures.

Geology

Only in the past two decades has it become
apparent that the Blue Mountains province is actualy
anumber of smaller pieces of terranes which originated
in an ocean environment to the west. The word,
terrane, implies a suite of transported similar rocks
that are separated from adjacent rocks by faults. Sess
covered all of Oregon as far back as Triassic time, 200
million years ago, when these exotic blocks or terranes,
traversing the Pecific Ocean basin, began to collide
with the North American West Coast. As each of these
idand blocks arrived, they successvely docked against
the ancient North American craton, producing layered
bands of exotic terranes. The craton itsalf represents
the North American core or foundation of rocks native
to this continent.

Scattered along the North American West
Coadt, these terranes are much more complex than
previoudy thought. New evidence suggests that after
collison movement of terranes by faulting was predom-
inantly southward up to late Triassic time, then north-
ward during the early and middle Jurassic, southward
in the late Jurassic and early Cretaceous, and then
findly northward from the late Cretaceous onward.
With such a complexity of movements, it is little
wonder that West Coast rocks look like a well-shuffled
deck of cards.



Each of the terranes which make up the Blue
Mountains contains its own distinctive suite of rocks
and fossls. The combination of these characteristics in
the province represents a wide variety of ancient
environments from marine to nonmarine and from
tropical to temperate. FossIs from the terranes as well
as the orientation of the magnetic minerals in the rocks
uggest that many of these blocks may have formed
wdl out in the western Pecific Ocean as far south as
Mexico City a 18 degrees north latitude before moving
north and eastward to attach to North America. Today
in the Blue Mountains these exctic terranes are ex-
posd in linear strips that extend in a southwest to
northeast trend.

Individua Terranes

Five mgor terranes have been recognized in
the Blue Mountain province. These are the Olds Ferry
idand archipelago of volcanics and sedimentary rocks,
the Izee terrane, an assemblage of layered rocks from
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the forearc basin between the idand archipelago and
the trench of the subduction zone, the Baker terrane,
a deep ocean floor crust environment, the Grindstone
terrane from a shdlow ocean backarc basin, and the
Walowa volcanic archipelago terrane.

The Olds Ferry terrane extends northeast by
southwest in a curved alignment of isolated exposures
from Ironside Mountain in Maheur County through
Huntington in Baker County, up to the Cuddy Moun-
tains of western ldaho. Older rocks of this terrane,
designated the Huntington Formation, include a thick
sequence of volcanics and sediments of a type today
associated with volcanic idand chains or archipelagos
like those in the north and western Pecific. A variety of
volcanics, pyroclastics, and ash, as wdl as dlicarich
rhyolites, and lesser amounts of basat and andesite,
make up the formation. Between the volcanic layers,
fossls from thin marine beds of sandstones, siltstones,
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and limestones have been dated at late Triassic to
middle Jurassic. Significantly, the Olds Ferry terrane
includes volcanics that invaded the formations almost
as rapidly as they formed, suggesting the margina
ocean idand archipelago was in very close proximity to
the volcanic source vents. In contrast to other Blue
Mountain terranes, Olds Ferry terrane rocks show only
minimal folding, which probably took place near the
end of the Jurassic.

The Izee terrane, directly to the west of the
Olds Ferry terrane, is separated by a fault which runs
between the two. This terrane is exposed in what is
cdled the John Day inlier, an erosional window cut
through younger rocks reveding the older strata below.
Composed of a number of formations, the Izee terrane
represents the environment of a shallow marine forearc
basin between a volcanic idand archipelago and the
oceanic subduction trench. Fossils are abundant in this
twelve mile thick forearc basin sequence in which the
limestones, mudstones, silts and sandstones, have been
subdivided into distinct marine environments.

Folding of the Izee terrane began during the
late Jurassic and gradudly intensified due to compres-
sond, thrusting events. With the intrusion of lower
Cretaceous granites, rocks of the lzee terrane have
experienced several episodes of folding and refolding.
The resultant picture of folds within folds has grestly

Olds Yerty

Structure and distribution of exotic
accreted terranes in the Blue
Mountains (after Silberling and
Jones, 1984; Vallier and Brooks,
1986).

complicated the interpretation of the John Day inlier.

Imbedded in the western edge of the lzee
block, but quite digtinct from it, is the Grindstone
terrane. The smallest of all northeastern Oregon
terranes, the Grindstone is limited to a narrow area of
eastern Crook County called the Berger Ranch where
a mere 200 foot thickness of Devonian limestones,
cherts, and argillites represent Oregon's oldest rocks.
Coras and fishtooth-like microfossl remains cdled
conodonts from these beds have been dated as lower
Devonian, 380 million years old. In the same vicinity,
the Missssppian Coffee Creek and Pennsylvanian
Spotted Ridge formations include over 2,500 feet of
l[imestones, mudstones, sandstones, and cherts. A
shallow-water tropical invertebrate fauna of coras and
brachiopods are found in the Coffee Creek Limestone,
but the overlying, lower Pennsylvanian Spotted Ridge
nonmarine sandstones once supported coastal plain
ferns and fern-like foilage smilar to those found in the
late Paleozoic cods of the central and eastern United
States. Nine hundred feet of fossliferous Permian age
Coyote Butte limestones, cherts, and sandstones are the
uppermost formation of the Grindstone terrane,
athough isolated blocks of radiolarian-bearing cherts
in the vicinity are as young as lower Triassic. Because
of poor exposures and the difficulty of tracing the rock



Oceanic environments associated with the major
Blue Mountains exotic accreted terranes

Fishtooth-ike microfossils, conodonts from the
Devonian limestone in the central Oregon Grindstone
terrane, are less than 1/32 inch in length (courtesy of
NM. Savage)
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units, it is impossible at present to associate details of
this suite of ancient rocks to the rest of the rocks in
the Blue Mountains. Clues to the origin of the Grind-
stone terrane are evident in the smilarity of rocks and
fossls of the Coyote Butte Formation to the Bilk
Creek exotic terrane north of Winnemucca, Nevada

The diversty of formations in the Grindstone
terrane make up what is called a mixture or melange of
rocks. Interpreted as once forming the boundary
between two converging crustal blocks, melanges are
areas where different geologic environments have been
telescoped or jammed together by the colliding plates.
As with the Olds Ferry and Walowa terranes, the
Baker and Grindstone terranes have sometimes been
combined because of similarities between the meanges
in them. The position of the Grindstone on the west-
ern sde of the Izee terrane seems to support this but,
contrasting rocks between the two terrances would
argue againg it.
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The Baker terrane lies just northwest of the
Izee terrane extending in a curved arc from isolated
exposures in Wasco County, Oregon, to the Cuddy
Mountains in Washington County, ldaho. Separated
from the 1zee and Olds Ferry terranes by a fault, the
Baker terrane is substantially older than the lzee
forearc basin terrane, and protozoan, mollusc, and
cord fossls found in its various formations range from
Permian through upper Triassic. Microfoss| fusulinids
and radiolaria from thin limestone layers of the Baker
melange reflect not only the age but the possble
source of these rocks. These varieties of sngle-celled
microfossls reflect a "Tethyan" or tropical western
Pacific environment. The discovery of these exotic
fossls over 30 years ago was one of the firg hints that
not al of Oregon was homegrown.

The Baker terrane is made up of severd
formations beginning with the oldest Burnt River schist
which is succeeded by the Elkhorn Ridge argillite. Both
of these units represent metamorphosed, degp ocean
floor mud and chert originaly deposited in an environ-
ment some distance from the land. Another component
of the Baker terrane exposed due south of John Day is
the Canyon Mountain complex, interpreted as both an
idand arc and deep ocean floor environment associated
with a midocean spreading ridge. With an abundance
of eadly sheared rocks, the Canyon Mountain complex
forms a melange that has been faulted, broken, and
shattered during the compression that is characteristic

Mesozoic radiolaria from eastern Oregon. Specimens
are less than 1/64 inch in length (courtesy of Emile
Pessagno)

of a plate collision at a subduction zone. This complex
mixture of rocks has been recognized as an "ophialite",
a term which refers to the abundance of the metamor-
phic rock serpentine. A derivative of gabbro and
perioditite, serpentine is easly broken and sheared by
faults when subjected to pressure. "Ophiolite” refers to
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the similarity of these polished faulted rock surfaces to
the texture of snakeskin. The term ophiolite is compre-
hensve, used to describe thick sections of raised deep
sa floor. An ophiolite sequence is a predictable
arrangement of deegp ocean crust with olivine rich
peridatities a the base, followed by gabbro and basalts,
and capped by pillow lavas and deep ocean shale and
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cherts. Along with serpentine, the Canyon Mountain
ophiolite complex contains argillites, cherts, gabbro,
diorite, and volcanic tuffs.

As the wesk rocks of the Baker terrane were
shoved againg the mainland, they were squeezed into
what is called an accretionary wedge. In today's oceans
these wedges are the stes of severe folding and fault-
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ing, and Baker terrane rocks are no exception. The
terrane is a series of enormous coherent blocks sepa-
rated from each other by large-scale shear fault zones.
The fine-grained rocks of this terrane were tightly
compressed into folds during the late Triassic and early
Jurassic.

The northern-most terrane of the Blue Moun-
tains province is the Walowa volcanic arc represented
by a five mile thick sequence of volcanic archipelago
rocks ranging from Permian to Jurassic in age which
were accreted behind the Baker terrane. |solated
exposures of the Wdlowa terrane appear northeast of

Wadla Walla, Washington, as wel as south of Lewiston,

Idaho, but continuous sections of this exotic block are
located in the Snake River Canyon where they can be
traced for over one hundred miles.

The older, volcanic rocks of the Wdlowa
terrane accumulated along the axis of an ancient idand
archipelago. Fossiliferous sedimentary rocks of the
Martin Bridge Limestone and shales and siltstones of
the Hurwa Formation were later deposited on top of
volcanic rocks of the arc. The Martin Bridge and
Hurwal formations span the Triassic-Jurassic boundary
and reflect a shalow, warm shdf environment. Fossils
of molluscs, coras, and swimming reptiles within the
Martin Bridge and Hurwal are similar to those found
in rocks of the eastern Pecific as well as from central
Europe to the Himalayan Mountains.

Over the Hurwd Formation, fossl wood,
leaves, plant fragments, and invertebrates of the Coon
Hollow conglomerates and sandstones record the
nonmarine and nearshore environment that existed on
the Blue Mountains idand arc during the middle
Jurassic. Growth rings in petrified tree wood point to
a temperate, seasona climate with abundant rainfal
and a short dry season before winter begins. The com-
monly occurring ferns and quillworts grew along stream
banks and in marshes. Molluscs and coras are found
mixed with plant fossls in shalow coastal sediments.
As granites of the Walowa batholith intruded these
formations, heat and pressure localy altered them to
marble and date in late Jurassic and Cretaceous time.

The Wadlowa terrane is heavily sheared by
faults developed during the accretion against North
America during the late Mesozoic. The rocks are so
heavily deformed that whole folds are localy over-
turned. Another magor structural event affecting the
Walowa terrane is shearing or faulting along three
separate zones visble in the Snake River canyon. The
25 mile long north-south Oxbow shear zone shows
displacement where the west side moved south and the
east side move north. During the early Jurassic the
total distance dl three faults moved was severd
hundred miles.

Part of the Wdlowa terrane, the Seven Devils
Group of rocks has been compared to widespread
terranes collectively cdled "Wrangdlia', for extensve
exposures in the Wrangell Mountains of Alaska. This
large terrane is a digunct group of similar volcanic and
sedimentary rocks of Triassic age and older stretching
southward from the Wrangell Mountains in southern
Alaska to include Chichagof 1dand, Queen Charlotte
Idands, and Vancouver Idand in Canada. The southern
most piece of this string might be the Wallowa Moun-
tains. The scenario for the development of Wrangdllia
implies two separate and distinct tectonic processes.
During Triassic time, the various pieces of Wrangdllia
were a single idand block situated somewhere in the
tropical Pacific. The pieces were dowly being transport-
ed toward North America on a conveyor bdt-like
tectonic plate where they collided with the West Coas.
With the docking event, the block was sheared up by
large-scde faults smilar to the San Andress. Move
ment along these faults "trandated" or conveyed dices
northward one by one. The Seven Devils volcanic rocks
aretypica of those from ocean margin idand archipel-
agos, wheress the remainder of Wrangellia to the north
has volcanic sequences frequently found in midocean,
deep water environments. However, the overal smilar-
ity between the rocks and fossls of all the regions of
the terrane suggeds there is a strong affinity between
northeastern Oregon and Wrangellia

Cretaceous

In the later Jurassic and early Cretaceous
between 160 and 120 million years ago, newly joined
terranes of the Blue Mountains region were invaded by
granitic batholiths of granodiorite and gabbro to
cement them together with a granitic glue. These
intrusions include the Bad Mountain and Walowa
batholiths aswell as several smdler bodies. A batholith
is a mass of coarse-grained crydalline rock which
melted upward from deep within the earth's mantle
into the surrounding layers above. Asthe liquid magma
dowly cooled, large crystas formed. Batholith roofs
exposed by erosion have a surface area greater than 40
square miles, and these two batholiths in northeastern
Oregon certainly exceed that. The Bdd Mountan
batholith, northwest of Baker in the Elkhorn Moun-
tains, extends over 144 square miles, whilethe Walowa
batholith, forming the core of the Walowa Mountains,
covers 324 square miles and is the largest in Oregon.

It was during the early Cretaceous that the lagt
exotic crustal blocks were attached or accreted to



Convergence, collision, and translation model for
aquisition of the Wrangellia terrane by North Ameri-
ca. The North American plate, moving in a northwest-
erly direction, captures and sweeps up the Wrange-
lia terrane prior to translating it along faults to Alaska
(modified after Moore, 1991)

Noth America After this find stage of convergence,
depadts of the later Tertiary, which covered the region,
ae more or less homogeneous from east to west. The
sre formaions are found in the same sequence over
the area. Following the tectonic activity of the middle
Mesozaic, shdlow Cretaceous seas spread over wide
exanss of Oregon. The ancient shoreline during this
time wes a meandering diagonal line from the Blue
Mountains southeest into Idaho. Divers molluscs living
in the Cretaceous seas included many species of coiled,
dled cepha opods or ammoniteswhich would eventu-
dly prove usgful in age dating these rocks. Other
inhebitants preserved in rocks of the Cretaceous ocean
in centrd Oregon were the fish-like ichthyosaurs and
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flying reptiles or Pterosaurs. No dinosaur remains have
been recovered in the state even though there are
abundant dinosaur fossls in coastal plain or shalow
marine sediments from Montana, Utah, Colorado, and
Wyoming. Becauise similar coastal marine environments
have been identified at several locations across Oregon,
it seems to be only a matter of time before diligent
fossl hunting will unearth dinosaur remains. Once the
large terrane blocks had been annexed to the mainland
by the end of the Cretaceous period, the sea had
withdrawn to the west, and erosion began to attack the
newly arrived rocks.

Cenozoic

With the beginning of the Cenozoic era, 65
million years ago, the Blue Mountains area of Oregon
was above sea leved undergoing uplift and subsequent
erosion as wdl as ongoing, but intermittent, volcanic
activity. The Cascades and Coast Range had yet to
form, and the ocean shoreline lay east of where the
Cascades are today. Because Paleocene rocks are not
known from the Blue Mountains, it is assumed that
this epoch was mogtly one of erosion. Tertiary volca
noes of the Clarno and John Day periods as wel as
flows of the later Columbia River group covered the
region with widespread, thick deposits of lava and ash
interspersed with fossliferous sediments containing
remains of plants and animals.

Distribution of Clarno Formation volcanics, mudflows,
and vents in eastern Oregon (after Walker and
Robinson, 1990)
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Eocene palm leaf Sabalites from the Clarno
Formation is over 2 feet long (photo
courtesy Oregon Department of Geology
and Mineral Industries)

Tertiary volcanic events in eastern Oregon
opened in Eocene time around 44 million years ago
with andesitic and rhyolitic lavas erupting from a chain
of volcanic ventsin the western Blue Mountains. Lavas,
accompanied by mud flows and successions of multi-
colored soils as well as tuffaceous sediments deposited
in lakes or by streams, make up the colorful blend of
rocks comprising the Clarno Formation. The source of
the Clarno andesitic volcanic activity is not wel
understood but apparently relates to what is caled the
Chadllis arc of Eocene volcanic vents extending diago-
naly northwest by southeast across Washington and
Idaho. Adjustments in the tectonic plates to the west
at this time produced a considerable bulk of material
being subducted from the west toward the east beneath

the North American plate. After the oceanic dab was
carried down and melted, liquid rock on the surface
appeared as andesitic lavas of the Clarno Formation.

As the loose ash from these volcanoes mixed
with water, mud flows or "lahars' were formed. Lahars
flowed like viscous syrup to entomb both plant and
animal fosdils in a broad band across eastern Oregon.
Individual, uninterrupted deposits of Clarno mudflows
up to 1,000 feet thick occur near Mitchell in Whedler
County. Preserved in the sediments of the mudflows,
broad leaf plants record the wet, tropical climate of
eastern Oregon during the Eocene epoch. Avocado,
cinnamon, palm, and fig crested a lush woodlands
interspersed with open, grassy plains and freshwater
lakes. A diversty of large land mammals, tapirs,
rhinoceros, titanothere, and oreodons shared the stage
with freshwater fish and snails. A peculiar aguatic
rhinoceros, not unlike a modern hippopotamus,
wadlowed in shalow waterways to be preyed upon by
crocodiles and other large carnivores. The Clarno is
perhaps most famous for its "nut beds' where many
species of tropical and hardwood nuts, fruits, and seeds
are preserved in soft volcanic muds.

By early Oligocene time the Clarno volcanic
episode had subsided to be replaced by eruptions of a
new complexion in the John Day period about 36
million years ago. Only a brief interval of eroson
separates the two events. Most of the John Day volca
noes were just to the west of the Blue Mountains
province near the present-day Cascade Range. Great
volumes of ash and dust erupted into the sky to settle
and be carried by streams and deposited in the broad
John Day basin. Volcanic vents at this time often
generated incandescent pyroclastic ash flows or "ignim-

Many John Day volcanoes issued "ignimbrites" or
incandescent clouds of ash that flowed across the
landscape.
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About the size of a small elephant,

the uintathere was a browsing ungulate
with long canines as well as three
symmetrical pairs of bony projections
on the skull.

Similar to a large rhino-
ceros in size and structure,
brontotheres had frontal
homs of solid bone.

Cypress swamps of the
John Day period were
inhabited by the cow-sized
rhinoceroses, while

Metasequoia grew along
stream banks.
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Stratigraphy and structure in the vicinity of Picture
Gorge and Sheep Rock in Grant County
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brites’. These.hot, gas-charged clouds of ash poured

down the flanks of volcanoes then across the landscape green and buff intervals reflect a succession from lakes

for miles, destroying everything on the way, before
settling to the ground and annedling into a solid
crystal-studded, glassy mass. Within the western part of
the basin, vents pumped out silicarrich rhyolites, ash
flow tuffs, and lavas, to build up domes, whereas higher
temperature alkai-olivine basat and andesite lavas
erupted from volcanoes farther east.

Rapid deposition of volcanic ash and mud in
every depression on the landscape was optimum to
preserve remains of the semi-tropical vegetation and
mammals which lived in the John Day basin. Because
this period of fossl accumulation dates back only to
the Oligocene and Miocene, from 18 to 36 million
years ago, al of the plants and most of the mammals
look somewhat familiar, although none of the species
exactly correspond to those living today.

As climatic and volcanic conditions altered, the

nature and color of volcanic sediments of the John Day

changed aswell. Highly oxidized, deep red ash layers of
the lower John Day Big Basn member are only poorly
fossliferous. These are succeeded by the pea green
Turtle Cove layer dominated by day and rich in fossls
The Turtle Cove is, in turn, followed by the fosslifer-
ous, cream or buff-colored layers of the Kimberly and
Haystack rock members. Throughout the deposition of
these layers in streams, lakes, and floodplains, volca
noes dispersed incandescent clouds of glowing ash that
melted and flowed together. John Day fosdls in the

and rivers giving way to more open grasdands as the
episode progressed.

Following the John Day deposition, the soft
rocks of the formation were lightly dissected by erosion
before the vast basdlt flows of the Columbia River
lavas covered much of the Blue Mountains region in
the middle Miocene between 17 and 12 million years
ago. Very fluid basaltic lavas began to erupt and pour
from cracks and fissures in northeastern Oregon,
southeastern Washington, and western Idaho. As much
as 400 cubic miles of lavawere extruded in single flows,
and eruptions lasted for weeks a a time. Even though
some later flows can be traced dl the way to the Pecific
Ocean, most of the Columbia River basdts in centra
Oregon are from dikes near Monument and Kimberly,
where they covered a distance of less than 20 miles.

Throughout the Columbia basin over 40
separate flows of the Miocene basat are recorded,
However, it is primarily the Picture Gorge lavas that
overlie the John Day Formation. Lavas of this group
were vay liquid, and the eruptions rapidly filled in
vdleys and low spots within the Blue Mountains prov-
ince. Prior to the eruption of the Columbia River
basdlts, the Miocene topography had a relief of as
much as 1,000 feet from the vdley floors to the crests
of the hills. Asvolcanism continued, flows lapped over
each other until only the highest exposures of earlier
rocks projected above the youngest layers of basalt.
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Structure and stratigraphy of the eastern flank of the
Wallowa Mountains from the Minam River to the
Snake River (after Smith and Alien, 1941; Walker,
1979)
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The extent and volume of the Columbia River
laves tend to overshadow important Miocene eruptive
provinces that were developing at the same time in the
southern Blue Mountains where Sawtooth Crater,
Sranbary Volcano, and Dry Mountain evolved as
three separate volcanic centers. These centers in turn
line up with a fourth volcano of the same age a
Gearhart Mountain to the southwest in the Basin and

Lineation of Miocene andesitic volcanic centers in
eastem Oregon (after Robyn and Hoover, 1982)

Imnaha and Grande Ron
of the Miocene Colu

Range province. Lavas from these four volcanic regions
were predominantly a giff, dowly flowing andesite
variety that accompanies very explosve eruptions.
Vents in the vicinity of Strawberry and Lookout
mountains were the most numerous, extruding the
thickest and most extensive lavas. Covering a total of
1500 square miles, the Strawberry volcanics are over 1
mile thick at Ironside Mountain in Malheur County.

By late middle Miocene time, the Oregon
oceanic shoreline had retreated far to the west near the
present day coast. Ash from late Miocene and Pliocene
volcanoes in the Cascades fdl over an increasingly
cooler temperate landscape where streams and rivers
intensvely eroded the older sediments. Volcanism at
this time in the Blue Mountains was limited to smal
eruptions of lava along the southern and western
margins of the province as loca lavas mixed with
showers of ash from emerging Cascade volcanoes to the
west. Sediments and lava flows from these events were
deposited directly atop the Columbia River basdlts. Of
these, the Mascal Formation of volcanic tuffs, carried
and deposited by streams, preserved avariety of middle
Miocene fossils. A rich mammal assemblage of horses,
antelope, camels, deer, and oreodons aong with
predators such as dogs, bears, weasds, and racoon
suggest an open woodland or savanah in association
with cool, temperate broadlesf plants dominated by
angiosperms.
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Thin section of Rattlesnake ignimbrite ash-
flow reveals a complex mass of broken shards
(photo courtesy of Oregon Dept. of Geology
and Mineral Industries)

The last major widespread eruption in eastern
Oregon took place during the late Miocene. Streams
deposited up to 1,000 feet of sands, gravels, and silts of
the Rattlesnake Formation which was capped by an ash
flow that erupted from vents 90 miles to the south in
Harney County. Today the distinctive Rattlesnake
ignimbrite forms the skyline of much of Wheeler and
western Grant counties. Horses, camels, rhinoceroses,
mastodon, antelope, and sloths were supported by the
high plains grasslands of this time. Fossils of these
animals along with those of weasels, cats, coyotes,
bears, and a variety of rodents are preserved within
Rattlesnake sediments.

Pleistocene

Glaciation came to eastern Oregon with the
Pleistocene or Ice Ages beginning a little less than 2
million years ago and winding down about 11,000 years
ago after several ice advances and retreats that lasted
about 150 to 200 thousand years each. With Ice Age
glaciation, moving ice masses took over valleys origi-
nally cut by streams. After sculpting the valley, the
glaciers melted, and the streams reoccupied the can-
yons to resume fluvial erosion. Continental glaciation,
where large ice sheets expanded south across the
landscape during the Pleistocene, was more typical of
the Great Lakes and upper Mississippi Valley. In the
western part of North America continental glaciers
only spread as far south as Washington, Idaho, and
Montana.

The Wallowa Mountains have been called the
Oregon Alps because of their glaciated, picturesque
slopes. With the exception of the Ochoco Mountains,
al of the individual ranges in the Blue Mountains
province display the unmistakable marks and deposits
of valley glaciation ranging from glacial striations on
bedrock to thick layers of till and moraines. Most of
the higher valleys are U-shaped in cross-section mark-
ing canyons previously occupied by ice masses. Along
valey floors, many lakes are glacial tarns or low spots
cut by a previous glacier.

Great symmetrical piles of glacia till called
moraines are easily identified by the poorly sorted
mixture of large and small pebbles and clay in the same
exposure. Perhaps the most dramatic glacial terrains of
the range are the lateral and end moraines adjacent to
the small community of Joseph. These moraines have
created a natural dam for Wallowa L ake that occupies
the toe of the valley. Joseph itself is built upon the
ancient outwash plain, characterized by irregular
hummocky ground, that spread out in front of a
melting glacier.

Covering about 280 square miles, nine large
glaciers, each more than 10 miles long, occupied the
Wallowas during the Pleistocene. The Lostine glacier
was 22 miles long, the Minam 21, and the Inmaha
extended 20 miles. Averaging 1,000 feet in thickness,
the ice masses reached down the valleys but failed to
cover the ridges above 8,500 feet so that a true ice cap
did not occur. The longest of the Wallowa glaciers in
the Lostine River basin developed an ice mass up to
2,500 feet thick before melting and retreating.

As late as 1929 the last small glacier existing
in the Wallowa Mountains was recorded on the ridge
of Glacier Lake in Union County. The glacier was 800
feet long, 60 feet wide, and 24 feet thick. Today small
stagnant masses of ice, but no moving glaciers, occupy
a few of the cirque basins.

Structure

The Blue Mountains are caught between two
massive earth blocks that have been in motion for
millions of years. Stresses built up by the movement of
these huge blocks initially created folds then faults
within the Blue Mountains area. Due to changes in
plate motion, direction, and speed, folding and faulting
has occured in stages approximately every 5 million
years. During Tertiary time, the Blue Mountains block
was rotated 65 degrees in a clockwise direction. This
rotation appears to have resulted from what is called
dextral shear where the block was caught between
large-scale, north-south faults that dragged it clockwise.



The Wallowa Mountains were carved by 9 major
glaciers during the Pleistocene epoch. Reconstruct-
ed here the glaciers followed a radial pattern out of
the range.
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The east-west orientation of the Blue Moun-
tains contrasts sharply with the rest of Oregon's north-
south ranges because they are part of a much larger
structural sysem that starts in Cdifornia and trends
northward through the Klamaths to turn sharply
northeast before passng under the Cascades. At the
Snake River, the sysem swings abruptly northwest to
merge with the Cascades in Washington, where it again
angles northward. Known as an "orocline", this mgor
S-shaped bend in the older Mesozoic rocks is cdled the
Columbia Arc.

Extending from north of Powel Buttes in
Crook County amost to Lewiston, Idaho, one of the
most obvious structures in the northern part of the
province is the Blue Mountains anticline, which began
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to fold upward around 35 million years ago in early
John Day time. The development of this structure
correlates with the breakup of the Farallon plate
between the Murray and Mendaocino fracture zones in
the Pacific Ocean and records a strong north-south
compression. Running paralel to and only dightly
southeast of the Klamath-Blue Mountains lineament,
the Blue Mountains anticline may mark a deeply buried
suture between two microplates in the crust below.

A number of extensive large-scale lines or
lineaments across Oregon are of such magnitude that
they are seen best on high altitude aeria photographs.
The cause of the lineaments is not understood, a-
though they apparently represent a boundary or
structure buried deep in the crust. These lineaments
are traced along interconnected faults and folds or
more subtle features such as the aignment of straight
stream valeys. In the Blue Mountains, two lineaments

Major structural features of the Blue Mountains in
northeastern Oregon
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running across the northeast corner of the province are
the Grande Ronde lineament and the Olympic-Walo-
wa lineament. The Grande Ronde aignment paralels
Eagle Creek and the upper Grande Ronde vdley for
miles across eastern Oregon. To the southwest the
Olympic-Wallowa lineament, a very straight structural
trend extending across the Columbia plateau and
northern Blue Mountains, connects with the Vae and
Snake River fault zones.

Mining and Mineral Indugry

Gold

The region of the Blue Mountains has pro-
duced about three-fourths of al of Oregon's gold.
These deposits occur in the gold belt of the Blue
Mountains, so named by Wademar Lindgren. Thestrip
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Gold mining districts in the Blue Mountains (modified after Brooks and Ramp, 1968)

is 50 mileswide and 100 miles long from John Day to
the Seke River and Idaho.

Gald in the Blue Mountains province is of two
types lode gold and placer gold. Lode gold occurs as
vans ad is mined by tunnelling into the rocks to
fdlow tabular bodies rich in the metal. Virtualy al of
the Blue Mountains vein gold is found aong the
magns of batholiths which were intruded during the
Cretaosous and Jurassic periods. Found in the shat-
taed wal rocks of the batholith, gold was formed
dong with quartz and a host of other low temperature
mingds that were lagt to crydtalize from the origina
megma Placer mining exploits areas where older gold
vars have been exposed by erosive action of present
ad andent sreams. Gold is seven times heavier than
quatz ad dmog twenty times heavier than water. It
& be caried and moved by only the fastest flowing
dreams where it quickly settles in the deepest part of
the dhannd with the dightest waning of the water
veodty. Mo placer mining tactics such as panning
ad duidng teke advantage of gold's heavy weight.

Gadd wes fird reported in the Blue Mountains

region by immigrants in 1845. Under the leadership of
Sghen Mesk, awagon train on itsway to the Willam-
ete Vdley became logt when it struck across the desert

of central Oregon. Looking for straying cattle, severad
members of the party picked up pieces of dull yelow
metal from the bed of a smdl stream. One of the
nuggets was hammered fla on a weagon tire then
discarded into a tool kit. Eventualy the pioneers found
their way to the Willamette Vdley, the piece of gold
forgotten. Severa years later, the discovery of gold in
Cdifornia and ldaho triggered a memory of this
nugget, and severad men of the wagon party thought
they could find what was now cadled the Blue Bucket
Mine. This designation has severa imaginative origins.
One story goes that children on the wagon train filled
a blue bucket with water from a stream which had gold
nuggets in the bottom, while in another verison an
immigrant said he would have filled his blue bucket
with the nuggets had he known what they were. Since
that time, many unsuccessful efforts have been made to
find the creek which people dam must be located in
the vicinity of Canyon City in Grant County.
Although gold finds were reported during the
1850s, it wasn't until 1861 that prospectors were willing
to face hazards from Indians and a harsh climate to
open eastern Oregon to the excitement of a gold rush.
Henry Griffin from Portland made the original discov-
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The gold dredge "City of Sumpter" operated from 1913 until 1954 in Baker County (photo courtesy of
Oregon Dept. Geology and Mineral Industries).



ay of gold just west of Baker in Griffin Guich. A
seoond group of miners, harassed by Indians, found
gdd in Canyon Creek near John Day in Grant County.
The gald here was so plentiful that the men searched
no farther, and by July 5, 1862, a tent city of 1,000 men
hed grown up aong the stream. Within a few years,
prospectors spread out to mogt of the digtricts in the
Blue Mountains and adjoining Idaho.

Water for working the placers was scarce in
the desert, and long, extensve ditches were dug to
cary it to the workings. The Auburn ditch, parts of
which are gill used by the municipality of Baker, wes
completed in 1863. The Rye Vdley ditch was com-
pleted in 1864, and the 100 mile long El Dorado ditch,
finded in 1873, carried water from the head of Burnt
River to the Malheur placers. The water supply stimu-
lated production for 10 to 15 years until the placer
gavds were exhausted. Bucket line dredges, which
were firg usad in Sumpter in 1913, aso increased gold
production for a time on the creeks and rivers of
esgtern Oregon.

Lode mining began shortly after placers with
the development of the Virtue Mine near Baker in
183 where a 10-stamp mill was constructed to process
the ore. Stamp mills, employing heavy steel rods,
puveized the gold ore to extract the fine gold. Virtue
ad Sanga mines in the Walowa Mountains and
Comar Cresk mine in the Lookout Mountain region
domingted lode gold production until the early 1900s
when production of vein gold from the Cornucopia
mines began. Ranking as the top lode producer,
Comucopa mines were active for over 60 years,
frequently yidding more than hdf of the total lode
gdd of Oregon for severad consecutive years before
dodng in October, 1941.

As late as June, 1913, a large nugget weighing
804 ounces was picked up in the gravels of a placer
mire negr Susarville in Grant County. George Armstr-
ag ad his partner found the nugget while mining by
hydraulic pressure. Today the gold specimen worth
bewen $30 and $40 thousand dollars is exhibited by
the U.S Bark of Oregon in Baker.

Ealy gdd production for the Blue Mountains
& aly be esimated because exact figures were never
recordad, and much of it was sent to the mint & San
Frandso where it wes credited to California Placer
minessin the region west of Baker had an approximate
yidd of $5 million dollars, while placers elsewhere in
Gat ad Bske counties had an estimated total
ouput of $18 million dollars by 1900. By way of
compaison, lode mining operations totaled $5 million
ddlas by 1900. Mines in the North Pole-Columbia
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lode, extending 5 miles southwest from Elkhorn Ridge,
were the most lucrative in Oregon. Production figures
from 1895 to 1908, the mog active period, were
$2,485,000 for 100,450 ounces of gold.

After 1900 activity increased. Pesk years were
from 1900 to 1908, from 1913 to 1942, and from 1946
to 1954 with the estimated dollar value between 1900
and 1965 placed a $47 million. After that, production
dropped dragtically. For example, during 194 there
were 5,175 troy ounces of gold from both mines and
placers in Baker County. In 1955 only 299 ounces of
gold were recorded from the same sources. Since 1945,
most lode gold has come from the Buffdo Mine in the
Elkhorn Mountain area, while the Bonnanza Mine
north of Hafway is currently the state's mgor placer
gold producer. Today data on individua companies is
no longer available to the public.
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Now residing with the U.S. Bank of Oregon in Baker,
the Armstrong nugget was among the largest found
in Oregon during the gold rush days (Oregon Dept.
Geology and Mineral Industries).

Silver is typicdly recovered with gold as part
of the extraction process since gold and dlver are
usudly associated in nature. Production of slver in the
Blue Mountains province reached just over $2 million
dollars from 1900 to 1965, the most lucrative period.

Southwest and northeast Oregon are prime
targets for gold exploration. Large placer mining
operations, recreational mines usng smal portable
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dredges, and the installation of gold-saving devices at
private sand and gravel plants have increased the
amount of gold recovered. The use of a process caled
hesap-leaching, where sodium cyanide or other chemi-
cds are employed to extract the gold from piles of low-
grade ores, has brought vigorous protests from environ-
mentalists. Large open pits, created in the extraction
process along with lagoons which contain toxic materi-
as would eventually be abandoned.

Copper
Deposits of copper are often found with gold

and slver in the Wdlowa Mountains and aong the
Snake River canyon. Copper prospecting began in the
late 1800s, and the bulk of the copper came from the
Iron Dyke Mine near Homestead on the 1daho border.
Copper here occurs in sheared, faulted zones within
Permian and Triassic volcanic and sedimentary rocks.
The minerdization or emplacement by hydrothermal
fluids along fractures in the host rock probably came
later in the Jurassic period. Copper occurs chiefly as
chalcopyrite with lesser amounts of other mineras
present.

The Iron Dyke was discovered in 1897 a-
though serious production didn't begin until 1915. A
"rush" to Homestead occurred in 1890 with the promise
of mgor copper discoveries, however, output from
most of the deposits remained small. From 1900 to
1965 approximately S3 million dollars worth of copper
wes extracted. The peak years were from 1913 to 1920

3

The Iron Dyke Mine included
a main tunnel, eight levels
from four adits, and a 650
foot vertical shaft. The mine
is no longer in production.

Mining ceased in 1928, athough operations sporatically
continued for severa years after that. There was even
limited gold and copper output from the Iron Dyke in
the 1980s.

Mercury

Mercury ore or cinnabar in north-central
Oregon occurs in the Clarno Formation where it is
associated with intrusive volcanic plugs and adjacent
faults. The Horse Heaven didtrict in Jefferson County
is responsible for the highest production. Discovered in
1933, the Horse Heaven Mine operated from 1934 to
1944 and from 1955 to 1958 when the reserves here
were exhausted. During this period the mine yieded
17,214 flasks of quicksilver ranking among the top 5 in
the state. The Bonanza Mine in Douglas County is the
state's largest producer, while three other top mines in
the southeastern corner of the state averaged 15,000
flasks each. No other Oregon mines have produced
more than one thousand flasks each.

Thundereggs

Of Oregon's gem-like mineras, the thunder-
€gg, a spherical nodule or geode, is the most famous,
and in 1965 it was designated as the officid state rock
by the legidature. In actudity, the thunderegg is not a
rock but a structure created in rhyolite, tuff, or perlitic




rocks How thundereggs form isn't certain, but the
process probably begins with an internal cavity pro-
ducad by gasses expanding in highly viscous lavas. Once
the lavas cooled, the chamber is filled in with agate or
opd. Thundereggs range in sze from less than one
inch to over 4 feet in diameter, with the average geode
about the Sze of a baseball. Within a rough, knobby
ad drab exterior, the thunderegg reveals a colorful,
dar-shaped interior when cut open. Thundereggs can
be found in a number of localities in eastern Oregon,
but they are best-known from rocks of the John Day
Formation. According to Indian legends, angry thunder
spirits who lived in the craters of Mt. Hood and Mt.
Jdfason once hurled these spherical rocks at each
other accompanied by thunder and lightning.

Geothema Resour ces

The potential for the commercial exploitation
of geotherma energy in the Blue Mountains is only
moderate compared to that in the High Lava Plateau
or the Basn and Range provinces to the south. Initidly
thermd waters in the Blue Mountains were utilized by
pionears, and a health gpa was erected in 1880 at Hot
Leke near La Grande. At nearby Cove and Union,
public and commercia facilities were built to exploit
thermd sorings and wells. Here water averages less
then 100 degrees Fahrenheit, while waters from Hot
Lake at 185 degrees Fahrenheit are the warmest.

Therma waters follow narrow conduits along
falt zones by which they reach the surface. This has
the efet of localizing the hot waters. At Hot Lake, for
exarple a cold water well is located less than 150 feet
fram the hot springs.

Features of Geologic Interest

Waellova Mountains

Formerly known by a number of names, the
rugoed, glaciated Walowa Mountains were cdled the
Granite Mountains, the Powder Mountains, or the
Eege Mountains before an officid decison was made
to ue the current name. "Walowd' is a Nez Perce
Indan name meaning a series of stakes arranged in a
triangular pattern in the river for catching fish. Traps
of this sort were used in the Wallowa River. Extending
ova the northeast Oregon border, the Walowa
Mountains are cdled the Seven Devils Mountains in
Ideho. Betwemn these two ranges, Hells Canyon of the
Seke River has carved a gorge, 1,000 feet deeper than
the Grand Canyon of the Colorado River.

During the Ice Ages, glaciers atop Wadlowa
Mountans radiated outward from the center of the
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Thundereggs, a popular term for agate-filled
geodes (photo courtesy of Oregon Dept. Geology
and Mineral Industries)

range. Spectacular, high triangular peaks with steep
wadlls are known as matterhorns and are cut out by the
headward erosion of three or more glaciers back to
back. Headward erosion by a glacier is primaily a
freezing-thawing process where rocks are plucked or
torn directly off valey walls by the ice. This style of
erosiona attack leaves bare, vertica rock faces and
dramatic scenery a the heads of valeys.

A diversty of peaks in the Walowas rise to
heights of nearly 2 miles above sea level, producing
both a sharply serrated as well as a rounded skyline.
Southwest of Walowa Lake, Matterhorn Mountain,
composed of blue-white marble, rises to 10,004 feet just
opposite Secgawea Pesk at 9,880 feet. Other moun-
tains, as Aneroid, 30 named because an aneroid barom-
eter was used to determine the eevation of the nearby
lake, is more rounded and gives a different appearance
to the landscape.

The Wdlowa Mountains contain some of the
fines scenery and recreationa facilities in Oregon.
Three separate episodes of Ice Age glaciation have
shaped ridges, carved vdleys into U-shaped troughs,
and left crystd clear glacid lakes to be enjoyed whet-
her driving, camping, or hiking here. There are close to
100 lakes of dl shapes hollowed out of the granitic
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Looking south at the Wallowa Mountains and Wallowa Lake surrounded by glacial moraines. The
community of Joseph lies just at the bottom of the picture on the irregular glacial outwash

plain (photo courtesy David A. Rahm).

valley floors with water spilling over the hard rock lip
to create waterfalls. Minam, Moccasin, Jewett, Wallo-
wa, Aneroid and Echo lakes are just a few of these.
One of the mogt dramatic of these, Walowa Lake, at
the foot of Chief Joseph Mountain, is 3 12 miles long,
34 of a miles wide, and nearly 4,440 feet in elevation.
Fed by the Walowa River, the lake is hemmed in by
moraines made up of boulders and mud left behind by
glaciers around the edge of the lake when the ice
retreated. The moraines were deposited during differ-
ent glacid periods dating back only a few thousand of
years. Unfortunately, plans are currently being made to
carpet the tops of the Walowa Lake moraines with a
large housing development. It is difficult to understand
the mentality of a developer that would cdl for de-
stroying a natural wonder with housing in the midst of
the vastness of eastern Oregon.

Steins Pillar

About 20 miles east of Prineville in Crook
County, picturesque crags have been eroded from layers
of welded tuff. One of the most imposing columns is
named Steins Pillar. The original spelling was Steens

Pillar after Mgor Enoch Steen of the U.S. Army who
explored this region for road development in the 1860s
However, the name was misspelled so frequently the
incorrect version became officid. The pillar stands 350
feat high and 120 feet in diameter.

The pillar had its beginnings amost 44 million
years ago during the Clarno episode when hot ava
lanches of ash and pumice accompanied by cdouds of
volcanic dust spewed out from local volcanic centers
filling an ancient valey. Ensuing flows of the John Day
covered one another before the first had time to cool.
At least three separate successve volcanic deposts
make up Steins Pillar. Upon cooling, the deposit lit
into long vertical joints, and erosion over millions of
years progressed along these cracks to isolate the seep
columns seen today. Oxidizing iron from the ash hes
stained the pillar's surface yellow-brown.

Officer's Cave

Although the Blue Mountains province is not
known for its caves, among of the most interesting
geologic fesatures is a cave approximately 11 miles
south of Kimberly in Grant County. Named Officar's



Cave dfter the Foyd Officer family which homesteaded
here, the cave is one of the largest developed in non
kard terrain in North America. The cave was formed
by an unusua subsurface process where tunnels, sinks,
neturd bridges, hills, and valleys are eroded in soft
days ad dilts instead of in limestone. Caves of this
type can develop quickly as a result of a mgor storm,
when rushing water scours steep gullies or sometimes
causs the entire roof of the subterranean cave to
collgpx= In the case of Officer's Cave, large, broken
blodcks of the John Day Formation, fallen and tipped in
dl directions, are flushed out by underground streams.
The John Day Formation is particularly susceptible to
eradon because of its soft, poorly consolidated nature,
a characteridic frequently leading to landdides and
rockdides

Offica’'s Cave is a maze of various leves
aigndly over 700 feet long when first explored by
gedogigs in 1914. The cave has increased in volume 5
to 10 times since then and when examined in 1975 was
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Officers Cave is developed in the John Day Forma-
tion where soft clays have been washed out by
subterranean streams.

Steins Pillar in Crook County is an erosional remnant of volcanic ash-flow tuffs of the Clarno and John
Day formations (photo courtesy of Oregon State Highway Department).
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over 1,500 feat long. Underground channels follow the
esst-west direction of nearby Officer's Cave Ridge. As
the cave erodes, large dabs drop from the roof creating
an unusua display of rockfals.

John Day Fossil Beds National Monument

The 14,012 acres of the John Day Fossil Beds
National Monument record the Cenozoic history of the
southwestern edge of the Blue Mountains. Travelling
to three different national park locations in Grant and
Wheseler counties, the visitor is treated to a fascinating
view of extinct animas and plants as well as a colorful
eroded landscape of volcanic and sedimentary deposits
of both the Clarno and John Day formations. Oxida
tion of layers of ancient soils gives them a highly
varigated or multi-colored appearance.

The story told in the rocks here began when
volcanic eruptions of the Clarno entombed plants from
atropical environment 44 million years ago. Only afen
large animals have been found from this period,
however. Beginning 36 million years ago, renewed,
explosve volcanic activity of the John Day episode
released grest volumes of ash which covered and
preserved both plants and animals living in the ancient
grasdands and along waterways. The John Day beds of
the National Monument are famous for the many types
of cats, dogs, camels, rodents, and cow-szed rhinocer-
0ses. Among these were the small, 3-toed horse and
the common oreodon. This was a sheep-like animal
whose skulls were collected by early Oregon pioneers.
The Metaseguoia, or dawn redwood, was one of the
most prevalent plants encountered during the temper-
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The pig-like entelodont, the delicate and deer-like
Hypertragulid, and the oreodons, the size of a
sheep, are among the fossil mammals found in the
John Day beds of eastern Oregon.
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Lava-topped Sheep Rock is one of the landmarks in the heart of the fossil beds, where pre-historic
animals roamed in a tropical climate 25 million years ago (photo courtesy Oregon State Highway
Department).

At Castie Rock north of Picture Gorge, crenellated spires and columns typically result from erosion of
the John Day sediments (photo courtesy of Oregon State Highway Department).
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Painted Hills in eastern Wheeler County is a succession of ancient soil profiles developed in the John
Day Formation (photo courtesy Oregon State Highway Department).

ate John Day period. Once thought to be extinct,
Metasequoia was re-discovered in China and brought
to Berkdley by paleobotanist, Ralph Chaney in the
1930s

The display areas of the National Monument
are in three different locations beginning with the
Palisades a Clarno where Eocene mudflows of shales,
siltstones, conglomerates, and breccias are exposed.
These mudflows or lahars are particularly distinctive,
eroding into steep diffs spires, and columns aong
vertical fracture lines in the softer sediments. This is
the oldest section of rocks in the Monument.

At the Painted Hills north of Mitchel a
badlands physiography reveds colorful exposures of
rust red soils alternating with yelow, and light brown
tuffs of the John Day Formation. Evidence of plant and
animal life 30 million years ago can be seen in the few
fossl remains found. The Bridge Creek fossl plant
locdlity, famous for its Metasequoia leaves, is nearby.

The third section of the Monument at Picture
Gorge and Sheep Rock 38 miles west of John Day tdls
the story of life here 25 million years ago. The narrow
gorge was 0 named because of ancient Indian picto-
graphs painted onto the basat. Probably one of the
most scenic localities in Oregon, the gorge cuts
through 1,500 feet of basalt in numerous flows separat-
ed by occasond oil layers. A smal cap of had
Miocene basalt protects the softer, buff-colored volca
nic tuffs of the upper John Day beds making up Sheep
Rock, one of the mogt familiar sights of the Nationd
Monument.

Grand Canyon of the Snake River

Beginning at the oxbow on Oregon's eastern
border, the deep, narrow Grand Canyon carved by the
Snake River cuts between the Walowa Mountains of
Oregon and the Seven Devils Mountains of Idaho asiit
journeys northward. From the summit of He Devil
Peak in Idaho to the depths of the Snake River bed,
Hells Canyon measures nearly 8,000 feat deep, which



is 1,000 feet deeper than the Grand Canyon of the
Colorado. For more than 50 miles, Hells Canyon
averages 5500 fet in depth. At Hat Point in Oregon
the depth is 5620 feet. The 1,300 foot drop in river
devaion from Huntington to Lewiston inspired the
Idaho Power Company to construct three dams in this
short interval.

The 250 to 75 million year old Permian to
Cretaceous rocks exposed in the canyon wadls were
deposited long before the Snake River canyon existed.
These rocks were broken and shattered by folding and
faulting only to be later intruded by granitic batholiths
160 to 75 million years ago. A 60 million year long
paiod of eroson stripped of the sediments and
exposed the deep batholiths only to have the surface
covered over once again during the Miocene with flow
dter flow of lavas. The varied scenery of the canyon is
the product of rapid erosion. As the area rose, tribu-
tay rivers from the mountains became deeply incised
cutting down through the successive layers of rock to
cregte a deep gorge. For amost two-thirds of its route,
the Sheke River dissects the dark-colored Miocene
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basalts of the Columbia River group which are up to
6,000 feet thick in places. Vigtas from such eevations
as Hat Point on the western rim or Kinney Point on
the eastern sde show a panorama of vertical diffs
sharply cut canyons, and narrow ledges.

Despite its size, the Snake is regarded as a
relatively youthful stream. Along its course the river
makes a mgjor directional change 50 miles north of
Huntington at the oxbow. Here the river begins to cut
deeply into adjacent rocks as the oxbow marks the
beginning of Hells Canyon. There is evidence that
during the Pleistocene the headward limit of the Snake
River was a the oxbow, "capturing” the drainage of a
much larger south flowing stream, which entered the
Pacific somewhere to the south. The Snake eroded
downward at the oxbow, bresking through the divide
which separated it from the other river. Capture of the
upper Snake may have been aided by a large body of
water, Lake Idaho, which had filled the older canyon as
far south as Hagerman before spilling over into the
gorge.

Layered Miocene Imnaha flood basalts exposed in the Grand Canyon of the Snake River in eastern
Wallowa. County (photo courtesy Oregon State Highway Department).
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Klamath Mountains

Physography

The Klamath Mountains physiographic prov-
ince is an elongate north-south trending area of
gpproximately 12,000 square miles, three-fifths of which
is in northern California and the remainder in south-
wegtern Oregon. In Oregon the province is bordered
on the north by the Coast Range and on the west by
the Pecific Ocean. The broad Bear Creek Vadley
sepaates the Klamaths from the Western Cascade
mountains to the east, and the state border marks the
southern limit of the Oregon Klamaths.

Although the region boasts deep, narrow
cayons and mountain peaks reaching over 7,000 feet,
for the mogt part the province exhibits an even relief
throughout that represents the old land surface before
it wes worn down then uplifted for renewed erosion.
Mt. Ashland at 7,530 feet is the highest peak in the
Oregon Klamaths, while the Siskiyou Mountains,
forming the southern end of the province, display the
gregies relief. West of the Siskiyou summits, the tilted
upland surface drops to 2500 feet before the land
aoruptly bregks dff to a narrow coagtdl plain with steep
heedands.

The Oregon Klamath Mountains province is
draned by the Rogue River, its main tributaries the
lllinois and Applegate, as well as by coastd streams,
the largest of which isthe Chetco River. The watershed
of the Rogue begins on the western dopes of the
Cegzae Mountains & Boundary Springs near Crater
Lake Rowing southwesterly to Medford and Grants
Pess the river drops 5,000 feet, making several mgjor
tums before entering the Pecific Ocean a Gold Beach
dtar a distance of 215 miles.

Gedagc Ovarvien

The Klamath Mountains are made up of pieces
of exatic terranes that were once parts of ocean crust
or idand archipelago environments spanning the early
Pdeozaic to Jurassic. Each of the terranes have distinct
rok layes and fossls by which they are identified.
Fomad in an ocean setting, the tectonic dices were
caried eesward toward the North American landmass
where they callided with the exising continent. As
LooHve terranes were added, one after the other, the
mosac of terranes arranged themselves like falen
dominoes After being accreted, the terranes were

securely welded to the mainland by granitic ingtrusives
before being rotated as much as 100 degrees clockwise
by the early Cretaceous.

Today saven separate terranes are recognizable
as making up the Klamath Mountain province. While
not extending into Oregon, the Eastern Klamath
terrane of California forms the oldest rock mass within
the province, to which the later terranes were affixed.
Because they were fabricated elsewhere, rocks of the
Klamaths are much older than those in any other part
of western Oregon, and the area may contain some of
the oldest formations in the state. While the oldest
known rocks in the Oregon Klamaths are Triassc,
Klamath province rocks as old as Ordovician a 450
million years are recorded in Cdifornia

The intrusion of Klamath Mountains terranes
took place in severa waves of granitic rocks during the
middle and late Mesozoic. Occurring in four northeast
trending belts, mogt of the granite magmas making up
the plutons were emplaced after the terranes were
amalgamated. About 140 million years ago the Creta-
ceous ocean that covered much of Oregon deposited
sediments in a broad basin extending northward from
the upper corner of the Klamath Mountains. Materia
deposited in this ssaway was derived from volcanoes to
the east. Only a scattering of Tertiary sediments are
represented in the province by sands and silts carried
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Distribution of terranes in southwest Oregon and
northern California (after Irwin, 1985)

westward by awell-developed riverine sysem. Draining
the Idaho batholith and Klamaths, the rivers deposited
the sediments in the forearc basin along the margin of
the mountains. Uplift in the Miocene resulted in
extensve eroson of the region. The Peistocene
brought only smdl glaciers to these mountains, while
continuing uplift aong with rising and fdling sea level
produced coastal terraces.

In their long history as part of the sea floor as
well as during the emplacement of granitic intrusions,
Klamath terrane rocks were enriched with a diversty of
economic minerals including gold, copper, nickel, and
chromite.

Geology

Because the Klamath Mountains are made up
of composite belts of rocks formerly part of an ocean
environment, the concept of displaced accreted terranes
isfundamenta to understanding geology here. Terranes

are separate groups of rocks formed in an open oceanic
or coastal environment, each group with its own
layered sequence of digtinctive rocks and fossls by
which it is recognized. These dabs of oceanic rock were
rafted toward North America from the west where they
were bent, folded, and broken upon collision. As they
were accreted to North America, the succeeding
terranes were thrust beneath each other like shingles
on a roof with the oldest to the east and the youngest
to the west. All of the terranes are separated from each
other by fault zones.

During the Paleozoic and Mesozoic more than
250 million years ago, the Klamaths began as an ocean
chain or idand archipelago that extended in a north-
west line down from British Columbia and Washington
into Idaho and California. Assembled very close to the
North American West Coast, terranes were accreted to
North America in the middle and later Jurassic. In
middle Jurassic time, a subduction zone between two
tectonic plates generated a series of volcanoes aop
these older, accreted terranes. As the volcanic ac
separated from the landmass and migrated wesward
away from North America, a backarc basin developed
between the older volcanic chain and the eruptive
centers situated above the subduction zone. During the
late Jurassic, Slls and dikes were intruded into the
basin. In the find stage, the arc, basin, and remnants of
the older volcanic chain migrated toward North Ameri-
ca where they were accreted and imbricated in thrust
sheets over each other.

From south to north the provinces today
include the Sierra Nevada in Cdlifornia, the Klamath
and Blue Mountains in Oregon, Idaho, and Washing-
ton, and the Cache Creek area in central British
Columbia. Terrane rocks of the Klamath province are
linked to those of the Sierras of Cdifornia and the
Blue Mountains in northeast Oregon by dgrikingly
smilar fossls and rock layers. Even though the rda
tionship between these regions is till not well under-
stood, al three form a discontinuous belt of Pdeozoic
and Mesozoic rocks. This 1,000 mile long ancient
mountain chain bends in a northeast direction across
the state beneath the Cascades from the Klamaths to
the Blue Mountains before turning back toward the
north in the Blue Mountains to continue into north-
western Washington. This kink is thought to have
developed during early Tertiary with rotation ad
wesward displacement of the Klamath and Blue
Mountains provinces.

After initia contact of the exotic blocks to the
North American continent, the Klamath block wes
rotated into afind position. It is particularly important
to fix the time the terrane was accreted to the man
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continent and when the same terrane wes rotated into
its present orientation. The timing determines whether
the plate rotation occurred when the terrane was il
an independent part of an oceanic plate or whether it
wes moved after it had become welded to the main
continent. Present evidence suggests that al Klamath
teranes had completed their swinging clockwise
mation by the early Cretaceous. This established the
ealy Cretaceous as the time by which the multiple,
compodte Klamath terranes became joined to the
dable North American continent.

Individual Terranes

After delineating and mapping these terranes,
the process of grouping the many isolated pieces
togaher is the next step in reconstructing their origins
ad higory. In the Oregon Klamath province there are
s/ recognized terranes which are further subdivided
into multiple subterranes. Two terranes in the Klama

ths of northern Cdlifornia, the Eastern Klamath terrane

ad the Centrd Metamorphic terrane, do not extend
into Oregon. From east to west, or from the oldest to
yougest, Oregon Klamath terranes include the West-

en Pdeozoic and Triassc belt, the Western Klamath

terane d0 known as the Western Jurassic belt, the
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Oregon Klamath Mountain
terranes and major faults
(after Pessagno and Blome,
1990; Harper and Wright,
1984, Blake, et al., 1985)

Oregon
e g

California

Show Camp, Pickett Peak, Yolla Bolly, Gold Beach,
and Sxes River terranes. The overdl grain of the
Klamath terranes curves northeast by southwest with
the convex side to the northwest.

Among the Klamath Mountain terranes, the
Western Paleozoic and Triassic terrane, which is
dgnificantly older than subterranes of the Western
Klamath belt, was accreted in middle late Jurassic then
rotated to its current northwest facing configuration in
Mesozoic and Tertiary time. Also known as the Apple-
gate, this terrane has been subdivided into three
subterranes. The Rattlesnake Creek subterrane origi-
nated as an ocean crust or "ophiolite’. The Hayfork
subterrane, which represents avolcanic idand archipel-
ago, is laminated between the Rattlesnake and May
Creek subterranes. The May Creek, which is dso
ophiolitic, has been heavily distorted and altered by
heat and pressure to high grade metamorphic rocks.
The Western Paleozoic and Triassic terrane has tropi-
cd fosdl faunas similar to those found in the Cache
Creek terrane in British Columbia and the Baker
terrane in the Blue Mountains.
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Commonly occurring in Klamath terrane rocks,
ophiolites are layered rock sequences up to 3 miles in
thickness that develop in the deep ocean floors be-
tween two spreading tectonic plates. At the bottom of
an ophiolitic series, dark-colored ultramafic rocks of
peridotite are overlain by gabbros that form the base of
the ocean crust. These in turn grade upward into a
complex of sheeted dikes without an apparent host
rock. Layered over the intruded dikes are pillow basalts
which are lavas extruded underwater onto the sea floor.
These pillow-shaped blobs of lava are capped by deep
sea cherts and pelagic clays with fossils of radiolaria
and foraminifera typically found today in the open
ocean under thousands of feet of water. Ophiolites are
significant as they offer a chance to examine first hand

ocean crust as well as upper mantle rocks from more
than three miles below the seafloor.

The upper pillow basalt layers of an ophiolite
sequence are highly porous, and during the ocean
spreading process the convection of seawater in
through the ophiolitic rocks and out near the ridge
crest contributes to the precipitatation of massive
sulfide deposits. In this way the upper portion of the
ophiolite is richly mineralized with copper, lead, and
zinc with smaller amounts of gold, silver and platinum.
Nickel and chromium ores are primarily associated
with the deep periodite layer of the ophiolite sequence.
Basalts, ultramafics, and gabbros in the Klamath
ophiolites have been altered to form the low-grade
metamorphic rocks, greenstone and serpentine. The
word, "ophiolite”, meaning snake, refers to the rock
serpentine which is completely fractured and broken up
by faults giving it a smooth surface.

The Western Paleozoic and Triassic belt is to the
southeast of the Western Klamath terrane. These two
terranes are separated by a fault marking the surface
along which the Western Klamath terrane was pushed
beneath the Western Paleozoic and Triassic terrane.
Studies of the magnetic alignments of mineral crysds
in the rocks of the Western Klamath terrane suggest
that it has been rotated less than 100 degrees in a
clockwise direction since its origin in the late Jurassc
to arrive at its present orientation of northeast by
southwest. Presently the Klamath Mountains are in
approximate alignment with the Blue Mountains. Both
provinces display extension and clockwise rotation
suggesting that the Klamaths may have connected with
the Blue Mountains beneath the Cascades.

The Western Klamath terrane has been
subdivided into six subterranes. From east to west, they
are the Condrey Mountain subterrane, the Smith River
subterrane, the Rogue Valley subterrane, the Briggs
Creek subterrane, and the Dry Butte and Elk subterra-
nes. Two of these, the Condrey Mountain and Smith
River subterranes, have been the focus of considerable
attention because of their geologic environment ad
economic minerals.

Southwest of Ashland, the Condrey Mountain
subterrane, 90% of which projects across the border
into California, is an inverted drop-shaped exposure
formed during the late Jurassic between 146 to 148
million years ago. A hot oceanic slab and cooler ooeen
sediments, brought together by thrusting plates, were
altered to the metamorphic rock, schist. Within the
body of the Condrey Mountain, the schists range fran
the low-grade greenschist on the outside, to the midde
layer of graphite-rich blackschist, and the core of high
grade blueschist, all of which have been folded with
tight crenulations. Intensive erosion of the dome today
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credes a deep window into the blueschists. The ad-
vanoed metamorphic state of the Condrey Mountain
ubterrane makes it difficult to correlate with rocks of
the Klamaths, although it may be derived from shales
of the Gdice Formation exposed further west.

An intriguing aspect of the Condrey Mountain
expoare is that it diglays a distinct doming believed
to have developed in the Neogene. It was probably
duing the Miocene epoch as the Juan de Fuca plate
wes adivdy being subducted beneath the larger North
Amgicen plate that lateral pressure between the two
convagng plates caused the bowing or doming,
compressing the rocks by as much as 5% and raising
them over four miles in elevation. Compression for this
doming mey have come from a dight change in the
ubdudtion direction of the Juan de Fuca plate where
the forearc basin, containing the Condrey Mountain
dome out in front of the Cascade volcanic arc, was
puhad upward. Although the broad uplift of the
Klamgh Mountains in the later Tertiary was recog-
nzed ealy, the dome configuration was only identified
in 1982

With its mineral wedlth, the Smith River is, per-
hgs the mogt important subterrane within the West-
em Klamath block. Made up of two parts, this subterr-
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Major tectonic terranes of the Oregon and California
Klamath Mountains

Oregon

R 2 et ﬂ\.\\‘;:a
~alifornia © N©
Californt

Southeast

ane has an underlying, deep ocean crust suite of rocks
known as the Josephine ophiolite and a three mile
thick overlying sandstone and datey shale cdled the
Galice Formation. The Josephine ophiolite was origi-
ndly a dab of ocean floor, approximately 163 million
years ago, lying in a spreading backarc basin between
the mainland and an active volcanic archipelago to the
west. Microfossils from the ophiolite sediments suggest
that the terrane developed at a tropica latitude lying
well to the south of the present Klamath Mountains. In
addition to thick sequences of volcanic flows and ash,
the Galice contains turbidites which grade into shale at
the top. Structural evidence suggests that softer Galice
rocks were literally scraped off the ocean floor and
piled againg the proto-Klamaths as two crustal dabs
collided and did past each other.

One of the largest and most complete ophiolite
sequences in the world, the Josephine ophiolite is an
assemblage of rocks representing fragments from an
ancient ocean crust and upper mantle that are rich in
magnesium, iron, and serpentine. The Josephine
ophiolite is famous for its massve sulfide deposits
which are similar to those on the idand of Cyprus in
the eastern Mediterranean. Within the Josephine
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ophiolite, one of the better exposures of a WEST e
massive sulfide deposit is in the Turner-
Albright mining digtrict on the southern = o
Sixes ver yold Beach Pickett Peak

Oregon border. Here hydrothermal depos-

m.y.a.

Yolla Bolly

terrane terrane terrane terrane

Snow Camp
terrane

its yied gold, silver, copper, zinc, and Bt

cobalt from what has been interpreted as

an ancient ocean spreading ridge where | 15 H

minerals precipitate from submarine hot
springs at temperatures up to 650 degrees

lertiary
(S
n

A second important mineral-bearing | | o 1

ophiolite sequence is the Jurassic Preston

Pesk terrane of the Klamaths. Bet ex- | 76 [
posed in Cdlifornia, the Preston Peak has | | soH
been thrust into a position over the Jose- 85 H
phine ophiolite. Originaly the Preston Y U
Pek lay a distance to the east and was | | o kiwewone
either a poorly developed volcanic archi- | 2 | s 1@

Yo

pelago or a piece of the Josephine interarc
basin.

The Rogue Vadley subterrane forms
a five-mile wide strip just northwest of the
Smith River terrane. The Rogue Vdley
conssts of volcanic flows and ash of the
Rogue Formation covered by shaes and
sands of the Galice Formation. The volc-
anics have been adtered to greenstone
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which in turn contain gold and other base
metals. The Briggs Creek subterrane, west
of the Rogue Vdley, conssts of folded
and altered garnet-bearing amphibolites.
The Dry Butte subterrane includes the

Chetco River complex of plutonic rocks, Z
locally known as the Illinois River gabbro, 3 | 170
and is considered to have been the roots o
of the volcanic arc. -

4
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|~ Coz
|  Ophiolite
'l

Over 20 miles west of the main expo-
sures of other Western Klamath terrane
rocks, the Elk subterrane is included
within the Western Klamath because it
contains the unmistakable sandy turbidit-
es, shales, and andesite volcanic flows of
the Galice Formation. Atop the Galice and within the
Elk subterrane coarse marine gravels of the lower
Cretaceous Humbug Mountain Conglomerate and
Rocky Point Formation are found.

Five dightly younger terranes, the Snow Camp,
Pickett Pegk, YollaBally, Gold Beach, and Sixes River
are separated from the overlying Western Klamath
terrane by a series of faults of early Cretaceous age.
The Show Camp terrane is a digunct group of rocks
including the Coast Range ophiolite which has been
overlain by the lower Cretaceous Riddle and fosslifer-

£ | >
T

Triassic

S

Oregon Klamath Mountain terrane stratigraphy (after
Blake, et al., 1985)

ous marine Days Creek formations of conglomerates,
silts, and sands. The highly folded Colebrooke Schig of
late Jurassic age makes up the Pickett Peak tarane
M etamorphosed in early Cretaceous, the Colebrookeis
a blueschigt that was originally a mixture of tufs
cherts, and pillow lavas in a deep sea, oceanic sHting.
The Yolla Boally terrane of upper Jurassiclower
Cretaceous age has been divided into east and wegt
sections, both of which include the distinctive Dathen
Formation. Deriving its sand from continental ad
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Terranes and faults on

terrane soles are younger westward

vdaaic ac sources, the Dothan is composed of
aoeanic continental dlope rocks of turbidite sands and
muok with some deep water cherts. The Gold Beach
tarare is a "mdange’ or mixture of upper Jurassic
Otter Point Formation silts and sands mixed with lavas,
brecdas chert, and even schigts. Overlying that terrane,
the upper Cretaceous Cape Sebastian sandstone and
Huntas Cove siltstone reflect storm wave conditions
with turbidite sands and shales. Bounded by a fault, the
adesve blodk of the Gold Beach terrane may have
ben moved north out of Cdifornia in Tertiary time.

[ 'I'ri;l.\si(:TI J (.\Iiddlc .h‘n‘;‘x?.\icl Upp

[ Applegate terrane

The Sixes terrane is exposed just north of Cape
Blanco and in a smal sheet south of Roseburg. It
conssts of Jurassic and Cretaceous mudstones, sand-
stones, and conglomerates chopped up by faults and
studded with huge separate blocks of blueschist and the
distinctive high-grade metamorphic rock eclogite. Near
Roseburg, blocks of the middle Cretaceous Whitsett
limestones with coras and deep water shales dong
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with pillow lavas are found in the same terrane. The
Sxes terrane has been compared to the Centra M-
ange terrane of northern Cdlifornia and, like the Gold
Beach terrane, may have been displaced northward into
southern Oregon by faulting in late Cretaceous or
lower Tertiary time.

Mesozoic Plutons

During an interval near the end of the Jurassic
period intensive folding and faulting in the Klamath
Mountains was accompanied by the intruson of
plutons. This mountain building episode was historical-
ly called the Nevadan Orogeny because it was thought
to be synchronous with intrusions of the Sierra Nevada

region further to the south. In actudity, the tectonic
activity in the Sierras took place millions of years later
in the middle Cretaceous. However, the phrase, late
Jurassic and early Cretaceous Nevadan Orogeny, was So
firmly entrenched in West Coast tectonic geology that
it is ill a useful milepost to understanding the higtory
of the region.

Except for the coasta terranes, the Klamath
Mountain province has been intruded by igneous
plutonic bodies which cooled to coarsely cryddline
rocks at depths beneath the earth. The plutonsvay in
sze from exposures covering less than one square mile

Western Klamath |

Tertiary uplift and the Condrey Mountain dome in the

Oregon Klamath Mountains (after Kays and Ferns,
1980; Donato, Coleman, and Kays, 1980)
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Vertical sequence of the Joseph-
ine ophiolite in the Oregon
Klamath Mountains (after Harper,
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to those covering over 100 square miles. Intrusives are
stusted in four major northeast trending belts with the
ddet in the southeast and the youngest in the north-
wed The oldest of these, the Wooley Creek belt of
lae midde Jurassic age a 155 million years ago
indudss the Ashland plutonic complex of quartz
monzonite and granodiorite. About 150 square milesin
tod dze approximatdy two-thirds of the Ashland
puon is in Oregon where Mt. Ashland is its mgor
eqoare The Wooley Creek pluton belt intruded the
Ratleseke and Hayfork subterranes of the Western
Pdeozoc and Triassic belt terrane after the subterran-
&s hed been amalgamated.

{ Chert Siliceous clays, argillites

Red mudstones ¢
rich sediments

Pillow lavas and
volcanic breccias

Banded (layered) gabbro

Pyroxenite, Gabbro
Transition zone

Dunite pods

\j\ Josephine ophiolite
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Northwest of that region, the Greyback belt of
late Jurassic age includes the large Greyback pluton as
well as the smaller Gold Hill and Jacksonville plutons.
This belt, dating back to 153 million years ago intruded
the Hayfork, Rattlesnake Creek, and May Creek
subterranes of the Western Paleozoic and Triassc belt.
Just northwest of the Grayback belt, the Grants Pass
early Cretaceous plutonic belt a 140 million years
includes the large Grants Pass and White Rocks
plutons. Displaying 85 degrees of clockwise rotation,
the Grants Pass plutons intruded the Smith River
subterrane on the south and the Rattlesnake Creek and
Rogue Valley subterranes to the north after amalgam-
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ation had taken place. The Chetco belt of late Jurassic
age at 153 million years ago includes the Illinois River
gabbro and is synchronous with the Greyback. In
contrast to other intrusive belts in southwest Oregon,
the Chetco belt, intruding the Dry Butte subterrane
before it was amagamated, formed the roots of a
volcanic idand arc.

Cretaceous
Covering the tectonically emplaced plutons of
the Jurassic period, sands, shales, and conglomerates
between 3000 to 4,000 feet thick were part of a
transgressive seaway during the Cretaceous. As the
seaway advanced or transgressed toward the east, it
became progressvely deeper over most of Oregon.
Broken fossl shells and hummocky, uneven sratifica
tion of both the Cape Sebastian and Hornbrook
formations indicate a turbulent stormy ocean. The
steady deepening of the sea in Oregon correlated with
agmilar late Cretaceous world-wide transgression.
Marine sands, shales, and conglomerates of the
Hornbrook Formation were deposited in a broad basin

Plutonic rocks of the Oregon Klamath Mountains
(after Holtz, 1971; Irwin, 1985)

located dong the northeast corner of the Klamath
Mountains. The basin probably extended much farther
to the northeast where it connected with the Odhooo
basin near Mitchell and Suplee as well as to the south
where it merged with the Great Vdley near Redding,
Cdifornia The interrelated basina structure woud
have formed a complex forearc basin to the west of the
later Cretaceous volcanic archipelago. Rare Cretaceous
floras from the Port Orford area include ferns, oycady
and ginkgos that grew & higher elevations in thewam
moist climate.

Tertiary

A rapid northwestward withdrawal of ooeenic
waters a the end of the Cretaceous brought the
southern end of the shoreline up againgt the northemn
edge of the Klamath Mountains by early Eocene ime
Within the beginning of Tertiary time, the Klameths
lay at the southern tip of the neny formed vdcanic



Coagt Range block, an extensive volcanic archipelago
that extended northwest by southeast across eastern
Washington and into Idaho. Only avery thin veneer of
Teatiay sediments are found in discrete areas of the
Klamath Mountains along the coastd margin, from
Powers to Agness, aong the Rogue River aove lllahe,
ad a Eden Ridge and Bone Mountain. Micaceous
sands and silts of the Lookingglass, Flournoy, and Tyee
formations were initialy carried westward by a well-
devdoped riverine sysem that drained the Klamaths
and the 1daho batholith to east to be deposited in the
forerc basin. Accumulations of plant fragments
intermixed with marine fossls indicate an interfingering
of near-shore and nonmarine sediments. Late Eocene
nearshore environments are represented by conglomer-
aes and sands of the Payne Cliffs Formation exposed
in a northwest trending belt dong the Bear Creek
Vdley near Ashland. Grading upward into ash, tuffs,
and lava flows the Payne Cliffs also record the earliest
volcanic activity of the Western Cascades, and deposi-
tion wes primarily by an extensive braided river which
floved to the north. This formation is overlain by
nonmarine volcanic sediments of the Colestin Forma-
tion. With the continued uplift, the shoreline moved
nothward, and intensive erosion and leveling of the
Klamah Mountains took place.

Plegooene
Smdl glaciers formed in the Oregon Klamaths
duing the lce Ages, although this range of mountains

Mitchell area
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didn't have the extensve glaciad sysem of the Blue
Mountains, Cascade Range, or of the substantialy
higher Cdifornia portion of the Klamaths. Glaciation
is most evident in the U-shaped vdleys, ampitheater-
like cirques, and lakes carved in Chetco Peak near the
Cdifornia border at atitudes between 4,000 to 6,000
feet.

Present in patches adong the western edge of the
Klamath Mountains province, high marine terraces at
different levels are the combined efect of uplift and
fluctuating globa sea levels during glacia and intergla
cid periods. Although extensive terraces, for the most
part, are missng between Port Orford and the mouth
of the Chetco River, south of the Chetco a broad
marine terrace is present with an occasional raised sea
stack projecting above the plain.

Structure

Large-scale lines or lineaments across Oregon
and Washington, best seen on agrid photos, are poorly
understood. Extending in a northeasterly direction, the
Klamath-Blue Mountains lineament runs over 400
miles from the northern boundary of the Klamath
Mountains to the northern boundary of the Blue
Mountains. The lineament is displayed on gravity maps
of Oregon where it reflects a crustal thickening from
20 miles thick northwest of the line to a crust 30 miles
thick southeast of the lineament. The meaning of such
a zone is unclear, but it may represent a preTertiary
continental margin which was oriented north-south

l

| Oregon marine Cretaceous rocks
and basins (after Nilsen, 1984;

! McKnight, 1984)
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Equisetum or horsetails and ginkgo grew as early as
Jurassic in southwestern Oregon.

during the early Cretaceous and which later rotated 45
to 50 degrees clockwise to its present position. It is
worthwhile to note that foundation or basement rocks
north of the lineament are of oceanic crustal composi-
tion, while basement rocks south of the lineament are
of continental crustal composition.

Mining and Mineral Indugry

Long exploited for their mineral wealth, the
Klamath Mountains contain rich deposits of gold,
slver, copper, nickel, and chromite, as well as smaller
amounts of other minerals. The presence of precious
metals in southwestern Oregon relates primarily to
mineralization as part of the sea floor spreading
processes and secondarily to the intrusion of plutonic

rocks situated throughout the Klamath Mountain
province. Within the Klamaths, mining has focused on
what is cdled the Josephine ophiolite. Thisis a belt of
distinctive rocks that are part of the larger Western
Klamath terrane forming an arcuate outcrop from
southwest to the northeast across the province. What
was once crust beneath a deep ocean floor, ophiolites
have been raised up above sea levd by continenta
collision to make the mineral deposits in them access-
ble. The Josephine ophiolite closdy resembles minera-
rich seefloor deposits esewhere in Cyprus, Turkey,
Newfoundland, and Italy that are referred to collective-
ly as "Cyprus type" massve, iron-copper sulfide depos-
its.

The Josephine ophiolite is believed to have
developed origindly in a backarc spreading environ-
ment, where the sea floor is pulled apart on the
continental side of an idand archipelago between the
volcanic chain and the mainland. With the spreading
process, tensional step faults form parallel to the ads
of spreading. Sea water begins to circulate by convec-
tion along the faults and through porous undersea
pillow basdts to emerge aong the axis itsdf as sa
floor hydrothermal vents. During cooling, mineras
dissolved in the super-heated sea water precipitate in
faults as well as within the volcanics and sediments to
create metalliferous muds. In this way a host of de
ments as iron, copper, cobalt, zinc, nickel, gold, ad
slver, with lesser amounts of other minerals accumu-
late dong the deep ocean spreading ridge to form ore
bodies near the base of the ophiolite sequence. Chrame
and nickel precipitate in pods associated with periodite
in the upper mantle.

In another mineralization process, amdler
amounts of ores are precipitated when minerd-laden,
hydrothermal fluids from a cooling pluton invade ad
enrich the enclosing rock. Typicd intrusions with
associated gold and slver can be found in the Chetoo
complex of western Josephine County and in the
Ashland pluton in southern Jackson County.

Gold

The search for gold stimulated the devdop-
ment of southern Oregon which, in turn, led to the
discovery of other economicaly vigble minerds as
siver, copper, and zinc from the mining regions of the
Klamath Mountains. Early miners examined river sads
and gravels for placer gold which had been eoded
from lode deposits. The discovery of placer gold dong
the lllinois River in 1850 by a party of miners, mod of
whom were from lIllinois, set the stage for the gdd
rush of 1851 in southern Oregon. In December of thet
year thousands of men arrived in Jacksonville faloning
reports of gold a this campsite along awagon route to



Cdifornia. Soon Jackson was the most popul ous county
in Oregon with mining camps springing up in adjacent
Josephine County as well.

Rich stream deposits of placer gold were washed
out of gravels by hydraulic methods that necessitated
the congtruction of ditches and flumes to bring water
fram miles away to the diggings. Many of the ditches
were dug by Chinese laborers, and the famous 23- mile
long Sterling Creek ditch constructed in 1877 was fed
with water from the Little Applegate River. Most of
the old placer workings are still visible. With over 75%
of the gald produced in the Klamaths from placers, the
Seling Creek find proved to be one of the most
productive with a total output of more than $3,000,000.

As the placers were fully exploited, gold was
traced along the streams back to its lode sources. Lode
gdd mining began during the 1860s, and in the peak
years from 1879-1908 over 150 |ode mines were operat-
ing in the Klamath province. Of these, 6 mines sup-
pied the bulk of the gold estimated a $7 million,
while 14 other mines produced $600,000. Aside from
the North Pole Mine in Baker County, the Greenback
Mire located on Grave Creek in Josephine County was
the mogt productive in Oregon a $3.5 million.

Sx leading minera-rich regionsin the Klamath
province are found near Galice and Canyonville, in the
Greenback and Grants Pass district, near Gold Hill and

Paleoenvironmental setting of the
Turner-Albright mineral district
(after Harper, et al., 1985)
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Jacksonville, in the Ashland district, in the Applegate
River vdley and Takilma area, and in the upper Illinois
and Chetco river watersheds.

The Gdice-Silver Peak mining didtrict, a
narrow zone about 5 miles wide and 15 miles long
through the rugged Rogue River vdley, began with
placer mining about 1854. By the 1880s Chinese were
working small placers on Grave and Galice creeks for
an estimated total of $8,000 a year. A 5-stamp mill at
the Gold Bug Mine in 1886 and a 100 ton furnace at
the Almeda Mine north of Galice in 1908 initiated lode
mining. Risng and fdling gold prices dictated the
opening and closing of mines in this and other districts
before World War 11. Since then, only a few seasond
placers have been worked in the Galice digtrict.

At Gdlice, the Almeda mine exploited the Big
Yank lode, discovered in 1874. With more than 3,000
feet of underground workings, the extensve Almeda
was only exceeded in length by the 5,000 feet of tunnels
at the Benton mine southwest of Glendale, the largest
underground operation in southern Oregon. The
presence of massive copper sulfide in association with
gold here was soon recognized. Once the Almeda

seawadter
at 750 F
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Mining Company had formed, a smal copper ore
smelter operated intermittently from 1911 to 1917
when 17,000 tons of ore yieded 260,000 pounds of
copper, 7,000 pounds of lead, 1500 troy ounces of
gold, and 48,000 troy ounces of slver.

At the northeastern end of the Galice didtrict
near Canyorville in Douglas County, gold and slver
mineralization in the Silver Peak region had a recorded
production of 6,620 tons of ore between 1926 and
1937. Of this, 735,000 pounds were copper, 22,000 troy
ounces were dlver, and 500 troy ounces were gold.
Mineras in the Siver Peak region were uncovered in
1919 on property owned by the Slver Peak mine, and
3,256 tons of ore were shipped out over the next ten
years. A Swedish citizen is reported to have located the
Gold Bluff mine here, but he was not dlowed to cdlam
the $7,000 in gold dust extracted because he was not a
United States citizen. The Slver Pesk area mainly
produced copper, athough a total of $216,000 in gold
was taken from the mine prior to 1930. New operations
here to extract copper, zinc, slver, and gold were
begun in 1991. Mineras in the Gdice-Silver Peak
district are associated with idand arc rocks of the
Western Jurassic and Yolla Badly terranes in which

10 miles

massive sulfide deposits occur in fragmented volcanics
and sediments of the Rogue and Galice formations,
Rich placers along Jumpoff Joe Creek and the
upper Grave creek watershed north of Grants Pess are
responsible for most of the gold from the Greenback
district, in operation since 1883. Occurring in sedi-
ments and volcanics of the Galice and Applegate
formations, gold, copper, zinc, pyrite, and chacopyrite
are part of the Smith River and Applegate terranes
that are ophiolitic in nature. Placer mining on Grave
Creek produced $20,000 in gold, while the rich Colum+
bia placer on Tom East Creek yieded more then
$400,000. From September, 1935, to November, 1938,
the Rogue River Gold Company operated the largest
dredge in the history of Josephine County upstream
from Leland in this district. Approximately 115 acres of
gravels were worked before dredging ceased in 1939
only when the massive build up of loose gravel mede it
impossible to reach fresh bedrock. Equipped with Sxty-

five 7 122 cubic-foot buckets, this dectrically powered

behemoth could handle 5,000 cubic yards in 24 hours

Mineral districts of the Klamath Mountains (after
Ferns and Huber, 1984)

Jackson Co.

Sterling Creek Ditch




Almeda Gold Mine and smelter in Josephine County,
1913 (photo courtesy of Oregon Dept. Geology and
Mineral Industries)

Gold discoveriesin the Gold Hill and Jackson-
ville digrict originaly attracted fortune hunters to
outhern Oregon in 1851. Several famous placers here
ooaur in small, and shdlow, but rich, concentrations of
gdd with faw impurities or rock aggregates. The origin
of the near-surface pocket gold deposits isn't well
underdood, but the gold occurs in sediments of the
Appleggte Group which have been leached by acidic
groundwater. Once a pocket was found and worked
au, the hole was abandoned. South of Jacksonville,
gdd & Sterling Creek was extracted by a large hydrau-
lic sydam that yielded about $3 million by 1914. The
Gdd Hill, best known of the small gold pockets, was
faurd in January, 1857, by a group of mining partners
negr the top of the hill now north of town. The miners
dsoovaad the outcropping rock was so full of gold
thet they hed difficulty breaking it with hammers. The
ven here only went 15 feet but produced $700,000 for
itslucky discoverers.

A number of hydraulic and dredging activities
took place on the Rogue and its tributaries near Gold
Hill. Once the rich placer gold had been worked out,
lode mining began. About 3 miles northeast of Gold
Hill, the Sylvanite Mine on 80 acres started in 1916.
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Owned by a successon of companies until 1939, the
last was Imperial Gold Mines, Inc., which built a mill
that could handle 140 tons of ore daily. The Sylvanite
vein occurred in rocks of the Applegate Group that
contained high grade ore. With more than 2,500 feet of
underground workings, caving was prevalent. Caving
aong with wartime conditions forced closure after
$700,000 in gold was extracted.

A smdl group of mines southwest of Ashland
are in sedimentary rocks of the Applegate Group, part
of the ophiolite or ocean crust making up the Rattle-
snake Creek subterrane that has been intruded by the
Ashland pluton. Gold here was extracted in placer
operations for only a short time about the turn of the
century. In this digtrict, the Ashland vein, worked for
its lode gold from 1886 to 1939, has been traced for
more than a mile in length and to depths of 1,200 fest.
Underground tunnels at the Ashland mine total 11,000
feet, and $1,500,000 was removed from this vein.

Gold seekers in the Applegate and Takilma
district, which stretches aong the southern Oregon
border in Jackson and Josephine counties, began with
placer activity on creeks and rivers in the 1850s
Operations were numerous, but limited, on bench
gravels dong the Little Applegate River, Carberry
Creek, and Squaw Creek, but in the vicinity of Takilma
(Waldo) gold was washed from gravels of Althouse and
Sucker creeks. The largest hydraulic system was at the
Llano de Oro or Esterly Mine northwest of Takilma
that operated until 1945. Gravels here yielded close to
$600,000. Pits, dug into an area of 30 acres on French
Flat, were accessed by hydraulic elevators, and today
these pits, below the water table, are caled Esterly
Lakes. At Takilma and Waldo, the rich shalow gravels
of the celebrated Sailor Diggings paid as much as $2.00
per square yard of bedrock, yielding $4 million up to
1933.

Most copper mined commercidly in southern
Oregon has been from the Queen of Bronze Mine near
Takilmain this district. Although discovered as early as
1860, significant amounts of copper weren't marketed
until 1904 when a smal smelter was constructed
nearby. Over 25,000 tons of smelted ore was shipped
from the Queen of Bronze and other mines during the
main period of activity from 1903 to 1915. The Queen
of Bronze was the second largest copper producer in
Oregon after the famous Iron Dyke Mine in Baker
County. Large-scale operations ceased in 1933 athough
exploration continues intermittently.

Copper deposits in the Queen of Bronze mine
aswdl as gold from the Takilma district are developed
within the Applegate Group of the Rattlesnake Creek
subterrane within the Western Paleozoic and Triassic
belt. Occurring within an ophiolite sequence, copper
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aulfide ores are found in veins, and the coarse crydas
in the ores and adjacent rocks suggest that cooling of
the hydrothermal fluids proceeded very dowly at
considerable depth below the sea floor to deposit ores
of pyrite, chalcopyrite, sphalerite, and pyrrotite.

Economic amounts of gold as wdl as dlver,
copper, zinc, and cobdt aong the Cdifornia border
southwest of Takilma have been identified as part of
the Turner-Albright sulfide deposit in the Western
Jurassic belt. The Turner-Albright occurs in the
Josephine ophiolite, a section of oceanic crust that was
impregnated with minerals by superheated oceanic
waters. No production of base metals has yet been
reported, but serious efforts to examine the sulfide
deposit began in 1954. Since then these mineral-rich
deposits were the focus of intensive exploration in the
1970s and 1980s, and drilling programs indicate sgnifi-
cant reserves of minerals exist here.

In the mining district along the upper Illinois
and Chetco River watersheds, most of the gold was
extracted from placers. After discovery in 1850, placer
mining was most active on Josephine Creek and Briggs
Creek in the upper Illinois River. Workings on these
creeks are the principa producers, but incomplete
records from both placer and lode mines make it
amost impossible to accurately estimate how much
gold was ultimately removed from this district. Gold in
this district appears along shear zones within the

Hanna Nickel Mine and smelter in Douglas County (Photo courtesy of Oregon Dept. Geology and Mineral

Gdlice Formation in association with the Josephine
ophiolite.

Smadl quartz veins have been responsible for
limited amounts of gold from northeast Curry ad
southeast Coos counties on Mule and Cow aeks
where mineralization is associated with an ophiolite of
the Snow Camp terrane. Although some of the vans
are rich sources of lode gold, others contain only lov
grade ore. The Red River Gold Mining Company on
Mule Creek, one of the largest placers in this didrict,
had an hydraulic operation for a brief time in the late
1800s Tota production for the Mule Creek district wes
around $100,000.

Nickel

Along with gold and chromite, nickel is one of
the most important economic minerals in southeest
Oregon where it is mined from peridotites that have
been deeply weathered leaving the isoluble nickd asa
by-product in the soil. Formed deep within the ophio-
litic sequence, peridotites containing the characteristic
minerals olivine and pyroxene decompose quickly upon
exposure to surface geologic processes. The soft |aterite
resdue from deep wesathering is relatively essy to
excavate.

The only operating nickel mine in the United
States is a Nickd Mountain, a fev miles wes of



Riddle in Douglas County, where the principa deposit
is lateritic nickd in the form of the pale green mineral
garnierite. Mining claims were firg recorded in 1939,
and extraction operations involve cutting paralle leve
benches around and down the mountain side 50 feet
gpart. Diesdl shovels dig and load the ore, but in recent
years only about haf of the ore recovered is rated as
acogptable for further processing. Claims were held by
the Hanna Mining Company which operated here from
194 until closure in 1987. Two years later the smelter
wes reactivated as the Glenbrook Nickel Company.

Other sgnificant nickel deposits in the Klamath
Mountains are on Woodcock Mountain in the Illinois
River valey and a Eight Dollar Mountain near Cave
Junction, both in Josephine County.

Chromite

Like nickel, chrome ore as chromite is found
throughout the Klamaths deep in ophiolite rock
squences. Mines were begun in the lllinois River
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valey, Pearsoll Pesk, Chrome Ridge, Takilma, and
Vulcan Pegk. Of these, the largest chromite producer
was the Oregon Chrome Mine located in Josephine
County about 20 miles west of Grants Pess in the
central lllinois River area. Here individua layers of
lode chromite 20 feet thick, occuring in a massive body
of ore, produce up to 5,000 tons. In Josephine County
atotal of 48941 tons of chromite ore was mined from
1917 to 1958. Only in times of national emergencies,
during World Wer |, World Wer 11, and between 1952
and 1958 when the U.S. government was stockpiling
strategic materials, was Oregon chromite of economic
interest.

Chrome ore-buying depot, Grants Pass, 1953.
(photo courtesy Glunz Photo Studio)




70 Klamath Mountains

Features of Geologic Interest

Oregon Caves National Monument

In spite of the remote location 20 miles
southeast of Cave Junction, the cavern a Oregon
Caves National Monument was thoroughly explored by
the turn of the century when the park was established.
In actuality, Oregon Caves is really only one cave,
approximately 1,600 feet from entrance to exit, with a
variety of shapes, crystals, and graceful forms built up
of cacium carbonate dripstone.

The cave sysem was discovered in late 1874 by
Elijah Davidson while hunting for a winter supply of
meat. Following his dog through the thick underbrush,
Davidson found a cave opening. The dog had been
chasing a bear, and Davidson could hear the sounds of
both animals fighting deep within the cave. Venturing
inside, Davidson lit matches to see where he was going,

Entrance

but was I€ft in total darkness when his matches wae
expended. Fortunately he was able to fallow a running
stream back to the entrance, where his dog gopeared
shortly thereafter. The ill-fated bear was shot the ned
day.

This cave has been developed in limestone lenses
of the Applegate Formation, which is part of the
Rattlesnake Creek subterrane. Here 190 million yesr
old Triassic limestones were folded, fractured, ad
altered to marble by heat and pressure resulting fran
collison and accretion of the terrane. Percolding
groundwater widened the cracks and joints to tunnds
through the rock. In a find phase of cave formation,
cacium carbonate carried in groundwater, precipitated
icicle-like stalactites suspended from the ceiling ad
stalagmites rising off the cave floor.

A map and cross-section of the tunnel system of
Oregon Caves National Monument through the
Applegate Formation

e,
Main entrance
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Dripstone stalactites and stalagmites of calcium carbonate in the Oregon Caves National Monument.
Cawes are dissolved into 200-million year old Triassic limestones (photo courtesy Oregon Department
of Transportation).
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The two basalt mesas, Upper and Lower Table
Rocks are visible for a distance in the flat valley near

Medford.
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Teble Rocks

Approximately 7 miles north of Medford, two
fla mesas known as Upper and Lower Table rocks
dand out 800 feet above the flat basin floor. With a
diginctive horseshoe- shape when viewed from the air,
Upper Table Rock is one mile square while Lower
Table Rock is dightly smaller. Both are capped by an
125 foot thick layer of dark grey basalt.

One to 2 million years ago, lavas flowing from a
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Devils Backbone 22 &
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Rocks

volcanic source in the upper Rogue River watershed
were confined to the meandering canyon of the river at
higher elevations but spread out upon reaching the
broad Medford valey to cool and harden. Intensive
eroson of the lava in later Pliocene and Pleistocene
time Ieft the two festures as remnants of the once
entensive flow. Reverse or inverted topography of this
type occurs where stream valeys, cast in lava, later
stand out in relief after erosion has planed dff the local
area. These two messs near Medford are distinctive
because their U-shape preserves the ancient paths of
river meanders.

Coastal Region

Geologically part of the Klamath Mountains
province, the Oregon coast from Cape Blanco south
shows little resemblance to coastal regions to the
north. Here resistant lower Jurassic and Cretaceous
rocks have been eroded into an extremey rough
coastline of headlands and offshore stacks, shoals, and
rocky reefs, with few sandy terraces. The term, redf,
refers to a chain of rocks or a ridge of sand near the
surface of the water.
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As viewed from the west, Humbug Mountain is composed of Cretaceous sandstones and conglomerates.

(photo courtesy Oregon State Highway Department).

Along the southern coast, Cape Ferrelo, Crook
Point, Cape Sebastian, Sisters Rocks, Humbug Moun-
tain, and Nellies Point a The Heads project as the
dominant headlands. Although most are composed of
Jurassic Otter Point Formation rocks, the promontory
at Cape Sebastian is geologicaly unique because it is
one of the few coasta areas where late Cretaceous
rocks occur. Here massive 900 feet thick sandstones
and siltstones of the Cape Sebastian and Hunters Cove
formations form the precipitous sea diffs that extend
around Hunters Cove on the southeast side of the
cape. North of Cape Sebastian, the small headlands at
Otter Point and Sisters Rocks as well as Nellies Point
are braced by resistant Jurassic sandstones, mudstones,
and volcanic rocks. The Heads mark the southern end
of a Pleistocene terrace.

The highest point on the southern coast, Hum-
bug Mountain, a rounded promontory overlooking the
ocean, offers a sweeping view of the shoreline and
ocean to anyone willing to climb the 3 mile long trail.
A coarse bed of boulders at the base of the mountain
grades upward into sandstones of the early Cretaceous
Humbug Mountain Conglomerate. On the south side
of the mountain, huge cohesive blocks of rock, diding
into the ocean, deposit rubble and massive piles of
debris aong the shore fagter than the sea can cary
them away.

The elongate Battle Rock, prominent at the
cove south of Port Orford, was the site of a conflict
between Europeans and Indiansin 1851. A seaceptain,
William Tichenor, sailing into the harbor, I&t behind
9 men to begin a settlement. The men, attacked by the
resentful Indians, took refuge on Battle Rock which
projects above the water, until they could prudently
escape to the settlement where Reedsport is located
today. Composed of Mesozoic basdlts, the rock is an
obvious natura landmark in the area where a number
of offshore stacks line the coast.

The mogt noticeable aspect of the southern
Oregon coadtline is the countless offshore sacks ad
shoals, many of which are part of the Oregon Idands
Nationa Wildlife Refuge. The age, composition, ad
arrangement of the rocks indicate they were origndly
connected to the mainland at a time that it ededed
further to the west. Once erosion shifts the dore
landward, rock masses are cut off as isolated dacks
arches, and small knobs. Many are clustered in gous
above the water level, while others are exposed anly at
low tide.

Along the southern-most section of the Orggmn
coast, Hastings Rock, rising 100 feet above the sark
just south of Brookings, was once a sea dack whn
higher ocean waters covered the terrace. Neaty
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McVay Rock, an impressive stack also stranded ashore
by alowering sea leve, has had its Sze reduced Sgnifi-
catly by quarrying. Offshore here, Goat Idand, with an
aen of 21 acres and a height of 184 fest, is Oregon's
larges coagtd idand. All three structures are com-
posd of 150 million year old dark gray sandstones,
dltdones, and volcanics of the upper Jurassic Dothan
Formeation.

Near Crook Point, offshore rocks making up
Mak Resf and Ydlow Rock are amelange of resistant
rocks that are part of the Jurassic Otter Point Forma-
tion. Madk Reef is acomplex of parallel stacks running
to the south and lined up with Crook Point. Offshore,
the 35 foat high monolith, Mack Arch, is the remain-
ing sdtion of a reef which has had a tunnel cut
through by perdstent wave action, smilar to Arch
Rok Point in neartby Boardman State Park and
Naurd Bridge dightly north. From Mack Reef north
to The Heads a Port Orford, most of the reefs and
daks scatered dong the shoreline in a variety of
edraodnay shapes are made up of mudstones,
sanddones  conglomerate, and volcanic rock of this
sare heterogenous formation. An exception is found &
Cqe Sebadian, where the large Hunters Idand has
ban eoded from the same massve Cretaceous sand-
dones thet make up the cape.

Landslide area ——» &)



76

Klamath Mountains

o . o oo
Crook Point &
°=0

& 3
.

Saddle Rock

b

Mack Arch

1 nule

A field of seastacks that make up Mack Reef south
of Crook Point are composed of rocks of the Otter
Point Formation (photo courtesy of E.M. Baldwin).

Groups of offshore stacks and submerged rads
making up a coastal belt of Cretaceous and Jrasic
rocks from Gold Beach to Cape Blanco are pat of an
extensve reef complex that includes the Rogue R,
Port Orford, and Cape Blanco reefs. Black Rok iste
southern most projection of the Orford redf, ad te
larger Castle Rock above Cape Blanco is the nathem
most point. Sea stacks here with imagingtive rames as
Arch Rock, Best Rock, Large Brown Rock, ad Syae
White Rock ate sandstones, volcanics, and acargara-
ates of these two reef systems. The third line of rodg
Rogue River reef offshore north of Gold Beach, isa
complex jumble of conglomerates and ssdiments tret
project from the ocean as Pyramid Rock, Double Rk,
and Needle Rock.
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Baan and Range

Physiography _ , ,

The elongate Basn and Range physiographic
province can be traced into Utah, Nevada, |daho,
Oregon, Arizona, Cdlifornia, New Mexico, and Mexico
encompassing an area of 300,000 sguare miles and
comprisng approximately 8% of the United States. Of
this vagt province, only the northern, butterfly-shaped
areg, primarily covering Nevada with small projections
into Utah, Idaho, California, and Oregon, forms the
Great Basin. The northwest extension of the Basin and
Range province into southern Oregon is bordered on
the wes by the Cascade Mountains, on the north by
the High Lava Plains, and on the east by the Idaho
border, although the characteristic topography contin-
uesinto Idaho. This region, which includes the stratigr-
gohicdly smilar Owyhee Uplands on the east, forms
the southeast quadrant of the state and figures impor-
tantly in Oregon's geologic history.

As the name implies, the Basn and Range is
asies of long and narrow, north-south trending fault-
blodk mountain ranges alternating with broad basins.
Prominent physiographic features from wes to east
aooss the province are Klamath Lake basin, Goose
Lake valey, Winter Rim, Summer Lake, Chewaucan
Badn, Abert Lake basin, Abert Rim, Warner Vdley
besn, Warner Peak and Poker Jim Ridge, Hart Moun-
tan, Calow Vadley, the Steens and Pueblo mountains,
the Alvord basin, and the broad Owyhee Vdley. Mogt
of the province is more than 4,000 feet in elevation.
The arest of Steens Mountain, a 9,670 feet above sea
levd, is the highest and most scenic of Oregon's faullt-
block pesks. Extending northwesterly for 50 miles, the
Seans merges to the south with the Pueblo Mountains.
Eag of Warner Vdley, Warner Peak rises to 8,065 feet,
while Hart Mountain, the best defined fault-block
mourtain in the United States, is 7,710 feet high. To
the wed the sheer escarpments of Abert Rim and
Wing Rim rise dramatically more than 2,000 feet
aove the valey floor.

The Great Bagin, that portion of the Basn and
Rage which includes Oregon, was firg named in 1844
by explorer John Fremont who recognized that the
besin hed no direct outlets to the sea, ending 20 years
of goeculdion on the course of waeways in the
regon. Inwhat is caled the Oregon Great Basin, only

the Klamath and Owyhee rivers indirectly reach the
seq, dthough Goose Lake has been known to overflow
into the Pit River during historic times. In the western
portion of the Great Basin, the Klamath River origi-
nates in Upper Klamath Lake to flow from the extreme
southwestern edge of the province into Cdifornia

The Owyhee Uplands lies in the northwest
corner of the Great Basin. This region differs from the
rest of the province in that it is a flat deeply dissected
plateau with little interior drainage where fault-block
topography is less pronounced. The drainage basin of
the Owyhee River encompasses the uplands. Originat-
ing in Nevada, the Owyhee River flows northerly
through Idaho and Oregon to join the Snake River
near Adrian, Oregon. In spite of low rainfal in the
area, steep gradients give the the river and its tributar-
ies well-defined drainage patterns and degp canyons.
Cutting through the uplands over 6,000 feet above sea
level, the river drops to approximately 2,000 feet where
it joins the Snake. Smal streams flowing in from the
hills are largely intermittent.
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Geologic Overview

The Basin and Range is a tectonically youthful
province with an anomaoudy high heat flow, thin
outer crust, and a high regiona elevation. The most
pronounced structural phenomena effecting the Basin
and Range province are the stretching or extension of
the crust and the movement of large tectonic blocks.
These forces are responsible for giving the basin its
characteristic tilted, rased mountains and down-
dropped basin structure as wel as producing the
volcanic activity of the late Tertiary. A complex net-
work of faults and fissures resulted as the enormous
crustal blocks were uplifted, tilted, or dropped while
the basin was being stretched and distorted. Mgor
faults are marked by spectacular scarps trending
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The Great Basin portion of the Basin and Range
province barely extends into southeast Oregon.

northward along the face of the mountain ranges
Cenozoic volcanic activity in this province
began in the Miocene and continued into the Rego-
cene resulting in basalts, tuffs and tuffaceous sedi-
ments totalling nearly 10,000 feet in thickness. As the
crust thinned and cracks appeared, magma from bdow
broke through to cover the area. Basdlts and ash wae
extruded from a broad shield volcano in the region of
Steens Mountain. Following this a number of lage
caderas in the southeastern part of the Sate wae



responsible for thick ash and stream-deposited sedi-
ments in the basin and Owyhee uplands.

During the Pliocene and Pleistocene increased
ranfal was responsible for large lakes filling the
basns. These lakes have since dried up or diminished
condderably because of more arid conditions prevailing
today. The colder climate of the Pleistocene aso
brought about a build-up of ice masses atop Steens
Mountain. Relatively recent volcanism has created
ome unique topography a the lava fields of Diamond
Craters, Saddle Butte, and Jordan Craters.

Gedlagy

If Oregon has a foundation block upon which
the rest of the state was constructed, it is buried under
the Basin and Range province. In the Blue Mountains
ad Klamaths, the movement, amalgamation, and
eventud accretion of late Paleozoic and Mesozoic
exatic terranes to North America can be readily
demondrated. By contrast, the volcanic veneer of the
Badn and Range region obscures its preCenozoic
higory, and older rocks here could predate the accre-
tion of terranes of the Blue Mountains and Klamath
provinces However, recent geophysical work on the
northern Basin and Range suggests that the crust is
even thinner than previoudy thought. This means that
the Miocene volcanics may, in fact, represent the
basement or oldest rocks of the province.
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Extensonal Tectonics

Beginning in the Miocene and extending into
the Pliocene, the forces of crustal stretching and the
movement of tectonic plates triggered faulting, exten-
sve volcanism, and the development of the basin and
fault block mountain topography characteristic of this
province. The most profound effect of tectonics in the
Basin and Range is an east-west stretching, extensiona
phenomenathat has expanded this province by as much
as 100%

One interesting aspect of the extension in this
province has been the dockwise shift in the stretching
direction from northeast-southwest to a more north-
west-southeast orientation. When the crust of the basin
was pulled and drawn apart, it grew thinner like a piece
of tdfy being stretched. With additiona tension, the
thin, semi-brittle crust began to fal producing faults
which provided a route for magma in the lower crust to
escape to the surface as widespread lava flows and
volcanoes. The thinning aso brought the water table
into contact with the hot crustal rocks below so that
Nevada and southern Oregon today have scattered
thermal springs and explosion craters or maars situated
above ancient and modern faults.

Forces responsible for the stretching of the
Basn and Range are till not well-understood. It is
possible the basin may be above a spreading backarc
that is near the western margin of North America
Alternately, the basin may represent a plate moving
westward over a mantle plume or even an oceanic
spreading center that has been overridden by the North
American plate.

The extensona tectonics occurred in two
distinct phases. An early event between 20 and 10

Extensmnal tectonics in the Basin

that open northward. This portion
of Oregon may have stretched to
twice its original width (after
Wells and Heller, 1988).

and Range yield steep-walled valleys
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Possible Paleozoic accreted terranes in the Oregon
Basin and Range are obscured by layers of youn-
ger Tertiary volcanics.

million years ago was responsible for opening the
Nevada-Oregon rift, the western Snake River down-
warp or graben, and crustal fractures in eastern Oregon
which in turn gave rise to volcanic dike swarms that
released Steens Mountain and Columbia River basalts.

A second sequence of Basin and Range extens-
ional tectonics during the last 10 million years gave the
basin its characteristic topography of fault-block
mountains interspersed with depressions. The complex
mosaic of cracks and faults here line up in two distinct
trends, one to the northwest and the other to the
north-northeast. The result is that basins formed by
faults tend to be open at the north end and form a "V*
a the southern end. Northwest trending faults in this
system are relatively small showing only about 150 feet
maximum displacement with spacing of about a mile.
Faults running in a northeast lineup, by contrast, are
several miles apart and show displacements of thou-
sands of feet.

More important, in Oregon, thisfina extensio-
nal phase exerted differentia pressure to spin or twist
much of the state 60 degrees in a clockwise direction.
One estimate is that extension of the basin is respons-
ble for only 60% of the total rotation. The remaining
40% of rotation may be due to structural phenomena
cdled "dextra shear" where the basin of Oregon is
caught between two massve shifting blocks. As the
west block moves north and the east block moves
south, Oregon is rotated in a clockwise direction.

The spreading itself has created a distinctive
pattern which has been recognized in Nevada with
respect to gravity anomaies. The anomalies are
mapped as high and low gravitational values across an
area. This means that over a gravity low, for example,
an object actudly weighs less or there is less gravita:
tional attraction compared to a gravity high. By careful-
ly measuring and plotting the gravity map for the basin,
it has been shown that the pattern in the region eest of
the 116 degree meridian is strikingly similar to that in
the area west of the meridian. This near mirror image
or twinning display of gravity data seems to support the
thess that a Basn and Range extension relates to
some type of sub-crustal spreading mechanism.

Volcanism and Tectonics

In addition to the crustal stretching phenome-
non, massive volcanism in this province was connected
directly to movement of the crusta plates. Four
tectonic plates, the Kula, Faralon, Pacific, and North
American, converged a the North American West
Coadt during late Cretaceous and early Tertiary time.
The Kula plate gradudly disappeared northward under
Alaska, while the Faralon plate was subducted eed-
ward under North America As the Farallon and Kula
plates dowly sank beneath the North American plate,
the Pecific plate expanded until today it is adjacent to
the North American plate dong the Wes Coas.
Remaining fragments of the trailing edge of the dd
Faralon plate have been named the Juan de Fuca
plate.

The angle of the subducting dah beneath the
overriding plate is critica to the location of surface
volcanic activity. Typicaly the volcanic archipelago is
dtuated in a line on the overlying plate where the
melting dab is 90 miles below within the crust. When
the collision rate between two plates is dow, the angle
of the subducting plate is steep, and the volcanic ac
will be close to the subduction zone. As the conver-
gence rate increases, the angle becomes very low and
flat, and the archipelago of volcanoes will move toward
the continent far from the subduction zone. As the rate
of converging plates accelerated at the Mesozoic-
Cenozoic boundary between 70 and 50 million years
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ago, the Farallon dab rose from a very steep angle to
a reaively shallow postion transferring volcanic
adivity in the Columbia Plateau and Basin and Range
fran wes to east. About 30 million years ago, during
the Oligocene, with decelerating convergence, the dab
begen to steepen. Then a 17 million years ago the
Ubducting dab was detached and heat broke through
at the rupture to initiate backarc spreading and issue
as the Steens Mountain and Columbia River lavas. For
the pagt 5 million years extensiona spreading forces
hae intendfied to create crustal thinning faults, and
vadcangn in the Basin and Range.

The most striking aspect of the Basn and
Range volcanic activity is that eruptions of slicarich
rhyditic laves are progressvely younger in a line
runing northwest across the province. In the eastern
magn of the area during the late Miocene, volcanic
adivity migrated rapidly westward a a rate of 1 12
indes per year. However, the volcanic progresson
doved to gpproximately 12 inch per year in the
wedem section where volcanism is younger. Whilethis
migraion of volcanic centers resembles a "hot spot”,
bath the trend and direction are inconsistent with the
ety wesward movement of the North American

PLIOCENE

Stages in the extensional stretching of the northern
Basin and Range as well as movement of the
North American plate westward over the Yellow-
stone hot spot. In this model the subducting slab
steepens sending the volcanic front back to the
west. Simultaneously the direction of extension in
the basin shifts clockwise from northeast-southwest
to a more southeast-northwest orientation (after
Zoback, Anderson, and Thompson,

1981).

plate during the last 10 million years of geologic time.
It seems probable that after the subducting Farallon
dab became detached, collison dowed considerably to
steepen the dab and drive a volcanic wave gradualy
back to the west.

A gmilar pattern of volcanic progresson
extends from Steens Mountain in the southwest al the
way across |daho, through the Snake River downwarp,
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and up to very young volcanics a Yelowstone in
northwest Wyoming. The rapid esstward movement of
the volcanic centers, which is twice as fag as that
across Oregon, is due to a combined effect of plate
movement and extension of the Basin and Range. The
hot spot presently beneath Yelowstone may have
generated a large volume of Eocene basalt as it passed
beneath the area of the Oregon Coast Range.
Volcanic "hot spots' are known from dozens of
stes around the globe. Recognition of these volcanic
centers is a simple matter of tracing a chain of volca
noes back to its source or youngest vent. As a conti-
nental or oceanic plate moves across such a hot spot,
intermittent volcanic activity leaves a plume of volca
noes as is the case with the Hawaiian Idands. The
more speculative geologists have suggested that these
hot spots may represent localy wesk places in the
earth’'s upper mantle where incoming meteorites
punched through millions of years in the past.

Mesozoic

Because of the two-mile thick mantle of late
Tertiary volcanics and sediments, exposures of Mesozic
and older rocks are very limited in the Basn and
Range. It is necessary to step over into Nevada and
compare rocks from there with those in Oregon in
order to reach conclusons about the preCenozoic
history of this province. Older Mesozoic rocks occur in
the Pueblo and Trout Creek mountains on the extreme

A gravity map of Nevada and southern Oregon
clearly displays a twinned image east and west of
the 116 degree meridian which supports a spread-
ing or stretching hypothesis of the Great Basin.
Smaller map for comparison is a mirror-image of
the eastern half of the area (after Eaton, 1984).

southeastern Oregon border. Here metamorphic rocks
which include phyllites and greenstones aswell as some
granitic intrusions, are tentatively dated as Jurassic and
older. Just over the border in Nevada identical rocks
have been dated with some confidence as late Triassc
and Paleozoic suggesting that the foundation of the
Oregon Basin and Range could be part of a composite
Pdeozoic accreted terrane block that consderably
predates terranes in the Klamaths and Blue Mountains.

Cenozoic

Early Cenozoic rocks are apparently missng,
but the Miocene, Pliocene, and Pleistocene epochs are
represented in the Basin and Range by basalts and tuffs
from the extensve and farly continuous volcanic
activity. Coinciding with the initia stretching and
extension of the Basin and Range 16 million years ago,
the mogt productive volcanic event in the province wes
the eruption that centered in Steens Mountain when
fluid basdltic lavas spread across southeast Oregon
from a large, low profile shield volcano. The uneven
topography of the surface covered by the liquid flons
produced wide variations in thickness of the layers
Because of glacid erosion, faulting, and younger laa
flows, the maximum thickness of the basalt can not be
determined. However, the flows average 3000 fed
thick and cover 6,000 square miles for a total vaume
of over 3,000 cubic miles. Although the volume of the
Steens basdlt is less than 10% of that of the Columbia
plateau lavas, Steens lavas are remarkable in that they
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Aview to the north of Abert Rim in central Lake County (photo by E.M. Baldwin).

wee apparently extruded in an extremely short time
gen. One estimate of the duration of the eruption is
aly 50,000 years.

The basalt, making up the bulk of Steens
Mountain, extends into the Pueblo Mountains to the
suth and to Abert Rim to the west. The upper 3,000
fed of the east scarp of the Steens as well as rock
eqosd in the glacid valeys is composed of andesitic
besdt. In the vicinity of Alvord Creek, the "great flow"
of Sleens Mountain basalts is nearly 900 feet thick.
Cdumra joints, which mark this basalt layer, measure
as much as 5 feet across and rise 300 feet to form a
vay deep scap aong the southern side of Alvord
Qexk. The columns are broad at the base and narrow
tovad the top. The smilar Owyhee Basdts, that
aupted onto the Owyhee Plateau 13 to 12 million
years ago, attain a maximum thickness of about 1,500
fet in Owyhee Canyon but are much thinner else-
where These basalts do not contain large plagioclase
fddyar crygdsthat are so common in certain aress of
the Stleensflows

About the same time as the Steens Mountain
euption, extensve Miocene ash-flow tuffs covered
southess Oregon and northern Nevada, originating
fam more than a dozen different volcanic centers
digned in a northeastern direction across the basin and
Omyhee Uplands. Eruptions from volcanic conesin the
Ldke Owyhee and McDermitt fidds resulted in im-

mense caderas. The largest of these is McDermitt
caldera which is bisected by the Oregon-Nevada line.
Actualy a series of overlapping calderas, the McDer-
mitt complex has a combined diameter of 22 miles.

Three Fingers caldera west of Succor Creek,
Mahogany Mountain cadera aong the Owyhee River,
Saddle Butte to the west, and Castle Peak to the north
are the four volcanoes comprising the Lake Owyhee
field in Oregon. With a north rim extending 1,000 feet
above Ledie Gulch, Mahogany Mountain is the south-
east rim of an ancient volcanic cadera 10 miles in
diameter, whereas the Three Fingers caldera, just to
the northeast, is a circular collapsed depression 8 miles
in diameter. As rhyolitic magma erupted from these
pre-caldera volcanoes, the subsequent ash, tuffs, and
continuing eruption of lava produced the two calderas.
Three Fingers rock, within the depression, is the
erosiona remnant of a rhyolite plug. Saddle Butte, a
third calderajust to the southwest is 15 milesin diame-
ter. This vagt structure is amost completely buried
beneath younger volcanic rocks of the Saddle Butte
fied. Cadtle Peak caldera, part of the same fidd,
collapsed with the eruption of the Dinner Creek ash
flow tuff on the southwest margin of the rim. By
comparison, Crater Lake and Newberry calderas are 6
miles and 5 miles in diameter respectively.

Volcanic activity continued into the later
Miocene with the eruption of Gearhart Mountain in
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southcentral Oregon just before mgor block faulting in
the Basn and Range began. In contrast to other
volcanoes of this province, Gearhart lacks the typica
bimodal history where volcanoes initidly erupt basaltic
lavas to be followed later by rhyolites. The eruption of
the Gearhart volcano began with basat and ended with
aveneer of andesitic lavas. Just north of Gearhart, the
prominent volcanic peak, Yamsay Mountain, is sgnifi-
cant because it erupted during the Pliocene coinciding
with extensona stretching of the Basn and Range.
Unlike the Gearhart eruption, Yamsay has a history of
bimodal volcanism beginning with alow shield cone of
basaltic then rhyalitic lavas. Near the end of its erup-
tive history, small amounts of basats again extruded
from its flanks. This kind of bimodal volcanic activity
may have been due to crustal extension.

Within the Owhyee Uplands of southeastern Ore-
gon a complex series of overlapping volcanic cal-
deras of immense size erupted during the Miocene
(after Rytuba, et al., 1990).

\ D

Pleistocene

Continental ice sheets advancing southward
during the Pleistocene accompanied increased precipi-
tation and valey glaciers in the mountains. Rainfal
and mountain runoff filled depressions in southcentral
Oregon, cresting large pluvia lakes across the region.
Pluvial lakes are dependant on rainfall, expanding or
decreasing dramatically with changing climatic condi-
tions. At the pesk of the moist Pleistocene environ-
ment vast areas of Oregon were covered by freshwater
lakes, whereas today, during an interglacia wam
phase, lakes cover less than one percent of the Sate.
During this period nine fair-szed pluvia lakes exised
in the Basn and Range province of Oregon. The
largest of these in the western section of the province
was Lake Modoc covering 1,096 square miles, followed
by Lake Chewaucan a 461 square miles in the centrd
region, Lake Coleman, now Warner Lakes, spread over

p— /
: X <

s
Castle Peak Caldera
s

3
\
,
1
5
H
2
$
$
:
i i
s S
s ¢
e Mahogany Mtn. Caldera 15.5 ma. :
. X V2
i ‘.‘
3
b4

Saddlg Butie Caidera
A

. .
.......

Oregon

: e
PR S

7 : Nevada

N
e Hoppin Peak Caldera
~;
3 .
Ore,n~ .

e &Lop N~



m.y. Malheur Gorge Owyhee Dam,

Cow Creek
basalt flows 30’

[ Pliocene T Pleistocene | Holocene

Drinkwater Basalt

6.9 my. 1,000’ Grassy Mtn.

Formation 1,100

Drewsey Fm.
89 my. 1,000

10 { Juntura & Bully Cr.

Formations 1,600’ Jump Creek

rhyolite 800’

1)
=
§ Deer Butte
S Tims Peak Formation 2,500
Basalt 200
Little Field Dwyhiee Basalt
rhyolite 500’ '
15 Dinner Creek
ash flow tuff
2007 Sucker Creek Fm.
16.7 m.y.
1,500°

17

Great Basin Tertiary stratigraphy (after Walker,
1979

433 square miles in Lake County, and Alvord Lake in
Hamey County extended for 491 square miles.
Ancient pluviad Lake Modoc, which once
reeched nearly 75 miles in length, has receeded to the
Uppa and Lower Klamath lakes and Tule Lake in
Cdifamia With a climate change to dryer conditions
a the end of the Pleistocene 11,000 years ago, Lake
Madc began to decrease in sze. The lowering of
wae was uniform a first, but once the basins were no
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longer connected the water leved fluctuated varioudy
among the now separated and smaller 8 lakes. Eventu-
dly only four retained any size. Others as Yonna and
Langell are now wide, flat valeys.

Pluvid Lake Chewaucan, whose remnants are
Summer Lake, Lake Abert, and the Chewaucan Marsh-
es, was amost 375 feet deep. The ancient lake, which
occupied an enclosed basin, was bounded on the west
by the Winter Rim fault and on the east by the Abert
fault scarp. Former lake levels are shown by prominent
beaches high above the present water line and by a
broad sand and gravel delta built when high lake waters
overflowed into the flat areajust north of Paidey. The
moigt habitat around Lake Chewaucan provided water
and vegetation for large herds of Ice Age bison, camels,
horses, and even elephants whose skeletal remains are
exposed dong the old shorelines. Fossil bones of
waterfowl, fish, and freshwater mollusc shdlls dso litter
the dry sands of the lake beds. The lakes today are fed
by small amounts of water issuing from severa springs
and streams.

Two maor events effected Lake Chewaucan.
The firgt, about 10,000 years ago, began when the
waters dried up to create the playa The second occur-
rence during this warmer period was the catastrophic
eruption of Mt. Mazama on the present site of Crater
Lake about 6,900 years ago. Tremendous volumes of
pumice, ash, and volcanic dust created a dune fidd in
the northeast corner of Summer Lake and Lower
Chewaucan Marsh, 60 miles avay from the volcanic
source.

Warner Valey and Alvord Desert occupy
smilar depressionswhere small [akes persist. Blugjoint,
Campbell, Hagdaff, Anderson, Hart, and Crump lakes
are remnants of what was a large pluvia lake occupy-
ing Warner Valley, a basin that extends in a north-
south direction for 50 miles. Hart Mountain and Poker
Jm Ridge form the eastern boundary of the vdley.
Alvord basin, bounded by a fault scarp aong the base
of Steens Mountain to the west and a second fault to
the east, was once a lake 12 miles wide and 70 miles
long. The basin today contains the Alvord Desert and
a much reduced lake rimmed with a gligening white
akai crugt resulting when lake waters evaporate in the
summer leaving the residue.

Unfortunately during 1990 and 1991 an out-of-
doors "artist" used a rototiller and volcanic cinders to
mar the floor of Alvord Lake with a series of lines and
circles. Because the gréfitti is on such a grand scale
that it can be seen from passing airplanes, the pristine
lakebed may take decades to hedl itsdf.

Cooling during the Pleistocene dso signalled
the outset of glaciation on Steens Mountain, the only
region in the Basn and Range to support large ice
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The small playas and pluvial lakes that dot southeast Oregon today are all that remain of much larger
bodies of water here during the Ice Ages (after Allison, 1982).

masses. The highest part of Steens Mountain has been
more thoroughly dissected by erosion, much of it
glacid, than other scarps in southeastern Oregon. This
is due to steeper gradients and the greater precipitation
that accompanies higher altitudes. Glaciation on the
western dope of the Steens sculpted lake basins and
cut deep U-shaped valeys. The symmetricdly curved

Ducks, pelicans, herons,
and cormorants used

Fossil Lake as a stop-

over during the Plesitocene.

Kiger Gorge, the canyon of Little Blitzen River, Bg
Indian Creek, Little Indian Creek, Wildhorse Cresk,
and Little Wildhorse Creek were al gouged out by
valley glaciers which filled the streambeds. Fish Leke
occupies a shalow depression where Fish Cresk wes
dammed by a glacid moraine. Other lakes, such as
Wildhorse Lake, occupy glacidly cut, saucer-shaped
valeys.
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A view southeast over Steens Mountain that shows glaciated valleys as well as the Alvord Lake playa
(courtesy Oregon State Highway Department)

Well-developed glacial valleys along the front of Steens Mountain looking south (courtesy of Oregon
State Highway Department)
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The long glaciated face of Steens Mountain
stretches northward across the southeastern mar-
gin of the Basin and Range in Oregon.

/

On the east 9de of the Steens, smaller glaciers
extended only part of the way down the stream valeys.
As the ice mass eroded the rim of the mountain, the
crest moved westward. Glaciers working on both sdes
of the mountain rim cut the rock away leaving only a

2. thin wall separating Little Blitzen and Big Indian
‘i canyons from the glacialy cut valeys to the east. At

S 4

Kiger Gorge, the east and west glacier eroded through
the mountain crest to produce a gep caled The Big
Nick.

Ice masses advanced down Steens Mountainin
two separate stages. The firgt formed a broad ice ¢
over gpproximately 115 square miles. On the westen
dope, the retreating ice left extensve debris, while on
the east dope it reached about 2,500 feat above the
Alvord Desert and cut large, bowl-shaped cirque valeys
as the one at the head of Alvord Creek. The sscond
glacid advancewas much smaller, covering less than 50
sguare miles down in the canyons.

Structure

The nature of faulting in this province is dill
not well understood. Two phases of faulting are
recognized. In an early phase horsts, or uplifted fault
blocks, and grabens, or basins, developed from a series
of tensional faults or tilted fault-blocks. In the Neveda
area of the Basin and Range, the block faulting phese
was succeeded by what is called "ligtric" faulting where
the normal faults curve at depth to a nearly horizontal
orientation as the crust is pulled and stretched to the
extreme. Listric faulting typicaly yields a topographic
pattern where dl of the fault block surfaces sope aney
from a central axis. On the other hand, randomly tilted
blocks suggest horst and graben topography. To
understand the mode of faulting, the surface orienta-
tion of the fault-blocks is carefully mapped.

The age of faulting is particularly important to
the geologic extensona history of the Great Basn,
and, since dstretching of the Great Basn wes not
uniform, tectonic activity shifted from area to aea
During the later Teritary, faults became progressvely
younger northward so the Oregon Basin and Range
province has many Pliocene events. Within the Quater-
nary, however, seismic activity shifted back to the south
into Nevadawhere severd large earthquakes have bemn
recorded in historic time in the central Nevada sasmic
belt.

Of the uplifted blocks in this province, the
Hart Mountain and Steens Mountain blocks are the
most prominent. Hart Mountain and Poker Jm Ridge
are part of a large complex of an uplifted block with a
steep western face and a more gentle esst-facing dope
The sheer scarp of Hart Mountain is more than 3000
fet above Warner Valey, while the asymmetricd
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The head of Little Blitzen Canyon in Steens Mountain is a cirque that nearly breached the mountain
front (courtesy Oregon State Highway Department).

Kiger Gorge in Steens Mountain looking north displays the unmistakable U-shape of a glaciated valley
(coutesy Oregon State Highway Department).
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Summer Lake, Lake Abert, and Warner Lakes rest
in a series of tilted fault-blocks formed by extreme
stretching of the Basin and Range province.

Steens Mountains is an up-thrown fault-block that
has been heavily glaciated on its top and sides by
Pleistocene ice masses.
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Caught between large-scale moving crustal mass-
es, Oregon is being sheared by extensive faults
running northwest to southeast across the state.

Poker Jm Ridge has an 1,800 foot precipitous scarp.
Sems Mountain is a large horst where the block has
ben fractured into severa pieces. The northern most
portion tilted to the west as it rose giving that side the
vay gentle dope of Smith Flat. Extending for over 60
miles in a north-south direction, the steep east escarp-
mat digplays successve layers of Steens basdt in
cross-section.
The southern and eastern margins of Oregon
ae cut by faults that run hundreds of miles across
swvad physographic provinces. These large-scde
aaks termed dtrike-dip faults, move lateraly and are
pardld to the southeast by northwest Olympic-Wal-
lona lineament. From south to north they are the
McLoughlin fault, the Eugene-Denio fault, the Broth-
as fault, and the Vae fault. The faults are actualy
comdex fault zones of smaler overlapping faults, but
the trends are remarkably paralldl. Faulting is most
svae to the south and minima to negligable aong
the dhort Vale fracture which runs northwest through
the Owyhee Uplands. These fault systems relate to a
shering action where central and eastern Oregon are
caght between two large-scale moving blocks. Action
dag the blocks is similar to movement of the San
Andess fault in Cdifornia with the eastern block
nmovrg south and the western block moving north.
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Mining and Mineral Indugry

Uranium

Although deposits of lithium, antimony, gold,
mercury, copper, and uranium have been known for
severd years in the Great Basin of Oregon, only
uranium and cinnabar, or mercury, have been mined
extendvely. The Lakeview district in the southcentra
part of the state as well as the McDermitt district in
southern Malheur County have produced smdl
amounts of uranium. Nearly 400,000 pounds of urani-
um have been recovered from two deposits in volcanic
rocks just northwest of Lakeview. Most of the material
was from the White King Mine, with smaller amounts
from the Lucky Lass Mine where shipments in 1955,
shortly after discovery, were the fird uranium ores
marketed from Oregon. A mill processing 210 tons per
day was congtructed a Lakeview in 1958, operating
until 1965 when closure resulted after saverd years of
only minimal production. Located in the McDermitt
caldera, the Aurora and Bretz uranium prospects are
the largest in total output of any yet found in Tertiary
volcanic rocks of the United States. This potentially
economic source of uranium ore, found as uraninite
and coffinite, is associated with rhyolitic rocks and lake
sediments. Once the thick, flat-lying lavas, covered by
tuffaceous lake sediments, had been broken up by
faulting, hot waters, containing minerals, followed
fissures and cracks to deposit uranium and mercury in
veins.

Mercury
Within the McDermitt caldera complex, the

Opalite Mining district, which includes the McDermitt
Mine, the Bretz Mine, and the Opalite Mine have had
atotal output of 270,000 flasks of mercury, the richest
supply of mercury in the western hemisphere. Mercury
exploitation in the Opalite district began in 1917 with
the discovery of cinnabar by William Bretz who had
prospected in this region for a number of years. By
1925 tunnels had been driven 80 fest below the ore
body and the cinnabar brought to the surface where it
was processed in a large rotary furnace completed here
in 1926. Over the years production was sporatic,
stimulated in 1940 by the rising price of quickslver
prior to and during World War Il when large amounts
of mercury were used as balast in submarines. The
opening of severd new pits signaled renewed mining
as late as 1957 when the ore was sent to Salt Lake City
for processing.

Very smdl deposits of cinnabar, copper, and
gold aong the eastern edge of the Steens and Pueblo
mountains are largely unproductive.
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An assortment of freshwater diatoms from within
the Klamath Basin (photo Oregon Dept. Geology
and Mineral Industries)

Diatomite

Diatomite, bentonite, and zeolite minerals are
al exploited in small amounts from the eastern region
of the Great Basin province. Diatomite deposits in the
Juntura and Otis basins are the remains of microscopic
dliceous skeletons of diatoms, single-celled aquatic
plants that accumulated in a former freshwater lake.
Typicdly white in color, the diatomite beds here range
from a few inches to 20 feet in thickness within the
Miocene Juntura and Drewsey formations. First mined
between 1917 and 1934 and again commencing in 1986,
diatomite is used as an absorbent cat box filler and as
a filter for chemicas and drinking water.

To the southeast, bentonite (volcanic ash) and
zeolites are produced from locdities in Malheur
County near the Idaho border. Mined from within the
Miocene Sucker Creek Formation, high-swelling
bentonies are utilized primarily as a sedant in dams,
landfills, and waste sites. Smdl amounts of potassium-
rich zeolites from the same formation were firg
extracted in 1975, but commercid markets for this
mineral have developed only dowly. Currently zeolites
are used as carriers for agricultural chemicals.

Sunstone

One of the mogt outstanding minerals of semi-
precious qudlity is the state gem, the heliote or sun-
stone, a clear feldspar that varies in color from yelow
or red to green and blue. The color relates to the

amount of copper in the stone, ranging from a low of
20 parts per million for yelow to 200 parts per million
for red. Heliote is a calcium-rich variety of plagioclase
feldgpar known as labradorite. It occurs aslarge crystas
in basalt from 4 small locditiesin Oregon, al of which
are privately owned except for one locality in Lake
County on Bureau of Land Management lands. Here
these gems are referred to as "Plush diamonds' because
of the nearby town of Plush. In Harney County near
Hines, the sunstones are being mined in commercia
amounts by private companies. Some of the stones are
priced over $1000 per caret.

Geothermal Resources

The Basn and Range is a region of high
temperature gradients, numerous faults, and volcanic
activity which make it a province of intense geothermal
phenomena. Because heat flow varies considerably from
place to place as it moves through the earth's interior,
higher temperatures are found in the mountains, while
lower temperatures characterize the vdleys here.
Geothermal sources result when groundwater, flonming
along fault zones, encounters rocks which are abnor-
madly hot. Usng the faults as conduits, the heated
waters often reach the surface as hot springs.

The area around around Vae, the Alvord
Desert, Lakeview, and Warner Vdley have characteris-
ticaly high heat flow records. The Vae hot sorings
vicinity has a particularly high potential for geothermal
resources. In this zone of thermal activity, surface and
near surface springs and hot water wells have a temper-
ature range as high as 200 degrees Fahrenheit. South
of Vale aong the Owyhee River canyon, natura
mineral springs with waters up to 120 degrees Fahren-
heit form a pool that is used by the public for bathing.

Along with the Vale region, the Alvord Valey
is thought to have dgnificant geotherma potential.
Severd therma springs emerge south of Alvord Leke
along the north-south Steens fault zone. One of these,
Borax or Hot Lake, is a large pool 800 feet across
formed by discharging water with a temperature of 97
degrees Fahrenheit. The water contains borax <dts
which have built up alow, mile-wide dome. It has been
estimated that water from two of the largest gings
here deposits enough salts to produce 150 tons of baric
acid ayear. In the late 1800s the land and springs were
purchased for $7000, and the 20-Mule Team Borax
Company, later cdled the Rose Vdley Borax plat,
began to mine and remove the borax. For 10 years
borax was taken out to the railhead at Winnemucca,
Nevada, with wagons drawn by teams of mules. Barax
operations ceased by 1902, but ruins of the old build-
ings can ill be seen.

On the extreme northern edge of the Alvod
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Diatomite processing mill near Christmas Valley in northern Lake County (photo Oregon Dept.

Geology and Mineral Industries)

besin, Mickey Springs discharges boiling water through
vents into several pools and a boiling mud pot. In the
sare region, the Alvord Hot Springs group has an
avaage temperature of 169 degrees Fahrenheit and a
flow rate of 132 gallons per minute. Many of the
Alvad basin hot springs contain sodium bicarbonate
ad sodium chloride along with concentrations of
fluoride, arsenic, and boron compounds.

One interesting feature seen on Alvord Lake
ad Guano Lake to the west are gigantic fissures in
polygond patterns ranging from 50 to 1,000 feet in Sze
ad up to 15 feet deep. These huge mud cracks develop
in day layers of the dry lake beds once the water leve
hes dropped enough to cause shrinkage and contraction
a depths. The fissures form irregular polygon shapes
0 large that they may not be obvious when standing
neaby on the ground. The mud cracks on Guano Lake
ae up to 100 fest across making them the largest
paygon structures of this type known in North Ameri-
ca ed

Hot springs are common a few miles north of
Lakeview and in Warner Vdley where a 50-foot wide
zone of faults bordering Warner Peak connects to
subterranean geothermal sources. Calcite, gypsum, and
severa other akaline mineras precipitate as a white
crust dong fractures where hot springs reach the
surface. Severa of these warm minera springs, where
temperatures average 100 degrees Fahrenheit, are used
as public facilities. Hunters Hot Spring north of
Lakeview has been drilled and cased. It erupts in a
geyser-like pulsating manner, spurting about every 30
seconds from levels only a few feet above the well
casing to 40 or 50 feet in the air. Issuing from the
ground a 180 degrees Fahrenheit, the waters and
surroundings have been commercialy developed,

The Crump Geyser, which first erupted in
1959, is located a short distance north of Add in
Warner Valey. It is a drilled well that formerly explod-

with considerable violence.
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A geyser at Hunter Hot Springs located north of
the city of Lakeview began erupting in October,
1923, while a well was being drilled at this site
(photo Oregon Dept. Geology and Mineral Indus-
tries).

Features of Geologic Interest

Jordan Craters

Although severd areas of Maheur County
have dramatic volcanic features, the Jordan Craters
lava beds approximately 36 miles southwest of Adrian
are of prime interest because of the recent volcanic
events that took place here. The 28 square miles of
Jordan Craters lava field has been designated a Natural
Resource Area in order to preserve its unique charac-
ter.

Before volcanism began, the flat plateau, now
occupied by the lava field, was part of the Cow Creek
drainage. Lying in a depression on the Owyhee Plateau,
the first to erupt was a ridge of small spatter cones in
the northwestern corner of the field, aligned adong a
fault trending 1,000 feet toward Coffegpot Crater. This
activity between 4000 and 9000 years ago was followed
by basdt flows from Coffegpot Crater, one of the
youngest and largest of the Jordan Craters complex.
Basdlts covered about 28 square miles mainly southeast

of the main crater. The extremey fluid pahoehoe lava
from the eruptions produced a lumpy, ropy surface of
ridges and pits as well as deep fractures and channdls
in the lava crust. One large section of the crater wall
was torn away by explosions, and after activity cessed
volcanic debris filled much of the remaining spectacular
260 feet deep crater.

The flowing lava followed the drainage pattern
of Cow Creek, developing a meandering lava tube
sysem deep within the flow. Once the liquid megma
had drained away, a hollow tunnel was left within the
cooled lava crust. Two large pits, north of the man
crater open into the lava tube sysem. Immediady
south of the Jordan Craters, Clarkes Butte, Rocky
Butte, and Three Mile Hill are small shield cones that
sent forth lavas about the same time as the Jordan
Ccones.

Saddle Butte Lava Tube Caves

Volcanism from Saddle Buitte tuff cones thet
erupted just after the Steens basalt produced snuous
lava tube caves near Burns Junction in Maheur
County, a short distance southwest of Jordan Craters.
This group of caves can be traced for 8 12 miles
through the Saddle Buitte lava fidd. At one time the
caves were a continuous long chain of interwoven
tunnels before parts of the tube failed. Codlapssd
sections of the cave create winding deep trenchesin the
lava field, the longest measuring well over onehdf
mile in length.

-
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Coffeepot Crater, on the northwestern edge of Jor-
dan Craters in Malheur County, produced most of
the lava in the field (after Otto and Hutchinson,
1977).
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Sucker Creek wends its way through the rugged canyon it has cut through the centuries in the rock of
the Owyhee Mountains of southeastern Oregon (courtesy Oregon State Highway Department).
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The sinuous lava tube system of the Saddle Butte
lava field includes caves and collapse trenches.

-

Saddle Butte caves are particularly hazardous
for exploration because of the tendency for roof
portions to fdl. Walking across the thin lava shell over
a tube is dangerous, and none of the caves are safe to
enter.

Owyhee River and Succor Creek Canyons

The Owyhee plateau rises from 2,100 feet
above sea level where the Malheur River enters the
Snake to 6,500 feet at the top of Mahogany Mountain.
Dissecting the dry desert plateau of southeast Oregon,
canyons of the Owyhee, Malheur, and Snake rivers, as
well as the smaller creeks have been deeply cut into
some of the most scenic landscape in Oregon.  Rock
formations exposed in wals of the river canyons tell
the geologic story of this region from Miocene volca
nism that took place 15 million years ago through the
Pleistocene Ice Ages only a few thousand years in the
past. The oldest rocks in the Owyhee canyon are
colorful ash and lavas of the Sucker Creek Formation
violently expelled from fissures on the plateau during
the middle Miocene. Much of the ash was washed
down the hillsdes to be deposited in stream vdleys.
Ash and thick layers of basalt were covered over by
additional accumulations of lava The fine-grained
layers of the tuffs are usualy thin and nearly white,
wheress the coarse-grained, massve layers of fresh
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unwesthered tuffs are greenish. Weathered exposures
display shades of yellow, brown, or reddish brown
common on the badland topography. Particularly
striking aong the river and at the reservoir are the
sheer 100-foat high diffs of pink rhyolitic lava Con-
struction of the Owyhee Dam covered the vents from
which these lavas originated.

Between episodes of intermittent volcanic
eruptions, animals and plants flourished here through-
out the Miocene. Fossil shells, bones, and plant re-
mains, especidly those of the famous Sucker Creek
flora, give clues to the Miocene environment. Beauiti-
fully preserved leaves of oak, birch, maple, willow, pine,
laurel, and sycamore dgnify a moist temperate climate
of more than 20 inches of rainfdl annudly in contrast
to the arid environment today. Ancestral horses, deer,
camel, and the pronghorn antelope fed on the extensive
grasdands and forests. Elephants lived on the wooded
dopes, and aquatic rhinoceroses dong with giant
beaver inhabited the wetlands.

A brief period of erosion and uplift that pro-
duced low mountains was followed by thick sequences
of Owyhee basdts interbedded with red and brown
tuffs. This eruption blanketed more than 1,000 square
miles with hot volcanic material about 15 million years
ago. The main layers of Owyhee Basdt are vishle near
Mitchell Butte, below the Owyhee Dam, a Hole-in-
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the-Ground, a 5 mile wide basin just above the dam,
ad as flows forming the surface of Owyhee Ridge.
Numerous dikes on the east wal a Hole-in-the-
Ground are only a few feet wide where the fluid lava
aut through the sediments of the Sucker Creek Forma-
tion to fill cracks and fissures.

Between the Miocene and Pliocene, greet fault
blodks developed creating basins where ash rich sedi-
ments, carried in by streams, accumulated with lava
flons in a sequence up to 2,000 feet thick. Yedlowish,
orange, and brown beds of the Deer Butte Formation
ae exposed extendgvey in the western part of the
Owyhee Reservoir and are responsible for the resistant
knobs of Deer Butte, Pinnacle Point, and Mitchell
Butte. Entombed in the conglomerates, sandstones, and
dltdones in these smdl basins are fosslized skeletal
parts of a wide variety of rodents as well as those of
beaver, rhinoceroses, and the small three-toed horse
Merychippus that lived on the eastern plains.

During the early Pliocene, 5 million years ago,
the climate became dryer, and grasdands were inter-
oersed with small ponds and a community of modern-
looking mammals. By this time the Owyhee River had
egablished its present channel. As the entire region
wes dowly raised to an eevation of over 4500 feet
dove sa leve, the ancestrd streams continued
downcutting their channels to produce deep winding
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canyons.

The Owyhee was dammed in 1932 to back up
the waters into a meandering 52 mile long lake. The
top of the dam is 417 feat above the foundation, and
the crest is 810 feet long. Developed as a state park in
1958, the surrounding 730 acres and river canyon with
its colorful formations carved into a variety of erosion-
a forms offer a geologic picture quite different from
any other in Oregon.

A giant beaver, 7 1/2 feet long, lived in Oregon
during the Pleistocene

The long-limbed Miocene camel of eastern Oregon
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The Chalk Basin along the lower Owyhee River shows lake sediments covered by successive lava

flows (courtesy Oregon State Highway Department).

Fillars of Rome and Ledie Gulch

Approximately 4 miles northwest of the small
town of Rome in Malheur County, diffs cdled the
PFillars of Rome have been cut into the deep canyon
where Jordan Creek merges with the Owyhee. Here
400 to 500 feet of Pliocene tuffaceous sediments filled
the Owyhee River vdley during an aluvia period.
Since that time, erosion has cut through the beds to
create a badland topography of high, vertical pinnacles
and pillars that resemble Roman ruins.

Another outstanding feature produced by
erosion in this dry plateau are the jagged pesks and
columns a Ledie Gulch approximately 23 miles
directly south of Owyhee Dam. The narrow 10 mile
long canyon is traversed by a steep road that requires
the frequent use of brakes when descending from an
elevation of 4,600 feet to the Owyhee reservoir at 2,600
feet. Cut into Ledie Gulch ash-flow tuff, brown, cream,
and white minarets and spires extend throughout the
gorge. The stream-deposited tuffs are more than 2,000
feet thick in places and cover an area of about 100
square miles. The multi-colored volcanics were pro-
duced from eruptions of Mahogany Mountain, the
oldest calderain the Lake Owyhee volcanic fidd, 155
million years ago.
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In this view of the south rim of Newberry volcano, Big Obsidian Flow is accentuated by a recent
snowfall [photo by Martin Miller].



High Lava Plains

Physagraphy RO

The High Lava Plains physiographic province,
shapad roughly like a rectangle 50 miles wide and 150
miles long, is situated near the geographic center of
Oregon. A high plateau averaging just over one mile
above s levd, it is bordered by three other provinces,
the Blue Mountains to the north, the Basn and Range
and Owyhee Uplands to the south and east, and the
Cescade Range on the west. Within the narrow rectan-
de Newberry Crater and Harney Basin form the west
ad esst boundaries respectively.

The overall topography, as the name implies, is
gmooth, with moderate rdlief. Elevation ranges from a
high of 7,984 feat a Paulina Peak to 4,080 feet above
s levd in Harney Basin. The lack of deep canyons
and gullies as well as a poorly developed network of
dreams are due to the low rainfall. Precipitation of
aly 10 to 20 inches ayear in the plains regions is the
resuit of the Western Cascade rainshadow. This mini-
me moisture has created an area of little vegetation
which makes the High Lava Plains an outstanding
region to see evidence of recent volcanic and tectonic
adivity producing features that are ill "fresh.”

The headwaters of the Deschutes River are along
the western edge of the province, and mogt tributary
dreams are seasona with poorly defined channels.
Maheur and Harney lakes, the largest in the plains,
odledt the drainage of the Sivies River and Silver
Qe from the north and the Donner and Blitzen
Rve from the Steens Mountain to the south. These
undrained basins contain playa lakes at certain times of
the year. At the center of the broad Harney Basin,
Mahar and Harney lakes are now nearly dry.

Gedagc Overview

The High Lava Plains is a province of remark-
dde volcanic features, most of which are the result of
rdaivdy young eruptions. A multitude of volcanic
anes and buttes, lava flows, and lava tube caves are
<atered throughout the province. Except for deposits
of taus, lake sediments, and fluvid debris, most of the
rocks in the province are volcanic, and thick flows are
not unusud.

Volcanic eruptions of lava and ash beginning
10 million years ago continued into the Recent when

vents along a zone of faults erupted with pumice, ash,
and cinders aong with thick viscous lava. The volcanic
activity here relates to a broad zone of faults and
fractures running across the province that resulted
from two enormous, underlying crustal blocks wrench-
ing past each other. Molten lava reached the surface by
way of the cracks to ooze onto the surface as large and
small volcanoes which are the hallmark of the province.
These volcanic events produced some of the most
interesting features of the High Lava Plains, where the
immense shield cone containing Newberry Crater, small
cinder cones, tuff rings, and explosion craters stand out
on the fla plateau. Many recent lava flows enclosing
trees created the unique Lava Cast Forest, while lava
caves formed in hollow tubes within the cooling lavas.

Lakes that characterized the Great Basn
during the Pleistocene filled many of the large depres-
sons of the Lava Plains. With the Ice Ages broad
expanses of the flat plains were covered with continu-
ous shallow-water lakes that served as a habitat for
mammals and birds. Throughout the province, these
basins recaved both fluvia sediments and ash from
contemporaneous volcanism until drying conditions
reduced them to the playas found today.
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Geology

Structuraly the High Lava Plains blends with
the Blue Mountains to the north and the Basn and
Range to the south, but its volcanic characteristics set
it apart. The oldest rocks exposed in the High Lava
Pains province are Miocene lavas. Five to 10 million
years ago the landscape here was dotted with erupting
volcanoes and dow moving thick lavas spreading over
the flat surface. One eruption followed the other
amost continuoudly for millions of years. Eruptions
aigned themsdlves in a broad belt of overlapping
faults, known as the Brothers fault zone, the dominant
structural feature of the High Lava Plains and central
Oregon. The zone runs for 130 miles from Steens
Mountain in southeastern Oregon to Bend. Within the
Brothers fault zone, individua faults are irregularly
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spaced a quarter to 2 miles apart with modest displace-
ments of less than 50 feet. Over 100 separate rhydlite
volcanic centers are located aong the belt of fauts
where the dlicarich lavas have exploited the fractures
and fissures as avenues to reach the surface.

The Brothers fault zone was generated by the
same forces that twisted Oregon in a clockwise mation
throughout the Cenozoic era. Large tectonic blodks
share a zone of weskness running north-south through
central Oregon. As the blocks move relative to esth
other, the eastern block moved south and the wesemn
block moved north. Caught in the middle, cetrd
Oregon was distorted by wrench faulting expressed on
the surface as the wide zone of faults. Mogt of the
faults along the zone are so recent that they are egsly
seen in aerial photographs. Smilar large-scale wraxh
faults in Oregon following the same northwest-south-
esdt trend are the Eugene-Denio and Mt. McLoughlin
faults to the south in the Basn and Range province
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Cutting diagonally across the state, the Brothers fault zone consists of hundreds
of smaller faults above a major northwest by southeast shear. (after Walker and
Nolf, 1981)



Newbery Crater, a the western edge of the
province, is Situated at the gpex of three converging
fault zones, the easterly Brothers fault zone, the north-
aly Green Ridge and Sisters fault zones, and the
southwesterly Walker Rim fault zone. Placed at the
center of these fracture patterns, it is little wonder that
Newberry volcano formed as a separate, younger
eruptive site well to the east of the High Cascade
vents. Today a small magma chamber may be less than
two miles below the caldera. Although it is often
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suggested that Newberry Crater may again erupt, its
blanket of rhyolitic rocks tends to diminish that
possibility, because silica-rich rhyolitic lavas ordinarily
appear vey late in the life cyde of a volcano.
Lavas of the High Plains are distinctly bimodal.
That is, they have drikingly different compositions
varying from dark-colored basat to light-colored
rhyolite. Basdtic lavas tend to have a deeper source in
the crust and are extremey hot, while the lower
temperature rhyolitic lavas are from chambers at
shalow depths. In addition, basalts are generdly an
early stage of eruption, while rhyolites appear late in

Convergence of major structural features at New-
berry Volcano and volcanic features in the northwest
High Lava Plains.
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the cyde. In this province, the very fluid basaltic lavas
predominate, but rhyolitic extrusons and domes are
Stuated along mgor fracture zones. The association of
basdt and rhyalite is is rare and usualy occurs where
the earth's crust thins because it is undergoing tension
and being stretched.

Comparatively young eruptions and intrusions
here between the upper Miocene and Recent occur in
a broad northern belt of approximately 100 centers
trending northwest across the Lava Plains and Owyhee
Uplands. One of the mogt striking aspects of the High
Lava Plains is the uniform decrease in the age of these
volcanic eruptive centers geographicaly from east to
west. Within the Harney Basin in the east, rhyolitic
eruptions date back to 10 million years ago in the late
Miocene, while near Newberry Crater in the west many
lavas were extruded less than 1 million years ago. The
eruptive zone moved seadily from the southeast
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toward the northwest a dightly more than one mile
per 100,000 years. Such a progresson of eruptions
might be seen as an earth crustal plate moving over a
hot spot, but two important aspects of local gedlogy
seem to preclude this notion.

First, it is wel established that the North
American plate, upon which this province redts, hes
moved progressvely westward since well before Mio-
cenetime. The age progression should then be reversed
with younger volcanics appearing in the east ingead of
in the west, as is the case with the Ydlowstone hat
spot. Additionally, another broad belt of rhyalitic ad
dlicic domes to the south in the Basn and Range
province between Bestys Butte in the southeast ad

Age progression of silicic volcanic centers in the
High Lava Plains and Basin and Range from the
oldest (upper Miocene) in the southeast to the youn-
gest (Pleistocene and Holocene) in the northwest.
Contoured lines of simultaneous volcanic activity are
in millions of years. (modified after Walker and Noff,
1981).

Silicic volcanic centers
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Yansay Mountain to the northwest digplays a smilar
age progression from east to west suggesting the deep
magmatic source feeding these volcanic centers is a
wide linear front. This age progression could relate to
the clockwise rotational movement of central Oregon
resulting from plate movement and Basin and Range
extenson. As the Basn and Range crust thins and
dretches, differentid movement with a center of
rotation to the south could yield this age progression.
More than likely, however, the age progression may be
due to a steady steepening of the subduction zone
known to be below eastern Oregon at this time. As the
subduction of the Farallon plate dowed down, the
descending dab angled more steeply below the North
Ameican plate. The eruptive front then moved west-
wad which maintained the usua 90 mile distance
between the melting rocks and eruptive volcanoes on
the surface.

Plagocene Lakes

During the late Pleistocene, up to 11,000 years
ao, large and smadl lakes characterized the Great
Badn in Oregon, Nevada, and Utah. Within the Great
Badn, tensional faulting yields a basn and range
topography, where today the shallow basins are either
l&kes or dry playas. The southern portion of the High
Lava Plains merges gradually with the northern Great
Baan and includes such lakes as those which once
occupied the dry basins of Fort Rock Valey, Christmas
Lake Vdley, Silver Lake, and Fossl Lake situated
outh and southeast of Paulina Mountains. Prehistoric
Fot Rock Lake, covering 1400 square miles, wes the
lages of these followed by Maheur Lake a 900
Luae miles.

The sediments of ancient lakes in the High
Lava Plains provide an outstanding record of lce Age
memmds as wel as the activities of early man. Filled
with broad expanses of water during the Pleistocene,
the lakes and shores served as a habitat for mammals
ad waefowl of every description. Pollen and plant
fossls recovered from the former lake sediments reflect
alush Pleistocene vegetation that supported these large
anmds living aong the margins of the lakes. Today
these lake sands yield not only fossl vertebrate remains
but worked flint tools and pottery from the Indians
who hunted there. Early accounts mention that wagon
loeds of foss| bones were collected and removed from
Fossl Lake where bird, fish, and mammal bones al
hae the didinctive, shiny black patina of desert
vanish.

During highwater periods of the Pleistocene,
Siver Lake, Christmas Lake, Fossl Lake, and Fort
Rodk Lake were interconnected, the contiguous broad
leke reaching a maximum depth of over 200 feet. Some
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of the higher elevations as Fort Rock were idands.
During more arid intervals, idands became peninsulas,
arms of the lake became bays, and with further drying
bays became isolated marshes and swamps. Blowing
winds made shdlow depressions that became ponds
during wetter, cooler climatic stages.

Old shorelines of Fort Rock Lake are easly
recognized today by tracing gravels and beach erosion,
however, 30,000 year old shorelines are obscured on
the north by younger fresh lava flows in the vicinity of
the Devils Garden. Postulated maximum shorelines are
several hundred feet lower than river divides to the
north. If the lake drained north to the Columbia, the
former channd is probably covered by the younger
lavas. Bones of the andromous salmon and the pres-
ence of a smdl snail, Limnaea, found a Fossl Lake,
are known only in Columbia River drainage and point
to the exigtence of a former outlet to the north. Dry
River, that occupies a narrow canyon at the east end of
Horse Ridge aong Highway 20, may have been carved
a the time some of the interior basins, perhaps Fort
Rock Lake, overflowed making its way to Crooked
River and then by way of the Deschutes River to the
Columbia

Harney Basin

The largest closed depression in the province,
Harney Basin, is Situated on the southeast corner of
the High Lava Plains. Sitting directly upon the Broth-
ers fault zone, the basin extends north and south wel
beyond the limits of the Lava Plains province. At 5300
square miles, the depression is larger than the state of
Connecticut. Harney Basn began to evolve as a
downwarp assisted by large calderas which collapsed
within the depression into an evacuated magma cham-
ber. Large-scale eruptions of as much as 500 cubic
miles of rhyolite accompanied the development. Today
there is no surface outlet to the basin, and Harney,
Malheur, and Mud lakes occupy the central southern
part of the depression.

Throughout the later Cenozoic, the Harney
Basin recaived lava flows, ash flow tuffs, and tuffaceous
sediments derived from the surrounding volcanic
activity. Miocene basalt from Steens Mountain wes
followed by air-borne pyroclastic material and ash-flows
of the Danforth and Harney formations. Adhflow tuffs
of the former Danforth have been divided into the
Devine Canyon, Prater Creek, and Rattlesnake mem-
bers that form digtinctive stratigraphic layers that can
be traced and easly recognized over vast regions of
southeast Oregon. The greenish-gray Devine Canyon
extends from Steens Mountain in the southeast as far
as Paulina Vdley in the northwest, whereas the Prater
Creek adhflow tuff is limited to exposures in the
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Harney Basin. The remarkable Rattlesnake adhflow
tuff, which extends to the vicinity of John Day 90 miles
to the north, aso has source vents in the Harney Basin.
These formations are covered by aluvium and lake
deposits eroded largely from the volcanic rocks of the
adjacent uplands. At the outer margins of the basin,
sand and gravel predominate, while silts and days fill
the center. Younger lavas from Diamond Craters
aong with some Pleistocene basalts cover these sedi-
ments. Within these deposits thin but well-defined
layers of 6,900 year old Mazama ash lie three to gx
fest below the surface.

Shalow, ephemeral Malheur and Harney lakes,
and smdler Mud lake which connects the two, are
located in the south central portion of Harney Basin.
During wetter conditions exigting in the Pleistocene, a
huge body of freshwater, ancient Lake Maheur,
occupied the basin and extended all the way to Burns.
The lake originaly drained to the east dong the south
fork of the Malheur River and from there to the Snake
River until the outlets near Princeton and Crane were
dammed by a lava flow. As warmer, dryer conditions
prevailed, about 10,000 years ago, the lake rapidly
shrank in dze creating the present series of smdler
lakes, playas, and marshes. Lake Malheur, at its highest
water level, was probably never more than 50 feet deep.

Even higtorically Malheur, Mud, and Harney
lakes were not aways joined. Explorer Peter Skene
Ogden observed in 1826 that "a small ridge of land, an

acreinwidth, dividesthefreshwater fromthesalt lakes".

About 1830 Malheur Lake topped the ridge and overfl-
owed into Harney Lake. Today these lakes frequently
double or triple in size during wet spells or decrease to
virtualy nothing in a dry period. Flooding during three
years of record rainfal in 1984 caused the three lakes,
normaly covering 125,000 acres, to expand to 175,000
acres. Periods of extreme drought are not abnormal to
these lakes, and prior to 1930 they became virtualy dry
due to low rainfall.

Malheur, Harney, and Mud lakes have been
designated as the federa Maheur National Wildlife
Refuge, a home for thousands of wild birds, native
plants, and animals.

Geothermal Resources

Percolating from deep within the crust through
cracks and fractures, heated water reaches the surface
as wam springs. Scattered over the Harney Basin,
dmogt all therma springs are digned dong faults.
Although some springs record much higher readings,
the average temperature of the waters is between 60
and 82 degrees Fahrenheit. Thermal waters, ranging
from 64 degrees to 154 degrees Fahrenheit issue from

Time Units years

Pleistocene and Recent

Lake and stream sediments

Wrights Point Member (basalt

Harney Fm.

| .-
il Tutfaceous sediments | 5.0
Rattlesnake ash flow tuff ——| 54
Basalts, tuffs, and andesites ‘
| = Prater Creek ash flow — ’J 8.2
| & Tuffaceous sediments |
i & T ST —
| A Devine Canyon ash flow —| 83
i Miocene .
olivine basalt |
Ash and pumice =

Basalt and andesite

l Steens Basalt
?
|

$

’()h;tnrvm' and Miocene | Silicic extrusives

S U - S — 4

Pre-Tertiary rocks

Correlation chart of High Lava Plains stratigraphic
units

a number of perennial springs near Hines, Wam
Springs vdley east of Burns, and around Harney ad
Mud Lakes to the south. Water temperatures nex
Hines reach a high of 82 degrees Fahrenheit with
temperatures diminishing outward from there. Some of
the highest temperatures occur in spring waters south
wes of Harney Lake where 90 to 154 degree Fatvar
heit waters indicate the presence of a thermal sdam
Severd springs here have commercial fadlities ad
one, Radium Hot Springs, popular since the 185 is
the largest warm water pool in the state.

Features of Geologic Interest

Fort Rock, Hole-in-the-Ground, Big Hole
Distributed widdly on the High Lava Hans
maars and tuff rings resulted when upward moving laa
in the crust encountered underground water wih
devadtating effects. Upon contact with the cooler weter,
the hot lava exploded catastrophically, ceding a
symmetrical, circular crater. Rocks and ash fran the
eruption, thrown into the air, settled close to the aaer
building up a high rim or tuff ring. Ssuce-dhepad
maars are shdlow explosion craters that are fed by a
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In northern Lake County, Fort Rock is a tuff ring eroded by waves of a shallow Pleistocene lake that
once occupied this basin (photo courtesy Oregon Dept. Geology and Mineral Industries).

"digrame" or funndl-shaped vent which ultimately fills
with angular pieces of volcanic breccia Often these
uface landforms are covered or eroded and not fully
preserved. Three concentrations of tuff rings and maars
in Oregon are located in northern and southern Lake
Couty and in southern Klamath County. The best-
knowmn of these are Fort Rock, Hole-in-the-Ground,
and Big Hole.

In Lake County, Fort Rock is a crescent-shap-
ed wif ring 13 mile across and 325 feet above the
surrounding flet plains. Formed by a shattering explo-
gon in early Pleistocene time, the crater has steep rock
S0es reembling a fort or castle. Once past the initial
vident stage, the dying crater lacked the force to expell
the agh, and much of it fdl back within the ring where
the ydlowish and brown tuffs dip inward toward the
center. Broken rock, ash and explosion tuffs that make
up the crater walls are testimony to the extreme force

of the Fort Rock event. The unusua shape of Fort
Rock, with the wide breach in the south rim, was due
to wave action from a former lake here eroding the
thin wals of the ring.

Hole-in-the-Ground, a short distance north of
Fort Rock in Lake County, is an exploson crater of
remarkable symmetry. The pit is dmogt a mile in
diameter, and the floor is over 300 feet below the
surrounding land level. The bowl-shaped maar probably
resulted from a single or very brief series of violent
eruptions over a short period of time. Fine rock
material expelled by the exploson forms the crater ring
and floor. Drilling in the late 1960s has revedled buried
massive blocks of broken rock which fdl into the maar
after the explosion.

To the northeast, Big Hole, a little over one
mile in diameter isacircular maar created by asimilar
violent explosion. A wide ledge within the basin may be
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Hole-in-the-Ground, near Fort Rock, is a remarkable explosion crater (photo courtesy of Oregon Dept.

Geology and Mineral Industries).

the top of a large block which fdl into the depression
during the eruption. Unlike Fort Rock and Hole-in-
the-Ground, Big Hole is heavily forested. The treesand
its immense sze make this volcanic fesature difficult to
visudize from the ground levdl.

Four Craters, Devils Garden, and Squaw Ridge Lava
Fields

Continuing Pleistocene volcanic activity in the
eastern High Lava Plains resulted in a number of
unusua lava flows, domes, pumice and cinder cones,
and lava tubes at three locations in Lake County. At
Four Craters Lava Fidd on the northern edge of
Christmas Lake Vadley, four cinder cones with smaller
mounds are surrounded by lava flows emitted from
vents aligned along a fissure. Here blocky and broken
aa lava from the cones covers about 12 square miles.
Nearby Devils Garden and Squaw Ridge lava fidds are

At Hole-in-the-Ground, the collapse blocks and cra-
ter rim are overlain by a thick layer of ash and tuff.
(modified after Peterson and Groh, 1961)



large areas of clinkery chunks of broken aa lava and
black swirly pahoehoe lava Oozing from fissures,
severd large spatter cones were built up by cooling
lava Hows from the shallow Squaw Ridge cone
coveed over 200 square miles, while the adjacent
Devils Garden is 45 sguare miles of lava, rubble, ash,
basdtic bombs, and lava tube caves. Numerous small
caves were formed by molten lava streams. In one of
these, Derrick Cave, a collapsed roof forms the en-
trance. At spots along the tunnel of the cave, the roof
riss as high as 50 feet. Benches inside the lava tube
gve the cave a keyhole-shape in cross-section to show
thet the lava drained out dowly enough to leave behind
alining along the wall.

The Devils Garden offers 45 square miles of rough
black lava flows, spatter cones, and lava tubes in
northern Lake County.

One half mile
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Diamond Craters

To the south and east of the lava fidds near
Bend, Diamond Craters in Harney County is one of the
most dramatic of Oregon's volcanic attractions, display-
ing a varied landscape produced by late Miocene to
Pleistocene eruptions. Named for the diamond-shaped
cattle brand of an early settler, the craters are essy to
reach. Within a 22 sguare mile natural area south of
Malheur Lake, over 100 cinder cones and craters can
be seen, 30 of which are located inside a 3,500 foot
wide caldera which has collapsed to a depth of 200
feet.

About 9 million years ago vents here pumped
out ash and lava to cover 7,000 square miles of south-
east Oregon in layers up to 130 feet thick. This initia
activity was followed by a series of explosons and
intrusions 2,500 years ago forming small cinder cones
accompanied by vast new lava flows A surge of mag-
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matic intrusions bowed the ground surface into svard
low rounded domes. One of the eruptions produced
spherical-shaped volcanic bombs aong with flons of
pahoehoe lava that crested deep fissures and ridges
These bombs ranging from the sze of a pea up to 2
feet in diameter were gected as air borne blobs of
liquid lava that cooled and cracked in flight. A moe
dramatic result of these volcanic events is the lage
depression or Graben Dome, 7,000 feet long, 1,250 fedt
wide, and 100 feet deep that developed as lava draned
avay underground causing the upper surfece of the
crater to collapse and create a basin.

Volcanic Buttes, Lava Cast Forest, Newberry Craer

Cinder and basalt cones stand out on the flet
landscape near Bend and aong the route from Bad to
Burns. The most notable of these are Pilot Butte jugt
esst of the Bend city limits, Powel Buttes to te
northeast, Newberry Crater and Lava Butte to te
south, and Glass Buittes to the east.

The central crater complex about one mile in Pilot Butte, a prominent feature in card
diameter is a moonscape of overlapping volcanic Oregon, served as alandmark for pioneerstraveling to
features (photo courtesy Oregon Dept. Geology the Willamette Valey. A view atop the lone drdkr
and Mineral Industries). cone, 4,136 feet above sea level and 500 feet sbove the

Diamond Craters Lava Field
south of Malheur Lake exhibits
a wide variety of volcanic
features.
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In the Lava Cast Forest on the northwest flank of Newberry Crater, lava has surrounded trees which
burned to leave a hollow mold (photo courtesy of Oregon State Highway Department).

surrounding plains, offers an impressive panorama of
the Cascades and surrounding buttes of the High Lava
Hans as wel as a glimpse of the winding canyon of
the Deschutes River. Volcanic debris, discharged from
avent into the air, settled as cinders and ash to build
up the symmetrical cone. Pilot Butte has been a state
park since 1927.

Nearby Powell Buttes complex of 11 separate
volcanic domes represents a mgor slicic volcanic
center that expelled large volumes of lava and ash-flow
tuffs during the Miocene. Domes formed during the
find stages of activity and subsequent erosion produced
remnants known as "hat rocks'. Exploratory geothermal
tess have located warm water wells on the north side
of Powdl| Buttes.

Lava Butte, familiar to anyone who has trav-
dled south of Bend, is a classc basat cinder cone
projecting 500 feet above the surrounding jagged lava
fidd. Because it is situated on the flank of Newberry
Crater, Lava Butteis a "parasite cone" and is part of an
dmog continuous wide zone of faults and cracks
extending from Newberry Crater to Lava Butte and
beyond. More than 6,000 years ago, lava extruded from
these vents in at least eight separate eruptive events,
flowing northwesterly for 6 miles to dam and divert the
Deschutes River. From the rim of the deep crater, built

up by cinders, a rugged volcanic panorama covering
amost 10 square miles of lava fidd can be seen.

As successve, thick flows from this volcanic
center between Newberry Crater and Lava Butte spread
duggishly across the landscape, pine forests much like
those here today were engulfed by the dow moving
lava Some trees remained upright while others fell
over after being buried by the molten lava Once
enclosed in the flow, the trees burned dowly leaving a
mold the sze and shape of the trunk. Contact with the
trees chilled the lava in the flow into cylinders around
trunks. Once the lava had receeded, these cylinders
were left standing above the surface flow. The Lava
Cagt Forest which resulted is encased in the rough
black lava

Newbery Crater, with a large caldera, lakes,
obsidian flows and domes, and pumice and cinder
cones, provides a view of spectacular volcanic geology
in a concise area that is easly accessible. In the spring
of 1991, Newberry Volcanoes National Monument was
dedicated. This new monument which includes Newber-
ry Crater, Lava Butte, Lava River Cave, the Lava Cest
Forest, and Paulina Peak sets aside an area for viewing
and studying a wide variety of volcanic features.

A low profile, shield volcano, Newberry is 40
miles long and 20 miles wide and contains Newberry
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A cinder cone just south of Bend, Lava Butte has a well-developed crater on top and a vent which
extruded lava on the south side (photo courtesy of Oregon Department of Geology and Mineral
Industries).

Crater at the summit. Covering 500 square miles, the
volcano is among the largest Quaternary volcanoes in
the United States. The caldera was caused by collapse
or snking of the center of the mountain in somewhat
the same manner that the caldera formed at Crater
Lake. Today the central caldera is occupied by East
and Paulina lakes which are separated by cinder cones
and a massive obsidian flow.

With a comparatively short eruptive life lasting
around 12 million years, the active period of Newberry
volcano spans that of Crater Lake 70 miles to the
southwest. About 500,000 years ago, a huge shidd
volcano, 4,000 feet above the surrounding plateau, was
built by successve flows of basdt and dlicarich
rhyolite interspersed with layers of volcanic ash, dust,
and consolidated tuffs. The summit of the volcano may
have collapsed at least twice after two large eruptions
to create the caldera. Continued intermitent activity

produced small domes, lavaflows, and obsidian 300000
to 400,000 years ago that was followed by a huge ah
eruption about 1600 years ago. Most recent adivity
began 2,000 years ago when lava discharged fram a
fracture on the south rim of the cadera esding
about 1 1/2 miles toward the center. This driking Bg
Obsidian flow is the largest of severd young floas in
the crater producing over 12 cubic miles of frahy
pumice, ash, and obsidian as well as the dome making
the vent. A digtinctive 6,900 year old layer of pumice
and ash from ancient Mt. Mazama is laminated in
among Newberry's own eruptive debris. Near the ed
of the cyde more than a haf dozen separate dbddan
flows, interlayered with a volcanic froth or pumicg
spread out within the caldera.

The long outer dopes of the volcano ae
sprinkled with over 400 parasitic cinder cones, omein
regular lines, indicating alignment aong fradures
Nineteen rhyalitic domes, flows, smal eqlogon



Newberry VVolcano monument, covering 62,000 acres
south of Bend, provides a panorama of forests, lava
flows, volcanic cones, lakes, and craters.

craters, and other features on the flanks occur in zones
redid to the caldera. Basdlt flows, forming most of the
north and south flanks, are younger than the ash flows
of the east and west flank which are covered by athin
venex of ash. Paulina Creek drains the caldera,
dropping over the west rim as Paulina Fals to flow
wedwad into the Deschutes River.

Over the past decade Newberry Volcano has been
the Ste of intensive investigation for its geothermal
potentid, and drilling has encountered an active
hydrotherma system beneath the caldera. The recogni-
tion of the delicate ecological balance here should
diminate any future exploitation at this sSite.

Glass Buttes east of Newberry Cadera is a 5
million year old silica-rhyolite volcanic center consst-
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Northeast
Tobsidian flows
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ing of Glass Buitte, Little Glass Butte, eastern Glass
Buttes, and Round Top Butte .The low domes digned
in a west-northwest direction for about 12 miles built
up in a long eruptive process which may have taken as
much as 1 million years to complete. The Glass Buttes
group produced significant amounts of obsidian which
was gathered by Indians in prehistoric times and more
recently by rock collectors. Besides the common black
obsidian, there are mixtures of red and black as well as
iridescent slver obsidian. Obsidian or volcanic glass
has no internal crystdline structure. The failure to
form crystals may be due to the exceedingly high
viscogty prior to cooling. Very small amounts of
quickslver have been mined from the volcanics of
Glass Buttes.
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In Lava River Cave south of Bend the lava remained molten while the roof and sides solidified. Flowing
out, the lava left flow lines, benches, and a keyhole-shape to the sides of the tunnel (photo courtesy of
Oregon State Highway Department).

Lava Caves

A number of caves and long cavern systems exis
in the Bend area as a result of volcanism which took
place during the Pliocene and Pleistocene throughout
the western High Lava Plains. Tubes and tunnels in
basalt occur as molten lava cools to form a solid crust
on the surface even as the hot lava stream continues to
run out deep in the flow. Asvolcanic activity producing
the lava ceases, the tube is drained leaving the cave or
cavern. Tubes usudly form when lava is thick and
syrupy, and caves are most common in pahoehoe flows
Wide lava sheets often have severa tubes within the
flow, some of which may be interconnected by lateral
passages. Pahoehoe lava, flowing through a narrow
valey, will ordinarily produce only a single tunnel or a
series of tubes which are stacked up over each other.

The pathway of lava caves are varioudy straight
to meandering. Straight caves follow old fault and
fracture patterns. More often, however, lava caves

folow the twisting pathway of an ancient dreem
channel cut into the surface and filled in by lava As
the lava smoothed out the older topography, the
thicker flows along stream channels remained liquid to
drain out while the roof hardened. After the lava tube
has formed, wesathering processes attack the rod,
leading to collapse, and producing cave openings,

Historically lava caves were used for shelter by
Indians and early settlers. Eastern Oregon ranchas
often kept meat chilled in caves which mantan a
temperature of 40 degrees Fahrenheit year round. In
the early part of the century, large blocks of ice wae
cut from Arnold Ice Cave to supply the nearby commur
nity of Bend on a commercial basis. One unusd
advantage settlers found for the caves near Bend wes as
a place to brew whiskey. Federal agents condudting
monthly raids, as the one in January, 1921, confisceted
2 dtills, 3 quarts of whiskey, and several barrels of aom
mash. Once raided, the caverns were sedled.



The Arnold Lava Cave sysem extends northeast-
erly from Paulina Mountains over 4 miles. In a number
of places the roof has collapsed producing a series of
smaller caves. This long lava channel sysem formed in
basalt originating from fissures on the flanks of Newbe-
ry cadera. At the southwest end of the Arnold cave
sydem is the wel-known Arnold Ice Cave. Within the
cave water cascading down thewalls freezes into silent
waterfdls. Where the cave intersects the water table,
ice forms. Since thewater level isrising, ice now covers
a darway once in use, so that specia climbing equip-
ment is needed to enter the cavern.

Southwest of Arnold Ice Cave, the famous mile-
long Lava River Cave, formerly known as Dillman
Cave, is one of the longest, uncollapsed lava tubes in
Oregon. Leander Dillman, trapper and rancher, discov-
ered the southeast entrance about 1909, but when he
weas convicted of "gross immordity” in 1921 the name
wes abruptly changed. Entered where the roof has
collapsed, the main passageway of the cave is 5,040 feet
to the lower end which is blocked by sand. Delicate
lava formations, vertically stacked lava tubes, ledges
marking the levels of lava that flowed through the tube,
and unusual sand castles where surface water drained
doan through the tube to carve out the sands into a
miniature badlands make the cave of geologic interest.

Lavacicle Cave, south of Millican in Deschutes
County, is best known for its unique spikes of lava
hanging from the ceiling of the tunnel and projecting
up from the cave floor. Discovered in 1959 and named
for these unusua formations, the cave was once filled
to the roof with molten lava Once the lava had
drained out, the material coating the ceiling of the cave
dripped to the floor forming the pinnacles, caled
lavacides. Lavacicles from the ceiling are only a few
inches long, but those projecting from the floor are 2
to 6 feet in height. Because of the fragile formations,
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Crack-in-the-Ground from the south with
Four Craters Lava Field in the back-
ground (photo courtesy of Oregon
Department of Geology and Mineral
Industries).

the cave entrace is barred and permission to enter must i

be obtained from the U.S. Forest Sarvice.

On the extreme eastern edge of the Lava Ul

Hains, privatedy owned Maheur Cave is difficult to
locate. At least one-half of the cave is filled with water
cregting a long underground lake where the lava tube
intersects the ground water table. The cave must be
explored by canoe or raft, although the lake waters and
configuration of the tunnel prevent passage dfter a
certain point.

Crack-in-the-Ground

A narrow northwest-southeast rift in the ground
afew feat wide, 2 miles long, and up to 70 feet deep in
places has remained open for severa thousand years.
Located in Lake County between prehistoric Christmas
Lake to the south and the Four Craters lava fidd to

This narrow, two mile-long crack in Lake County
opened in layers of lava when a block beneath the
flow dropped down. (after Peterson and Groh, 1964)
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the north, this feature was referred to as "the crack” by
homesteaders. Here picnics were held and ice cream
made using ica deep from within the crevasses of the
chasm.

During the Pleistocene successve flows of
pahoehoe lava here piled up 70 feet thick in places,
only to be covered later by streams of hummocky black
aa lava These basdlts originated from Green Mountain
and the Four Craters volcanoes. With the Four Craters
eruption, a small tectonic depression or graben ap-
peared about 2 miles wide extending south into the
Christmas Lake basin. Crack-in-the-Ground opened in
the lavas when the central block began to drop down
to create the graben and trigger the crack seen on the
surface. In awetter environment than eastern Oregon,
such geologic features would have been rapidly filled in
with sediment and rubble or covered by vegetation.

Wrights Point

Lava flows following a prehistoric stream bed
have created a 150 foot high sinuous ridge named
Wrights Point 12 miles south of Burns. Extending a
distance of 6 miles, the flat-topped ridge averages 400
yards wide before it merges with a broad mesa at its
western end. Wrights Point is an excellent example of
inverted topography. During late Pliocene time, a
succession of fluid lavas followed an ancient, winding
stream vdley eventudly filling in the canyon and
hardening. As erosion took place, the softer rocks and
soils of the adjacent valey walls were eroded away,
leaving the streambed cast in lava projecting above the
surrounding plain. Fossilized fish bones and freshweter
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cdlams and snails found in the strata below the lava of
Wrights Point are evidence of the stream environment.

Smith Rock

Smith Rock State Park, seven miles northesst
of Redmond, is nationally renowned by rock dimbers
The name for the park goes back to early Oregon
history. In 1863, soldiers, in pursuit of local Indians
were camped near Smith Rock when one of the men
named Smith climbed to the top of the monolith to g&t
a better view. Unfortunately the boulder on which he
was standing rolled out from under his feet.

On the very northwestern edge of the Lava
Pains province at Smith Rock State Park successve
colorful tuffs in the canyon of the Crooked River have
been eroded to create the fantastic rock shapes vishle
in the diffs. In the park, the river winds its way pest
massve, towering rock wals, picturesque pinnacles
crags, and great dabs of upright rocks. Smith Rodk,
one of thesevertica pillars, is part of avolcanic center
which erupted 18 to 10 million years ago. Included with
Smith Rock are Gray Butte, Coyote Butte, Skul
Hollow, and Sherwood Canyon, all of which are part of
a larger Gray Butte complex of volcanoes. Rhydlitic
lavas, emerging from vents near the Crooked Rive,
marked the beginning of the Gray Butte events. Fdling
ash expelled from the volcanoes covered the region to
be followed by mud flows and more volcanic delris
gected during subsequent eruptions. The land surface
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Wright's Point, a sinuous 250-foot high ridge in
Harney County, traces the channel of a meandering
stream that was permanently cast in basalt.

was repeatedly layered by this material. Once the
volcanism subsided, the river dowly began to erode its
way through the deposits to cut out the Crooked River
canyon seen today. FHuvia erosion by the river over
millions of years along with weathering of the rock
have combined to carve the sheer walls of Smith Rock,
which is formed of tan, red, and green tuffs of volcanic
ash and mud flows

The exact source of the volcanic material
making up Smith Rock is uncertain. The eruptive
center may have been a vent a short distance from the
park, or Smith Rock itself may be the remnant of a low
angle tuff cone. Lava from the cone exploded when it
came into contact with groundwater and wes expelled
as ash that was later consolidated into tuffs.
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Carved by the Crooked River into vertical pillars and sheer cliffs, the Miocene volcanic ash of Smith
Rock is a favorite of rock climbers (photo courtesy of Oregon State Highway Department).
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Lambert Rocks, exposed in the Owyhee Canyon of Malheur County, are cut into fossiliferous Miocene lake
deposits. Successive lava flows, that spread over the mud flats, are seen as darker layers [photo by Gary
Tepfer].




Lava bomb (airborne blob of lava) atop McCarthy Rim, looking north toward Mt. Washington, Mt. Jefferson, and
Mt. Hood [photo by Gary Tepfer].

Straightened and deepened by glacial activity, valleys now occupied by Horse Creek, Lightning Creek, and the
Imnaha River display multiple lava flows of the Columbia River basalts in their walls [photo by Gary Tepfer].



Heceta head on the Oregon coast just north of Florence is the eroded remains of an Eocene volcanic edifice
[photo by Gary Tepfer].

Mt Washington, Three-Fingered Jack, Black Crater, Mt. Jefferson, Mt. Hood, Mt. Adams, and Black Butte are
visible across the snowfield of McCarthy Rim [photo by Gary Tepfer].




In the foreground, Chambers Lakes occupy depressions in the irregular landscape of ash and cinders between
the North and Middle Sisters. South Sister is in the distance [photo by Gary Tepfer].






Basin and Range topography of south-central Oregon shows the up-thrown fault block mountain of Winter Rim
overlooking Summer Lake, which occupies a fault depression or graben [photo by Gary Tepfer].

Eastward dipping layers of the Eocene Coaledo Formation at Shore Acres State Park on the southwest coast ae
covered by iron-stained terrace deposits [photo by Gary Tepfer].



The rugged outline of Mt. Yoran in the Diamond Peak Wilderness of Lane County overlooks the Middle Fork of
the Willamette River [photo by Gary Tepfer].




Viewed from Mt. Pisgah, the confluence of the Coast and Middle forks of the Williamette River can be seen with
Eugene in the background. Skinner Butte is upper right in the distance [photo by Gary Tepfer].

The unmistakable irregular terrain of glacial deposits surrounds Dollar Lake in the Wallowa Mountains. Wallowa
Lake and Joseph are in the distance [photo by Gary Tepfer].




Deschutes-Columbia Plateau

Physiogr aphy

The Deschutes-Columbia River Plateau is pre-
dominantly a volcanic province covering approximately
63,000 square miles in Oregon, Washington, and Idaho.
The plateau is surrounded on al sides by mountains,
the Okanogan Highlands to the north in Washington,
the Cascade Range to the west and the Blue Mountains
to the south in Oregon, and the Clearwater Mountains
in ldaho to the east. Almost 200 miles long and 100
miles wide, the Columbia Plateau merges with the
Deschutes basin lying between the High Cascades and
Ochoco Mountains. The province dopes gently north-
wad toward the Columbia River with elevations up to
3,000 feet dong the south and west margins down to a
fav hundred feet dong the river.

Primary rivers in the province are the west-flow-
ing Columbia River and its tributaries, the northward
floning Deschutes, John Day, and Umatilla rivers,
dong with Willow and Butter creeks, al of which enter
the Columbia between The Dalles and Wallula Gap.
The third largest river in North America, the Columbia
hes the greatest impact on the plateau. Beginning in
British Columbia on the dopes of the Canadian
Rockies, the Columbia runs from the north to Walula
Gateway where it makes a sharp bend toward the west.
Itswatershed covers 259,000 square miles primarily in
southwest Canada, southern Washington, and northern
Oregon. Although smaller than the the Columbia, the
Deschutes River crosses the province in a northerly
direction to be joined by the Crooked and Metolius
rivers south of Lake Simtustus. From its beginning as
grdl| streams near Mt. Bache or, the Deschutes extends
20 miles before entering the Columbia just west of
Biggs These streams have cut intricate, deep canyons
into the virtually horizontal lavas of the plateau.
Divides between the canyons are dissected, but broad,
fla uplands remain.

Gedagic Overview

Geologic events in the Columbia-Deschutes
province took place on a grand scale. Immense out-
pourings of lavas during the Miocene created one of
the largest flood basalt provinces in the world, second
aly to the Deccan Plateau in India. Erupting from
source vents in central and northeast Oregon aswell as
in southeast Washington and adjacent |daho, flow after

DESCHUTES-COLUMBIA PLATEAL

flow of basdts filled a subsding basin to create a
featureless plateau. This volcanic activity was followed
by faling ash and lavas expelled from ancestral Cascade
volcanoes aligned on the western border of the Deschu-
tes Basin. Disrupted and blocked by the lavas, sedi-
ment-laden streams and the Deschutes River carried
the material northward, depositing much of it along the
channel filling the broad dluvid plain of the basin.
With the gradua subsidence of the Cascade vents into
a deep graben or depresson and the resulting high
Green Ridge escarpment, the accumulation of volcanic
debris in the Deschutes basin shifted to lavas from
small local cones during the Pliocene. In the Pliocene
waters trapped behind structural ridges formed tempo-
rary lakes and ponds that filled with sediment. A broad
uplift of the plateau triggered an aggressve new
erosiona phase where rivers carried avay much of the
unconsolidated day, silt, and sand and cut deep chan-
nels. Volcanism here ceased after massve lavas from
near Newberry Volcano entered the deep canyons, once
again disrupting the flow of the rivers.

Vast lake waters, impounded by glacid ice,
impacted the Columbia Plateau during the Pleistocene
when they were released from Montana sending cata
strophic floods across the landscape to scour southeast-
ern Washington and the Columbia gorge.
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SADDLE MOUNTAINS BASALT

Age Yoot total No. of flows  Approx one flow
CRBG every... years

.6-14.5 m.y. ~1-2% 19 flows 400,000

WANAPUM BASALT
14.5-15.2 myy. 6% 36 flows 20,000

GRANDE RONDE BASALT

15.6-16.8 m.y. ~85% 120 flows 10,000

PRINEVILLE BASALT
15.3-15.5 my. <1% 8 flows 25,000

PICTURE GORGE BASALT
16.-16.5 m.y. ~2% 61 flows 8,000

IMNAHA BASALT
16.8-17.3 m.y. ~5% 67 flows 7,000

WASHINGTON

OREGON

Distribution of basalt formations within the
Columbia River Group (after Beeson and
Moran, 1979; Beeson, Tolan, and Anderson,
1989)



Geology

Small exposures of Paleozoic and Mesozoic
rocks as well as parts of the Eocene, Oligocene, and
Miocene Clarno and John Day formations that extend
into the Columbia-Deschutes province from the south
are treated with the Blue Mountains province.

The oldest rock known from the Columbia-De-
schutes province is a single stone discovered near the
base of Gray Butte in Jefferson County. Fusulinids, or
fossl protozoa, extracted from the loose boulder were
dated as late Permian, approximately 250 million years
old. More remarkably, these fossls are of a variety
typicd only to the eastern Pecific regions of Japan,
Timor, and China. Although the &finity of this rock
was puzzling when it was discovered in the middle
1930 s, with the present knowledge, it can be related to
one of the many exposures of displaced terranes found
today in the eastern Blue Mountains. The stone was
evidently eroded from one of the terranes before being
transported by streams to the western part of the
Columbia-Deschutes province.

Comparison of Permian fossil fusulinids from the
Orient (upper) and North America (lower)
(specimens are 1/2 inch in length)
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Miocene

Geologic dudy of the Columbia Plateau
focuses upon the basdts that flooded this province, an
episode that took place during the middle to late
Miocene, 17 to 6 million years ago. Eruptions occurred
on the average of one flow every 35,000 years with an
output per flow of over 100 cubic miles of basalt.
Larger eruptions, however, encompass over 500 cubic
miles of basalt for a sngle flow. Thick, successve
outpourings of lava spread over the landscape often
moving at a speed of up to 30 miles an hour to form
the Columbia River basalts, the primary group in the
plateau today. Covering an area only dightly less than
the entire state of Washington, the total volume of
basalt, which was over 42,000 cubic miles, would be
enough to construct a wal of lava one mile wide and
amost 2 miles high around the earth. The thickness of
individua flows is variable, but severa flows up to 200
feet are known. Spreading across the Deschutes-Colum-
bia River Plateau, the spoon-shaped mass of basalt is
over 3 miles thick beneath Yakima and Pasco, Wash-
ington, thinning to the south from a mile thickness
along the Columbia River to a feather edge within the
Blue Mountains province. This suggeds that the lava
was extruded into a basin that subsided progressvely
with succeeding flows

Some of the most extensve of the Columbia
River flovs may have taken decades to cool and
harden. Cooling proceeds in a lava flow from the top
down and from the bottom upward. Typicd lava flows
in cross-section have two distinct layers that have been
named after parts of Greek temples. The lower portion
or colonnade is so-called because the basalt has cooled
and contracted to form columns perpendicular to the
cooling surface below. The remaining section of the
flow, which constitutes up to 4/5 of the entire mass, is
the entablature with multiple directions to the columns.
Near the top of the entablature, the basat may be
vesicular from gas which has come out of solution in
the molten lava to form bubbles. Often these ges
bubbles leave long vertical tubes or pipes through the
lava to mark where the gas escaped.

There is disagreement with respect to exactly
how lava in flood basdts flowed. As the lava moved, a
thin surface skin may have hardened only to break up
50 that the new flow would look like a wall of broken
rock rising up to 10 stories high. Inside the flow the
lavawas fluid, but at the base, along the top, and a the
snout, it is armored by sharp, blocky pieces of broken,
cooled basdlt. The veneer of broken chunks atop the
lava tends to roll over as the flow spreads, developing
a steep, irregular front. As the lava moves farther from
its source, the edge becomes progressively thinner until
it is only a few stories high. At some point the lava,
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The Columbia River Basalt Group develops its
maximum thickness of nearly 15,000 feet under
the Columbia Plateau near Yakima, Washington

unable to push through the mound of hardened, rough
rock along the edges, comes to a stop, essentialy
dammed up by its own cooled crust.

The relationship between the Columbia-Desch-
utes Plateau and the surrounding provinces is unclear
because thick lavas obscure the deep crust which has
not been well-studied. Crustal thickness in this province
has been estimated between 15 to 20 miles. In the
1980s, a series of four wildcat wdls were drilled
through the lavas in the vicinity of Yakima, Washing-
ton, by Shell Oil Company. Targeted were Cretaceous
and Tertiary rocks lying below the basalt aong older
anticlinal structures that were judged to have sufficient
organic content and porosity to produce gas. Although
the potential reservoir rocks were dry, rocks of the
predicted formations were encountered by drilling deep
beneath the basalt.

Of the four main formations making up the
Columbia River lavas, the oldest is the Imnaha Basalt,
followed by the Grande Ronde Basdt, the Wanapum
Basdt, and finally the youngest Saddle Mountains
Basdt, with the Grande Ronde composing more than
85% of the formations by volume. The Grande Ronde,
Wanapum, and Saddle Mountains were formerly
lumped together and designated the Yakima Basdlts,
but they are now distinguished by subtle differences in
mineralogy and texture. Variations in magnesium oxide,
titanium oxide, and phosphorus are also used to
characterize individual flows.

(after Reidel and Hooper, 1989)

Tension cracks

One model for the movement of lava
flow

in an Aa
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Basalt stratigraphy within the Columbia River Ba-
salt Group (Beeson and Moran, 1979; Beeson,
Tolan, and Anderson, 1989).

The oldest of the formations, the Imnaha
Basdt, originated from vents and fissures aong the
Suke and Imnaha rivers in northeast Oregon, south-
eed Washington, and ldaho spreading aong the
Imneha River in northeast Oregon. Following this 16.5
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million years ago, large volumes of Grande Ronde
basalts erupted with a frequency of one flow for every
10,000 years dowing to one flow for each 20,000 and
400,000 years for the Wanapum and Saddle Mountains
lavas respectively. In a process that extended less than
1 million years, Grande Ronde basats poured from
fissures and cracks as much as 100 miles long in a
complex network of openingsin the crust known as the
Chief Joseph dike svarm that extended from southesst-
ern Washington and northeastern Oregon dong awedll-
defined trend. Reaching westward all the way to the
Pacific Ocean, many of the 120 individud Grande
Ronde lavas spread out for as much as 460 miles and
are among the most extensve on earth. Lava from
these separate flows was so runny that it did not
mound up to form volcanoes but rapidly filled in
surface depressions to produce a flat topography.
Following the Grande Ronde eruptions, 36 separate
flows of the Wanapum lavas poured out over a 1
million year interval nearly covering the plateau, while
the Saddle Mountains Basdlt, with 19 flows was manly
confined to the central part of the Columbia basin. To

Dikes of the Grande Ronde basalt (photo
courtesy Oregon Department of Geology
and Mineral Industries).
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Geographic distribution of individual flows and members of the Columbia River Basalt Group (after
Reidel and Tolan, 1989)

the south, widespread flows of the Prineville and
Picture Gorge basalts in the Deschutes and John Day
vdleys correlate with the Grande Ronde Basdlt, but
differences in chemical composition of the three lavas
distinguish them and indicate separate source magmeas.

Prior to the extrusion of the Columbia River
lavas, the channel of the ancestral Columbia River lay
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Because of the relative youth and thickness of
the Columbia River basalts, rocks immediately below
the Miocene lavas are still poorly known. In southeast-
ern Washington smal exposures of displaced rocks of
the Wadlowa terrane imply that this terrane extends far
north of its main exposures in the Blue Mountains.
Similarly, inliers of the basdt-covered Baker terrane
occur well to the west of mgor exposures in the Blue
Mountains. The extent and thickness of Cretaceous
rocks as well as Tertiary Clarno and John Day forma:
tions, where they disappear under the southern edge of
the plateau lavas, may be an indication that they too
are much more widespread than presently known.
Distinctive rock fragments found imbedded in flows of
the Deschutes Formation may have been picked up by
the lava as it worked its way to the surface. Although
this evidence is tenuous, it suggedts that accreted
terrane rocks, as old as preCambrian, may be buried
beneath the Cascade Range and Deschutes Basin.

Degspite the thickness and extent of the laves,
the plateau is not entirely featureless. Over most of its
western section, low wrinkles and shallow dimples dat
the surface. One of the largest of these is the C-shgped
Deschutes basin reaching into the southwest corner of
the province. During the early Miocene, the besn
received lavas and ash from vents of the Coumbia
Plateau and adjacent volcanoes of the Western Ces
cades. Intermittent volcanic activity sent lavas flooding
over the vast Deschutes basin, disrupting the flow of
streams and rivers. Sediment-choked streams covered
100 square miles of the basin with thin layers of
waterlain tuffs, sandstones, and mudstones of the
Simtustus Formation. Sedimentationwas rapid, and the
shallow basin filled with Simtustus deposits up to 20
feet thick. Once designated as part of the Deschutes
Formation, volcanic sediments of the older Smtustus
Formation are lithologicaly distinct from the coarse
conglomerates of the younger Deschutes. Smtudus
rocks are highly significant as they were lad domn
during emplacement of the Columbia River flows 16 to
12 million years ago.
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Structural aspects of the Deschutes-Columbia
Plateau (after Smith, Bjornstad, and Fecht, 1989)
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Stratigraphy of Tertiary formations of the western
Deschutes Columbia Plateau

Following a hiatus of approximately 5 million
years, volcanics and sediments again poured into the
Deschutes basin 8 million years ago from a chain of
ealy Cascade volcanoes, adigned dong the western
margin of the basin. Voluminous amounts of basalt,
andesitic lava, and hot clouds of ash or ignimbrites
accumulated up to 2,000 feet on the west side of the
basn thinning to 50 feet adjacent to the Ochoco
Mountains. Once the northerly flowing ancestral
Dechutes River had been overloaded with volcanic
debris, it dowed consderably depositing a mixture of
volcanic material along the channel and on the adjacent
dluvid plain that extended eastward for 30 miles from
the Cascades. Blocked by the risng wdl of the Cascade
graben adong the border of the Deschutes basin, the
upply of sediments from the west came to an abrupt
end 4 million years ago. Deterred by the high Green
Ridge scarp, which is composed primarily of ash, lavas,
and ignimbrites, streams began to cut down and deepen
their channels.

The rise of the Cascade Mountains in the
Miocene and Pliocene crested a barrier between
eedern and western Oregon preventing the flow of
wam moist ocean air and subsequently producing the
drier climate of today. Prior to the climate change, the
plants would have been familiar, but the mammals
would have appeared out of place. Oak was a common
tree followed by maple, sweetgum, and cherry in the

higher elevations with willow and cottonwood in the
moister valeys. There was a remarkable absence of
evergreens in the upper Deschutes region. Fossils of
rhinoceroses, camels, elephants, giant beavers, very
small horses, and a three foot long turtle lived here
before the climate became more arid.

Pliocene

At this point in time, between 4 and 2 million
years ago, a number of small volcanic cones in the
upper Deschutes and Crooked river watersheds pro-
duced over 200 separate lava and ash beds of Pliocene
age throughout the region. Shield volcanoes and cinder
cones were built up a Squaw Back Ridge, Tetherow
Butte, Round Butte, Black Butte, and Little Squaw
Back. Lavas from the Tetherow Butte complex of red
and black cinder cones near Terrebonne extended
northward covering Agency Plains between Madras and
Gaeway to depths over 150 feet. The most recent
eruptions in the basin were lavas from Round Butte 3.9
million years ago along with the fluid andesitic basats
from the broad low volcano a Squaw Back Ridge 2.9
million years ago. After an initia eruptive period,
Round Butte continued to build up, eventually explod-
ing to subside with the formation of two small summit
cones. With a pleasing symmetrical profile, Round
Butte was the site of Indian ceremonies and is still
regarded as a sacred site. Little Squaw Back and Black
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Four million year old
Pliocene sediments near
Arlington yielded the
carapace of a 3-foot
long land tortoise.

Butte, large shield volcanoes on either side of Green
Ridge, probably erupted 3 to 12 million years ago. The
6,436 foot andesite cone of Black Buitte is the highest
in the area

Plestocene

The plateau experienced the last phase of
volcanism 16 million years ago when early Pleistocene
eruptions from loca vents plugged the Metalius,
Deschutes, and Crooked River canyonswith basalt. The
most extensive of these numerous flows originated near
Newberry crater, filling the Crooked River canyon to
depths of 800 feet in places, while an intracanyon basalt
pouring into the Metolius River vdley formed a
pronounced bench 600 feet above the present river
level. Within the last million years, however, river
waters have been able to reestablish their previous
channels completely by cutting around the successon
of intracanyon flows. The basalts have been reduced to
idands midstream or isolated steep diffs plastered to
the older sedimentary and volcanic layers that make up
the main canyon walls.

The lce Ages of northern Oregon were a time
of ice build up and repeated catastrophic flooding.
Pleistocene continental glaciers advanced as far south
as British Columbia and northern Washington infring-
ing on the Columbia River drainage. Glacia ice
temporarily plugged the Clark Fork River, a branch of
the Columbia River in Montana, resulting in a glacia
lake which drained as numerous separate floods. When
the dammed up water was suddenly released, it spread
through the Idaho panhandle and southeast Washing-
ton to reenter the Columbia a Wadlula Gateway. After
scouring eastern Washington, millions of galons of

flood water continued down river to completethe  find

sculpting of the Columbia Plateau. Reaching elevations
of about 1,000 feet, the floods removed talus and soil

from large areas aong the river and covered exiging
gravel bars with coarse flood-borne materia ad
erratics. On both sides of the gorge from Walula Gep
to The Dalles, flowing water backed up and spread out
to create Lake Condon. The lake waters resched the
John Day River valey to the south aswell as Mapin
on the Deschutes where large boulders carried in by
icebergs were dropped as the ice melted. Such boulders
are common southwest of Arlington, many marking the
shoreline of the ancient lake,

Frequent successive flooding left gravel, sad,
and gt in the vdleys and basins dong the Cdumba
gorge. A thick, structureless, buff-colored Wasco Slt, in
the vicinity of Moro and Grass Valey, is dmilar to the
Portland Hills Silt. Near Ordinance and Boardmen, a
large area of unconsolidated sand has been reworked by
winds to form dunes. Pleistocene vertebrate fossls ae
present in the blowouts which reach an devation of
about 600 feet and probably represent fill in the
Columbia River valey during high waters. Taraoes
along the river a The Dalles are composed of gavds
that also coincide with flooding stages.

Structure

The tectonics and geologic history of the
Deschutes-Columbia Plateau relate cosdy to the
movement of the earth's crustal plates, which brought
about structural changes throughout the province. The
evolution of the plateau has been divided into three
phases that took place 17 to 10 million years ago, a
second interval between 10 and 4 million years ago, ad
occurrences over the past 4 million years. During the
fird stage, tensiona stresses from apparent bedkarc
spreading on the North American plate produoad
extensive north-south fractures in the southeast comer
of the plateau and resultant massve lava flowns of the
Imnaha Basalt. As the eruption continued, new vats
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Major geographic and structural features of the Deschutes-Columbia Plateau (after Smith, Bjornstad,

and Fecht, 1989)

appeared further north, and the entire plateau was
tilted to the northwest by uplift aong the Idaho
batholith. This tilting allowed the later Grande Ronde
flons to extend northward into central Washington and
endbled them to reach the Pacific Ocean by way of the
Columbia gorge. With as much as 36,000 cubic miles of

Grande Ronde basalts being erupted, the crugt at the
center of the plateau at Pasco, Washington, began to
fal and collapse downward to create a basin over three
miles deep.

Concurrently, the deformation of the plateau
caused minor folding over the Columbia basin and pro-
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duced the northeast-southwest trending Blue Moun-
tains anticline or arch. Where the Columbia River
bisects the central plateau, a number of surface folds
run east-west, corresponding to north-south compres-
sion. The Columbia River follows one of these wrinkles
as it traverses the axis of a mgjor downwarp, the 160-
mile long combined The Dalles-Umatilla basins from
Wadlula Gap to The Dadles. Further east, the Blue
Mountains anticline turns north at Meacham, Oregon,
to merge and run parale to the Klamath-Blue Moun-
tains lineament. In Washington, the Columbia Hills
and hills of Horse Heaven anticlines follow The
Dalles-Umatilla syncline to intersect the Hite fault just
south of Milton-Freewater.

Beneath the plateau, mgjor structural features
or lineaments converge. These extensve festures can be
seen in aerial photographs, but they are not obvious at
ground leve, and what caused them is uncertain. The
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Klamath-Blue Mountains lineament runs across the
state in a southwest by northeast direction, intersecting
the Olympic-Wallowa lineament near Wallula Gap on
the Columbia River, while the Olympic-Wadlowa
lineament runs southeast by northwest from Ruge
Sound across Washington through the Oregon Blue
Mountains to the Idaho border. Cutting directly across
the Olympic-Walowa lineament, the Hite fault g/dem
trends southwest by northeast.

With phase two between 10 and 4 million years
ago, the spreading direction of the Pecific plate rotated
25 degrees clockwise to a more southwest by northeest
direction. At this time intense compression produced a
series of east-west wrinkles in southcentral Washington
and in the vicinity of the Columbia River. Mog of the
visble folds in plateau lavas aong the Cdumbig
including the Yakima fold belt, Horse Heaven anti-
cline, and Columbia Hills anticline, are related to this
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Major structural features of the Deschutes-Colum-
bia Plateau

phese of deformation. Additiona uplift of the Blue
Mountains anticline, stretching, faulting, and thrusting
in the Blue Mountains and John Day region were aso
part of these tectonic events.

Over the last 4 million years, the plateau was
subjected to continual but subdued north-south com-
presson. Cascade volcanics to the west changed in
composition, became localized along a narrow archipel-
ago, and grestly intensified. These conditions persisted
until faulting began to lower the volcanoes into a
greében adong the western border of the Deschutes
badn. On the eastern flank of the Cascade graben, the
Green Ridge scarp is a well-defined fault zone. The
Green Ridge belt appears to merge with the Tumalo
fault zone to the south which in turn converges with
the Waker Rim and Brothers fault zones a Newberry
cddaa The Green Ridge and Tumalo fault zones
provided avenues for escaping lava and ash between
Bad and the Metolius River vdley.

Mining and Mineral Indugry

Because of its volcanic character, the Deschu-
tesColumbia River Plateau has not been an area of
extendve mining. Along the Deschutes River 6 miles
wed of Terrebonne, diatomite was mined commercialy
fram a quarry beginning in the late 1950s and continu-
ing until the deposit was exhausted. The diatomite here
wes up to 67 feet thick, and the layer has been cut
through by the Deschutes to expose the strata on both
ddes of the vadley. The soft white material is easly
didinguished from the surrounding tuffs sands, and
laves
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Diatomite, or diatomaceous earth, is composed
of the capsule-like skeletons of microscopic, single-
celed glassy aquatic plants. Their abundant presence
indicates an ancient lake bed once existed here in the
late Miocene or early Pliocene. Flourishing in the fresh
waters, diatoms build up a layer of skeletons on the
bottom of the lake by the millions. Absorbing as much
as 300 percent of its own weight, the lightweight
opaline diatomite is porous, fireproof, resists chemicals,
and is mined for use as cat box filler, to filter drinking
water, in swvimming pools, and in chemical laboratories.

Geothermal Resour ces

Geothermal potential for the Deschutes-Columbia
River Plateau is moderate to low, smilar to that of the
Blue Mountains province, athough across the river in
Washington well waters have recorded high tempera-
tures. At Warm Springs, above The Cove Pdisades
State Park, the Confederated Tribes of the Wam
Springs Indian Reservation operate a resort built
around the minera springs discovered here in 1855.
The natural waters flow from Clarno basalts at 140
degrees Fahrenheit and smell somewhat of hydrogen
sulfide.

Features of Geologic Interest

The Cove Pelisades State Park and the Deschutes
Canyon

By persistently cutting downward for millions of
years through layers of rock, the Metolius, Deschutes,
and Crooked rivers have produced deep gashes in the
flat Deschutes-Columbia River plateau to expose 15
million years of geologic history in a 1/2 mile thickness
of lavas, volcanic ash, and sand. Once these three rivers
merge about 10 miles west of Madras in Jefferson
County, the main branch of the Deschutes continues
another 80 miles to enter the Columbia River.

Two miles above this juncture, a secluded spot,
protected by steep canyon walls, was known as "The
Cove' by settlers in the early 1900s. The construction
of two dams in this section, the Pelton Dam in the late
1950s to back up river waters into Lake Simtustus and
Round Butte Dam in 1964, forming the 3-arm Lake
Billy Chinook, changed the configuration of The Cove.
The Cove Palisades State Park, originally composed of
3,620 acres when it was purchased as for parkland in
1940 and 1941, now encompasses 7,000 acres.

The geologic history in the park and Deschutes
canyon begins in the middle Miocene when the massve
lava flows of the Columbia River basdt filled most of
the ancestral river canyon to The Cove Palisades park.
These lavas originated from fissures in northeast
Oregon and southeast Washington and covered vast
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"The Ship" at The Cove Palisades State Park is composed of tuffaceous Deschutes beds capped
by rimrock basalt. (Photo Oregon State Dept. of Transportation)

aress of eastern Oregon. Layered between the basalts
are sediments laid down by the river waters that were
impeded by the volcanic debris. Events during this time
are recorded in the canyon walls by rocks on the east
rim of Lake Simtustus.
After sucessfully cutting through these basalts for

7 million years, the ancient Deschutes river was once
again inundated when Cascade volcanoes began to fill
the channel with volcanic debris, ash, and cinders,
blocking the waterflow and creating lakes in places.
Mixed inwith this volcanic material are silt, sands, and
gravels carried by the Deschutes as it continued to
work at eroding these new abstructions. Most of the
ydlowish-brown sands and black basalts seen in the
canyon walls were produced during this interval from
8 million to 4 million years ago. Distinctive ignimbrite
layers are common between the river sediments and
lavas. Ignimbrites develop when hot air-borne ash fals
to cool asaglassy layer. At The Cove Paisades park an
ignimbrite comprises the distinctive white prow of "the
ship”, one of the scenic features, while sedimentary

layers of the Deschutes Formation compose the narov
neck of the isthmus between the two rivers a the south
end of The Idand. The Peninsula is made up of Fio-
cene and Pleistocene lavas extruded 2 to 3 million years
ago from local vents. Smaller amounts of lavas covered
low spots in the valley and diverted the ancient dreems
and rivers.

Oncethis eruptive activity had ceased, the nver
could concentrate its energy renewing and despening its
channel, which followed the same path as it does today.
In a fina volcanic event beginning 16 million years
ago, hot liquid lava poured into the Crooked Rive,
entering the canyon upriver near O'Neil. This lag
from vents & the base of Newberry Volcano, floved far
miles downstream from that point, filling the cayon
At least 15 separate flows inundated the canyons asfa
as Round Butte in the park before coming to a hdt.
After moving such a distance, the lavas had coded
somewhat to become thick and duggish. In the reroas
here, a dam was built up by successve layers of best
temporarily blocking the river. Eventualy, honvess,
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water opened a gap through the lava dam, carving its
path into the former channel. In the park, these
intracanyon flows can be seen as brownish columnar-
jointed basalt along the walls, contrasting to the earlier,
lighter-colored beds of ash and sediments. Known to
pioneers as the "Plains of Abraham”, The Idand is a
flat ridge which rises as a spectacular 450 foot high diff
in Lake Billy Chinook. This ridge is an isolated rem-
nant of the last lava which flowed down the canyon.

The Cove Palisades State Park where the Metol-
ius, Deschutes, and Crooked Rivers merge
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The Island, at the confluence between the Crooked River on the right and the Deschutes River
on the left, is a remnant of a Pleistocene intracanyon flow of basalt. (Photo Oregon State Dept.
of Transportation)



The filling of the Deschutes Canyon by the
waters impounded behind Pelton and Round Butte
dams had unusual side effects. As the lakes filled and
the locad groundwater table rose, many new warm
orings emerged. These thermal springs include 14 in
Willow Creek canyon alone. Water temperatures of the
sorings average around 60 degrees Fahrenheit, which is
dightly warmer than most other thermal springs in the
region. The presence of the springs has also triggered
adramétic change in the modern flora in the immedi-
ae vicinity.

Baanced Rocks

John Newberry, on a railroad exploring expedi-
tion to Oregon in 1855, examined the Deschutes area
in great detail, recording his trip in copious notes. One
of his discoveries was a group of precariously balanced
rocks on the north-facing slope of the Metolious River
just before the river enters Lake Billy Chinook. The
balanced rocks of this striking phenomenon, weighing
ove aton each, are perched atop tapering pinnacles 20
to 30 feat high. The rocks, resembling the top knots of
Eader 1dand statues, are more massve and grester in
diamger than the pillars which support them. Com-
posd of volcanic basalt and interbedded sedimentary
sltsones and sandstones of the Deschutes Formation,
the columns are the product of differentia weathering.
Erodon rapidly removed the softer lower layers and Ieft
the resstant cap, which armors the striking columns
thet gdand out in reief. Close by, another group of
baandng rocks, named Button Head Rocks, are not as
high or as massve.
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Intracanyon flow of columnar
Deschutes Formation basalts
over a valley cut into ash

and cinders at the entrance
to The Cove Palisades State
Park. (Photo Oregon Dept. of
Geology and Mineral Indus.)

Metolius Springs

One of the swiftest flowing and shortest rivers
in the west, the Metolius begins with waters gushing
from the springs at the base of Black Butte to form an
"ingtant river". Situated in the southwest corner of
Jefferson County about 30 miles northwest of Bend,
Metolius Springs are at the junction of the Western
Cascade province, the High Lava Plains province, and
the Deschutes-Columbia Plateau. The springs issue
from two openings at the foot of Black Butte about 200
yards apart, merging after a short distance to flow
northward. Total output from the springs measures
45,000 galons per minute, and the water temperature
is a chilly 48 degrees Fahrenheit.

Geologic events associated with the origin of
Metolius Springs began with block faulting. Tension
aong a north-trending fault caused a block to drop
down forming the graben valley of the Metolius. The
high Green Ridge fault scarp along the eastern side of
the valley blocked the flow of surface water and chan-
neled it toward the north and around the end of the
ridge cresting an ancestral Metolius River. About
500,000 years ago, eruptions from vents aong the fault
escarpment built up Black Butte cone straddling the
Metolius Valey and covering the ancient river drain-
age. The waters which once flowed above ground now
percolate through sands and gravels in the old channel
benesth the volcano before they reappear above ground

as Metolius Springs.
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Basalt slabs are balanced atop pinnacles of Deschutes Formation volcanics on the Metolius River near
Lake Billy Chinook (photo courtesy Oregon State Highway Department).
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At Biggs Junction, Oregon, the Columbia River cuts through a thick succession of the Miocene
Columbia River lavas [photo courtesy Oregon Department of Transportation].
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With Mt. Bailey and Mt. Thielsen on the skyline, this northward view across majestic Crater Lake
shows layers of ash and lava exposed in the east rim of the volcano [photo courtesy Oregon De-
partment of Transportation].



Cascade Mountans

Physiography

With its high glaciated volcanic peaks, the
Cascade Mountain physiographic province is easly the
mog dramatic and scenic in the state. Extending south
into California and north into Washington and British
Columhbia, the Cascade range is actudly two paraléel
chains. The older, deeply eroded Western Cascades
sharply contrast with the more recent snow-covered
High Cascade range that Sits on the eastern flank of
the older range. The Western Cascades, with heights of
1,700 feet a the western edge to 5800 feet on the
eastern margin, are only haf the elevation of the High
Caxcade pesks which reach altitudes of more than
11,000 feet. This extensive province divides the state
into western and eastern parts and touches al of the
physiographic regions in Oregon except the Blue
Mountains and Coast Range. The Cascades are bound-
ed by the Willamette Valey on the west, by the
Deschutes-Columbia Plateau on the northeast, by the
High Lava Plains in the central region, with the Basin
and Range to the southeast, and the Klamath Moun-
tans to the southwest.

Around 60 to 100 inches of rainfal annually
result in deep weathering that is a characteristic of the
Cacades where mgjor wesward-flowing rivers drain
the range. North of the Caapooya Mountains, the
Sy, Clackamas, Santiam, McKenzie, and Middle
Fork rivers al wind their way from headwaters in the
mountains through an irregular pattern of dissected
ridges and valeys before entering the Willamette River.
South of the Cdapooya divide, streams as the Umpqua
and Rogue flow into the ocean. Across the Cascades,
dreams flowing eastward are smal in comparison.
Towad the north end of the range, creeks such as
Ffteenmile and Threemile aswel asthe Warm Springs
ad Metolius rivers dl reach the Deschutes River
whidh has its headwaters near Mt. Thielsen. The few
aeks that occur south of Mt. Thielsen drain into the
Gregt Badin and ultimately empty into Upper Klamath
Lake

Gedagic Overview

The geologic story of the Cascades begins
aound 40 million years ago with eruptions from a
dan of volcanoes just east of the Eocene shoreline.

At that time the coast ran northwest through the
region of the Willamette Vdley. Triggered by move-
ment of enormous crustal plates, intense volcanic
activity produced thick accumulations of lava and ash
that built up the older Western Cascade volcanoes.
Between the eruptions, erosion, asssted by subtropical
climates, stripped volcanic material from the dopes to
redeposit it along the coastal plain and in the shalow
near-shore waters of the ocean.

With uplift of the landmass, the Tertiary sea
retreated progressvely westward. Volcanic activity
shifted to the east in the Miocene and Pliocene when
folding and tilting were followed by massve outpour-
ings of lavas in the range as wdl as throughout Ore-
gon. At this time, large Cascade stratovolcanoes
extruded thick lavas. About 5 million years ago the
Western Cascades were again tilted creating a doping
ramp on the west sde and a steep face on the east. It
is this ramp of the Western Cascades and not the
dominant and more obvious peaks of the High Cascade
range that casts a rainshadow over eastern Oregon,
dramatically changing the climate.

As the wesward tilting took place, another
episode of volcanism from loca vents resulted in the
more pronounced cones that form the High Cascades
today. The High Cascade peaks appear in sharp con-
trast to the flat lava plains of eastern Oregon and the

141



142 Cascade Mountains

i » M. Hood PACEEE N i
ok RS

Significant volcanic peaks of the Cascade Range

less noticable, eroded Western Cascades. With exten-
Sve outpouring of basdtic lavas, the region beneath
the volcanoes continued to sink, creating a series of
troughs or grabens that extend most of the length of
the range. Recent volcanic activity in the province took
place as late as 200 years ago when black cindery lava
flowed out on the flanks of the younger peaks.

The Ice Ages of the Pleistocene brought
glaciers to the range, with ice carving out glacia
valeys, darning lakes, and eroding the sharp serrated
crests of Mt. Washington, Three Fingered Jack, Mt.
Thielsen, and Mt. McLoughlin. Glacid ice is still an
active geologic agent & many of the higher elevations.

Geology

Construction of the Oregon Cascade range
began with Eocene volcanism that was triggered by
subduction of the Farallon plate beneath the North

American crustal plate. The early volcanism took place
in several stages beginning with lava flows from a
volcanic chain lying immediately to the east of the
Pacific continental margin. As far back as 40 million
years ago, a number of small low volcanoes, irregularly
spaced along a northwest-southeast belt in the region
of eastern Oregon, deposited a thick accumulation of
andesitic tuffs and lava flows that formed the base of
the Western Cascade mountains. The broad width of

w \

.> Pelican Butte
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{

Volcanic vents in the Western and High Cascades
(after Peck, et al.,1964; Priest, et al., 1983)
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As an alternative to the entire Coast Range
block swinging like a clock hand, the "ball-
bearing" model accommodates the measured
rock magnetic rotations by a simple rifting
mechanism [after Wells and Heller, 1988].

this proto-Cascade volcanic belt suggests that the
underlying subducting dab was a a shadlow angle and
thet the rate of collision between the North American
and Fardlon plates was rapid.

Today the origin of the Cascade range is till
not wel understood. One suggestion for the growth of
the range is that a volcanic chain above an activey
subducting ocean trench developed behind a dowly
rotating Coast Range tectonic block. Breaking loose
fram the mainland aong the Olympic-Wadlowa linea-
met, the block rotated amost 50 degrees cockwise
with a pivotal point in the northern Washington Coast
Range to its present position. An alternate proposal is
thet Cascade volcanism was produced by a steepening
aubducting dab due to a marked decrease in the
convergence rate between the North American and
Fadlon plates.

Cenazoic
During the Eocene and Oligocene epochs the
coedline angled northwest by southeast through the
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VOLCANIC
ARCHIPELAGO

>

The distance between the subduction
trench and volcanic archipelago is
believed to be a function of the relative
age of the crust being subducted and
the rate of plate movement. Young,
warm crust moves rapidly, is buoyant,
and assumes a low angle of subduction
with considerable distance between the
arc and trench. Older, cooler crust
moves more slowly, is less buoyant,
and droops at a pronounced angle
upon subduction bringing the arc very
close to the trench.

area of the Willamette Vdley and just to the west of
the volcanic vents dong the Cascade archipelago.
Volcanic ash from the vents was flushed by streams
into shadlow marine basins aong the coast where thick
forests of tropical to subtropical plants on the low
coadtal plain are now preserved as wood, leaves, and
pollen. Coal-producing swamps and estuaries formed
the dluvid deposits of the Colestin Formation, the
oldest rocks in the Cascades. Nonmarine volcanic tuffs,
sandstones, breccias, and lava flows of the Colestin
reach a thickness of over 4,000 feet dong the Cascades
from Lane County south to Cadlifornia. From Eugene
northward to Molalla, upper continental shelf sands
and silts were the find marine sediments to be deposit-
ed aong the retreating ocean shoreline. Molluscs and
avariety of other invertebrates preserved in these rocks
of the Eugene, Illahee, and Scotts Mills formations
reflect warm subtropical to temperate waters. Broken,
worn fosdl fragments in some aress tedify to stormy
coastal conditions, while loca accumulations of barna-
cle shells are s0 rich in many of these near-shore
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Cascades Stratigraphy (after Priest and Vogt, 1983)

sediments that they built up limestone lenses marking
the old shoreline on the eastern margin of the Willam-
ette Vdley. By Oligocene time numerous eruptions of
andesitic lavas and siliceous tuffs of the Little Butte
Formation were interspersed with oceanic sediments
aong the eastern margin of the valley.

Wegern Cascades

A period of tilting and folding during the
middle Miocene was followed by renewed outpourings
of lavas throughout Oregon accompanying the growth
of the Western Cascades volcanic arc. Even with a
large volume of volcanic debris, the growth of the
range was modest as the accumulation sank amost as
fedt as it piled up. About the same time voluminous

guantities of the Columbia River Grande Ronde
basalts began to flow from fissures near La Grande
about 17 million years ago. These massive flood basdts
blanketed the landscape filling in depressons to
produce an even, fla platform of cooled lavas. The
eruptions were synchronous in part with volcanic
activity taking place in eastern Oregon in the Strawber-
ry Mountains as well as in Steens Mountain. Concur-
rently in the Western Cascades violent eruptions fran
composite cones active between 13 and 9 million years
ago comprise the Sardine Formation.The combined
amount of all this volcanic material has no moden
counterpart. By 7 million years ago the belt of adtive
volcanoes had narrowed to an area only dightly wider
than the present High Cascade Range.



Columnar jointing in basalts of the Little Butte Forma-
tion along Wiley Creek (photo Oregon Dept. Geology
and Mineral Industries)

adtive volcanoes had narrowed to an area only dightly
wide than the present High Cascade Range.

The intensity and focus of Cascade volcanism
is the by-product of tectonic forces a work deep in the
crud. Sitting atop the North American plate, the West-
en Cascades were rotated clockwise into their present
podtion by the time the earlier eruptions of the
Columbia River basalts began approximately 17 million
years ago. This was wdl before the Pliocene episodes
of High Cascades volcanism. As the Cascades rotated
and the angle of the descending Farallon dab became
flater, the linear centers of volcanic activity simulta-
neoudy swept from west to east. The oldest rocks
produced in the Western Cascades are gpproximately
42 million years old, while the youngest at 10 million
years are found at the eastern edge of the High Cas-
cades This change geographically is found within a
vay narrow range of a single degree of longitude.

Along with a change in volcanic focus, there
wes a profound difference in amounts of volcanic
materid erupted across the Cascades, with sgnificantly
more lava in the west and less in the eastern portion.
In comparing the volcanic activity between the two
ranges there has been sx times more volcanism in the
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western mountains than in the eastern, younger Cas-
cades. This pronounced decrease coincides nicdy with
adowing in the convergence rate of two tectonic plates
beneath this area during the same time interva.
Initially 35 million years ago the Farallon plate was
being subducted at the rate of 3 inches per yesr,
decreasing to about 122 inch per year today. In addi-
tion, with the clockwise rotation of a portion of the
North American plate, the convergence angle between
the North American and Faralon plates became
progressively more oblique. The more oblique collison
resulted in less subduction and consequently less
volcanic activity. This trend, which began in the Mio-
cene, has continued into the present.

The Western Cascades were subjected to
additional uplift, mild folding, and faulting between 4
and 5 million years ago. Near the center of the range,
major north-trending faults and a pronounced McKen-
zie-Horse Creek fault to the east, mark the boundaries
of the uplifted Western Cascade block. What has been
caled the Coburg Hills fault crestes a sharp front
range to the Western Cascades just north of Eugene.

High Cascade Development

Two events, the westward tilting of the West-
ern Cascades and the sinking of the Cascade graben or
depresson sgna the beginning of High Cascade
volcanism. Numerous, overlapping shield volcanoesand
cinder cones built up a platform of High Cascades
digned in a north-south direction on the eastern flank
of the older Cascades. Basdlts, tuffs, and ash-flows form
the base of the range during the early phase of deve-
opment. With the late High Cascade volcanic episode,
from 4 million years ago to the present, a variety of
laves and tuffs again dominated by basalts were ex-
pelled from a number of smal composite cones con-
structed on the sides of the earlier, large shield volca-
noes. Basat makes up as much as 85% of the Quater-
nary High Cascades by volume, athough locdly slica
rich dacite and rhyodacite lavas have been erupted.
Where the Cascades extend south into Cdlifornia and
northward into Washington, Quaternary activity
decreased, and more andesite was produced. Virtualy
al of the High Cascade pesks are Quaternary or
younger in age, and the eruptions of lavas during this
find episode of volcanism are responsible for most of
the familiar, present day topography.

Westward tilting of the Cascade block, a
process that began in the Miocene, created the Blue
River ramp doping gently upward to the east. The
ramp made a rainshadow by trapping the flow of humid
oceanic air in western Oregon. As it was eevated over
the Western Cascades, the moisture-laden air cooled
bringing precipitation of rain and snow. With this
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uplift, what was once a moigt tropica climate in the
eastern part of the state was transformed to the high
desert environment of today. The uplift was accompa-
nied by intensive downcutting by streams and erosion
of the mountains so that today the older Cascades
digdlay deeply cut ridges of resistant lava rather than
the rounded volcanoes that once existed.

Concurrent with and resulting from High
Cascade volcanic activity was the formation of struc-
tural grabens, lying within the eastern margin of the
Cascade range. The word "graben” derives from the
German "graveé' and refers to the sunken trough of
earth above a collapsed buried coffin. Structuraly a
graben is a lowered block sitting between two faults.
Beneath much of the younger High Cascades enor-
mous, discontinuous grabens, 10 to 20 miles wide,
extend for 300 miles from north to south. In the
central Cascades, where volcanoes are densdy clus-
tered, both the east and west sides of the graben are
well-developed. At the northern and southern borders
of the state, where volcanoes are more sparce, the
graben is either incomplete or only a "half graben.
Movements of the various faults that make up the east
and west sdes of the trough are estimated to have
dropped down an average of 2,000 feet. The sinking of
the grabens, which began between the late Miocene
and vary early Pliocene, 5 to 10 million years ago, has
continued well into the late Pliocene. Collapse of the
grabens followed the eruptions of volcanoes pumping

In order to explain the simultaneous eastward
advancement and narrowing of the Cascades volca-
nic front, a popular synthesis calls for a "knee-bend"
in the subducting slab that is swinging upward (after
Priest, 1990; Duncan and Kulm, 1989; Verplanck and
Duncan, 1987).

out magma that left many chambers beneath the aea
With the outpouring of basalts and growth of broed
shield volcanoes, the heavy volcanic "loading” of the
incipient High Cascades may aso have contributed to
the downward rupture of the grabens.

The Cascade ranges are gill too young far
erosion to have extensively exposed the batholiths thet
fed the volcanic eruptions. The siliceous compostion
of some of the High Cascade volcanoes, howeve,
suggest that these chambers of magma were dose to
the surface because the highly viscous, molten rodk,
which forms the massve batholiths, has dfficuty
travelling upward very far into the crust before codling.
Although these intrusive bodies should theoretically be
present at shalow depths beneath the High Cascades
geophysicd probes of the range suggest the source
magmas are deeper in the lower crust and upper
mantle.

Within the Western Cascades, intrusive batho-
lithic rocks are Situated in two north-south bdts
running from Canada across Washington and Oregon.
Having been emplaced between 35 and 15 million years



ago, the western belt, through Mount . Helens and
ending near Portland, is younger. The eastern belt,
which cooled between 50 and 25 million years ago,
stretches approximately 45 miles east under Mt. Adams
and south through Mt. Hood and into southern Ore-

gon.

o

Block diagram of the Western and High Cascades at
the latitude of Eugene (after Volkes, Snavely, and
Myers, 1951; Gandera, 1977; Taylor, 1990)

Descending Juan de Fycg slab
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The eruptive history of Cascade volcanoes has
followed aloose pattern over the past 20 million years.
Since the middle Miocene, mgor events, each continu-
ing for short periods of only 1 to 2 million years, have
occurred a 5 million years intervals. There is evidence
that these volcanic episodes in the Pacific Northwest
correspond with global volcanism taking place at the
same time. World-wide, shorter periods of volcanism
were interspersed with longer periods of relative
inactivity. The magnitude of volcanism and volume of
extrusions has been decreasing steadily since the middle
Miocene.

Recent Volcaniam

Dramatic eruptions have been absent in
Oregon in the 20th century, athough at least eeven
volcanoes in the entire Cascade range, where it extends
north into Washington and south into Cdifornia, have
been active higtorically. In Oregon Mt. Hood and the
South Sister have signdled volcanic activity recently.
As in the past, Cascade volcanism today is due to
colliding tectonic plates. The Juan de Fuca plate

- batholiths /A
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Geometry of the Juan de Fuca slab below Oregon
and Washington (after Michaelson and Weaver,
1986; Duncan and Kulm, 1989)

represents the trailing edge of the older Farallon plate,
and the descending dab dips up to 65 degrees beneath
the North American plate. As this dab plunges into
the upper mantle at about 60 to 75 miles depth, its
leading edge begins to met partialy creating the
magma chambers that feed Cascade volcanoes. Geo-
physica evidence suggests that the subducting Juan de
Fuca plate splits around 30 miles depth into three
eastbound descending tongues. Of these, the Washing-
ton portion dips a a shdlow angle while the tongues
beneath Oregon and British Columbia are much

Steeper.

Plestocene

Quaternary volcanic activity in the High
Cascades was accompanied by extensve Pleistocene
glaciation when the major peaks were being scoured

and eroded by ice. Lava as wel as ash, steam, and
gasses from the stratovolcanoes and small vents mixed
with packed ice and snow causing lahars or mud flows
down the sdes of the mountains. Ice Age glaciation,
which brought a massive continental ice sheet south to
the northern Washington border, was responsible for
extensve vdley glacier complexes in the Oregon and
Washington Cascades beginning about 2 million years
ago. A glacier sysem on Mt. Hood was situated &t the
northern end of a nearly continuous ice fidd that
capped the High Cascades and extended south to Mt.
McLoughlin as late as 15,000 years ago. Glacial ice
stretched from the peak of Mt. Hood down the Sandy
River amost to the Columbia Even the Westen
Cascades had small ice masses in the vdleys where
glaciers from the higher peaks reached into the lower
canyons, advancing and retreating repeatedly to carve
out valeys, steepen wdls, and leave behind thick
deposits of till.

In the vadley floors, moraines of gravel, sand,
dlt, and day blocked streams which backed up to
create smdl lakes. Many of the higher Cascade lakes
occupy semi-circular basins cdled cirques, formed by
glacid erosion, while some of the lower lakes, such as
Suttle Lake near Santiam Pass in Deschutes County,
ponded up behind moraines. Virtualy al of the
naturally occurring lakes in the Cascades owe their
origin to glaciation, lava dams, or landdides.

Although the last cold, wet climatic interva
ended 10000 to 12,000 years ago, smdl scattered
glaciers persist today throughout the range. Mt. Hood
has nine glaciers with a total volume of 122 hillion
cubic feet of ice and snow. If it were melted, this ice
would provide enough water to enable the Columbia
River to flow a a norma rate for 18 hours. The
volume of ice above Crater Rock aone is 47 million
cubic feet. Of the five mgor glaciers on the volcanic
cones of the Three Sigters, Collier Glacier, extending
from the north slope of the Middle Sister across to the
base of the North Sigter, is the largest with avolume of
700,000 million cubic feet. Even though it has been
disappearing very rapidly in recent years, 300 feet of ice
make this glacier the thickest of those on the Three
Sisters. The Middle Sister's steep eastern face is
covered by the Hayden and Diller glaciers, while
glaciers on the North and South Sisters are very amdl.
Should an eruption occur today in the Cascades, as
happened in the case of Mount St. Helens, extensve
floods and mudflows would be a by-product of the
melting ice and snow.

Structure
The Cascades are scarred by numerous north-
northwest fault zones and lineaments, enormous lines
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With Black Butte in the background, Suttle Lake, near the summit of the high Cascades, offers fishing,
boating, swimming, camping, and other popular pastimes (photo courtesy Oregon State Highway
Department).

Forests of pines and firs blanket the lower slopes of Mount Hood in the Cascade Range of Oregon. This
view from the southeast side graphically shows the effects of centuries of erosion on the vast lava flows
(photo Oregon State Highway Department).
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Yakima fold belt and Mt. Hood structure in the
Cascades (after Williams, et al., 1982; Tolan and
Beeson, 1984)
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Mining districts situated along the eastern margin of
the Western Cascades (after Ferns and Huber, 1984)

of unclear origin, running diagonaly through the range.
From the southeast, the McLoughlin, Eugene-Denio,
and Brothers fault zones extend from the Basin and
Range and High Lava Plains provinces to the Cascades.
The poorly understood McLoughlin belt of faults
terminates in the southern High Cascades somewhere
in Lake or Jackson counties. Toward the southeast, the
Cladkamas River belt of faults may be an extension of
the Brothers fault zone which was active well into the

North Santiam district
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Pleistocene less than amillion years ago. The Clackam-
as River fault projects northwesterly to merge with the
Portland Hills fault zone. One of the most extensive
structures across the Cascades is the Eugene-Denio
fault system. Recognized initidly as a lineament, the
fault zone begins southeast of Eugene on the west side
of the Cascades and runs through the range appearing
again a Walker Rim east of the mountains. The
dominant period of movement aong this fault dates
back to 22 million years ago.

Running southwesterly into the Cascades from
central Washington, the Yakima structural bet is a
series of late Miocene east-west by southwest-northeast
trending gentle folds in the Columbia River lavas.
Along the banks of the Columbia River, the fold belt
appears in cross-section where the gorge cuts through
the Ortley and Bingen anticlines and Mosier syncline.
These folds fit into a broad southwest-northeast
trending structure cdled the Columbia trans-arc
lowland which subsided before the Columbia River
basalt flows invaded the gorge more than 16 million
years ago. This broad trough served as a natural
conduit for these lavas as well as for the Columbia
River itdf. In the Willamette Vdley to the wes, a
farther extenson of this lowland is the Sherwood
trough.

From the southwest corner of the state, the
Klamath-Blue Mountains lineament projects through
the Cascades to run parallel to and just north of the
Blue Mountains anticline. Whereas many of the
lineaments are now recognized as large-scale faullts, the
Klamath-Blue Mountains structure is of unknown
origin.

Jawbone Flats, constructed in 1932 as a mining
camp, was part of the North Santiam mining district
(photo Oregon Dept. Geology and Mineral Indus-
tries).
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The Champion Mill, a 100-ton selective flotation
plant, processed ore from the Champion and Musick
Mines (photo Oregon Dept. Geology and Mineral
Industries).

Mining and Mineral Industry

Gold and silver in the Western Cascades are
Situated in a 25 to 30-mile wide strip west of and
parale to the volcanic peaks of the younger Cascades.
The belt includes five mgor mining regions, the North
Santiam district in Clackamas and Marion counties, the
Quartzville district of Linn County, the Blue River
digtrict of Linn and Lane counties, and the Fall Creek
and Bohemiadidgtricts in Lane County. Along with gold
and dlver, the mining districts yield smal amounts of
lead, zinc, and copper as pyrite, galena, sphalerite, and
chalcopyrite.

Most of the ores occur in veins cutting through
older volcanic rocks of the Western Cascades. The
veins are often in shattered breccias that have been
invaded by minera-rich hydrotherma fluids The
origina volcanic host rocks were faulted and fractured
providing an avenue for hydrothermal fluids at temper-
atures of 250 to 350 degrees Fahrenheit. Today the
Western Cascades are degply eroded so that exposures
of the ore- bearing intrusive volcanic rocks within most
of the mining districts are a lower eevations aong
valley floors.

Of dl the mining areas in the Cascades, the
Bohemia region in Lane County as been the largest
and mogt productive. Mineralization here is confined to
nine square miles near Bohemia Mountain 25 miles
south of Cottage Grove. The story of the Bohemia
district gold discovery began in 1858 when W.W.
Ogleshy and Frank Bass, miners from Cdlifornia
looking for new prospects, discovered placer gold on
Sharps Creek. In the spring of 1863 lode gold deposits
were located by a man named James Johnson who had

come north to the "extreemly wild and untenanted
wilderness' to escape punishment for killing an Indian.
In the process of dressing out a deer, Johnson found
gold quartz, the value and sgnificance of which he
recognized immediately. Since Johnson was from
Bohemia in eastern Europe, the region was named for
its discoverer "Bohemid' Johnson.

Johnson's find attracted a number of miners to
this uninhabited terrain. In spite of heavy snows, lack
of roadways, and other difficulties, miners organized
the Bohemia Gold and Silver Mining District in 1867.
Production expanded greatly with the exploitation of
the Musick vein in 1891 and the addition of a samp
mill about the same time. The Champion, Helena,
Musick, and Noonday mines were the main producers
in the Bohemia district, with a total of about 1 million
dollars. Along with gold and silver, the Bohemia region
has aso been mined extensively for copper, zinc, ad
lead.

The amount of gold and slver taken from the
Bohemia district was followed by that of Quartzville
and Blue River. At Quartzville in Linn County, gold-
bearing veins were located in September, 1864, by
Jeremiah Driggs. The complete output of mines ad
mills here was $181,000, which took into account 8557
ounces of gold and 2,920 ounces of slver. Less then
200 ounces of gold was removed after 1896, and mines
have operated only intermittently since that time. In
1984 the Quartzville Recreation Corridor was resarved
for recreational mining as well as other outdoor uses
About 45 miles east of Eugene, the Blue River mining
district was largely confined to output from the Ludky
Boy Mine located in 1887. Severa other mines were
opened when a 40-stlamp mill was installed, however,
practicaly al operations ceased in 1913 when the
Lucky Boy closed. Overdl production figures for god
and silver have been estimated at $175,000.

Along with the Bohemia area, the North
Santiam district in Marion and Clackamas counties is
one of the most versatile, yielding copper, zinc, leed,
slver, and gold since it was first opened in the 18305
Most activity focused on the Ruth Vein found in the
early 1900s where zinc and lead have been mined
periodically. While amounts of gold and slver fran
this district remain low in comparison to those of
other minerals, 454 ounces of gold and 1,412 ounces of
Slver were removed. The total dollar figure for dl
minerals from here is $25000. Recent exploration
involving surveying and drilling by the Shiny Rok
Mining Company, which held a large block of dams
has been for copper. The clams were leased in 1980 to
Amoco Minerals Company. Situated in eastern Lane
County, gold deposits in the Fal Creek didrict are of
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comparatively low grade, and mining has been limited.

While production figures for Cascade mining
digricts can only be estimated because of the lack of
records, the total revenues from al minerals extracted
since 1858 is $1,500,000, keeping in mind that the price
of gold was much lower a that time.

Geothermal Resources

Between the High Cascade and Western
Cacade ranges, a belt of hot springs marks a mgor
heat flow change that takes place very abruptly within
a digance of less than 12 miles. Low temperature
gradients in the Willamette Vdley and adjacent
Western Cascades increase to high temperatures on the
eadern side of the Western Cascades and High Cas-
cades The reason for the change in heat flow is
unknown since the heat source hasn't been located, but
higher temperatures may result from a combination of
wam groundwater and partially molten material under
the Cascade area east of the boundary.

On the surface, the therma boundary is
manifes by springs. Those springs in the central
portion of the Cascades have higher water tempera-
tures than those at either end. Many of the therma
sorings in the Cascades are located aong faults where
superhested waters migrate up along the fractures.
Although the hot springs that appear on the surface
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may be water that is recirculating through a fault
system, the specific mechanism producing the springs
is unknown. Circulating from east to wedt, therma
waters reach the surface in rocks of the Western
Cascades where erosion has cut deep valeys into the
older volcanics and where lavas of the younger Cas-
cades are absent. The springs, Situated in this way at
the bottoms of deep canyons, serve as a divison
between the older and younger Cascades. Hot springs
are virtually absent directly under the central portion
of the higher Cascade range. Heavily fractured younger
volcanic rocks here at the crest mix hot springs with
cold groundwater long before the waters reach the
surface.

Jackson Hot Springs is the most southerly of
the Oregon system of springs in Jackson County, while
the warm springs at the old town of Swvim in Clackam-
as County are at the northern end of the alignment.
Other thermal springs in the chain include Bagby Hot
Springs, Breitenbush Hot Springs, Belknap Springs,
Foley Hot Springs, McCredie Springs, and Kitson Hot
Springs. Temperatures of the spring waters range from
around 90 to 190 degrees Fahrenheit. Breitenbush and
Belknap Hot Springs have seen extensve commercia
development. With the largest discharge of water at
900 gallons per minute from 40 openings, Breitenbush
water temperatures reach 180 degrees Fahrenheit as
compared to 190 degrees Fahrenheit a Belknap
Springs.

Geothermal potential in the Western Cascades
is relaively low, while to the east of the thermal
boundary higher groundwater temperaturesindicate the
potential for geotherma exploitation. Of dl the
regions in the range, Mt. Hood has been thoroughly
examined for geothermal resources. The continued
tectonic history of the mountain from a number of
volcanic centers implies a high heat flow and hydro-
therma systems. Although there is little evidence of
high temperature waters circulating through near-surf-
ace faults here, Mt. Hood remains a target for further
exploration.

Features of Geologic Interest

Columbia River Gorge

The Columbiagorgeis 75 miles of geologicaly
spectacular scenery aong the Columbia River from the
narrows at The Dalles west to Portland. Mt. Hood in
Oregon and Mount &t. Helens and Mt. Adams in
Washington overshadow the canyon where it cuts
through the Cascades. In its long history, the ancestral
channel was repeatedly filled with lava or blocked by
|anddides and ice dams, but the waters have surmount-
ed these obstacles quickly by frequently changing
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From The Dalles to Portland, the Columbia River is
entrenched in a gorge 72 miles long across the
Cascade Range.

Washington

~The Portland Womens
Forum St Pk.

pathways to continue the westward course.

In the middle Miocene, about 16 million years
ago, this stretch of the river acted as a conduit for the
massve Grande Ronde flows of the Columbia River
lavas. The ancient Columbia River canyon, with its
gentle slope toward the coast, offered a natural route
for lavas making their way to the Pecific Ocean. A
succession of flows poured into the gorge to harden
and plug the flow of water. With each lava dam block-
ing its path, the Columbia cut a new channd in its
northern bank, so it can be sad that the Oregon
boundary gradually crept northward leaving a series of
lava filled channels to the south. Where they are
exposed, the ancient channels have been mapped in the
gorge, but most of these have been completely covered
over by later flows Looking upriver a the Portland
Women's Forum State Park near Corbett, two previous
channels can be seen where they are intersected by the
river today. One of these former channels is visible in
cross-section at nearby Crown Point. Exposed in the

sheer wdls of the canyon below the point, asngle  flow

of Priest Rapids basat, youngest member of the
Wanapum Formation, invaded the canyon of the
Columbia River. The blocky jointed Priest Rapids
basdlt is 500 feet thick covering more than 200 feet of

glassy, volcanic sediments which had choked the canyon

earlier.

Nearby Rooster Rock is a mass of basdlt,
samilar to that a Crown Point, which did from the
canyon wal into soft aluvium where it stands upright

Oregon

today. Thetall columnar basdlt pillar rises 200 hundred
feet and is a favorite of rock climbers. The rock and
surrounding acresge were purchased in 1938 for
$10,000 as a state park.

In addition to lavas from the east, andler

flows  from loca volcanic vents in the Cascades periodi-

cdly disrupted the progress of the river through the
gorge. Large lakes backed up behind these naturd
dams. Above Cascade Locks the remains of a deta are
visble where the ancestral Wind River lavas from the
Washington Cascades poured south to create a lake
Before the waters eventually drained away, when the
river destroyed the dam, Wind River had condructed
adelta 150 feat thick and one mile long in the ponded
waters.

Landdlides have had significant implications for
Oregon's past. It was along this section now covered by
the waters of Bonneville Dam that Indians and explor-
ersfound that the river dropped "in continued rapidsfor
three miles, not lessthan fifty feet," as Reverend Guda
vus Hines wrotein his diary in 1839. Theriver cascades
were created by a landdide of rocks, soil, and deuis
into the riverbed less than a thousand years ago. This
dide which temporarily dammed the river, produced a
land bridge from shore to shore and may be the arigin
of the Indian legend of the Bridge of the Gods report-
ed at this point.
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Pathways of separate Columbia River Basalt flows
through the Columbia gorge (after Anderson and
Vogt, 1987)
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Beacon Rock

On the north bank of the Columbia upriver
from Multnomah Falls, Beacon Rock served as a signal
to travellers that the last of the river rapids was behind
them and the Pacific Ocean lay ahead. The vertical 850
foot high Beacon Rock is part of a north-south extend-
ing dike of Cascade andesitic basalt. The resistant dike
intruded the surrounding Eagle Creek Formation,
which was eventually eroded awvay leaving the pillar.

COLUWNGE,
A

24} The Dalles Dam

Priest Rapids Member
of Wanapum Basalt
Formation @14.5 m.y.

High Cascade Mountains

The snow covered Oregon High Cxake
mountains offer avariety of spectacular scenery indud-
ing glaciers, snow fidds, thick forested dopes ald
streams and lakes, and waterfdls. The et of te
range averages alittle more than 5,000 fedt in dtitude,
but well-known pesks rise condderably higher. Tre
High Cascades, part of a chain of vocanc pes
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The 10,495-foot high Mt. Jefferson, located in the central portion of the Oregon Cascade range, is the
second highest peak in the state (photo courtesy Oregon State Highway Department).

extending from Cdlifornia into British Columbia, began
to form during the Pliocene when voluminous outpour-
ings of lava from broad shield volcanoes built up along
the eastern flanks of the older Western Cascades. Over
aperiod of millions of years these vol canoes were worn
down by erosion only to have later eruptions during
the Pleistocene construct the volcanic peaks seen today
in the same north-south alignment.

Thin, sharp remnants of the older, eroded
Quaternary volcanoes, Mt. Jefferson, Three Fingered
Jk, Mt. Washington, the North Sister, Broken Top,
Mt. Thielsen, Mt. McLoughlin, and severa other less
congpicuous peaks are easy to distinguish from the
later conica-shaped mountains. Of the dramatic
younger volcanoes, Mt. Hood, Mt. Bachelor, the South
Sde, and Mt. Mazama, now known as Crater Lake,
dthough eroded to a degree, still retain much of the
origind composite cone-shape. Brown Mountain, 10
miles southeast of Mt. McLoughlin, Tumalo Mountain
near the Three Sisters, and numerous low mounds near
Mt. Hood erupted as small volcanoes on the flanks of
the higher peaks.

Southern High Cascades
The southern-most cone in the Oregon High

Cascade range is Mt. McLoughlin at 9,493 feet near the
Oregon border. Formerly called Mt. Pitt, this peak was
renamed for John McLoughlin, benefactor to early
travellers in Oregon and factor of Hudson's Bay
Company. Severe glacia erosion, which has carved out
adistinct semi-circular basin or cirque in the northeast
dope of Mt. McLoughlin, suggests this mountain is
probably not one of the younger Cascade pesks. The
firs eruptions of Mt. McLoughlin may have occurred
over 100,000 years ago, and two or three succeeding
eruptions built up the cone and surrounding blocky
lava flows In the find stages, andesite lavas oozed
from fissures aong the base of the main cone and not
from the main conduit.

Crater Lake

Oregon's mogt cataclysmic geologic event took
place about 6,900 years ago when Mt. Mazama explod-
ed then collapsed to create the symmetrical caldera of
Crater Lake. One of the most serene sights in Oregon
today, the crater and surrounding 160,290 acres in
Klamath County were declared Crater Lake National
Park in 1902. The geologic history of Crater Lake, as
recorded in the wals of the caldera, began during the
Pl eistocene 400,000 years ago with the construction of
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Southeast of theRim of the Crater Lake caldera, high
slender spires of pumice have been carved out of
the volcanic material. Some of the pinnacles are over
200 feet high (photo courtesy of Sam Sargent).

Crater Lake, a caldera with the small volcano of
Wizard lIsland, is one of Oregon's most scenic
features.
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Three Fingered Jack, Mount Washington, and the Three Sisters of the central Cascades looking toward

the north (photo courtesy Dave Rohr)

andacite and dacite stratocones and shield volcanoes
fram numerous flows These early eruptions spread
thin layers of lava 20 to 30 feet thick over the land-
e in dl directions. Following repeated eruptions
and dormant periods, a large magma chamber devel-
opd under the Mt. Mazama stratovolcano during the

final eruptive stages. At the same time small vents and

oones on the flanks of the dome extruded viscous
dlicarich rhyodacitic lavas as late as 7,000 years ago.

Shortly after this, a sudden violent explosion
fram a single vent in the main caldera sent out tower-
ing douds of ash and fiey fragments with such force
that layers of debris 6 inches deep covered the area of
present day Bend 70 miles away. Following the incan-
desoent ash cloud, hot glowing avalanches of pumice
od down the sides in immense quantities obliterating
dl topography. Approximately Sx cubic miles of
megma drained from the chamber before the roof
odlgpsd into the caldera. The entire event took place
s0 rgpidly that the youngest flow had yet to cool before
the caldera had been formed.

Before the eruption and collapse, Mt. Mazama
is esimated to have been 10,000 to 12,000 feet high.
Todey the caldera averages 8,000 feet high, so that
goproximady 2,000 feet of the cone collapsed into the
cdderawith the explosion. Several small cones, includ-
ing Wizard Idand, were built up from lava oozing from
the floor after the caldera developed. The cold lake
watars that occupy the caldera are remarkably clear
because of the lack of dgd activity. The bright blue

waters reach a depth of 1,996 feet, which is the deepest
fresh water body in the United States. A balance
between precipitation, seepage, and evaporation has
kept the lake level near its present position throughout
historic time.

In the late 1980s commercia concerns applied

for  permission to drill for geotherma power in the

vicinity of Crater Lake. They were opposed by environ-
mental groups which feared that drilling, even a
distance away from the lake shore, might interferewith
yet unknown plumbing systems connected to the
springs said to exigt on the lake floor. Research con-
ducted with a remote-controlled submersible and later
with a manned submersible revealed red and brown
pigmentsin lake floor sediments aswell aswhat appear
to be algal mattes, both of which strongly point to the
presence of hydrothermal vents. Additional evidence of
thermal springs on the bottom of the lake is indicated
by the richness of dissolved solids, high amounts of
radon and helium gas, and dightly raised temperatures,
These discoveries, while not conclusive, have retarded
the issuing of permits for hydrothermal drilling.

Of the 40 or more caves of dgnificant Sze
within Crater Lake National Park, 30 are located near
the lake leve in the caldera Mogt of these caves are
the result of erosion of the lavas or layers of mudflows
between the lavas. Caves within the rim are shalow
and may be seen aong the water level, whereas those
caverns outside the cadera have more depth and
topography. All of the caves are hazardous, and climb-
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Oregon's rugged Mount Thielsen, called the lightening rod of the Cascades, rises 9,178 feet and forms
one link in the chain of mountains which extends from Mexico to British Columbia (photo Oregon State

Highway Department).

ing gear is needed to access many of them. Permission
to explore the caverns should be requested from the
park superintendent.

Central High Cascades

To the north of Crater Lake, a line of sharp
pinnacles in the central High Cascades belonging an
older interval of volcanism have been extensvey
atered by erosion. Of these, Mt. Thielsen is the mogt
southerly followed by Broken Top, the North Sigter,
along with Mt. Washington and Three Fingered Jack,
which both rise from broad bases to snow-covered
spires. The glaciation that shaped these peaks contin-
ues even today. The southern-most Cascade glacier is
il active on the shady north side of Mt. Thielsen.

South of McKenzie Pass, the Three Sigters
form a scenic cluster of peaks of rugged beauty. The
South Sigter, the highest of the cones at 10,34 fedt,
has a crater with a smadl lake. The Middle Sister
displays remnants of a crater, wheress the deeply
eroded North Sister shows no evidence of a former
crater. On the south and southwest flanks of the South
Sigter, an extensive single flow along with the dome at
Rock Mesa developed 2,300 years before the present.
Clouds of ash and dust expeled from fissures were
followed by lava that covered over the vents. A second
exploson of pumice then lavas from a series of new
vents on the dopes of the South Sister took place

shortly afterward. Historically smoke from the South
Sister was noted in 1853 by James Miller, a Predoyteri-
anminister, who "saw one of the Three Sstersbelching
forth fromits summit dense volumes of smoke."

Sand Mountain and Belknap Lava Fields

Very recent volcanic activity, in some caees
taking place only 400 years ago, has created a vedt
region of black, cindery lava flows, buttes, and disinct
lava fidds in the Cascades between North Sgter ad
Three Fingered Jack. Of these, lavas from the Sad
Mountain and Belknap flows are the most widespread.
The overdl eruptive pattern of the region progressad
from northwest to southeast with the firgt eruptionsin
the Sand Mountain fidd and the latest from Collier
Cone.

Sightly to the southwest of Mt. Waghington,
alinear chain of 22 cinder cones and 41 separate vants
make up the Sand Mountain fiedd. From the north, the
geographic arrangement of the cones includes Little
Nash Crater, the Lost Lake group, Nash Crater, the
central craters, the Sand Mountain cones, which ae
the largest, and a group to the south. The dignment
reflects an underlying fracture zone which dlowved
gasses and lavas to reach the surface. Beginning around
4,000 years ago, volcanic vents discharged dose to a
cubic mile of lava accompanied by large quantities of
ash cresating the rugged fidd of domes and flows The
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Highway 22

Eruptive cones of the Sand Mountain volcanic field
aligned in a north-south direction

oldegt cone in this field was probably near Nash Crater,
but this feature has since been destroyed by erosion or
covered by vegetation.

One of the most extensive flows, emitted from
avent in the south section of the fidd, sent lava west-
wad to the McKenzie River about 3,000 years ago to
dam the river between Sahalie Falls and Clear Lake.
The outlet to the basin now occupied by the lake was
blocked by a 200-foot high lava dam. Along the river
banks, rising waters submerged an entire forest. Today,
danding tree trunks, 2 to 3 feet in diameter, can be
s in the unusualy clear water. Successions of
diatoms living in the waters of the lake have formed a

snow-white deposit of microscopic
shells of the algae on the bottom.

Three spatter cones in the
Sand Mountain fidd have large pits
or conduits from which the volcanic
debris gected. While most of the
vents are filled with rubble, one on
Nash Crater and two in the Clear
Lake flow remain open. The deepest
open conduit in the Clear Lake flow
is 100 feet to the bottom of the pit,
while the Nash Crater pit connects to
a 50-foot long lava tube.

Overlapping the Sand Moun-
tain fidd in the south, the Belknap
lava flows were younger and much
more extensve. About 1600 years
ago, lava poured from Belknap Crater
and the surrounding vents repestedly
innundating 40 square miles. Ash and
cinders gected from the crater were
caried in an eastward direction on
the prevailing wind. The crest of Belk-
nap volcano is 400 feet above the lava
field, and the largest of the two crat-
es in the top is 250 feet deep and
1,000 feet wide.

During the last violent explosions, vast
amounts of volcanic material issued from vents around
Belknap cone, spreading to the west and engulfing
everything along the way. Older Sand Mountain flows
were covered and upright trees were immersed by the
spreading stream before the lava cascaded into the
McKenzie River canyon filling the deeply cut gorge and
disrupting the former drainage pattern. The permesble
basdts dlow river waters, now hidden beneath the
surface, to flow through and resppear a Tamolitch
Falls. Because of the blockage, Beaver Marsh formed
upstream from where the river enters the lava fidd.
Along the margins of the Belknap flow, tree molds
from 1 to 5 feet in diameter mark where trees were
consumed by the lava before cooling and hardening
around the trunk. Trenches up to 35 feet long devel-
oped when tree trunks toppled into the fluid lava to be
cast as molds. These trees have been dated at 360 AD.

A number of cones adjacent to both the Sand
Mountain and Belknap lava fidds are responsible for
localized Recent volcanic events. Just to the south of
the Belknap fidd, Collier Cone is probably the most
recently active volcano in this region, erupting with
lava, cinders, bombs, and other materia around 400
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When central Oregon's lava fields cooled and erosion began to wear away at the tall Cascade peaks,
Broken Top crater assumed this craggy pose (photo Oregon State Highway Department).

A view of the recent lava flow at Collier Cone and North Sister looking south with Broken Top in the
background (photo courtesy of Delano Photographies)
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years ago. As the cinder crater developed, severd

fluvial drainage channelswere blocked by lavato create .

Suring Lake and Linton Lake. ce
South of the Three Sigters, eruptions from a

number of vents in the region of Mt. Bachelor took

place about 2,000 to 18,000 years before the present. o

Coindding with atime of glacid retreat, a 15-mile long T

sies of cones extruded a total of 7 cubic miles of lava

thet covered 83 square miles. These volcanic episodes
were not continuous but took place sporatically from
svad fisaures in the Mt. Bachelor chain. The oldest
flons from cracks aongside Sheridan Mountain were
fdlowed shortly by those of Red Crater, Katsuk Buitte,
ad Sah Butte. Once the cones of the Siah group had
fomed, volcanic activity shifted northward to Mt.
Bachdoar and Kwolh Butte where the latest flows built
agmdl cone on the north side of the mountain.

Northern High Cascades

Mt. Hood

At the northern end of the Oregon Cascades,
Mt. Hood is the highest peak in the state at 11,235
feet. The mountain is named for Samuel Hood, a baron
with a successful career in the British Roya Navy who
was stationed in American waters during the American
Revolution. One of the younger members of the High
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Mount Hood, highest of Oregon's Cascade mountains, is visible throughout northwestern Oregon
(photo Oregon State Highway Department).



Cascades, Mt. Hood had severd very late eruptive
periods, an initial phase 15,000 years ago, a middle
period 1,000 to 2,000 years ago, and a find stage 200
to 300 years ago which produced the smal domes, the
man cone, and mudflows.

Feldspar-rich andesite lavas, which built up the
bulk of the cone, were the firg to erupt sometime
before the last glaciation. These lavas cooled and
thickened into layers up to 500 feet deep on the south
and southwest flanks of the mountain. A second
eruption, following a period of dormancy, sent pyrocla-
dic material down the dope melting ice and show
dong the way. The hot eruptive material, mud, and
mdted snow combined to spread nearly eight miles
into valeys south and west of the volcano. A very small
amount of pumice was scattered lightly on the east and
northeast side of the mountain. Between 1760 and 1818
Crater Rock, adome near the summit of the pesk, was
emplaced. Today an eroded remnant is dl that remains.
With the construction of the dome, volcanic material
ad extensve mud flows filled the Sandy River vadley
burying large tree stumps upright.

Most recently, escaping gas, pumice, smoke,
and flames from the summit of Mt. Hood were record-
ed between 1800 and 1907 & which time the fina
higoricd event took place when steam rose from
Crder Rock. Steam vents and fumeroles are present
near the top showing that Mt. Hood clearly has the
potential to erupt again.
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A "flight of stairs" formed by raised terraces at Cape Arago in Coos County is a dramatic expres-
sion of the rapidly elevating coast here [photo by U.S. Forest Service].



Coast Range

Physography

A long narrow belt of moderately high moun-
tains and coastal headlands, the Oregon Coast Range
physiographic province extends from Washington state
and the Columbia River in the north to the Middle
Fork of the Coquille River in the south and from the
continental shelf and dope to the western edge of the
Willamette Valey. Just over 200 miles long and from
30 to 60 miles wide, the province narrows in the center
and widens on either end. The crest of the range
averages 1500 feet in altitude with the highest point
Marys Peak near Philomath reaching 4,097 feet. Saddle
Mountain east of Seaside at 3,283 feet, Trask Mountain
a 3423 feet northwest of McMinnville, and Sugarloaf
Mountain a 3415 feat east of Lincoln City are among
the highest of the interior pesks.

Because there is more rainfall, steeper gradi-
ents, and more active erosion on the western sope,
summits of the passes lie well to the east of the axis of
the range. With the close marine influence, the coastal
region has the highest average winter temperatures, the
coolet summers and the greatest rainfall in Oregon.
The western dopes of the mountains receive over 100
inches of rain a year, while east dope precipitation
averages only around 30 inches. High rainfall and mild
temperatures have contributed to a heavy forest with
thick vegetation and mature soils covering most of the
range.

Along the western shore of the Coast Range
the line of abrupt coastal headlands is farly evenly
interspersed  with shallow bays, estuaries, pocket
beaches and sand dunes. Cape Blanco in the southwest
corner of the province is a digtinctive terraced promon-
toy that extends into the Pecific Ocean as Oregon's
met westerly point. Extensve sands are present
between Coos Bay and Heceta Head and from Seaside
to the Columbia River. Sand has accumulated as bars
or spits across the mouths of most rivers hindering the
flow of weater in and out of the bays. Along the very
southwestern edge of the province, wave-cut terraces
cede a narrow coastal plain with remnants of older
maine terraces rising up to 1,600 feet.

Rowing west to the ocean or east to the interi-
a, mog of the streams of the Coast Range are small.
Ony the Columbia, Sudaw, and Umpqua rivers cut

entirely across the province to empty into the ocean.
The notable west flowing rivers, the Nehalem, Wilson,
Siletz, Yaquina, Alsea, Sudaw, Umpqua, Coos, and
Coquille, end in broad tidal estuaries. Of those streams
flowing eestward into the Willamette River, most have
less extensve watersheds. Among them, the Long Tom,
Marys, Luckiamute, Yamhill, and Tualatin rivers are
the largest.

The Coast Range province continues offshore
to the continental shelf and slope that descends to the
abyssal plain at 9,000 feet below sea level. The surfaces
of the shelf and dope are broken by high bedrock
scarps, ridges, basins, and canyons. The most significant
offshore feature is the subduction zone beneath the
base of the continental dope where the Farallon plate
is diding under the North American landmass.

Geologic Overview

At the end of the Cretaceous period, 66
million years ago, Oregon lacked a coastal mountain
range, and the ocean shoreline extended diagondly
across eastern Washington and daho. Southeast of this
large embayment the newly formed Klamath Mountains
projected well into Idaho. A loose chain of volcanic
seamounts was forming in the ocean setting to the west
where an active hot spot lay beneath a spreading center
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between two moving plates. Around each volcanic
center pillow lavas and breccias built low idands where
the vents continued to gect lava and ash. Riding atop
the moving Kula and Juan de Fuca plates, the idand
volcanic chain collided with and was swept up by the
oncoming westbound North American plate.

As the idand chain began to subside and a
proto-Cascade volcanic arc was established east of the
block, sediments poured into the newly created forearc
basin. A thick sequence of Eocene through Miocene
marine clastics accumulated in the subsiding basin atop
the platform of older basalts. Eocene sediments in the
basin are derived from severa sources. Initidly the
Klamath Mountains contributed detritus to the newly
formed basin, but as watersheds extended further east
the primary source of sediments was the Idaho batho-
lith. Finally, volumes of pyroclagtics and ash from the
newly formed ancestral Cascade volcanoes covered
earlier sands, silts, and muds in the adjoining basin.

Oligocene sess extended over the northern
Coast Range block, but with uplift of the range during
the Miocene the ocean retreated to the west. As the
western edge of the North American plate was wrin-
kled by pressure from the subducting Juan de Fuca
dab, lava flows from fissures in eastern Oregon reached
the coast where they invaded layers of the softer
sediments. Once the shoreline had withdrawn to the
western edge of the coastal block, the older Cenozoic
formations were shaped by erosion, and river valeys
assumed their present positions. The rivers cut through
many of the later formations laying bare the resistant
Oligocene slls and dikes making up nearly al the
prominent peaks of the central range.

Continued uplift and tilting of the coasta
mountains combined with Pleistocene sea level changes
crested raised terraces in the vicinity of Cape Blanco
and Cape Arago. Because rates of uplift vary along the
coadt, different sections of a terrace may have deva
tions that vary by hundreds of feet. Deeply eroded, one
million year old terraces are inland at the highest
levels, while the younger surfaces are near the coast at
lower elevations.

Plestocene landdide lakes of the inland
mountains and freshwater duna lakes along the coast
are among the more ephemeral festures of the region.
Abundant sand aong the shore dams streams creating
lakes of varying szes and depths. A fragile boundary
between fresh and saltwater within the poorly consoli-
dated dunal sands exists beneath the coastal lakes.
Inland from the coast, massve water-saturated sand-
stones that are susceptible to landdiding move as
blocks to dam stream valleys and back up waters into
lakes.
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Accretionary island arc model for formation of the
Oregon-Washington coast block (after Duncan,
1982)

More than hdf of the Oregon Coast is bor-
dered by sands resulting from the erosion of sea diffs
or transported and deposited by rivers. While winter
beaches are stripped of sand by stormy conditions, the
summer months are the period when sands are rede-
posited. Sand builds up as dunes or spits when it is
trapped behind prominent headlands or man-made
projections. In spite of the transitory nature of dunes
and spits, houses, roads, and even entire towns have
been constructed here only to be threatened or de-
sroyed by severe winter erosion.

In the past the coastline has been subject to
effects of earthquakes and tidd waves or tsumanis. At
many coastal sites in Oregon sediments record land
subsidance as buried forests and mud-covered bogs that
resulted from powerful earthquakes. Similarly periodic
scouring of bays and coast areas by tsunamis is part of
the coastd erosion process. A find sculpting of the
land took place as the ocean eroded headlands and
filled bays creating a variety of spits, bay mouth bars,
idands, tunnds, and offshore sea stacks.

36 my.b.p. Early Oligacene

Geology

The foundation block of coastal Oregon ad
Washington mountains began as avolcanic idand den
that collided with the North American plate. Some
distance to the west of Oregon and far beneath the
ocean crust, a hot spot generated deep sea laves 64
million years ago. This volcanic source was Stugted
beneath an ocean spreading center draddling tao
active tectonic plates. The Kula plate was being pulled
north to collide and dide below North America dag
Washington and British Columbia. The Farallon pae
to the south was being overridden by southern COregon
and Cdifornia. As these two plates continued greed-
ing or pulling apart, a chain of undersea mountains
strung out to the north and south. Forming a promi-
nent ridge on the sea floor, the line of vdcanoes
occasionally projected above the water as low vdcaic
idands. Close to the end of early Eocene time the
North American plate, moving westward, collided with
the recently formed idands and seamounts. With the
capture of the new landmass, North Ameica el
grown about 50 miles in width. Volcanic rocks of ths
idand chain today form the backbone of the Oregmn
and Washington coastal mountains and are the ddet
known rocks in the range.



Another poss ble explanation for the formation
of the Coast Range block is that the volcanics devel-
oped above a series of rifts or crusta rips aong the
coadd margin. Differential movement of large-scale
blocks would have created a line of overlapping tears
rdeadng lavas that became the base of the Coast
Range. Alternately, the rifting could have been caused
by a hot spot below the crust. With coastal margin
rifing, the Coast block would have been formed in
place and not accreted.

Differences in age, texture, and mineralogy of
the core Coast Range volcanic rocks have caused them
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Coastal margin rifting model for formation of the
Oregon-Washington coast volcanics (after Snavely,
1987; Babcock, et al., in press)

EOCENE
55 m.y.a.
Oceanic Spreading

Ridge Migrates North

to receive different formation names. From the north
to south, they include the Metchosin, Crescent, Black
Hills, and Grays Harbor volcanics in Washington, the
Tillamook volcanics in the northern Oregon Coast
Range, the Siletz River volcanics in the central part of
the Coast Range, and the Roseburg volcanics in the
south. The oldest volcanic rocks in the range are those
of the 64 million year old Roseburg and Metchosin
formations a the southern and northern extremes,
while the youngest are the 44 million year old Grays
River Formation in the central region. Common to all
of these volcanics are éliptical bodies cdled "pillows’,
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Middle Miocene To upper Miocene

'''''

Upper Oligocene
to lower Miocene |
38-29 m.y.b.p.

Upper Eocene |
to lower Oligocene | g’

43-3.8 m.y.b.p.

Metchosin volcanics 57 m.y.a. |

Upper Paleocene NG
to middle Eocene E'T”n*lr\
63-46 m.y.b.p. b Wiy,

Volcanic archipelago
younger toward center

Volcanic rocks of the Oregon and Washington
Coast Range (Armentrout and Suek, 1985)

because of their sze and shape, which formed when
lavas were extruded underwater onto an ocean floor.
With lava thicknesses up to 2 miles, theidand
chain was far too large to be smply overridden or
subducted, thus it was incorporated into the larger
North American landmass following collison. During
the 50 to 42 million year interval, the sill-forming
Coast Range block began to rotate westward in a

Tillamook area

Cowlitz volcanics
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clockwise direction with a pivotal point in nothwest
Washington. By Oligocene time backarc soreading hed
moved the block close to the position of the presat
day Cascades. Beginning in the Miocene epoch, 20
million years ago, a second rotational phase bagmn
With the process continuing to the presant, it is
estimated that the Coast Range has rotated 51 deyess
since late Eocene, up to 44 degrees since the midde



Isolated pillow basalts are common in the Depoe
Bay basalts (photo courtesy of Oregon Dept. of
Geology and Mineral Industries).

Eocene tectonics and sedimentary environments of
the Oregon Coast range (after Ryberg, 1984; Heller
and Ryberg, 1983)
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Oligocene, and 32 degrees since the middle Miocene
with an average of 15 degrees of rotation per 1 million
years throughout the entire 50 million year period of
movement. This second rotational motion was in
response to the extension or extreme stretching of the
Basn and Range province which pushed the Coast
Range block out to its present location. In accordance
with the concept of crustd rifting, smal fragments of
the Coast Range, caught between moving plates, Smply
rotated like ball bearings.

Eocene

As the seamount terrane was accreted to North
America, a trough or forearc basin, oriented southeast
by northwest and partially bounded by the ancestral
Cascade volcanoes to the east, developed aong its axis.
From Eocene through the Miocene the elongate basin
was repeatedly choked with sediments before uplift of
the Coast Range brought about a shalowing and
eventual closure of the trough. Early Eocene sediments
were carried into the new marine basin by streams and
rivers, blanketing the older submarine volcanics with
sands, muds, and silts of the Roseburg, Lookingglass,
and Flournoy formations. Rock particles that make up
these three formations are lithic in nature. That is, they
are composed of pre-exising cherts, metamorphic
rocks, and heavy minerals typica of those found in the
Klamath Mountains.

EARLY EOCENE ~ 52 M.Y.B.P.

derived from adjacent Klamath Mtns.
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Forearc basin sediments derived from granitic

source east of Oregon in the Idaho batholith
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LATE EOCENE ~ 41 M.Y.P.B.

Forearc basin sediments derived from

ancestral Cascade volcanic arc
Subduction zone farther west

Sand bars were deposited in shalow waters ancient submarine setting, the huge blocks or "dido-
high on the continental shelf and slope in the southern liths' are found imbedded in chaotic masses of rok
basin. Deep water currents spread sediments in a broad indicating they did down steep submerged oosnic
dluvid pattern across the middle of the basin, while dopes after breaking off an escarpment.
fine-grained sediments were carried farthest from the After Flournoy time, the end of Coas Rage
source and into the deepest region of the seaway to the collison and renewed subsidance of the forearc besn
north. In the Roseburg Formation, there is evidence marked a new phase of deposition. White mica, poles:

that large cohesive blocks of mud and rocks slumped sum feldspar, and quartz, carried into the basn duing
from a steep upper shdf onto the deep sea fan. In this the Tyee interva, reflect a mgor change in the source
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of sediments aswell as the depositional environment in
the middle to late Eocene. By |late Eocene time rivers sERIESM [}" Coos Bay _L(:umm] Coast ljflngt‘,[ (.‘UIUUIEW_I:'( County

feating the basin had matured edending their water- |7 T T —
sheds well beyond the Klamaths into the interior of N T T w,
Idaho. White micas and potassium feldspar minerals | I - .
that make up the Tyee Formation are identica to T T Epire f

| :
minerds of the Idaho batholith. In the southern part of | = Lo Formation |
the basin, sands transported by rivers created deltas =

and shdlow marine sandbars on the shelf before |
cascading into the deeper basin where they were
carried on turbidity currents to form Tyee submarine
fans. The meager foss| record of this interval is due to

overwheming amounts of sand and st diluting the
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Roseburg Formation south of Sutherlin on Stratigraphy of the Coast Range
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deposits (photo courtesy Leslie Magoon). Units of North America [COSUNA], 1983)
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Eocene molluscs, southern Oregon Coast Range
(top to bottom Turritella, Acila, and Venericardia)

As the idand arc rotated progressvely west-
ward, late Eocene swamps, wide coastal plains, and
shallow continental shelf conditions mark the third and
final phase of sedimentation in the subsiding forearc
basin. Since the Klamath Mountains had been previ-
oudy planed down to a fla surface and the ldaho
source rocks were |eft far behind by the rotating block,
the early Western Cascades were the primary source
for sediments of the forearc basin. Ash and pyroclagtic
deposits were in sharp contrast to the feldspar-rich
arkosic sands of the older Tyee Formation. In the Coos
Bay region, sands accumulated in an immense delta
spreading toward the north. Fossil plants and coarse
sediments from within the delta are enclosed in the
coa-bearing Coaledo Formation. Extensve near-shore
swvamps characterized by subtropical plants are the
source of the coal. Thin-shelled delicate microfossisin
the overlying Bagtendorff suggest intermediate depths
while the Tunnel Point sandstones reflect a shalow,
upper shef environment.

Central and Northern Coast Range

In that portion of the ancient forearc basin
which later was to become the central and northern
Coast Range, silts, sands, muds, and volcanic debris
were deposited in the shalow middle Eocene sess,
while aprons of shell banks were built up around the
margins of the low volcanic idands and seamounts.
Deposited across the continental shef, Yamhill muds
and silts, interspersed with Rickreall and Budl lime-
stone lenses, blanketed the Siletz River volcanics and
were in turn covered by about 5,000 feet of Nestucca
Formation deep water muds, sands, and silts mixed

with ash and lavas from the nearby Western Cascades.
Simultaneously brackish water Spencer Formation
sands formed in the shallow, near-shore environment
along the eastern margin of the basin. In areas on the
coadt, the Nestucca Formation is interlayered with laves
of the Yachats basalt. These flows initialy erupted
under water on a shallow shef aong the coadtline
where a number of vents were located near Cgpe
Perpetua and Heceta Head. Low profile, shidd-like
accumulations of Yachats basat are over 2000 fest
thick.

In the northern Nehalem River basin, con
glomerates, sands, shales, and volcanics of the Cowlitz
Formation were deposited in shallow, brackish waters
over Yamhill muds. Interfingering with the Cowlitz
sediments, Goble lava flows west of Portland may have
extruded from a late Eocene volcanic arc originaly part
of the Coast Range block or they may have ben
remnants of an independent idand block. Overlying the
shallow water sediments of the Cowlitz, fine volcanic
ash forms the deposits of the Keasey Formation thet
reflect a deep water ocean setting.

Spanning the Eocene-Oligocene boundary in
the northern basin, shallow seas with shifting ddtas
and brackish backwater bays are represented by tuffa:
ceous sands and silts of the Pittsburg Bluff and Scappo-
ose formations. Sands and volcanic debris were derived
from the nearby landmass lying to the east. Scgppoose

A view of Sunset Bay in the foreground with
Gregory Point and Lighthouse Beach in the
center and Bastendorff Beach at the top.
Simpson Reef, composed of sandstones of the
Coaledo Formation, projects offshore

(photo courtesy of Ward Robertson).



Crinoids (sea-lilys) and echinoids (sea
urchins) inhabited the ocean during the
Keasey period.

Formation clastics, like those of the Tyee Formation of
the southern Coast Range, are "arkodsc' or rich in
white mica, quartz, and potassium feldspar and proba-
by had a similar source in the Idaho batholith. On the
ddf of the central basin, ash mixed with slts and
sanas of the Alsea and Yaguina formations.

In the interval between 38 to 29 million years
ago, a number of intrusve bodies from batholith
sources below the forearc basin invaded the softer
marine sediments of the Coast Range. Later erosion,
aded by coastal uplift, stripped off sediments to expose
these Oligocene dikes and sllIs which form the maor
peeks of the range today. The most prominent intrusive
bodies make up Marys Pesk, Saddleback Mountain
southwest of Grande Ronde, Laurel Mountain west of
Ddlas Fanno Ridge, Sugarloaf and Stott mountains
north and northwest of Vasetz, Grass Mountain
northwest of Alsea, and Roman Nose Mountain south
of Mapleton.

Oligocene

Land areas aong the margins of the ocean
emerged from the shrinking Oligocene ocean basin. By
the late Oligocene and early Miocene, uplift of the
Coegt Range block was nearly complete with only the
centrd and north end of the coast and northern
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Willamette Valey under a shallow seaway. Volcanism
had increased consderably in the Western Cascades
showering tremendous quantities of ash directly into
the sea Streams draining the mountains washed
additional volcanic material into the basin where it was
carried out onto shdf and slope by storm waves and
turbidity currents.

Miocene

Deposition contined uninterrupted from the
Oligocene into the early Miocene. The Miocene is
characterized by a rapidly retreating ocean as waters
receeded to the present limits with regional uplift and
continued rotation of the Coast Range block into the
Piocene. With the shallowing of the forearc region, a
number of small basins on the shelf degpened toward
the west. Microfossils in the muds and silts of the Nye
Mudstone suggest they were deposited in deep cold
water of the basin a depths as much as 2,000 fest.

Fossliferous sandstones and siltstones of the
Astoria Formation deposited here are among the best
known exposures on the central and northern coagt. In
addition to a well-preserved fauna of fossl molluscs,
cords, barnacles, brachiopods, and crabs, Astoria
sediments are famous for remains of marine vertebrates
as sharks, turtles, whales, sedls, and sea lions. Even
occasional ungulates or hoofed mammals were washed

Seal and skull from the Astoria Formation



Pecten

Invertebrate fossils of the Astoria
Formation

into the middle Miocene seaway to become entombed
in the Astoria siits. Today the erosion of these sedi-
ments adong the coast between Astoria and Lincoln
City continuoudy exposes fossls in the sea diffs
Middle Miocene time aso saw the invasion of
Columbia River lavas aong the northern coastal area.
Fifteen million year old basdts are known from Sed
Rocks, Yaguina Head, Depoe Bay, Cape Kiwanda,
Cape Lookout, Capes Meares, and Cape Falcon, and
Tillamook Head. The basdts found there today are
chemically and mineralogically identical to the Colum-
bia River lavas. The striking smilarity between the two
suites of basalts has dways been regarded as an enig-

The Miocene baleen whale, Cophocetus, from the
Astoria Formation

ma, but it clearly suggests that they were derived from
the same magma benesth the Grande Ronde valley of
eastern Oregon.

Origindly interpreted as having erupted from
local volcanoes on the coast, these puzzling basalts now
have been designated "invasve' rather than "intrusve'.
The invasve mode of origin suggests that the coadd
Miocene basalts are the distal ends of flows that were
extruded elsawhere. VVoluminous liquid masses of laves
flowing down the Columbia River valley and across the
coastal plain, temporarily ponded up in bays ad
estuaries before advancing seaward as nearshore besns
filled to capacity. Tremendous hydrostatic pressure by

ool
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Depoe Bay, with the calm inner harbor and the rough Pacific surf, offers the spectacular Spouting
Horn and an observation tower above the harbor entrance (photo Oregon State Highway Department).

Yaquina Head north of Newport is composed of Miocene basalt (photo courtesy of Oregon Dept.
Geology and Mineral Industries)
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the heavy fluid lavas forced them downward into the
underlying soft watersaturated sediments. Once the
lavas invaded the unconsolidated sediments, they
intruded a variety of Eocene and Oligocene rocks in
the central and northern Coastal Range as dikes and
dlls. After cutting across the incipient Coast Range,
the laves terminated as fa south as Sed Rocks.
Geophysicd transects across these coastal basalt
exposures reved that the dikes and sills are "rootless’,
which further supports an invasive origin rather than a
loca volcanic source.

At Cape Blanco and Coos Bay sandstones of
the Empire Formation are late Miocene. Malluscs,
echinoids, and barnacles sugges a shdlow water
temperate marine environment. Many of the shells
show wear and abrasion from action of the waves close
to shore.

Pliocene

Few marine sediments record the Pliocene in
western Oregon indicating this was a time of erosion
when the area was above sea level and the coastline lay
approximately in its present position. Pliocene muds,
sands, and silts were carried to the shdf and dope
where they form vast sheets of poorly consolidated
sediments. Up to 1,000 feet of gravels of the Troutdale
Formation accumulated along the Columbia River in
the St. Helens area and intermittently al the way to
the mouth of the river.

Pleistocene

Subduction of the Juan de Fuca plate under
North America and continued growth of the wedge of
accreted sediments on the leading edge of the North
American plate at a rate of about 1 inch per year hes
pushed the Coast Range upward. Areas offshore doser
to the subduction trench have been subject to more
uplift than areas farther inland. In aregional sense, the
varying uplift produces a tilting effect since the western
edge of the coasta mountains are rising, while the
eastern margin as wdl as the Willamette Vdley ae
either subsiding or only risng at a minimal rate. In the
early 1980s a Cornell University team conducted vay
accurate east-west leveling surveys across Coast Range
highways in Oregon and Washington repeating mes
surements which had been taken over 50 years previ-
oudy. The dtriking results showed a seesaw efect in
every transect, where western coastd areas had risn
with respect to the eastern part of the range. Conse-
quently Cape Blanco, only 35 miles from the subduc-
tion zone, has the fastest uplift anywhere on the coegt
a 35 inches verticaly every century or 1 inch evay 3
years. As Neah Bay aong the Washington coad risess
at the rate of about 1 inch every 15 years, Sesdttle ad
Vancouver on the inland side are sinking at 1 inch
every 11 yearsand 1 inch every 40 years respectivey. In
Oregon, Astoria rises at the rate of 1 inch in 36 years
as Rainier to the east is proportionally depressed.

/ils terrace
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Pioneer terrace
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Terrace levels in the vicinity of Bandon
(after Peterson, Gleeson, and Wetzel,
1987; Mclnelly and Kelsey, 1990)
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Terrace levels in the vicinity of Cape
Blanco (after Peterson, Gleeson and

Wetzel, 1987; Mclnelly and Kelsey,
1990)

Coadd Terraces

Varying from 20 to over 50 feet in thickness,
gavd and sand of ancient terraces as high as 1,600 feet
have been mapped along the southern Oregon coast
betwean Coos Bay and Port Orford. In the vicinity of
Cge Arago and Bandon recognized terraces are
Whiky Run, Pioneer, Seven Devils, Metcdf, and the
extremdy limited, poorly preserved Arago Peak. At
Cape Blanco a small terrace covers much of the point,
while the extensve Pioneer terrace continues on the
landward side toward Port Orford. Slver Butte, Indian
Oek and Poverty Ridge terraces rise eastward of
Fonex terrace. The Cape Blanco terrace is dated at
80000 years, the Whisky Run terrace at 83,000 yesrs,
the Pioneer & 103,000 years, the Seven Devils a
124000 years, and the Metcdf terrace at 230,000 years.

The oldest terraces are inland at the highest
levels whereas the younger recently emergent terraces
ae on the coast a lower elevations. Terraces cut late
in the Pleistocene are ordinarily elevated less than 100
fe The present elevation of the youngest most promi-
nat terrace ranges from a point below sea level to 225
fet above. It is difficult to correlate or determine the
asodaion between the terraces by comparing their
devations because the rates of uplift vary considerably
fran place to place aong the coast, while deformation,
fauting, and erosion have obscured the surfaces. A
dnge continuous terrace may then have separate
stions a elevations which differ by hundreds of feet.

. Coastal tilting

More recently these erosional surfaces have
been identified by determining the age of invertebrate
fossls from within terrace sediments. These fossls are
dated by measuring uranium /thorium radioactive decay
from the cacite in coras, bryozoa, and sea urchin
plates and spines. A second strategy for dating fossls
uses the alteration of amino acids preserved in mollusc
shells. After an anima dies, organic chemicas in its
shell change at a regular rate. Popular molluscs used
for dating are the thick-shelled clams, Saxidomus and

MLa- pme——

The thick-shelled molluscs Saxidomus (left) and
Mya (right) are used for dating terraces.



A Pleistocene fossil whale is being excavated near
Port Orford in Curry County (photo courtesy Ore-
gon Dept. Geology and Mineral Industries).

The precise chronology of terrace deposits
adong the Oregon coast is ill incomplete. Terrace
development is not a case of a smple steplike uplift of
the coast with stationary stages during which the
terraces were cut. The terracing reflects both the
esstward tilting of the Coast Range block aswell as the
rise and fdl of sea levd during Pleistocene time.
Glacial stages brought volumetric fluctuations of the
ocean that were independent of coastal uplift. Ice,
forming on the land as glaciers or ice packs in the
polar regions, lowered sea leve on the Oregon coast as
much as 400 feet. As this ice melted to re-enter the
ocean, sea level subsequently rose.

The highest and oldest terraces such as the 1
million year old Poverty Ridge east of Cape Blanco and
the dightly younger Indian Creek are thoroughly
dissected by erosion making them difficult to trace
laterally dong the coast. By contrast, lower, younger
terraces are in much better condition and form natural
flat surfaces idedl for human cultural use. Highway 101,
for example, runs for miles in southwest Oregon atop
the Pioneer terrace which ranges from only 5 feet in
elevation up to 200 feet above sea leve.

Coagal Bays and Lakes

A seadily risng sea levd as the result of
melting glacid ice has produced coves and bays thet
line the shore. Alluviation by vigorous coastal sreams
has kept pace with the sea leve rise along the Oregon
coast south of Bandon so that the tide does not extend
far inland. From Bandon northward, however, drown
ing has produced bays and marshes, and the sdtwater
tide reaches as much as 20 to 30 miles upstream. May
of the broad fertile plains and natural levees dong
Oregon's coastal streams may be attributed directly to
aluviation during postglacial drowning. Were it not for
this, the coast might have narrow valleys less hospitable
to habitation.

Where the mouths of streams have not bemn
filled in with sediments, bays have formed. Vaying in
Sze from larger inlets a Coos Bay and Tillamook to
smdler scenic coves a Depoe and Boiler bays, fav are
very deep, and a low tide most display great aress of
mud flats interlaced by channels. Because of runoff ad
sedimentation, a number of the bays must be condantly
dredged to dlow passage of ships, and only the mgar
bays are used as sea ports.

One of theyoungest and perhaps more ephem-
eral features of the Oregon Coast is the chan of
freshwater lakes within the sand dunes that occur ina
50 mile strip from Floras Lake a Cape Blanco to Lily
Lake near Heceta Head. Blocked by sand dunes
occupying low spots or former river valleys, the lekes
are fed by streams draining the western Coast Range
At 3164 acres, Siltcoos Lake south of Horence in
Lane County is smilar in Sze to nearby Woahirk,
Tahkenitch, and Tenmile lakes, making them amog
Oregon's largest dunal lakes. The smaller string of
lakes north of Florence, Nott, Mussd, Alder, Dug
and Buck, each less than 10 acres, are al compaaivey
deep at 25 to 35 feet. Clear Lake south of Resdgport
in Douglas County and the similarly named Clear Leke
north of Florence are the two deepest lakes on the
coast a 119 feet and 80 feet. Dunal lakes vay in
elevation aswell. The surface of Siltcoos Lakeis 5 fet
above sea leve, while that of Woahink is 38 fed.

Despite their diversty in size, the dund lakes
all share an exceedingly fragile environment because of
the freshwater saturated sands benesth the lskes ad
the nearby mixing of saltwater and freshwater to the
west. Around the lakes, the poor consolidation of
sands, which project 60 to 70 feet above the wae
surface, makes them particularly susceptible to pdlu-
tion, silting, and mudflows. All terrain vehicles, loggng
clearcuts, and rampant development for lakeside homes
have aready deleterioudly affected most of these lekes

The steep wadls and narrow valeys of the
Coagt Range in conjunction with the high rae of



Ever-changing sand dunes, sheltered lakes, and dense forests come together along the southern
Oregon coast. Lake Cleawox is in the foreground, Woahink is in the upper center, and a portion of
Siltcoos Lake is at the upper right (photo Oregon State Highway Department).

precipitation have combined to form landdide lakes.
Where the strata involved is soft, numerous landdides
occur as the hillsde moves more or less continuoudy
in waves of viscous debris. Saturation during rainy
periods increases theweight of the material. Landdides
are easly recognized by their hummocky surface, tilted
trees, small ponds, and svampy depressions.

During the Pleistocene, some of the massve
sandstone formations, in particular the Tyee and
Flournoy which are susceptible to landdides, moved as
large blocks to dam creeks and form lakes. Such was
the case in the formation of Triangle Lake near
Blachly, Loon Lake near Scottsburg, and perhaps for
the filled lake basin a Sitkum. Triangle Lake in Lane
County was darned by a tilted mass of Fournoy sand-
gone that did from high on the north sope of the
valey to block Lake Creek. The creek eventually found
an outlet againgt the south wal where it is incised in
the bedrock rather than in the dide material. This
condition will insure the long life of the dluvial valey
but not necessarily of Triangle Lake which is only the
remnant of aformer larger body of water that extended
upstream beyond Horton. Today most of the old lake
has been filled in by dluvium. Triangle Lake is report-
edy 97 feet at its deepest, but this is much less than it

was origindly, and only a small volume of aluvium
would be necessary to fill it.

Loon Lake in southwestern Douglas County
has a smilar history. Great blocks of Tyee sandstone
that did from the wes wall of the vdley lie as a
jumbled mass to dam a creek. The creek, aso named
Lake Creek, isworking on the fill, not on the adjacent
bedrock, but such massve blocks are resistant to
erosion. Loon Lake also was originally a much longer
lake extending several miles upstream from the town of
Ash. Tree trunks standing on the floor of Loon Lake
were drowned at the time of damming approximately
1400 years ago. Ancient Lake Sitkum is a name applied
to the lake that once occupied Brewster Vdley at
Sitkum in eastern Coos County. The history of this
dluvid valey is dmogt identical to that of Loon Lake.
Sandstone dipped northward in the valey to dam the
river. A beautiful lake undoubtedly occupied this
steep-walled vdley at one time, but sediment has filled
in the depression.

These lakes are redively large. Numerous
smaller lakes of similar origin have had an ephemeral
existence in many of the stream valeys where the
landdide material was either less extensve or the
stream was large enough to cut through, draining the
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lake. Even with much of the damming materia re-
moved, larger blocks of rock form rapids in these
streams as evidence of the existence of former landdide
dams.

Beach Processes

With at least 140 miles or dmost one-half of
the 310 mile long Oregon coast bordered by sand
dunes, the state boasts much more of this fragile
resource than either Washington or Cdifornia The
main source of beach sands is erosion of sea diffs
supplemented by material transported and deposited by
riversin coastd estuaries. Except for asmall percent of
sand carried to the Clatsop Plains, Columbia River
sediments move north aong the Washington coast.

Oregon beaches go through a cycde that is
dependent on longshore currents and shifting, wind-
blown beach sands. During the winter, storm waves
strip sand from many beaches, depositing it offshore in
submerged bars. During the summer months the sand
is redeposited on the beaches. Dunes build up when
moving sands, carried northward with the winter storms
and south during the summer, are trapped behind
headlands. The amount of sand moved north is about

the same as that carried south, so the supply remans
approximately the same. This reuse of sand back ad
forth, year after year, has important implications for
beach mining. As the sand is recycled, most minerals
except quartz, are removed to deeper water so that the
process argues against economic sand mining ventures.

Today the Oregon coast is retresting by as
much as 2 feet per year. The construction of riprap,
piers, and breskwaters often accelerates this coadd
erosion. With poorly designed jettys, sand piles up
unevenly againg man-made obstructions or is fluded
out to sea. The jetty on the north side of Tillanook
Bay has drastically retarded the flow of sand trangport-
ed along the coast here S0 that the deficiency of sad
south of the jetty has caused an increase in eroson of
Tillamook Spit, which retreated by 50 feet from 19%6
to 1960. At Cape Meares directly to the south the
coastline was cut back 320 feat during the same period,
and the winter storms of 1960 to 1961 moved the cgpe
back by 75 feet. Along the southern coadt, the south
jetty a Coos Head has in turn atered Bagendorff
Beach. Prior to construction, beach sands were limited
to the area between Y oakam Point and Tunnel Point.
With the jetty in place, sand filled in behind the new

Dominated by high cliffs, the small cove at Cape Meares is viewed with the wide Tillamook Bay in the
background (photo courtesy Oregon State Highway Department).



structure, extending Bagtendorff Beach seaward to
obscure the original configuration. Dune sands here
have been further stabilized by grass plantings.
Among the erosiona processes on the coast-
line, landdliding is one of the most significant. Once a
section of land has dumped and come into contact with
the ocean, wave activity cuts away the supporting
material a the toe. A steep diff which is even more
vulnerable to repeated diding and erosion is produced.
Landdiding is readily apparent dong 70 of the 150
miles of the northern Oregon coast as fa south as
Florence. In February, 1961, a large mass of earth
began to move at Ecola State Park in Clatsop County
dumping much of the debris into the sea. Over a
period of two weeks approximately 125 acres was
carried downdope at a rate of 3 feet per day. A dassc
cae of coastal diding took place near Newport when
alarge block did seaward from 1942 to 1943 taking 15
houses with it. The opening widened, breaking up the
pavement, roads, and water mains that formerly con-
nected to houses on the dumping ground. Today the
A is attacking the seaward sde of the mass, and
eventually the bulk of the debris will disappesr.

Send Spits

Sand spits partly block the entrance to a
number of rivers, and frequently the sands have nar-
rowed the opening to restrict tidal movement in and
out of the bay. Receiving sands carried on currents,
sand spits develop where a projecting headland diverts
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Waldport

Erosion of the Alsea Spit in Lincoln County

the current as at Cape Lookout and Cape Arago. The
spit from Cape Kiwanda across Nestucca Bay deflects
the Nestucca River southward, and a the mouths of
the Coos and Coquille rivers long sand spits have
grown down from the north pushing the rivers up
againgt the rocks on their south banks.

Even with their inherent instability, sand spits
attract commercial development. Unfortunately storms
and the lack of sand on winter beaches cause severe
erosion, attacking buildings close to the strand. Jutting
northward from Cape Meares for 4 miles in Tillamook
County, Bayocean Spit across Tillamook Bay is the
eroded remains of an elongate dune probably originally
connected to the mainland at the north while the
southern end was open for drainage. Bayocean, or
Tillamook Spit, has had an extensive history of erosion,
and in 1952 a mile-long break appeared. A dike was
built along the spit to sed the gap. In 1907 this spit
was the focus of real estate developers who advertised
the city of Bayocean as "The Queen of Oregon Re-
sorts"" Nearly 2,000 lots were sold, houses built, and
streets paved. A natatorium and the beginnings of a
hotel with a downtown grocery, bowling dley, and rock
shop appeared on the spit before lega problems
halted construction by 1914. Winter storms in 1939
inflicted considerable damage on the road and natatori-
um, even though a fev permanent residents held on

until 1948 when storms cut three gaps in the peninsula
Only a few concrete foundations remain today.
Records kept since the early 1800s indicate
Siletz Spit in Lincoln County had been relatively sable.
With the early 1960s, a road the length of the i,
houses, and artificial lagoonswere added. Stormsin the
winter of 1972 to 1973 destroyed one partially aon-
structed house and threatened others on the spit. For
atime it was feared the entire spit might be cut in two,
but riprap was successully placed on the ocean sSdeto
protect the development. Thetip of Alsea Spit was log
as a result of winter storms and high wave adion

Cape Meares {
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during 1983, and within 5 weeks the opening to Alsea
Bay had widened to over 1,900 feet by shifting erosion-
a patterns. Houses on the the spit as well as the city
of Waldport were threatened. At Netarts Bay, the long
narrow sand bar jutting northward from Cape L ookout
is forested in the central section, but the north end is
bare and subject to erosion.

Offshore Continental Shelf and Sope

The continental shelf and dope are of increas-
ing importance as available technology makes explora:
tion and exploitation easier, and the search for food,
fossl fues, and metals expands into the ocean basins.
The edge of the continent does not stop at the beach
but extends to the shelf that dips gently seaward to a
depth of 600 feet. The stegper continental dope
descends to abyssal sesfloor depths of 9,000 feet below
sea level. The combined width of the shelf and dope is
approximately 70 miles off Astoria and 40 miles off
Cape Blanco. Shdf and slope geology adjacent to
continents are linked directly to onshore geologic
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systems, and the Oregon coastal margin is no excep-
tion. Sedimentary formations ranging from Eocene
through Pleistocene exposed in the Coast Range can be
traced offshore where the oldest sediments on the
continental shelf grade into younger deposits on the
dope.

The continental margin of the offshore shdf,
dope, and abyssd plain are broken by features as
banks, ridges and basins, canyons, and channels. On
the outer edge of the shdf, prominent submarine fault-
bounded escarpments as Nehalem, Stonewall, Perpetua,
Heceta, and Coquille banks are exposed Miocene
through Pliocene mudstones, sandstones, and days that
project as much as 200 fest above the surrounding
segfloor. The steep escarpment at Stonewal Bank is
situated approximately 19 miles off Y aquina and Alsea
bays in water less than 120 feet deep. Another subma-
rine projection, Heceta Bank lies about 35 miles west
of the mouth of the Sudaw River and rises within 360
feet of the surface, while Coquille bank, a shoal
approximately 3 miles wide and 8 miles long between
Coos Bay and Cape Blanco, exhibits 198 feet of relief.

Physiography and structure of
the continental slope and
abyssal plain off Oregon and
Washington.
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In contrast to the mud seafloor below,
the banks often have a rocky substrate
where dense populations of inverte-
brates and fish dwell. Seaward from
these banks, the continental slope is
interrupted by prominent north-nor-
thwest ridges and intervening troughs.
The longest ridge between Cascade
Head and Tillamook Bay extends up
to 2000 feet while a similar ridge
south of Cape Sebastian is a north-
ward continuation of the Klamath
plateau.

Cutting completely across the
continental shelf and slope, submarine
canyons and channels are important
avenues for dispersing sediments by
turbidity currents that originate in
shdlow water. Of these, Astoria Can-
yon, a mgjor submarine feature off the
Oregon coast, heads 10 miles west of
the mouth of the Columbia River and
extends across the Astoria submarine
fan. The canyon eventually reaches a
depth of over 9000 feet where its
identity is logt in the ayssal plain.
Another noteworthy feature, the
Rogue Canyon, with its head near the
edge of the southern Oregon shdf,
cuts across the continental slope to
connect with the abyssd plain off the
Rogue River. The longest deep-sea
channel known in the Pacific Badin is
the Cascadia channd. About 1,200
miles in length, the channel connects
to the edge of the continental shelf
northwest of the mouth of the Colum-
bia River before angling in a southerly direction to
breach the Cape Blanco fracture zone. The great
volume of deep sea sediments carried from the Wash-
ington continental slope have pushed this channe
farther and farther out onto the abyssa plain since the
Pleistocene.

The focd point of Oregon offshore geology is
the subduction zone at the base of the continental
dope. Throughout the collison and accretion of the
Coagt Range idand archipelago, the two main dabs,
the Farallon and North American plates, continued to
grind dowly toward each other. With the collison
event, the subduction zone separating the two was
abandoned and a new zone established west of the
idand chain. Today the subduction zone extends north
and south aong the foot of the Oregon continental
dope, but the trench itsef is largdy obscured because
of arapid sedimentation rate. For this reason Oregon
does not display the pronounced offshore subduction
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Block diagram of the Coast Range, continental
shelf, and slope at Cape Arago.

trench or depression typical of much of the Padfic
basin. Off southern Oregon, upper dope depodts ae
accumulating at a rate of 4 to 6 inches per 1,000 years
whereas lower dope deposits both to the north ad
south are accumulating at a phenomenal 8 to 26 indhes
every 1,000 years. The digtinctive Crater Lake ash ad
pumice layer, dating back amost 7,000 years, is egly
recognized in the deep marine environment off Oregon
and provides a useful milepost for estimating rates of
sedimentation.

The great influx of sediment from the Cdum-
bia River piles up a the base of the dope in hge
submarine deposits caled fans. The Astoria fan edands
from 6,000 fet along the continental dope to the
abyssd plain below 9,000 feet and covers more then
3,500 square miles. Only gently doping, the Adoriafan
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hes been built up by multiple turbidity currents of mud,
day, and sand from the Astoria and Willapa canyons.

Pressure along the subduction zone produces
a series of oblique faults and broad folds which contin-
ue from the lower to upper continental sope. Miocene
and younger oceanic basdlts as wel as the veneer of
upper Miocene, Pleistocene, and Holocene clays, silts,
and sands here are deformed into a wedge or an
accretionary melange. Sediments of the descending
Juan de Fuca plate have been scraped dff to pile up on
the leading edge of the North American plate.

}
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Block diagram across the Coast Range, continental

shelf, and slope at Siletz Bay

Mal sheir |

Cascade Head

Across the abyssal plain to the west, the mgor
boundaries between the subducting plates or tectonic
blocks are the Juan de Fuca and Gorda spreading
ridges and the Blanco and Mendocino fracture zones.
In harmony with the Coast Range block, this entire
network of spreading ridges and fracture zones shows
evidence of having been rotated as much as 20 degrees
clockwise in the past 10 million years, since late
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Miocene time. The Blanco and Mendocino fractures
are the source of an ongoing series of magnitude 5 and
6 earthquakes in southwestern Oregon and northern
Cdifornia Although the quakes have occasondly
moved houses off foundations, to date no catastrophic
damage has occurred. Some commercial interest has
been shown in the offshore spreading centers for their
mineral potential, but technology, economics, and
environmental considerations may temporarily preclude
the exploitation of these massive sulfide deposits.

Structure

Evidence throughout the Coast Range reflects
the ongoing uplift of the entire province. Rock frac-
tures, faulting and folding, terraces on the western

Structure of the Oregon Coast Range

Oregon

" California
R 4
S

slope, and tilting phenomena al suggest a close rda
tionship between uplift of the Coast Range block ad
the subducting dab of the Juan de Fuca tectonic plate
beneath the North American plate.

Structurally the Coast Range is a large audd
wrinkle with a north-south axis. The terms anticlinori-
um and synclinorium are used to describe extrandy
large folds of this type with many smaller crenulations
across the flanks or limbs. At the north end of the
coastal mountains the Willapa Hills of southwestern
Washington is an upfold or arch that crosses the
Columbia River into northeast Columbia County. Just
south of the river a Migt, rocks of the coast are domed
into a low anticline at the Nehalem arch. To the
southwest, this fold becomes the Tillamook highlands
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South of the 45th parallel at the latitude of Sdlem the
fdd gradualy inverts to a broad basin or syncline. The
southern part of the Coast Range synclinorium extends
dl the way to the limit of the physiographic province
where the axis swings southwest near its extremity in
the Klamaths.

Because the Coast Range has been severdy
flexed and bent by folding, rocks in the province are
cracked and broken by a network of criss-crossng
faults and joints. When viewed from the air, the mgor
faults follow three patterns. One group runs in an
eet-west direction, one in a northeast by southwest
direction, and one in a northwest by southeast direc-
tion. Across the continental dope and into the shelf
mod of the faults are steeply angled thrust faults where
the overhead or hanging wall has gone up and over the
bottom or footwall. This kind of fault, typica of crustal
shortening or telescoping, is produced as the oceanic
Juan de Fuca plate is thrust eastward benesth the
North American continental plate. Thrust faults along
the coast, continental shef, and dope reflect the
pressure on rocks caught between these two large-scale
plates. Within the Coast Range itsdf, most faults,
known as normal faults, are nearly vertical or dip
Segply to the east or west. These faults ordinarily have
ther overlying part or hanging wall dropping with
respect to the underlying footwall. This kind of rock
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Kings Valley and Corvallis faults north of Marys
Peak

failure represents crustal extension or stretching and
reflects the tension placed on rocks by folding and
flexing. Examples of such enormous structures are the
Kings Vadley, Corvallis, Gales Creek, and Portland
Hills faults. Displacement on the Corvallis fault is as
much as severa miles. A third type of fault is exempli-
fied by the north-south Fulmar fault midway across the
Oregon continental shelf. This fault is a shear in the
crust where the east side moves south and thewest sde
moves north much like the San Andress fault in
Cdifornia Called a strike-dip fault, this large-scale
feature may have had as much as 120 miles of move-
ment in middle and late Eocene time.

Earthquakes

Oregon's recorded history of earthquakes is
minimal and within the written records, which go back
only 175 years, no sgnificant quakes have been noted.
However, evidence of catastrophic Holocene saismic
activity has come to light as recently as 1987 with
studies of buried coastal lowland swamps and bogs as
well as offshore turbidity flows in Oregon and Wash+
ington. Along the coast the land dropped abruptly from
2 to 8 feet a number of times over the past 7,000 years.
The subsidance of sections of the land below intertidal
muds must have occurred very quickly as many of the
trees in the swamp deposits are still preserved in an
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upright position. Subsidance of water-saturated coastal
sediments causes the mud and silt to liguify and flow.
In some locdities these liquified sediments burst out as
a "sand volcano" or sand bail. In Oregon, 15 locations
between the Coquille River and Seaside record the
distinctive pattern of land subsidance, buried forests,
and bogs with a mud covering. At South Sough in
Coos Bay, marshes with at least 8 burial events over
the lagt 5000 years demonstrate clear evidence for
large-scale coastal earthquakes.

An andogy can be made between this rapid
subsidance along the coastal region and a deck of
cards. As the Juan de Fuca plate is subducted beneath
the North American plate, the lower descending plate
may bind and hang up. As plate movement proceeds,
the plate begins to arch up like a bent playing card,
causing the coastal area to rise dowly. Once the dab
dips, the uplifted section snaps down bringing about
wide-spread and rapid dropping of the land accompany-
ing catastrophic earthquakes. These large-scale earth-
quakes are aso recorded as displaced submarine
sediments deep on the shdf and dope. With the
vigorous shaking implicit in a strong quake, piles of
unconsolidated sediment perched a the edge of the
continental shelf are loosened and sent further into
deep water as a roiling, muddy dendity current or
turbidity flow to spread out over the slope and abyssd
plain. Over 14 of these separate turbidity flows that
correlate with depressed coastal swamps have been
identified. Each turbidity flow shows up as an unmis-
takable sequence of coarse sand at the base grading
toward the top into fine-grained, deep sea clays.

Tsunamis

Earthquakes from fault activity on the ocean
floor can trigger enormous seismic waves cdled tsuna-
mis that cause considerable damage once they reach
the coast. Travelling up to 600 miles per hour, tsuna
mis appear as low waves in the open ocean but pile up
as high as 100 feet when the wave energy is concentrat-
ed in shallower water near the coast. Evidence for
prehistoric tsunamis is preserved in estuaries and
coastal marshes where careful excavation shows traces
of wave damage fa beyond that caused by storms.
Sediments record periodic scouring of bays and coastal
aress that are covered by a distinctive deposit identify-
ing the tsunami event.

Oceanic seismic events typicdly occur as a
series of destructive waves over the span of severa
hours or longer. Since its ingtallation in 1967, the
instrument to record tides at the Oregon State Univer-
sty Marine Science Center at Newport has measured
only three small tsunamis, even though one group of

waves lasted up to 2 days. One of the highest waves to
reach Oregon in the early 1960s was measured a 95
feet high by an offshore wave-monitoring program
concerned primarily with oil exploration. On March 27
and 28, 1964, the large seismic waves that struck the
Oregon coast were generated by an earthquake in the
Prince William Sound of Alaska. When the enormous
waves reached Oregon, they tossed logs and debris onto
beaches, across highways and into nearby buildings.
One wave caused the water level to drop exposng vest
areas of the upper shelf before seawater cascaded over
it. Although property damage in Oregon was light,
tragically, 4 children deeping a Beverlly Beach State
Park were drowned. A seismograph in operation at
Newport since 1971 measured waves as high as 21 feg
in the winter of 1972 to 1973.

Mining and Mineral Resources

Black Sands

Along the southern Oregon coast, heavy black
sands in marine placers contain an assortment of
economic mineras. During the Pleistocene minerds
from the interior were transported by streams draining
the Coast Range to the ocean where they were sorted
by winnowing action of the waves. Heavier minerd
grains such as gold, platinum, chromite, magnetite,
garnet, and zircon were left along the beach, whereas
the the lighter fragments such as quartz, feldspar, and
mica were carried out onto the continental shef. Many
of the heavy mineras are black, and the deposits are
referred to as "black sands’. The origina sourcefor this
placer gold is the Jurassic Galice Formation drained by
the South and Middle forks of the Sixes River. Shdes,
sandstones, and greenstones of the Galice have been
intruded by small grantitic dikes that precipitated the
mineras into the host rock.

Heavy mineral concentrations are found from
Cape Blanco north to Cape Arago with the mgor
economic deposits located a the mouths of rivers ad
on elevated terraces. Early day prospectorswere manly
interested in gold, which was discovered by Indians in
1852 near the mouth of Whisky Run north of the
Coquille River. Shortly after news of discovery hed
spread, miners erected a network of long duice boxes
in the samdl creeks and along the beach. Sand, shov-
elled into the duices, was washed down the trough with
a dtream of water 0 that the heavier gold partices
were caught in the riffles. On higher terraces miners
tunnelled deep into the basal black sand lenses. The 50
to 60 foot covering of loose, barren sands above the
placer layer and the extremely fine-grain of the miner-
as made recovery difficult. Near Whisky Run, Randol-
ph, a boom town of tents, stores, saloons, and houses,



A bucket line dredge mounted on a wagon
with 6-foot steel wheels was designed to
work beach placers in and out of the tide
(photo courtesy Oregon Dept. Geology and
Mineral Industries).

hed sprung up only to be abandoned after a disasterous
storm destroyed most of the mining operations on the
beach in 1854. Shortly after that, prospecting here was
only carried out sporatically. Although gold remains in
the thin layers of black sands today, it is doubtful if the
amounts are economic.

North of the Coquille River the two largest
placers occur on the uplifted Seven Devils and Pioneer
terraces. Here north-flowing longshore currents carried
the minerals to be deposited near old seadiffs. At the
Pioneer Mine, the 3-foot thick placers atop the terrace
are covered by recently deposited sand dunes. Cutting
three long tunnels, the longest of which was 1,340 feet,
miners recovered gold and platinum from the mineral-
rich layers. The Seven Devils or Last Change Mine
south of Cape Arago was originaly opened for gold
and platinum, but from 1942 to 1943 chromite wes
extracted before the operation closed after World War
Il.

Production amounts from Coos and Curry
county beach placers were never systematicaly report-
ed, but $60,000 in gold and platinum is estimated to
have been extracted between 1903 and 1929. In 1988 a
joint federal and state Placer Task Force examined the
Oregon shdf for economic deposits of metalliferous
black sands, but fev mineral resources were discovered.
The search for economic minerals in the black sands
was pursued as recently as 1992 when a minera
resources company leased the rights on 4,000 acres
south of Coos Bay to investigate the possibility of
extracting chromite, garnet, zircon, and titanium.
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Cod

Although coa deposits are scattered across
Oregon, there are only two significant cod producing
regions in the state, the Coos Bay and Eden Ridge
fields, both in Coos County. Of these, only the Coos
Bay fidd has been extensvely mined. Eocene cod beds
formed as a result of a chronically svampy environ-
ment that existed along the edge of the ocean covering
western Oregon. As plants growing in the lowland
svamps accumulated in the brackish water, layers of
peat developed. With the land sinking localy, sedi-
ments covered the bogs compressing and compacting
the organic material into cod. Where there was not
enough compresson and the coa contains too much
water, it is ranked as sub-bituminous and of little
economic value. Most of Oregon's cod is of inferior
qudlity, even though deeper parts of the basin have
bituminous zones where pressure and heat have reacted
with the sub-bituminous materia to make a higher
rank of cod capable of generating in excess of 9,000
B.T.U.'s. In spite of its low rank, coa here spontane-
oudy combusts. Cod loaded in a bunker or gondola

Historic Libby Coal Bunker on Coos Bay (photo
courtesy of J. L Slattery)
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The Beaver Hill Coal Mines in the Coaledo Forma-
tion reflect an industry from Oregon's past (photo
courtesy of Oregon Dept. Geology and Mineral
Industries)

car more than 3 to 4 feet deep will often begin to
smolder and burn.

The Coos Bay cod field in the Beaver Hill bed
of the Coaledo Formation, 30 miles long and 12 miles
wide, is situated with the long axis in a north-south
direction. After its discovery in 1854, the Coos field
was mined sporatically through the 1940s at which time
modern machinery was installed. Between the middle
1800s and 1920, the recorded production from 37
mines was 3 million tons. The potentially dangerous
shafts and portals of the mines were sealed and covered
in 1985 as a safety measure completed by the U.S.
Office of Surface Mining, temporarily ending the
Oregon cod mining era

Cod in the Eden Ridge field in southern Coos
County is part of the Tyee basn sediments. Here
sgnificant amounts of sub-bituminous cod were
located by extensve drilling during the 1950s but
commercid exploitation has never been feasible.

Oil and Gas

Exploration for oil and gas in the Pecific
Northwest began about 1881 with reports of "smell
muds', oil, and gas seeps aong the Washington coast.
Almogt al of the 500 exploratory wells were drilled
prior to World War 11, but only about 80 penetrated
below 5,000 feet. Drilling activity in Oregon has been
sporatic since the early 1900s. Wells drilled near Coos
Bay after 1930 record minor amounts of both oil and

gas. In the Willamette Valey a number of drill Stes
showed oil and gas, and in 1981 a well near Lebanon
in Linn County tested 170,000 cubic feet of gas per day
before it was plugged and abandoned. Oil and ges have
also been reported in the Tyee basin of the southern
Coast Range.

Drilling of the Mist region in Columbia
County began in 1945, but it wasn't until 1979 that the
ges fidd here was discovered by the combined eforts
of Reichold Energy Corporation, Diamond Shamrock
Corporation, and Northwest Natural Gas Company.
Today the fidd conssts of 18 wells, producing 384
billion cubic feet of gas to date, with no sgnificant ail.
Most of the reservoirs in the fidd are fault traps within
a larger anticline structure. Hydrocarbons found in
sandstone reservoirs of the upper Eocene Cowlitz
Formation initialy accumulated in organic-rich marine
deltaic sediments before being transformed by hest into
gas.

Throughout the Pecific Northwest, severd
fine-grained sedimentary rocks are regarded as poten-
tial sources for petroleum. However the lack of porous
reservoir rocks is largey due to days and zedlite
minerals plugging the sandstones. The most likdy
reservoir sands are those deposited in high enagy
upper continental shelf environments where valcanic
debris is limited. The Cowlitz, Yamhill, Codedo,
Spencer, Eugene, Yaguina, and Astoria formations
meet these conditions in part. Similar requirements for
reservoir rocks need to exist for the successful explora:
tion for offshore oil. Even with the limited success of
Oregon petroleum exploration, it would be premature
to sy al availlable resources in the state have been
expended.

Mercury

In western Oregon cinnabar or mercury ore
occurs scattered within a belt 20 miles wide that
extends from Lane, Douglas, and Jackson counties in
the southern Coast Range to the Cdifornia border. In
Lane County, the Black Butte and Bonanza mines are
responsible for about one-half of Oregon's quickslver
production. Mining here exploits Eocene maine
sediments as well asvolcanics of the Fisher Formation.
Discovered in 1890 by SP. Garoutte, the Black Buite
Mine yielded a reddish cinnabar ore. Sulfur, combined
with the mercury in the ore, was burned off in a 40-
ton-a-day furnace. The mine was operated off and on
until the early 1970s when the land containing the
mine was sold for its timber assets.

Sightly to the south in Douglas County, dnna
bar & Bonanza Quickslver Mine was found in the
1860s. The mine was operated under a successon of
owners during World War Il when wartime demands
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As James Stovdl frequently remarked to his
geology classes at the University of Oregon, the Devil
nominally owns much of the coastal real estate. Devils
Elbow, Devils Punchbowl, and Devils Lake are among
some of the more scenic spots. While many of the
names were given for imaginative reasons only, other
places have been s0 designated because of specific
beliefs or events. Unusual rock formations, lakes, or
groves of trees attributed to mythical influences or
which display dramatic physicd features were feared by
coastal Indians who created legends about evil spirits
or skookums which may have haunted them. Devils
Lake is so named because of an Indian legend concern-
ing a giant fish or marine monster which periodicaly
rises to the surface to attack passng Cdlifornia tourists.

one mile
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Cape Blanco

Headlands, Sea Stacks, and I1dands

In the cycle of coastal erosion, softer rocks and
sediments are rapidly removed, and harder volcanic
rocks emerge as headlands projecting from the main-
land. Continued erosion of the durable headlands may
isolate these resistant bodies to produce sea stacks,
shoals, idands, and knobs. A distinct promontory noted
on early maps, Cape Blanco is Oregon's most westerly

forced prices upward. Pesk years were from 1940 to
1943 after which output dwindled until the Bonanza
cdosad in 1960. The Bonanza Quicksilver Mine was
Oregon's largest producer with 39,488 flasks.

Features of Geologic Interest

Long famous for its unique and beautiful
scenery, the Oregon coast provides a marvellous
combination of pleasing beaches and dramatic rocky
headlands with steep diffs interrupted by quiet coves.
Travelling aong the coast, impressive vistas that appear
with each curve rival those in the Cascades as Oregon's
most impressive visua treasure. High flaa marine
terraces dominate the coastline from Cape Blanco to
Coos Bay. North and south of the Cape, these terraces
occur in a discontinuous belt recording episodes of
uplift and wave-cut erosion during the lce Ages
Towering dunes a Florence make up along section of
beach sands, stretching 50 miles from Coos Bay to
Heceta Head. North of Florence, volcanic rocks have
been carved by wave action into diffs, shoals, idands,
sea stacks, and caves which interrupt the stretch of
beaches. Where sedimentary rocks and sand dunes are
bordered by low diffs near Yachats and & Newport, a
narrow coast with rolling topography is created.
Northward to Tillamook Bay, once again a rough,
rocky coastline is interspersed with long arcuate sandy ) ) o
beaches, spits, and bays, ending a the mouth of the ~ The raised terrace is clearly visible above _
Columbia River with the 17 mile long Clatsop Plains. ~ Cape Blanco (photo courtesy U.S. Forest Service).
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point as wdl as being the most southern projection of
the Coast Range province. The cape was named "White
Cape' by 16th century Spanish explorerswho noted the
white fossil mollusc shells that wash out of buried
Pleistocene terraces high on the bluffs Rocks of the
promontory are a complex of Jurassic Otter Point
conglomerates covered in turn by Eocene mudstones
capped by the the highly fossliferous late Miocene
Empire Formation. North of Cape Blanco a number of
stacks and large idands are found from Bandon State
Park to Cape Arago. A fidd of durable Jurassic rocks
of the Otter Point Formation are common here
creating such landmarks as Face Rock and Table Rock.
Blacklock Point, immediately north of the cape, isaso
formed of resistant Jurassic rocks.

The most dominant promontory north of Cape
Blanco is found a Coos Bay, where a complex of
headlands at Cape Arago, Gregory Point, Yoakam
Point, and Coos Head are braced by massve sand-
stones. Coos Head is supported by the Empire Forma-
tion, while fine-grained sandstones of the Tunnel Point
Formation compose the point that projects onto the

(*1,/] J‘A,
~ Yy ¥
. ~

«\(
f’l h /(.,
. /

y A
™ ) el |
N ,)\\‘ ‘{s‘ Coos Head l J |

\,5.‘ Y, P ‘ 1
& .

Tunned Pomnt

beach south of the entrance to Coos Bay. Degly
eroded sandstones of the Coaledo Formation at
Yoakam Point and Gregory Point have been honey-
combed with erosiona chasms. The impressive formd
gardens at Shore Acres State Park are underlain by
steeply-dipping Coaledo Formation studded with
cannonball concretions. Offshore here, Smpson reef is
a sandstone remnant of the Coaledo Formation thet
was once continuous with the headland. Squaw "Idand”
a the entrance to Sunset Bay is connected to the
mainland by a ridge of rock. During low tide the
exposed bedrock creates a causaway to the idand. Sand
carried by longshore currents is accumulating dong the
bedrock exposures to build up the causaway. North of
Florence, Eocene volcanic rocks of Yachats Badlt
form resistant promontories a Sea Lion Point, Heceta
Head, and Cape Perpetua. Narrow ledges are caved
along the base where the fractured basalts are being aut
avay. At Heceta Head and Devils Elbow State Park
severa large rock masses appear offshore as isolaed
stacks that were once part of the mainland. A series of
flows in the basalt and the nearly horizontal layers
suggest the lavas issued from low profile shield volca
noes.

Basdt eroded into a variety of rocks shgpes
and dzes makes Seal Rocks among the most pictur-
esque along the coast. Here the southern coastal extent
of Columbia River basalt flows, originating in eagtern
Oregon, have been eroded to expose dikes and slls. Of
these, Elephant Rock is the most conspicuous. Now
part of the mainland, this rounded knob was an isola-
ed sea stack during Pleistocene interglacials when s
level was higher. A distance offshore, steep-sided Otter
Rock is an isolated block of the same invasive basdlt.

Northward from Sed Rocks, headlands as



Elephant Rock, an elongate knob of basalt at Seal
Rocks State Park (photo courtesy Oregon Dept.
Geology and Mineral Industries)

Yaguina Point, Cape Foulweather, Cape Lookout,
Cape Meares, Cape Falcon, and Tillamook Head are
al of resistant exposures of Miocene Columbia River
BasAt. Cape Kiwanda, which is bracketed by softer
sediments, and Cascade Head, composed of locd
basdts, are the exceptions. Covering about 7 square
miles between Neskowin Creek and Samon River,
Eocene basdt from a volcanic vent forms Cascade
Heed, risng 760 feet above the sea surface. Proposa
Rock, now a tree covered idand, was once part of
Caxcade Head before being cut off from the coast.
Caoe Kiwanda is unusua in that it is made of resistant
sedimentary rocks of the Astoria Formation. Offshore
Haysack Rock of Miocene basalt protected the head-
land from erosion until it was separated from the cape
by wave action. Since that time the cape has receeded
to its present position.

Jutting dramatically for three-fourths of a mile
fram the shore north of Cape Kiwanda, the narrow
Cae Lookout is composed of Miocene basdts. Be-
caue the layers that make up the cape are tilted
toward the north, the sheer diffs to the south are 800
high, while those to the north rise only 400 fest.
Maxwdl Point and Cape Meares are dso part of the
sare invasve Columbia River basalt flows A pocket
beech is located between the smaller southern lobe at
Mawdl Point and the more northerly projection at
Cge Meares. Sands in these pocket beaches are
protected from erosion by dominant headlands. Here
three points of rock, separated by deep coves rise
vaticdly to elevations of 400 feet. The sea sacks,
knobs, and arches of Pillar Rock, Pyramid Rock, and
Three Arch Rocks offshore from Cape Meares and
Mawdl Point are remnants of Columbia River basalt
flons once connected to the mainland. Of these, Three
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Arch Rocks were mogt likdy tunnels at one time.
Today these offshore rocks are inhabited by countless
marine birds and sea lions.

To minimize hazards to shipping from the
projecting rocks, a lighthouse was constructed in 1890
on the longest headland at Cape Meares. Sheet iron
and bricks that were formed and baked on ste at the
capewere used in the building. The unusual lensin the
lighthouse has eight sides, four with deep red panes
and four with white ones, capable of projecting a beam
21 miles to sea. The only other light of this type
operates in the Hawaiian Idands. The giant lens,
weighing more than a ton, was ground in France,
shipped around Cape Horn, and hoisted up a 200-foot
diff using a crane made from local spruce trees. An
older oil-vapor lamp replaced the origind 5 wick
kerosene lantern, and in 1934 dectricity reached the
cape. The lighthouse was taken out of service in 1963.

Wave action at Tillamook Head separated the
100 foot high Tillamook Rock, an offshore basalt sea
gtack, from the mainland. One of Oregon's largest
coastal monoliths, Tillamook Head is a complex of
Miocene basdlts and Astoria Formation sediments
eroded into headlands, coves, stacks, and arches. Two
promontories, connected by a crescent-shaped indenta
tion, make up the 1,136 foot high Tillamook Head. The
famous lighthouse atop Tillamook Rock was built in
1878 with materia shipped in and landed by derricks.
Improved navigation brought about the closure of the
lighthouse in 1957. Purchased by Las Vegas business-
men in 1959, it remained vacant until 1980 when a
Portland rea estate consortium bought the idand to
remodel the lighthouse structure for use as a columbar-
ium.

Caves and Trenches

Rocks, with fractures and faults running
through them, have been eroded as caves, trenches, and
tunnels seen in coastal areass. As waves flush awvey
softer zones of rock aong the faults, long straight
trenches or caves result. When the roof collapses, as
happens frequently, a churn, punchbowl, or water spout
may develop. Between Sunset Bay and Cape Arago,
narrow trenches and chasms are common. At Shore
Acres State Park, the roof of a cave has collapsed
leaving a natural bridge. Tunnel Point, the sharp
headland immediately west of Coos Head, once had a
natural tunnel and cave created by erosion of the sea
diff. Devils Elbow near Heceta Head and Devils Churn
south of Neptune State Park are sea caves where the
roof has collapsed along a trench that terminates in a
cave beneath the headland. The tunnel at Devils Elbow
extends 600 feet through Eocene Y achats Basalt. Near
Neptune State Park, what was once a sea cave or
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The dramatic promontory of Cape Lookout with Netarts Bay to the left (photo courtesy of the Oregon

State Highway Department).

tunnel through rock, has been eroded to the degree
that it now resembles an arch.

The largest of the cavernsjust south of Heceta
Head are Sea Lion Caves, home to a large population
of these marine mammals. The caves have been cut in
bedrock at the intersection of a system of east-west and
north-south fractures and faults through Eocene
Y achats basalts. The largest west facing opening is used
by the sea lions to move in and out of the cave. The
southern part of the tunnel is below sealeve, while the
northern section is the location of the public viewpoint
into the cave. Fractures aong which the cave deve-
oped can be seen in the celling.

Among the best-known of the coastal erosional
features are Devils Punchbowl a Otter Rock and the
spout a Depoe Bay. At high tide and on windy days,
waves, forcing their way through a tube cut into
fractured Columbia River lavas a Depoe Bay, erupt
upward in an opening aong Highway 101 sending a
column of water high into the air. These same invasve
Miocene basalts form the wall that separates the
picturesque inner and outer harbors here. At Devils
Punchbowl, the rock where two sea caves met collapsed
to form a pit. During high tides or stormy conditions,
sea water foams and froths as in a boiling pot.

Sand Dunes

Of the severa areas of extensve sands dong
the Oregon shoreline, the belt of dunes between Coos
Bay and Sea Lion Point north of Florence is the
longest, extending for a distance of 55 miles. Averaging
2 miles in width, the strip is 3 miles a the widest paint
near Florence, where it was declared the Oregon
Dunes Nationa Recreation Area in 1972. Fom
Tillamook Head northward, another strip of sad
dunes that makes up Clatsop Plains is a mile wide at
the southern end and about 3 miles wide in the north
where it extends across the mouth of the Cdumbia
River to Cape Disappointment in Washington. Risng
from 10 to 100 feet above sea level, long ridges of
these dunes run parald to the shore for miles.

The Clatsop Plains developed during the late
Quaternary when sand began filling in the andent
shorelinethat lay east of whereit is now. Spits between
Cullaby Lake and the mouth of the Columbia increassd
the deposition of sand between 1400 to 400 years ago
when magor accumulations took place as the ocoet
migrated westward. At the northern end of Clasop
Pains, Clatsop Spit is the result of recent inHfilling
behind the jetty built on the south side of the Caum-
bia River in 1885. The spit has been dabilized by



Jumpoff Joe along the coast near Newport showing erosion in 1900, 1913, and 1926. Only a small
knob of the original rock remains today (photo courtesy Oregon Dept. Geology and Mineral Indus-

tries).

maram grass growing on the surface.

The unusual number of lakes found on the
Clasp Plains are elongate depressions between the
ridges of the dunes. The 1 to 2 mile long basins are
filled by groundwater percolating through the sand, and
mod of the lakes, as Cullaby, Smith, and Coffenbury,
ae independent of the local stream and river sysem
with no surface water running in or out.

Coedd Mountains

Dominating the skyline for miles in either
direction, Saddle Mountain, one of the highest pesks
in the Coast Range, projects 3283 feet above the
surrounding countryside. Located in Clatsop County
jud et of Seaside, Saddle Mountain was firg noted
ad named by John Wilkes of the U.S. Exploring
Expedition in 1841. Now part of Saddle Mountain
Sae Park, the towering diffs and surrounding forests
meke it one of Oregon's most remarkable spots. A

climb to the top provides vistas of the Cascades, Mount
S. Helens, the Columbia River, and the city of Astoria
on the Pacific Ocean.

The 2,000 feet of dark basdlts that make up
Saddle Mountain are part of the Miocene Columbia
River series extruded from fissures in northeastern
Oregon and southeastern Washington. Moving west-
ward down the ancestral Columbia River gorge, the
lavas eventually reached the Oregon coast. Where the
flowing lava encountered water, as is the case with the
basalts making up Saddle Mountain, breccias or broken
fragments of basdt and characteristic oval-shaped
pillow lavas resulted. Once the lavas had filled the local
stream valey and cooled, sedimentary rocks enclosing
the basalt were dissected by streams to expose the mass
of breccias at the crest of Saddle Mountain. Also
evident on the mountain are extensve vertica dikes of
basdlt running through the breccia for hundreds of feet.
The dikes formed when the lava penetrated oft
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sediments. Miocene basalts making up Mt. Hebo and
Neahkahnie Mountain are aso part of the same
coarse-grained Columbia River series. North of Neha-
lem Bay, the thickness of the layers making up Neah-
kahnie Mountain suggest that lavas must have ponded
up in a bay or similar low spot prior to cooling.

In contrast Marys Peak, the highest elevation
in the Coast Range, is capped by a resistant 1,000-foot
thick, fla-lying sll of medium-grained gabbro that
intruded Eocene sandstones of the Flournoy Forma-

tion. Oligocene intrusions of this type are common in
the central part of the range, and their emplacement
took place during the same time as coastal rotation
about 30 million years ago. An essy drive to the crest
of Marys Pesak yields scenes of grassy apine meadows
and a magnificent view. To the east the Willamette
Vadley and Cascade volcanoes form the skylinewhile to
the south prominent pesks are Flat Mountain ad
Green Peak, both intruded slls. Westward the Coast
Range and Pecific Ocean stretch to the horizon.

Marys Peak looking south. The Kings Valley fault trending north-south cuts directly across this

promontory (photo courtesy U.S. Forest Service).
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The Willamette River floodplain just east of Corvallis displays abandoned meanders, old chan-
nels, and oxbow lakes typical of a mature stream [photo courtesy U.S. Department of the Interior].



Willamette Vdley

Physiography

The Willamette Vdley and Puget Sound
physiographic province is a lowlands stretching from
Cottage Grove, Oregon, to Georgia Strait in Washing-
ton. The smallest physiographic division in Oregon, the
valey is alevel, elongate dluvia plain which narrows
a either end for 30 miles before it pinches out. En-
closad on the west by the Coast Range, on the east by
the Cascade Mountains, and bordered on the north by
the Columbia River, the main valey is 130 miles long
and from 20 to 40 miles wide. From 400 feet at the
southern end of the valey near Eugene, the elevation
drops to sea leve a Portland, an average of 3 feet per
mile. The overal gradient is to the north and not from
the margins toward the middle. The southern end of
the valey is narrower but flaiter than the northern
hilly Sdlem and Portland areas. Sdem is bordered by
the Eola Hills to the wes, the Ankeny Hills to the
south, and the Wado Hills to the east. The 1,000 feet
high Tualatin Mountains are adjacent to Portland on
the west, the Chehalem Mountains cross to the south-
wedt, while to the east and southeast smaller volcanic
buttes and peaks dot the landscape. Near the center of
the vdley, the 45th pardld, hdfway between the
equator and the North Pole, passes close to Sdem.

With a watershed of 11,200 square miles, the
Willamette River is the mgor waterway in the valey.
Originating at the junction of the Coast and Middle
forks near Eugene, the river runs north-northeast to its
confluence with the Columbia. Flowing into the
Willamette, sediment laden waters of the Coast and
Middle forks from the south, the McKenzie, Calapooia,
North and South Santiam, Pudding, Moldla, and
Clackames rivers from the Cascade Mountains, and the
Long Tom, Marys, Luckiamute, Yamhill, and Tualatin
rivers from the Coast Range drain the surrounding
aess

Although comparatively small, the Willamette
Vdley is the economic and cultural heart of Oregon.
As the only natural lowland of any Size, its moderate
dimate supports 70% of Oregon's population as well
as intense and varied agriculture.

WILLAMETTE VALLEY

Geologic Overview

Physiologicdly the Willamette-Puget Sound
lowland is similar to the Great Valey of Cdifornia, but
geologicdly the two are dgnificantly different. The
Cdifornia valey was a one time an inland sea behind
the Coast Range, whereas the Oregon province wes
part of a broad continental shelf of the ocean extending
from the Cascades westward beyond the present coadt.
Structurally the Willamette Vdley was more of a
coastal marine environment than a true isolated basin
or avalley cut by ariver. Although subsurface geology
of the Willamette Valey is closdy related to that of
the Coast Range, the later history of the vdley is
primarily one of glacia events. Thick layers of Late
Peistocene and Holocene dluvium cover dl but a fen
areas of preTertiary rock from Eugene to Portland.

Older foundation rocks here are volcanics that
erupted as part of a submarine oceanic idand archipel-
ago. Once the archipelago was attached or accreted to
the western margin of North America, the volcanic
rocks subsided, and a forearc basin formed on top. This
basin was to become the focus of marine deposits from
the Eocene through Pliocene. Fossls and sediments
accumulating in the basin during the Oligocene,
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Willamette Valley

Ceae
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Miocene, and Pliocene reflect shalowing as the ocean
shoreline retreated northwestward. These marine
sediments were covered in turn by Columbia River
lavas that poured through the gorge from eadtern
Oregon during the middle and |ate Miocene to invade
as far south as Sdem.

Uplift and tilting of the Coast Range block

= and Western Cascades brought about the trough-like

configuration of the Willamette Valey and the foma
tion of a number of closed basins on the continentd

»e ghdf. During the Pliocene and Pleistocene in the

northern part of the province, a large lake recaved
dlts, muds, and graves from the Willamette ad
Columbiarivers. The eruption of the Boring lavas fram
over 100 small volcanoes near Oregon City as wdl as
east and west of Portland covered these earlier lske
sediments, and today the vents project as small buttes

The dominant signature on Willamette Vdley
geology resulted from a number of large-scale Pleigto-
cene floods that scoured eastern Washington and the
Columbia River gorge leaving deposits throughout the
province. Enormous glacid lakes formed in Montana
when the Clark Fork River was dammed by ice ad
debris. Once the ice blockage was breached, rushing
flood waters carrying icebergs cascaded across Idaho,
southeastern Washington, and down the Cdumbia
gorge. Water backed up into the Willamette Valey
creating temporary lakes and strewing a fidd of boul-
ders in its wake. An unknown number of floods took
place during a 2500 year interva until the dimae
warmed, and glaciers retreated northward.

Because of its position close to the dffsare
subduction zone between Pecific Northwest plates
Oregon experiences a continual number of sdgmic
events, and in the future the state could be the Ste of
catastrophic earthquakes although details of time ad
place are uncertain. The coasta regions and Willamette
Vadley would be particularly vulnerable should a srang
quake occur.

Geology

Geologically part of the eastern margin of the
Coast Range block, foundation rocks of the Willamette
Vdley have played something of a passive role agangt
the backdrop of moving tectonic plates. In Eocenetime
an undersea chain of volcanoes atop the Kua ad
Faralon plates collided with the westward nmovirg
North American plate where they were accreted. With
a thickness of more than 2 miles, the volcanic rodks of
the idand chain form the basement of the Coast Rage
and Willamette Vdley. After docking or meking initid
contact with North America, the idand archipdago wes
rotated clockwise beginning in the early Eocene. With
accretion, the old subduction zone east of the vdcanic



block was abandoned and a new one activated offshore
to the west where it is today.

The dow subsidence of the block created a
broad forearc trough along the western margin of
North America. From Eocene through Pliocene time
the basin was the recipient of deposits that blanketed
the earlier volcanic platform. Rivers draining the
Klamath Mountains and later the ldaho batholith
provided abundant sediments that accumulated in the
nemly formed basin. During the early Eocene the
eastern edge of the subsiding coastal block that was to
become the Willamette Valley collected sandstones and
dltstones of the Flournoy Formation near Lorane,
Philomath, Falls City, the low hills around Camp
Adair, and in the southern valey. Where Eocene rocks
are exposed in the area north of Corvalis, rolling hills
contrast sharply with the flat valey floor esawhere that
is covered with Pleistocene fill.

In the northern part of the valey these depos-
its were followed by middle Eocene Yamhill muds,
sands, and slts, mixed with ash and lavas from the
ancestral Cascades that were carried into the shalow
sawvay. Within the Yamhill, shods of limestones
around offshore banks formed the Rickreall and Buell
limestones containing broken mollusc shells, foraminif-
era, and cacareous algee intermixed with volcanic
debris. In the northern valey 2,000 feet of Nestucca
Formation deposited in a deep water setting extended
wesward from McMinnville, while near-shore sands,
slts, and muds of the shalow marine Spencer Forma-
tion produced deltas aong the margin. Found aong
the western side of the valey from Eugene north to
Gdes Creek in Washington County, Spencer sands are
covered by nonmarine tuffs and conglomerates of the
late Eocene Fisher Formation. Fossil plants from the
Fisher Formation southwest of Cottage Grove indicate
awarm, moist tropical climate where broad lesf plants
as the Ardlia grew close to the shoreline. Beneath
Eugene amost a mile of upper Eocene silts and sands
of the Eugene Formation extend northward toward the
Sdem hills. Marine molluscs, crabs, and sharks in this
formation suggest warm, semitropical seas. Sediments
of the Spencer, Fisher, and Eugene formations were
derived from the rapidly growing volcanics of the
Western Cascades.

Oligocene

The Oligocene ocean in the Willamette Vdley
reeched only as far south as Sdem. The high-water
mark on the western shoreline is recorded by marine
sediments in the vicinity of Silverton and Scotts Mills
in Marion and Clackamas counties. In the Scotts Mills
Formation a transgressive, advancing seaway followed
by a regressve, retreating ocean chronicles storm
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conditions, shalow water, and coastal swampsthat gave
rise to thin layers of low-grade coal. Coal beds at
Wilhoit Springs and Butte Creek were deposited along
the margins of the sea as it retreated. Prior to the
arrival of the Columbia River lavas in the middle
Miocene, the Scotts Mills sediments were tilted east-
ward and severely eroded.
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Thracia

Epitonium

Invertebrate fossils of the late Eocene Eugene Formation

In the Nehaem Valley fine-grained shdlow
marine sediments of the Scappoose Formation are
contemporaneous with the Scotts Mills Formation.
Over 1500 feet of Scappoose sandstones, mudstones,
and conglomerates were deposited in an estuary or
delta environment covering a dissected landscape.

Miocene

With dow uplift of the Coast Range, the sea
withdrew from the region of the Willamette Valley.
The deep shef and slope environment became shallow-
er as the basin filled. Little is known about the config-
uration and environment of the Willamette Valley
following the regression of the late Oligocene seaway.
A broad semitropical coastal plain, where lakes ponded
in dight depressions, extended from the ancestral
Cascades out to the present shoreline. Black, sty days
lying between westhered Pleistocene and late Eocene
Spencer sandstones near Monroe reveal ancient
lakebed sediments that contain fossl pollen from
coniferous as well as broadleaf plants once living
around the lacustrine basin. Much of the pollen from
this lake is from plants now extinct in the Pecific
northwest.

Macoma

Nuculana

In middle and |ate Miocene time, voluminous
sheets of basdtic lava from fissures and vents in
northeastern Oregon poured through the Columbia
gorge and into the Willamette Valey where they
reached as far south as Salem. The fluid Coumbia
River lavas covered the region of the Portland Hills,
most of the Tualatin Valley, as well as the dopes of the
Chehalem, Eola, and Amity hills. The dark, findy
crystalline, collumnar-jointed basalt ranges up to 1000
feat in thickness. Near Portland the layers of lava
produced a monotonous, flat landscape with only the
tops of severa higher hills projecting above the flons
After cooling and crystallizing, the lavas rapidly decom-
posed in western Oregon's wet climate so that dmogt
al of the original volcanic landscape has been thor-
oughly dissected. Dark red soils around Dundee, the
Eola Hills, and Silverton Hills are easlly recognized as
decomposed Columbia River basalts.

Interfingering with the Columbia River basdts
in northern Marion and Clackamas counties, 1,000 fest
of clastic sediments, mudflows, and volcanic tuffs of the
Molalla Formation represent the firs terrestrid
sediments deposited after the withdrawal of the Oligo-
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Pleistocene fluvial and flood deposits and structure
of the southern Willamette Valley (after Yeats, et
al., 1991; Graven, 1990)
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cene s=away. Mudflows here originated when heavy
rains on the dopes of ancient volcanoes caused loose
ash to flow for miles down valeys. Abundant fossl
flora in these sediments suggest a hilly topography
covered with Liguidambar. (sweet gum), Platanus,
(sycamore), and Carva, (hickory) adjacent to swamps
dominated by cypress. Ginkgo and Metasequoia com-
monly occured in the warm, rainy climate.

Around 1,000 feet of st in the Portland and
Tualatin basins, designated as the Helvetia Formation,
sits directly above the Columbia River basats. Pebbles
of basalt quartzite, granite, along with abundant quartz
and mica, suggest these sediments were deposited by
streams of the surrounding mountains ranges aswell as
the ancestral Columbia River.

With margins around Portland and Tudatin in
the north and west and Sandy on the east, a bowl-
shaped structure gently doped from 700 feet at Sandy
to 250 feet at Portland and Vancouver. Fowing in a
channel south of its present course, the Columbia
River aided by the northerly flowing Willamette River
emptied into the basin to form a lake and deposit silts
and muds in a delta over 1,300 feet thick. More than
1,500 feet of the Sandy River Mudstone of sandstones,
siltstones, and conglomerates filling the Portland basin
underlie the city today. Later Pliocene Troutdale
gravels from the Columbia River drainage washed into
the lake, covering the mudstone to depths of 700 feet.
Dissection and erosion by rivers and Ice Age floods
removed portions of the Troutdale Formation from the
Portland Hills and surrounding aress.

i

Pathways of the pre-Troutdale Willamette and Tual-
atin rivers in the northern Willamette Valley. Extru-
sion of the Boring lavas moved the Willamette
River channel northward to Oregon City (after Bald-
win, 1957).

Geomorphology of Lake Oswego (photo courtesy of Delano Photographies)



Pliocene

During the Pliocene epoch, continued subduc-
tion of the Juan de Fuca plate and growth of the
offshore accretionary wedge brought about the renewed
uplift and tilting of the Coast Range and gentle folding
of northern Willamette Valey rocks. The end of the
wide coastal plain marked the beginning of the Willam-
ette Vdley as a separate physiographic festure once the
s had withdrawn to its present position. At this time
mgor folds of the coastal mountain range formed, and
outer continental shelf environments were raised over
a mile from 1,000 to 2,000 feet bdow sea levd to
elevations of 3,000 feet above.

About 5 million years ago in the northern
valey Boring Lavas erupted from over 100 small vents,
cones, and larger shield volcanoes as Mt. Defiance,
Larch Mt., Mt. Sylvania, and Highland Butte. Boring
Lavas can be readily distinguished from the older
Miocene Columbia River basalts by their fracture
pattern. The fine-grained, light-weight Boring lavas
bresk into large blocks and are sddom found in the
gndl columns so common to the Columbia River
Basdt.
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Pleistocene Lake Labish northeast of Salem may
represent an older channel of the Willamette
blocked by sediments from the Western
Cascades (after Glenn, 1962).

Basdlt.

The Pliocene lavas covered
the graves in the old lake bed, and
today they make up many of the
buttes near Gresham and Boring as
well as capping a number of hills in
the vicinity of Oregon City. Rocky
Butte, Mt. Scott, Mt. Tabor, Kely
Butte, and Mt. Sylvania contain cin-
ders and lavas of these flows, the most
westerly of which is along the dopes
of the Tualatin Valey near Beaverton
and Metzger. La Butte southwest of
Wilsonville in Marion County may be
the mogt southern eruption of these
lavas. The landscape in the vdley and
around Portland shows clear evidence
of these late eruptions. Flows from
Highland Butte southeast of Oregon
City pushed the Willamette River ten
miles to the northwest near its pres-

ent course, whereas in Portland lavas filled old stream-
beds where Burnside Street and Canyon Road are now
located. Rocky Butte, a volcanic vent that erupted
approximately 12 million years ago, and Mt. Tabor,
with asmall cinder cone projecting from its north side,
are presently in downtown Portland. Across the river in
Washington, Bobs Mountain northeast of Portland and
Battle Ground crater north of Vancouver ill have
intact cones.

Plestocene Rivers

Just prior to deposition of the Willamette
Formation, up to 150 feet of coarse gravel and sand of
the Rowland Formation spread over a broad area in
the southern Willamette Valey. Divided into two
members, the Rowland represents glacia outwash from
the Cascades that was flushed into the vdley by the
North and South Santiam, Calapooia, and McKenzie
rivers. This massve outwash unit thins toward the
northwest and forms a complex series of codescing
dluvid fans that have bulldozed the Willamette
channel off to the western margin of the valey between
Eugene and Corvallis.

Thevadley beneath the Rowland glacia-aluvia
fan sequence is filled with amost 300 feet of proto-
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Crown views of elephant teeth clearly distinguish
the low cusps of the browsing mastodon (top) from
those of the grazing mammoth (bottom). (Fossils
courtesy of the Thomas Condon collection, Univ. of
Oregon)

Willamette River sands and gravels. Bordered on both
Sdes by bluish day overbank deposits, these coarse
pebbles trace the path of the ancient river as it began
filling the rugged erosional surface on top of the
Columbia River basdlts and older Tertiary units in the
valey. Prior to the emplacement of the aluvia fans,
the Willamette River may have followed a more
essterly pathway in the valey. There is evidence that
the old channel between the southern and northern
valeys ran through a narrow gap at Mill Creek be-
tween Sadem and the Waldo Hills.

With uplift and intensive erosion of the land
during glacial periods when sea levd was lowered,
reguvenated streams began to cut deeply into flood
plains. Terrace gravels, recording the many changesin
stream levels, can be seen adong the Sandy and Clacka:
meas rivers and in eastern Portland where the streets
rise in elevation toward Gresham. At that time the
ancient Willamette River ran southeast of Oregon City.
Here it was joined by the ancestra Tuaatin River
flowing along the western margin of the Portland Hills.
Both rivers wandered over a wide floodplain resulting
from thick dluvid deposits which firg filled the
Portland and Tualatin basins, then backed up the
stream valeys, and findly, in places, covered the
divides between the streams. As sea level continued to
drop, the Tualatin flowed through the channel at Lake
Oswego while the Willamette established its present
pathway in the Columbia River basdlts & Oregon City
where cutting action of the river produced the fdls In
the find stage, flood waters flushed out the sands of
the previoudy abandoned channel, diverting the
Tualatin back into its original southward pathway to
merge again with the Willamette. Today water from the
Tuaatin River is channelled into Lake Oswego by
means of a low dam and ditch.

The rich dark soils of what may be a former
channd of the Willamette River, now cdled Lake
Labish, can be seen in a straight strip extending for
amogt 10 miles northeast of Sdem in Marion County.
The former course of the river was cut dff during the
Pleistocene when a natural dam of sand from Siver,
Abigua, and Butte creeks blocked the channel. The
resulting shallow lake dowly filled with silt and organic

About the size of a modern Indian
elephant, mastodon roamed in
herds throughout the Willamette
Valley during the Pleistocene.



debris to become a marsh. Thick peat deposits in the
old lake reflect a long period as a swamp and bog. In
this organic layer, bones of Ice Age mammals such as
mammoths, mastodon, giant doth, and bison are
frequently found. Unlike the Pleistocene LaBrea tar
pits of Los Angeles, the animals were probably not
mired in the peat, but carcasses were washed in and
covered dlowing the remains to be preserved in the
oxygen-poor bog away from the attentions of scaven-
gers. Today the fertile soils of Lake Labish support a
thriving onion industry.

Plestocene

Covering the Boring lavas and Troutdale
gravels, agritty, structurel ess, yellowish-brown sediment
cdled the Portland Hills Silt was deposited within the
last 700,000 years. Commonly 25 to 100 feet thick, the
layer mantles much of the Portland area from the
Tudatin and Chehalem mountains on the west dl the
way to the Gresham Hills and Ross Mountain on the
ead. Microscopicaly the st is remarkably uniform,
and the identified minerals include many which must
have been derived from terrains as far north as Canada
This unique formation has long been something of a
geologic puzzle and has been designated as both a
wind-blown and water-laid deposit. The physcd
characterigtics of the st are similar to the paouse
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strata in southwest Washington indicating that the
sediments are wind blown in origin. The Ydlow River
in China derives its name from comparable Pleistocene
loess deposits that blanket vast areas in the northern
part of the country. Ground up rock flour, produced by
the crushing and milling action of glacia ice, was trans-
ported by water to be deposited aong flood plains of
the Columbia River. Strong Pleistocene winds, collect-
ing the fine dugt, carried it doft in enormous clouds to
cover the Portland Hills. Four different layers of st
are separated by three soil horizons. Interglacial, warm
intervals are represented by the silt deposits, whereas
s0il horizons reflect times of glacid advance.

I ce Age Floods

Beginning about 2 million years in the pad,
the Ice Ages mark the advance and retreat of continen-
tal glaciers, an event that triggered one of the most
catastrophic episodes in Oregon's geologic higtory.
When firg proposed in the 1920s by J. Harlen Bretz,
the theory of an enormous flood washing across
Washington and through the Columbia River gorge
was not readily accepted. Caeful work by Bretz,
however, built up a body of evidence that could not be
ignored. Between 15500 and 13000 years ago, the
Columbia River drainage experienced a series of
spectacular floods from ruptured ice dams aong its

i
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Four large lakes mark the source and pathway of
the catastrophic glacial floods (after Allen, 1986).
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Skulls and skeletal elements of Ice Age bison up to
8 feet high at the shoulder are common in
Willamette Valley swamp deposits (specimen from
the Thomas Condon Collection, Univ. of Oregon).

canyon and tributary streams high in the upper water-
shed. The amount of water in a single flood, estimated
at up to 400 cubic miles, is more than the annual flow
of al the rivers in the world. The natural reservoir of
Lake Missoula filled and emptied repeatedly at regular
intervals suggesting that natural processes were regulat-
ing the timing of the floods. Once the lake had filled to
a certain leve, it may have floated the ice lobe or
glacia plug that jammed the neck of the valey which,
in turn, released enough water to adlow the flooding
process to begin.

Prior to each flood, an ice lobe from northern
Idaho stretched southwest to dam up the Clark Fork
River that flows northward to join the Columbia across
the Canadian border. Old shorelines visble today high
above the city of Missoula, Montana, are evidence that
the ice dam backed up avast lake covering a large area
of western Montana. As the ice dam was breached,
water, ice, and sedimentary debris poured out a a rate
exceeding 9 cubic miles per hour for 40 hours. Flushing
through the Idaho panhandle and scouring the area
now known as the channeled scablands of southeast
Washington, the lake drained in about 10 days.

After crossing eastern Washington, the water
collected briefly at the narrows of Wallula Gap on the
Oregon border where blockage produced the 1,000 foot
deep Lake Lewis Ponding up a second time a The
Dales to create Lake Condon, the rushing water
stripped off gravels and picked up debris, steepening
thewalls of the Columbia gorge. Near Rainier the river
channel was again constricted causing flood weters to
back up all the way into the Willamette Vdley. At
Crown Point flood waters spilled south into the Sandy
River drainage and across the lowland north of Var
couver taking over the Lacamas Creek channel. Mos
of the water exited through the gorge to the ocean, but
as much as a third spread over the Portland region to
depths of 400 feet. Only the tops of Rocky Butte, Mt.
Tabor, Kely Butte, and Mt. Scott would have been
visble above the floodwaters. Surging up the ancestral
Tualatin River, the waters covered the present day Ste
of Lake Oswego to depths over 200 feet, while Beaver-
ton, Hillsboro, and Forest Grove would have ben
under 100 feet of water.

Swampy lowlands in the Willamette Valley yield the
bones of the enormous Ice Age ground sloth.
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Along with floating icebergs, the rushing
waters carried enormous amounts of gravel, sand, silt,
and clay in suspension as well as rolling and tumbling
dong the bottom. In the valey this mass of flood
borne sediment was segregated by the narrows at Lake
Oswvego leaving much of the coarse material in the
vicinity of Portland and the Tuaatin Valey. A huge
sand and gravel bar dammed the Tuaatin River for a
period to form a smal lake 5 miles west of Oswego.
Sometime after the flood receeded, the river cut
through the bar, and the lake drained, but the basin
which had been scoured and deepened by the flooding
remains. Sweeping through Lake Oswego, large vol-
umes of the finer sands and silts dong with ice rafted
boulders that had been collected upstream washed
southward into the lower Willamette Vdley where they
were deposited over the vdley floor and lower dopes
of the surrounding hills. Sands predominate at Canby -
and Aurora, and silts, tens of feet thick, were spread as ' -
fa south as Harrisburg. v

The muddy waters filled the central valey © 7, ”
temporarily creating Lake Allison. Extending from the T
Lake Oswego and Oregon City gaps southward amost
to Eugene, the surface of this large body of water was
over 350 feet above present sea level. The lake formed
when the valley was dammed a its north end by ice
jams or overwhelmed by the amount of water coming
south. Repeated surging as new water came through
the gap a Oregon City and ebbing as it drained out
kept the lake level in a constant state of fluctuation.
The tops of lake silt deposits are commonly 180 to 200
fedt in elevation throughout the Tualatin, Y amhill, and
Willamette valeys. After a brief interval the water
drained back out to the Columbia and the ocean.

The multiple floods had a lasting impact on
the channel of the Columbia River and the Willamette
Vdley. Because the flow of flood water into the
Willamette Vdley was opposite to the norma north-
wad drainage, the river was disrupted for periods up
to two weeks until the waters receeded. Distinct
banded layers of Willamette Silt brought into the valey
indicate the flood waters must have invaded many
times. As flood waters entered the valey they were
quickly stripped of coarse sand and gravel when
ponding took place. Silt and day particles, however,
remainded suspended in the turbid waters and covered
the valey with a layer up to 100 feet deep exposd
today aong the banks of the Willamette and its
tributaries. Surface deposits of these slts are best
developed in the southern Willamette Valey where
they are subdivided into four members of the Willa-

mette Formation on the basis of subtle minera and Glacial erratics carried into the Willamette Valley
textural differences. Within the Willamette Silts, the atop icebergs during large Pleistocene floods are
Irish Bend Member has been identified as the primary scattered from Eugene to Portland (after Allison,

1935).
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sediment of a large-scale flood. Extending over 300
square miles of the southern valley, the Irish Bend st
reaches a maximum thickness of nearly 50 feet just
south of Corvalis.

With the separate silt layers in the Willamette
Vdley suggesting multiple periods of flooding, the
precise number of floods is in doubt. Figures proposed
are "many floods', "35 floods', or "7 to 8 floods'.
Whether the floods occurred in "two cydes’, "annudly",
"evary 175 years', "over an extended period of time", or
were "short-lived" is gl conjectural. These floods
continued over the 2500 year interval until the ice
sheets permanently retreated northward with awarming
climate.

Erratics

Flood waters spilling into the Willamette
Vdley carried large blocks of ice borne on the torrent.
Atop and within the icebergs, rocks and sediment were
transported dl the way from Montana Once the ice
melted, the stones were dropped as glacid erratics in
a wide pattern across the valley. Although more than
300 occurrences of these erratics have been recorded,
thousands more lay unrecognized. More than 40
boulders over 3 feet in diameter have been located, and
many smaler stones as well as chips and pebbles of
foreign material have been noted in farm fields, road-
cuts, and along old river terraces.

The Willamette meteorite from near West Linn may
have been carried into the valley by an iceberg
during flooding (photo courtesy of Oregon
Historical Society).

Varying in composition and size, the eratics
are granite, granodiorite, quartzite, gneiss, date, and a
few of basalt. With the exception of basalt, these rocks
are common to central Montana and not the Willame-
tte Valey. Because of the exotic compostion of the
erratic material, the path aong which they were refted
into the valey can be traced down the Columbia River
channel. Erratics were deposited through Wallula Ggp
to The Dalles where they are found up to 1,000 fet
above sea levd. In the Willamette Vdley eratic
fragments are imbedded in the top of the Willamette
Silt.

The largest known erratic lies in the valey
between McMinnville and Sheridan in Y amhill County.
Composed of the metamorphic rock argillite, the
boulder originaly weighed about 160 tons, but over 70
tons have been removed by tourists. Perhaps the most
famous erratic is the Willamette meteorite which mey
have fdlen in Montana only to be transported by
floodwaters to where it came to rest near West Linn in
Clackamas County. The meteorite was subsequently
purchased for $20,000 in 1905 by Mrs. William E.
Dodge who donated it to the American Museum of
Natural History in New Y ork.

Structure

Uplift, tilting, and folding in the Coast Range
and Willamette Vdley are attributed to the continued
subduction of the Juan de Fuca plate. Gentle foding
accompanied by faulting with as much as 1,000 fegt of
vertical displacement produced deep valeys. Coumbia
River basalts, that had filled the bowl-shaped Tuddtin,
Wilsonville, and Newberg valeys in the middle Mio-
cene, were depressed to 1,300 feet below sea leve by
seady eastward tilting of the Coast Range block.
Within the Willamette Valley, broad northwest trend-
ing anticlina folds are interspersed with parald,
subdued synclines. The dominant folds are the Portland
Hills, Cooper Mountain, and Bull Mountain, aswdl as
Parrett and Chehdem mountains. Separating the
anticlinal hills, wide vdleys of Tuaatin, Newberg, ad
Wilsonville are gentle synclines or downfolds.

The Portland Hills anticline that fomed
during the late Miocene and Pliocene is steepened on
the east Sde by a large fault that stretches for over 60
miles northwest and southeast of Portland. This fault
sysem extends southeastward to join the Clackames
River lineament, an alignment of surface fractures on
a grand scale that traverses Oregon al the wey to
Steens Mountain as part of the Brothers Fault zone
Running parallel to this immense feature, the Mt
Angdl fault trends northwestward under Woodburn to
project into the Gales Creek fault zone of the Coedt
Range. Northeast of Salem, the butte a Mt. Angd
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Structure of the Willamette Valley (after Yeats, et
al., 1991; Graven, 1990; Werner, 1990).

forms what is called a fault "pop-up" caught between a
series of intersecting fault blocks. With continuous
movement of both the Portland Hills and Mt. Angel
faults, the terrain trapped between them displays a
clockwise rotational movement.

Within the southern Willamette Valley, a
series of gentle north-south folds in the subsurface
separate parallel faults. Eastward from Corvallis a
network of normal and thrust faults extends in a criss-
crossed network across to the Western Cascades. These
faults were active as far back as Oligocene, but some
show signs of Pleistocene movement. The Corvallis
fault moved in two phases. In an earlier thrusting
phase during the Eocene, the western upper plate was
pushed eastward toward the valley while later tensional
forces saw the development of a normal fault here with
a down-dropped eastern block.

Earthquakes

Research into the relationship between move-
ment of crustal plates and earthquakes has led to
predictions that Oregon could experience an earth-
guake as high as magnitude 8 on the Richter scale. The
point of origin for such massive quakes would be
offshore along the subduction zone where the Juan de
Fuca plate is passing under the North American plate.
In the coastal region of Oregon good evidence for
catastrophic historic earthquake activity is found in the
form of sunken coastal bogs and distinctive turbidite
deposits offshore.
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Portland is on the down-thrown side of the Portland Hills fault shown here with the Tualatin Mountains
rising off to the west (left) (photo courtesy Delano Photographies).

Woodburn
>

Fault pop-up or flower structure beneath Mt. Angel,
Oregon (after Werner, 1990; Yeats, et al., 1991).

The lack of ongoing strong seismic adivity
aong the boundaries of Pacific Northwest plates ney
be due to an unlocked subduction zone with virtudly
frictionless movement. However, this seems unlikdy
when comparing Oregon's continental margin axd
subduction zone to those of southern Chile where vay
young oceanic crust is being subducted in both loca
tions. Beneath Oregon the 10 million year old cud is
dtill warm and consequently very buoyant making it
difficult to subduct. Rocks of the warm desoending
cust aso tend to adhere to the ovelying North
American plate, thus the boundary between the two
readily binds up and locks. As the plate collison
process continues at the rate of about 1 inch per yea,
the bond will eventualy break with catastrophic results
In 1960 Chile experienced a 9.5 magnitude earthquake,
the largest of the 20th century.

In contrast to China where the record of
moderate and mgor quakes goes back 3,000 years or
Cdifornia where Franciscan fathers began records in
1800, there is only scanty historical data on sgsmic
activity in Oregon. Indian legends of more than 20
years ago tell about massve earthquakes as wel as
destructive tidal waves, but these stories cannot be
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A mosaic of criss-crossing faults extends east of
Corvallis and Albany through the Willamette Valley
and into the Western Cascades (after Yeats, et al.,
1991; Graven, 1990).
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Gently folded Tertiary marine sediments in the
southern Willamette Valley are cut by the Pierce
Creek fault north of Eugene (after Yeats, et al.,
1991; Graven, 1990).
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The Corvallis fault, up-thrown on its northern side, passes diagonally between Corvallis and a low
range of hills (Vineyard Mtn.) (photo by Western Ways of Corvallis).

pinpointed in time nor evaluated with respect to their
magnitude. A catalog kept at Oregon State University
ligts a total of 1,286 known seismic occurrences from
1841 to 1986 in Oregon and southern Washington. Of
these, approximately 440 earthquakes were associated
with the eruption of Mount St. Helens in 1980, and
250 occurred before 1962 when records were first kept
by modern instruments. The seven largest earthquakes
in Oregon during this period began with the November
23, 1873, shaking of Port Orford and Crescent City at
an estimated magnitude of 6.3 on the Richter scae.
The outward limit of this shock was felt from Portland
to San Francisco. Of the Oregon cities, Port Orford
auffered the most with damage to chimneys. Other
powerful tremors shook Portland in 1877, Umatilla in
1893, Richland, Washington, in 1916, Milton-Freewater
in 1936, Sauwvie Idand in 1964, and the Add-Warner
lakes area in 1968.
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Although it may seem that the Willamette
Vadley and Portland have not had recent earthquakes,
the contrary is true. Beneath Portland and the northern
Willamette Valey a network of faults exist which could
become active a any time. In 1990 earthquakes record-
ed beneath Mt. Hood were similar to quakes occurring
there in 1974, 1982, and 1989. The Mt. Angd fault in
the central valey was the apparent source of dozens of
small quakes in 1990. After 1832 Portland experienced
arecorded quake on the average of once every 5 years.
Brick buildings swayed, windows rattled, and terrified
inhabitants rushed to the street during the tremor of
February 3, 1892, although there was no damage. In
1962 and again in 1968 magnitude 3.7 and 5.0 quakes
repeatedly struck Portland from epicenters on the
eastern edge of the city. Shocks were due to movement
of afault as much as 10 to 15 miles deep. Centered in
the Gorda plate off the southern coast, an earthquake
of July 12, 1991, registering 6.6 was fdt in many
communities of western Oregon. A series of quakes on
duly 22, 1991, measuring 35 were focused in the
Tualatin Mountains.

Because of the lack of recorded quake activity,
fav of the larger buildings in the Willamette Valey
and Portland were designed to sustain powerful seismic
shaking. Many of the building foundations in the
northern valey are on water saturated sediment. These
0ils continue to shake even after the quake has
stopped somewhat like a bowl of jello on a table. This
type of shaking accentuates the destructive effects
Additionaly, the lack of cohesion of many of the
Portland and northern valey soils would cause them to
flow during a quake. This dope failure, or soil liquifac-
tion, not only destroys structural foundations, but the
motion triggers disasterous mud dides and flows that
spread destruction laterally. Combined with the inevita-
ble movement along the subduction zone and the dense
population of the vdley, there is the potential for a
disaster of unprecedented sze when the predicted
strong earthquake occurs.

Recorded earthquake activity is low in the
eastern sections of the state. In May and June of 1963
earthquakes caused rockdides and building damage in
southcentral Oregon where the epicenter was located
between Crump Lake and Hart Lake in the Warner
Vdley. The largest quake on May 29 registered 5.1 on
the Richter scale. Although not well understood,
segmic processes in central Oregon are related to
dresses within the Basin and Range province. A
dightly milder earthquake of magnitude 4.8 centered
northwest of Maupin in the Deschutes Vdley, shaking
central Oregon on April 12, 1976. Inhabitants stated
that their houses shook and swayed athough there was
no serious damage. The Blue Mountain province, an
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area of little known earthquake activity, experienced a
shock north of Baker registering 3.6 on August 14,
1969. Earthquake history of this region is very brief
with only two other noted shocks in 1906 and 1916.

The proximity of subduction faults along with
loose sediments and unconsolidated soils make the
Willamette Valey particularly susceptible to quakes.
Bdow the Cascades and eastern Oregon, the great
depth of the subduction zone tends to reduce risk,
whereas the coastal area close to the quake sources is
perhaps at greatest peril.

Mining and Mineral Indugry

Bauxite

The residud iron and auminum ores in the
Willamette Valey developed as deposits on top of
basalts of the Columbia River series where much of the
surface of the Miocene lava is deeply weathered. As
rock decomposition proceeds, soluble chemicds are
leached out leaving a day soil with the highly insoluble
bauxite enriched with iron and duminum. Limited
ferruginous bauxite deposits in the Pacific Northwest
arelocated in scattered sections of Columbia, Washing-
ton, Multnomah, Yamhill, Clackamas, and Marion
counties and in Cowlitz and Wahkiakum counties in
adjoining Washington state. The thickest deposits are
in Washington and Columbia counties thinning toward
Sdem.

Iron

Within the sequences of Columbia River
basdlts, the iron oxide mineral limonite developed in
bogs adong undrained depressions. Severd attempts
were made to mine and process the limonite near
Scappoose and Lake Oswego before 1867 when furnac-
es of the Oregon Iron and Steedl Company produced
the firg iron west of the Rocky Mountains. Unfortu-
nately financia problems and difficulties with stock-
holders hampered the operation throughout its history,
and even the construction of an adjacent pipe foundry
utilizing pig iron faled to keep the furnace going.
Despite its sormy history, the company produced
83,400 tons of pig iron from 1867 to 18%4. Severd
thousand feet of old tunnels still exist under the Lake
Oswego Country Club and nearby Iron Mountain. The
furnace usad for smelting the iron ore, located near the
outlet of Lake Oswego, is now part of the Lake Oswve-
go City park.

Features of Geologic Interest

Buttes
Although most of the Willamette Vdley is flat
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where the deposition of aluvium has formed a broad
flood plain, there are many locd topographic festures
that project above the valey floor. South of Sdem 14
isolated, rounded buttes are digned in a north-south
direction along the east sde of the valey. Volcanic in
origin, the buttes are composed of 30 to 35 million
year old basalts. The mineral and chemical composition
of the basalts as well as the age does not suggest any
association with the younger Columbia River lavas.

The mogt northerly of these features, Knox
Butte east of Albany rises 634 feet above the valey
floor. To the south near Lebanon, Peterson Butte, with
the highest elevation & 1434 feet, diffes from the
othersin that it is a central volcanic vent with 12 dikes
radiating from the cone. Between Lebanon and Halsey,
Ward Buitte, the smal Saddle Butte, Powell Hills, Twin
Buttes, Bond Butte, as well as West Point Hill, Rock
Hill, and Lenon Hill near the Coburg ridge have an
average elevation just over 600 feet. West Point Hill,
Rock Hill, and Lenon Hill are spurs of resistant rock
from Western Cascade volcanics that extend into the
valey. The west face of Skinner Butte in downtown
Eugene with an elevation of 682 feet displays jointed
columnar basalt as does the 602 foot high Gillespie
Butte across the river. Spencer Butte dominates south
Eugene at 2,065 feet in height.

The origin of these buttes is still the subject of
controversy. In the past they have been interpreted as
volcanic necks, lava flow remnants, and laccoliths, but
in al probability they are sills. These are lense-shgped
bodies that intruded in the subsurface paralld to layes
of existing sediments where they cooled and hardened.
Astheless resistant surrounding sediments are dissect-
ed by erosion, these rounded hills of basalt are exposd
as remnants.

Siver Fals

Siver Fdls State Park, the largest in the Sate,
covers 8700 acres and is located 30 miles esst of
Sdem. Thirty million years ago the region around
Silver Falls was covered by coastd waters of a sdlow
warm Oligocene ocean. Once the ocean had recesded
wesward 15 million years ago, flows of basdt fram
fissures in eastern Oregon repeatedly covered the area
with more than 600 feet of Columbia River lavas In
the thousands of years between the volcanic events
thick soils developed atop the flows. Eruptions of ah
and andesite lavas of the Fern Ridge Tuffs fram
adjacent Cascade volcanoes later blanketed the region
before streams began to cut down through the layes
The softer ash beds were quickly removed dthough
limited fragments of the layers remain in lov pots

North Falls at Silver Falls State Park east of Salem drops 136 feet from a lip of Miocene basalt to a
plunge pool cut into Oligocene marine rocks (photo courtesy Oregon State Highway Department).



around the park.

The 15 fdls of the park were of more recent
origin. Wheress the large streams easly cut through
the basalts, the smaller creeks with less volume cannot
wear down through the rock as quickly. As larger
streams erode deep canyons, the smaller ones are |eft
high above to spill over the uncut basat as waterfdls.
The largest cataract is South Falls, dropping 177 feet
into a beautiful, deep plunge pool. At North Falls, with
a height of 136 feet, the fossliferous sandstone layer of
the Scotts Mills Formation under the basalt wears avay
eadly to create a 300 foot ampitheater behind the falls.
The chimney-like holes in the overhanging rock are
lava-cast tree molds where hot flowing lava surrounded
and engulfed standing tree trunks. Once the lava had
cooled, the tree decomposed, leaving only a mold of
the trunk.

Table Rock

Standing out on the skyline about 35 miles east
of Salem, Table Rock towers over the Western Cas-
cades The steep diffs of the pesk, shaped like a
cardinal's hat, are easly visble and readily identified
from far out in the Willamette Valey. Reached by an
esgy drive from Molalla, access to the crest of the
monolith is by a well-maintained hiking trail through
a dense forest that begins on the north face and winds
amost completely around the mountain to ascend to

Offering a panorama of the Willamette Valley, Table
Mountain east of Salem is a series of buttes
capped by basalts.
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the top on the south face. A dissected remnant of late
Miocene or early Pliocene lava flows, Table Rock is
capped by severd isolated pieces of basalt. Columnar
fractures in the lava and adjacent isolated fragments on
surrounding pesks demonstrate the volcanic extrusive
nature of the features. Flow rocks here represent a
later sequence in development of the Western Cascades
that took place before the extruson of the High
Cascades.
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Glossary

Aa-A Hawaiian term for basaltic lava flows with a
rough, blocky surface.

Accretion-A tectonic process by which exotic rock
masses (terranes) are physically annexed to
another landmass after the two collided.

Accretionary wedge-A prism of sediment that builds
up on the leading edge of a moving tectonic
plate.

Agate-A cryptocrystalline quartz (chalcedony) which is
commonly banded and colored.

Agglomerate-A pyroclastic rock made up of coarse,
usually angular fragments, much like volcanic
breccia.

Alluvium-A general term for all detrital deposits
resulting from the operations of modern rivers,
thus including the sediments laid down in river
beds, flood plains, lakes, fans at the foot of
mountain slopes, and estuaries.

Antecedent stream-A stream that was established
before local uplift began and incised its valley
at the same rate the land was rising.

Andesite-A fine-grained volcanic rock containing
plagioclase feldspar (andesine) and one or
more mafic constituents such as pyroxene,
amphibole or biotite.

Anticline-Arched beds with limbs dipping away from
the axis. Simple anticlines have older beds
exposed in the center of the arch.

Aphanitic rock-This term pertains to a texture of rocks
in which the crystals are too small to
distinguish with the unaided eye.

Archipelago-A curved volcanic chain on land or an
island arc in an ocean setting.

Arkose-A sandstone containing 25 percent or more of
feldspars usually derived from coarse-grained
silicic igneous rocks.

Bacarc basin-A sedimentary trough situated between a
volcanic island arc and the mainland.
Basalt-A dark-colored, fine-grained igneous rock
containing mostly calcic fledspar and pyroxene

with or without olivine.

Basin and range structure-Regional structure typified
by parallel fault-block mountain ranges,
separated by sediment-filled basins. These
occur in southeastern Oregon.

Batholith-A large body of coarse-grained intrusive
igneous rock with a surface area greater than
40 square miles. Smaller intrusive bodies are
called stocks.

Bed-A layer or stratum of sedimentary rock.

Brackish-Water with very low salinity that is usually
derived from fluvial runoff into near-shore
marine waters.

Breccia-Fragmental rock whose pieces are angular
unlike water worn material. There are fault
breccias, talus breccias and eruptive volcanic
breccias.

Calcite-A mineral composed of calcium carbonate
(CaC03) and the chief constituent of
limestone.

Caldera-A large basin-shaped, generally circular,
volcanic depression, the diameter of which is
many times greater than that of the included
volcanic vent or vents. It is formed by collapse,

such as at Crater Lake and the Newberry
caldera.

Chert-A compact siliceous rock of varying color
composed of microorganisms or precipitated
silica grains. It occurs as nodules, lenses, or
layers in limestone and shale.

Cinder cone-A cone-shaped peak built up almost wholly
of volcanic fragments erupted from a vent.

Cirque-The rounded saucer-shaped glacially carved
basin at the head of an alpine glacial valley
which commonly contains a cirque lake or tarn.

Clastic rock-A consolidated sedimentary rock com-
posed of the cemented fragments broken or
eroded from pre-existing rocks of any origin by
chemical or mechanical weathering. Examples
are conglomerate, sandstone, and siltstone.

Columnar jointing-Cracks that separate rock into
columns commonly six-sided but generally
ranging from 4-8 sides. Such jointing usually
forms in volcanic rocks due to shrinkage when
cooling.

Concretion-A nodular or irregular mass developed by
localized deposition of material from solution
generally around a central nucleus. It is
harder than the enclosing rock such as limey
concretions in shale.

Conformable-Accumulation of generally parallel strata,
without appreciable break in deposition.

Conglomerate-A sedimentary rock made up of rounded
pebbles and cobbles coarser than sand.

Conodont-Phosphatic microfossils of fish-teeth used
to age date many of the older Oregon marine
rocks.

Contact-The surface between two different types of
rocks or formations which is shown as a line on
geologic maps.

Correlation-A means of determining equivalent ages of
formations or geologic events by studying
physical similarities or differences, by
comparing fossils or by comparing absolute
dates from radioactive minerals.

Crust-The outer layer of the earth above the
Mohorovicic discontinuity usually basaltic
in composition beneath ocean basins and
granitic in composition under continents.

Crystal-The regular polyhedral form, bounded by plane
surfaces which is the outward expression of a
periodic or regularly repeating internal
arrangement of atoms.

Crystalline rock-An inexact term for igneous and
metamorphic rocks as opposed to sedimentary
rocks.

Delta-A fan-shaped alluvial deposit where a stream
enters a standing body of water, usually the
ocean or a large lake.

Density-Mass per unit volume.

Diatom-Microscopic, single-celled plants (algae)
growing in marine or fresh water. Diatoms
secrete siliceous skeletons that may accumulate
in sediments in enormous numbers and which
are referred to as diatomite or diatomaceous
earth.

Dike-A tabular body of igneous rocks that cuts across
the structure of adjacent rocks or cuts massive
rocks.
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Dip-The inclination of rock layers or surfaces measured
from the horizontal. Dip is at right angles to
the strike.

Disconformity-A type of unconformity wherein the
older and younger beds are parallel but
separated by an erosion surface.

Eolian-Applied to deposits arranged by the wind such
as the sand in dunes. Wind-blown silt is called
loess.

Epicenter-A point on the ground over the center of
maximum earthquake intensity.

Epoch-A unit of geologic time which is a subdivision of
a period, such as the Eocene Epoch of the
Tertiary Period.

Era-A major division of geologic time which contains
periods, such as the Paleozoic Era.

Erosion-Several processes by which rock is loosened or
dissolved and removed. It includes the
processes ofweathering, solution, abrasion and
transportation of the resulting particles or
solution.

Erratic-Those random rocks that are located far from
their source. Glacial erratics are ice-borne or
ice-rafted boulders or blocks scattered in
regions glaciated or flooded by breaking of
glacial dams.

Eustatic-Pertains to worldwide changes in sea level,
commonly caused by glaciation and deglaci-
ation.

Extrusive igneous rocks-Molten rocks that poured out
as flows or are ejected as fragmental particles
on the earth's surface.

Facies-A stratigraphic body as distinguished from other
contemporaneous bodies of different
appearance or composition.

Fan-A large-scale triangular-shaped sedimentary body
that has been deposited at the mouth of a
stream in a subaerial or submarine environ-
ment.

Fault-A break in the earth's crust along which
movement has taken place.

Fault, lateral-A fault in which displacement is
predominantly horizontal. When the block
across the fault from the observer has moved
to the right it is called a right lateral fault. It
may also be called a strike-slip fault.

Fault, normal-A tensional fault, with the plane of
slippage dipping toward the down-thrown
block.

Fault, reverse-A compressional fault, with the plane of
slippage dipping toward the up-thrown block.

Fauna-The animals of any place or time that live in
mutual association.

Flora-The plants collectively of a given formation, age
or region.

Foraminifera-A single-celled protozoa with cytoplasm
and pseudopodia. Used to age date sedimentary
rocks.

Forearc basin-A sedimentary trough situated on the
oceanic side of a volcanic island arc between
the archipelago and the major ocean basin.

Formation-Rock masses forming a unit convenient for
description and mapping. Most formations
possess certain distinctive or combinations of
distinctive lithic features. Formations may be

combined into groups or divided into members.
They are usually named for some nearby
geographic feature.

Fossil-The remains or traces of animals or plants which
have been preserved by natural causes in the
earth's crust.

Gastropod-A class of mollusks commonly called snails.

Geochronology-The study of time in relation to the
history of the earth.

Geology-The science which deals with the earth, the
rocks of which it is composed, and the changes
which it has undergone or is undergoing.
Geology includes physical geology and
geophysics, stratigraphy and paleontology,
mineralogy, petrology, petroleum geology and
phases of engineering and mining.

Geode-Hollow globular bodies with a crystal-lined
interior. A "thunder egg" is a type of geode
that is filled with banded chalcedony.

Geothermal-The term pertains to the heat within the
earth. Heatflow refers to the transferal of the
earth's heat through rock.

Gneiss-A coarse-grained, banded metamorphic rock.

Geyser-A hot spring that erupts water or steam into the
air. Some erupt on a fairly regular schedule
whereas others erupt sporadically. Some drilled
wells have geyser-like eruptions.

Glacier-A large mass of ice, accumulated as snow that
flows because of gravity. Glaciers confined to
the mountains are alpine glaciers, but those
that spread out over large parts of the northern
hemisphere are continental glaciers, or ice
sheets. lce caps, unlike glaciers, are usually
stationary due to their horizontal plane of
deposition.

Graben-A structural depression formed as a down-
dropped fault block sinks between normal
(gravity) faults.

Graded bedding-A type of stratification in which each
bed displays gradation in grain size from
coarse below to fine above.

Graywacke-A  poorly-sorted sandstone containing
angular quartz and feldspar fragments and
some rock fragments with clay-sized matrix
between sand grains. It is generally a hard
dark-colored rock.

Greenstone-A field term applied to metamorphically
altered basic igneous rocks which owe their
greenish color to the presence of chlorite and
hornblende.

Horst-Fault block uplifted between normal faults and
the opposite of a graben.

Ice Age-Refers to the Pleistocene epoch when ice
covered large parts of the northern
hemisphere. Other periods of glaciation are
recorded earlier in geologic time.

Igneous rock-Rock formed by crystallization of once
molten material called lava or magma.
Ignimbrite-A  welded tuff which has been fused or
partly fused by the combined action of the heat
retained in the particles and the enveloping hot

gases.

Intrusive rock-Molten rock penetrating into older
rocks and solidifying. Relatively thin tabular
masses cutting across structures are dikes,



whereas those paralleling stratification are
called sills. Huge masses without definite shape
are called batholiths.

Island arc-Curved chain of islands, often volcanic in
origin, generally convex to the open ocean and
bordered by a deep submarine trench.

| sostasy-Theoretical balance of all large portions of the
earth's crust as though they were floating on a
denser underlying layer; thus areas of less
dense crustal material rise topographically
above areas of more dense material.

Joint-A fracture without appreciable movement parallel
to the plane.

Lahars-A mudflow of volcanically derived debris.

Laterite-Asoil profile formed under tropical conditions
where decomposition has been extreme leaving
very little of the parent rock.

Lava-Molten rock that is extruded upon the earth's
surface. Even after cooling it may be
referred to as a lava flow.

Limb-One side or flank of a fold.

Limestone-A bedded sedimentary deposit consisting
largely of calcium carbonate (CaCO03). It may
include fragments of shells composed of
calcium carbonate.

Lineament-A regular large-scale continuation of linear
features visible at the earth's surface.
Lithification-Induration or hardening of soft sediments

to compact rock by cementation and pressure.

Loess-A homogeneous, nonstratified, unindurated
deposit consisting largely of silt. Loess has a
rude vertical parting in many places. Most
loess is thought to be eolian or wind-blown in
origin.

Maar-A crater formed by violent explosion not
accompanied by igneous extrusion. It is
commonly occupied by a small circular lake. A
relatively shallow, flat-floored explosion
crater, the walls of which consist largely or
entirely of loose fragments of the country rock
and only partly of essential, magmalic ejecta.
Maars are apparently the result of a single
violent volcanic explosion, probably from steam
generated when groundwater comes in contact
with hot rock.

M afic-Dark-colored igneous rocks high in magnesium
and iron and low in silica. Peridotites and
serpentinite are referred to as ultramafic rocks
and are even lower in silica content.

Magma-Molten silicate material in the crust or mantle
from which igneous rocks are derived.

Mantle-Thick layer between the overlying crust and the
underlying core composed of ultrabasic
(ultramafic) rock of a composition much like
peridotite or serpentinite.

Marine dcposits-Any rock laid down in the ocean of
which sedimentary rocks are the most common,
but it also includes submarine volcanic
extrusive rocks.

Matterhorn-A sharply pointed alpine peak formed by
glacial erosion when 3 or more glaciers
meet by headward erosion.

Meander-One of a series of somewhat regular and
looplike bends in the course of a stream,
developed when the steam is flowing at grade
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through lateral shifting of its course toward
the convex sides of the original curves.

Melange-Mixture of irregular blocks of rock of diverse
origin and size commonly formed by shearing
during tectonic movements.

Metamorphic rocks-Rocks altered by heat and pressure
causing recrystallization and loss of
original characteristics. Includes those rocks
which have formed in the solid state in
response to pronounced changes in pressure,
temperature, and chemical environment, below
the zone of weathering and cementation.

Mineral-A naturally occurring solid having a definite
atomic structure and chemical composition. It
may have characteristic color, cleavage, luster
or hardness.

Moraine-Debris left by a glacier and composed of
unsorted material called till. Descriptive terms
such as end or terminal moraine, medial
(middle) moraine, lateral (side) moraine
denote relative position of the glacial debris to
the glacier.

Mudflow-Downslope movement of saturated weathered
rock and soil. Sometimes applied to wet
volcanic ash that moved down slope.

Obsidian-Volcanic glass formed by quick cooling of
high-silica lava.

Olistolith-Olistostromes-Large chaotic rocks or rock
masses that have broken from a marine and
coastal headland and slid whole downslope into
deep water.

Ophiolites-An ocean crust sequence of rocks character-
ized by basal ultramafics overlain by gabbro,
dikes, pillow lavas, and deep-sea clay and
chert sediments.

Ore-Minerals or aggregrates of minerals (usually
metalliferous) that may become ores with
changing economic conditions.

Orogeny-Mountain building associated with uplift,
folding and faulting.

Outcrop-An exposure of bedrock often in roadcuts,
along streams or in cliffs.

Outwash-Glacial-fluvial material carried by streams
from the glaciers.

Overthrust-Rock shoved over another rock mass along
a low angle (thrust) fault. Some thrusts have
been traced for miles.

Pahoehoe-A Hawaiian term for lava flows with a ropy,
somewhat smooth surface, which can be
contrasted with the rough blocky surface of aa
flows.

Peneplain-A land surface worn down by erosion to a
nearly flat or broadly undulating plain. The
surface may be uplifted to form a plateau and
become subjected to renewed erosion.

Peridotite-A coarse-grained ultramafic rock consisting
of olivine and pyroxene with accessory minerals
It is thought to make up much of the mantle,
and when altered is called serpentinite.

Period-A major, worldwide, geologic time unit
corresponding to a system such as the
Cambrian Period.

Phyllite-A medium-grade metamorphic rock with planar
structure (foliation).

Pillow basalt-Volcanic extrusion of lava underwater
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that produced discrete plump blobs of cooled
basalt.

Placer-An ore deposit where the host rock is stream
or beach gravel or sand.

Plunge-The dip of a fold axis. Anticlines and syncline
may plunge.

Plutonic rocks-lgneous rocks formed at depth. The
term includes rocks formed in a batholith.

Porosity-The ratio of the aggregate volume of void
space or interstices in a rock or soil to its total
volume. It is usually stated as a percentage.

Porphyry-lgneous rocks containing conspicuous pheno-
crysts (large crystals) in a fine-grained or
aphanitic groundmass.

Pressure ridge-Large wave-like forms on the surface of
solidified lava flows caused by movement and
wrinkling of the cooling surface lava above the
molten rock below.

Pumice-A sort of volcanic froth made up of excessively
cellular, glassy lava, generally of the compo-
sition of rhyolite.

Pyroclastic rock-A general term applied to fragmental
volcanic material that has been explosively or
aerially ejected from a volcanic vent.

Radiolaria-A marine planktonic protozoan. A single-
celled microfossil with a skeleton of opaline
silica that is used to age date oceanic rocks.

Reverse fault-A fault whose hanging wall (that part
above one standing on the fault plane) moved
up relative to the footwall.

Reverse or inverted topography-A common occurrence
in volcanic terrains where streambeds become
filled with lava then stand out in relief
after erosion has removed tha adjacent
softer soil and rock.

Rhyolite-An extrusive rock with a high-silica content
which is the fine-grained equivalent of a
granite. When the lava cools quickly it may
form obsidian and when gassy it may form a
froth called pumice.

Rock-Any naturally formed aggregate of mineral matter
constituting an essential and appreciable part
of the earth's crust.

Scarp (also escarpment)-A steep slope or cliff. It is
called a fault scarp if caused by faulting.

Schist-A medium to coarse-grained metamorphic rock
that is composed largely of tabular minerals
such as mica and hornblende.

Scoria-Vesicular basaltic lava, dark gray to dark red in
color. The vesicles make up a significant
proportion of the rock.

Sedimenl-Any particles settling from suspension in
water or air. Sedimentary rocks are those made
up of sediment, loosely applied to all stratified
rocks.

Series-A time-stratigraphic unit ranked next below a
system, such as the Eocene Series.

Serpentinite-A rock consisting almost entirely of the
mineral serpentine derived from the alteration
of previously existing olivine and pyroxene.

Shale-A compacted mud or clay, generally possessing a
thinly bedded or laminated structure.

Silicate-Minerals or rocks containing crystalline
compounds of silicon and oxygen.

Sill-An intrusive body of igneous rocks of approxi-

mately uniform thickness. A sill is relatively
thin compared with its lateral extent, which has
been emplaced parallel to the bedding or
schistosity of the intruded rocks.

Siltstone-Aconsolidated sedimentary rock consisting of
fragments between the size of sand and clay
grains.

Slate-A fine-grained metamorphic rock which tends to
split in slabs parallel to the alignment of mica
rather than along bedding planes.

Slickenside-Polished and grooved rock surface where
rock masses have rubbed together under
pressure along a fault plane.

Spit-A long peninsula of unconsolidated sand in a
bar projecting from a headland.

Slack-A steep-sided off-shore pinnacle, isolated by
wave action from a sea cliff of which it was
once a part.

Stratification-Parallel structure produced by deposi-
tion of sediments in beds or layers.

Strike-The course or direction of the intersection
of an inclined bed or fault with the
horizontal plane surface.

Strike-slip-Term applies to faults that have a prom-
inent horizontal movement parallel to the plane
of the fault.

Subduction zone-A curved planar surface where one
major plate, usually the denser oceanic plate,
is under-thrusting the less dense continental
plate.

Superposition-The laying down of beds in order one on
top of the other with the younger bed being on
top.

Superimposed stream-A stream that was established on
a new surface, usually a sedimentary cover,
which maintained its course despite different
preexisting lithologies and structures encoun-
tered as it eroded downward into the under-
lying rocks.

Syncline-A trough-shaped downfold with limbs rising
from the axis, in which the youngest beds make
up the axial part of the fold.

System-A world-wide time-rock division containing
rocks formed during a period. Rock laid down
during the Permian Period would be the
Permian System.

Talus-Rock debris that accumulated in a slope at the
foot of a cliff.

Tectonics-Study of the broader structural features of
the earth and their causes. Plate tectonics
relates to movements of large segments
(plates) of the earth's crust and their
interrelationship.

Tephra-A collective term for all clastic volcanic debris
which during an eruption is ejected from a
crater or vent and transported through the air,
including bombs, blocks, dust, ash, cinders,
lapilli, scoria, and pumice.

Tephrachronology-Relative ages of strata based on
layers of volcanic ash.

Terrane-A suite of rocks bounded by fault surfaces that
has been displaced from its point of origin.

Tethyan-A term for rocks and environments of the
Mesozoic Tethys Sea which was a tropical
ocean extending from the Mediterranean



through the Himalayas to the Pacific.

Thunderegg-A term applied by rock collectors to
geode-like masses that are generally filled with
banded agate. They form in silicic volcanic
rocks.

TIll-Unconsolidated and wunsorted glacial deposits
which contain particles ranging from clay to
boulder size.

Tuff-A rock formed of compacted volcanic ash whose
particles are generally finer than 4mm in
diameter.

Turbidity current-A muddy, relatively dense current
laden with sediments that moves in response to
gravity along the bottom slope of a body of
standing water.

Ultramafic (see mafic)

Unconformity-The break or gap in depositional sequen-
ce in sedimentary rocks. It usually repre-
sents an erosion surface cut upon older rocks
upon which later sedimentary beds are deposit-
ed. An angular unconformity shows a measur-
able discordance in dip between the older and
younger beds. A disconformity is an erosion-
al break between parallel beds.

Vein-A tabular occurrence of ore, usually disseminated
through a gangue and having relatively regular
development in length, width and depth. The
term may also apply to non-ores such as quartz
and calcite veins in rocks.

Vent-The opening from which volcanic material is
erupted.

Vesicle-A small cavity in a fine-grained or glassy
igneous rock, formed by the expansion of gas
or steam during the solidification of the rock.

Volcanic rocks-lgneous rocks that have poured out or
were ejected at or near the earth's surface. The
term is synonymous with extrusive rocks.

Volcano-A mountain which has been built by material
gjected from within the earth through a vent
that includes lava, pyroclastic materials and
volcanic gases. Volcanoes composed of flows
with gentle slopes are shield volcanoes; those
made up almost entirely of volcanic ash with or
near the maximum angle of repose are cinder
cones; and volcanoes containing both flows and
fragmental rock may be called composite cones.

Water table-The top of the saturated zone.

Weathering-The processes, such as chemical action of
air and water, plants and bacteria, and the
mechanical action of changes of temperature,
whereby rocks on exposure to weather change
in character, decay, and finally crumble to
form soil.

Welded tuff see ignimbrite

Glossary
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Accretionary wedge 2,26,52,53,189

Acila 178

Almeda Gold Mine 65,67

Alsea Fm. 177

Alsea Spit 186,187

Alvord Lake 87,88,94,95

Amino acid decay 181

Anadara 178

Anticline 35,131,132,133,150,151,
190,191

Applegate Dist. see Takilma-
Applegate

Applegate Fm. 66,67,70

Arago Peak terrace 181

Armstrong nugget 39

Arnold Ice Cave 116,117

Ashland District 66,67

Ashland pluton 61

Astoria canyon 188,189

Astoria fan 188

Astoria Fm. 177,197

Aturia 178

Baker terrane 23,25,26,53

Balanced rocks 137

Bald Mountain batholith 28

Bandon 180

Basins, Coast Range 169

Bastendorff Beach 184,185

Bastendorff Fm. 176

Bateman Fm. 176

Batholith 28,63,146,147,175,
177,205

Battle Rock 74

Bauxite 219

Bayocean Spit 186

Bays, Coast 182

Beacon Rock 156

Beach processes 184,185,186,187

Beatys Butte 106

Belknap Hot Springs 153

Belknap Lava field 160,161,163

Berger Ranch 24

Big Hole 109,110

Bilk Creek terrane 25

Bingen anticline 151

Birds, fossil 87,88

Black Butte 130,137

Black Butte Mine 194

Black Hills volcanics 171

Black sands 192

Block movement 171

Block rotation 34,53,54,82,104,
107,143,145,172,177,204

Blue Bucket Mine 37

Blue Mountains anticline 35,131,132
133,151

Blue River District 151,152

Blue River ramp see
Cascade barrier

Bohemia District 151,152

Bonanza Mine 40,194,195

|ndex

Boring lavas 209

Bretz, J. Harlen 211
Breitenbush Hot Springs 153
Bridge of the Gods 154

Briggs Creek subterrane 54, 55
Brothers fault 93,104,150,151
Bruclarkia 178

Buell Limestone 176,205
Burnt Ridge Schist 26

Buttes, Portland 209

Buttes, Willamette Valley 219,220
Button Head rocks 137

Cape Blanco 180,195,196
Cape Blanco fracture 188,189,190
Cape Blanco terrace 181
Cape Lookout 197,198
Cape Meares 184,186,197
Cache Creek terrane 52,53
Calderas 85,86
Canyon Mountain complex 26
Cape Sebastian Sandstone 59,62,74
Cascade barrier 129,145,146
Cascade graben 129,133,145,146,150
Cascade Head 197
Cascade tilting see Cascade
barrier
Cascade volcanoes, ancestral 129,
144
Cascadia channel 188
Castle Peak caldera 85,86
Caves and caverns 70,159,197,198
Central Melange terrane 60
Challis arc 30
Channeled scablands 211,212
Chromite 69,193
Clackamas River faults 151
Clackamas River lineament 214
Clark Fork River 212
Clarno Fm. 29,30,42,44,128
Clatsop Plains 198,199
Clatsop Spit 198
Chetco plutons 62
"City of Sumpter" 38
Coal 193,194,205
Coaledo Fm. 176,196
Coburg Hills fault 145
Coffee Creek Fm. 24
Coffeepot Crater 96
Colebrooke Schist 58
Colestin Fm. 62, 143
Collier Cone 161,162,163
Columbia arc 35
Columbia Hills anticline 132
Columbia River, ancestral, 126
Columbia River gorge 153, 154,155,
211,212,213
Columbia River Basalt Group
29,32,33,82,83,84,85,122,123,124,
132,133,144,156,178,196,197,199,
200,206,219
Columbia transarc lowland 150,151
Condon, Thomas 13
Condrey Mtn. subterrane 54,55,60
Conodonts 2,24,25

Continental shelf and slope 187,
188,189,190

Coon Hollow Fm. 27,28

Coos Bay 180,193,194,196

Cope, Edward D. 14

Cophocetus 178

Copper 40,67,68

Coquille Bank 187

Corals, fossil 3,24

Corvallis fault 191,215,217,218

The Cove Palisades State Park 133,

134

Cowlitz Fm. 176,194

Coyote Butte Fm. 24,25

Crack-in-the-Ground 117,118

Crater Lake, 114,157,158,159

Crater Rock 148,165

Crescent volcanics 171

Crinoids 177

Crook Point 75,76

Crooked River 130,133,134

Crown Point 154

Crump Geyser 95

Crustal stretching see
Extensional tectonics

Dana, James D. 10,11

Danforth Fm. 107

Deer Butte Fm. 99

Depoe Bay 198

Deschutes Fm. 128,134,137

Deschutes River 133,134,137

Devils Churn 197

Devils Elbow 197

Devils Garden Lava fidd
110,111

Devils Punchbow! 198

Devine Canyon Ash 107

Dextral shear (faulting) 34,82,93

Diamond Craters Lava fidd 111,
112

Diatomite 94,133,161

Diatreme 109

Dikes see Intrusion

Diller, Joseph S. 13

Dinner Creek Ash Flow 85

Dinosaurs 29

Dothan Fm. 58,59,75

Drewsey Fm. 94

Dry Butte subterrane 54,55
58,62

Dry Mtn. 33

Dunal lakes see Lakes, Coast

Earthquakes 8,25,191,192,215,216,
218,219

Eastern Klamath terrane 53,
54,55

Ecola State Park 185

Elephant Rock 196,197

Elk subterrane 54,55,58

Elkhorn Ridge argillite 26

Elkton Fm. 175

Emmons, George 10

Empire Fm. 196
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Erratics 213,214

Escarpment, offshore 187

Eugene Fm. 143

Eugene-Denio fault 93,104,150,151

Evans, John 12

Extensional tectonics 81,
82,83,84,107

Fall Creek District 151,152

Fault-blocks 81,82,90,92,93

Faulting 34,36,82,131,132,133,150,

190,191,214,215,216,217,218

Fault "pop-up" 215,216

Fern Ridge Tuffs 220,221

Fisher Fm. 205

Floods, Pleistocene 130,207,210,211,
212,213,214

Flournoy Fm. 63,173,174,183,
200

Fort Rock 108,109

Fort Rock Lake 107

Fossil Lake 88,107

Four Craters Lava fied 110

Fremont, Charles 11

Fulmar fault 191

Fusulinids 123

Galice Fm. 55,58,66,68

Gales Creek fault 191,214

Galice-Silver Peak District
65,66

Gas see Petroleum

Gearhart Mtn. 33,85,86

Geode 40,41

Geothermal resources 41,94,95,
115,133,137,153,159

Glacia activity 34,41,63,88,89,148

Glacia floods see Floods

Glacia lakes 86,87,88,107,148,

Glaciers 34,63,88,148

Glass Buttes 115

Goble volcanics 176

Gold Beach terrane 53,55,

58,59,60
Gold Hill-Jacksonville
District 66,67

Gold Hill pluton 61
Gold Mining 37,38,39,40,64,65,152,
192,193
Graben 90,129
Grande Ronde Basalt 122,
124,125,131,144,155
Grande Ronde lineament 36
Gravity anomalies 82,84
Gray Butte volcanism
118,119
Grays Harbor volcanics 171
Great Basin 79,80
Green Ridge faults 105,
129,133,137
Greenback District 66
Greyback plutons 61
Grindstone terrane 23,24,25
Guano Lake 95

Harney Basin 106,107

Harney Lake 108

Hart Mtn. 87,90

Hastings Rock 74

Hayfork subterrane 53,55,61

Haystack Rock 197

Heap-leaching 40

Heceta Bank 187

Heceta Head 196

Hells Canyon see Snake River

Helvetia Fm. 208

High Cascades 145,156,157,158,
159,160,161,163,165

Highland Butte 209

Hitchcock, Charles H. 13

Hite fault system 132

Hole-in-the-Ground (Lake Co.)
109,110

Hole-in-the-Ground (Owyhee)
98,99

Hornbrook Fm. 62

Horse Heaven anticline 132

Horse Heaven District 40

Horst see Fault-blocks

Hot Lake 41

Hot Spot 81,83,84,106

Hot Springs see Geothermal Res.

Humbug Mtn. 74,75

Humbug Mtn. Conglomerate 58,74

Hunters Cove Fm. 59,74

Hunters Hot Springs 95,96

Huntington Fm. 23

Hurwall Fm. 26,33

Ichthyosaur 4,6,29

Idaho batholith 63,175,177,205

Ignimbrites 39,32,34,129,134

Illahee Fm. 143

I1linois-Chetco Dist. 66,68

Imnaha Basalt 122,124, 125, 130

Indian Creek terrace 181,182

Intrusives 177,180,200

Invasive volcanics 178,179

Invertebrates, 2,24,27,87,98,176,
177,178,181,205,206

Irish Bend Member 213

Iron 219

Iron Dyke Mine 40,67

Ironside Mtn. 33

The Island 135,136

Island archipelagos 1,52,170,171,204

Izee terrane 23,24,26

Jacksonville Dist. see Gold Hill

Jacksonville pluton 61

Jefferson, Thomas 9

John Day Fossil Beds National
Monument 44,45,46

John Day Fm. 29,30,31,32,41,42,
43,44,128

John Day Inlier 24

Jordan Craters 96

Jumpoff Joe 185,199

Josephine ophiolite 55,58,60,64,
68

Juntura Fm. 94

Keasey Fm. 176

Kings Valley fault 191

Klamath-Blue Mtns. Lineament 36,
63,132,150,151

Klamath Lakes 87,88

Lahars 30

Lake Abert 87,88,92

Lake Allison 211,213

Lake Billy Chinook 133,135,137

Lake Chewaucan 86,87,88

Lake Condon 211,212

Lake Labish 209,210,211

Lake Lewis 211,212

Lake Missoula 211,212

Lake Modoc 86,87

Lake Oswego 210,213,219

Lake Simtustus 133,134

Lake Sitkum 183

Lakebed, Miocene 206

Lakes, coast 182

Lakeview District 93

Landsliding 154,155,183,185

Lava Butte 113,114

Lava Cast Forest 113

Lava River Cave 117

Lava tube caves see Caves

Lava tubes 96,111,116,

Lavacicle Cave 117

Leslie Gulch 100

Lewis and Clark Expedition 9

Limnaea 107

Lineaments 36,38,63,93,132,143,
148,151

Listric faulting 90

Little Butte Fm. 144

Loess 211

Lookingglass Fm. 63,173

Lookout Mtns. 33

Loon Lake 183

Maar 108,109

Mahogany Mtn. 85,100

Malheur Cave 117

Malheur Lake 108

Mammals, fossil 7,8,30,31,33,44,

46,87,98,99,107,129,130,177,178,
211,212

Maps, Oregon 13,14

Martin Bridge Limestone 27

Marys Peak 200

Mascall Fm. 33

Massive sulfides see Minerali-
zation

May Creek subterrane 53,55,61

Mazama ash 87,108,159,188

McDermitt caldera 85,86,93

McKenzie-Horse Creek fault 145

McKenzie River 161

McLoughlin fault 93,104,151

Melange 25,26,59,60

Mendocino fracture 189,190

Mercury 40,93,115,194



Metcalf terrace 181

Metchosin volcanics 171

Metolius River 130,133,137

Mineralization 54,58,64,93,94
133,151,152,153

Mist (town) 194

Molalla Fm. 206,207

Mt. Angel butte 214,215,216

Mt. Angel fault 214,219

Mt. Bachelor volcanoes 141

Mt. Hebo 200 Plate

Mt. Hood 163,165

Mt. McLoughlin 157

Mt. Tabor 209,212

Mud Lake 108

Mule Creek District 66,68
Multnomah Falls 155

Mya 181
Mytilus 181

Nash Crater 161

Neahkahnie Mtn. 200

Nehalem Arch 190

Neptune State Park 197,198

Nestucca Fm. 176,205

Nevadan orogeny 60

Newberry, John S. 12,13,137

Newberry Crater 105,106,113,114,
115,130,134,135

Newport 185

Nickel 68,69

Nye Mudstone 177

Obsidian 115

Officers Cave 42

Offshore Oregon see Continental
shelf and slope

Oil see Petroleum

Olds Ferry terrane 23,24, 25

Olistalith 174

Olympic-Wallowa lineament 38,
93,132,143

Opalite District 93 Reefs

Ophiolites 3,26,53,54,55
Orocline 35

Otter Point Fm. 59,74 Rocky

Otter Rock 196 Rocky

Oregon Caves National Monument
70,71

Oregon State Dept. of Geology
15,16

Oregon State Geologist 13

Orogeny see Nevadan orogeny

Ortley anticline 151

Owyhee Basalts 85,98

Owyhee Plateau 96,98

Owyhee River Canyon 98,99

Oxbow faulting zone 28

Pecific Railroad Surveys 11,12,13
Packard, Earl L. 14,15

Painted Hills 46

Payne Cliffs Fm. 62

Pecten 178

Petroleum 194

Pickett Peak terrane 53,55,58
Picture Gorge 46
Picture Gorge Basalt 32,122
Creek fault 217
basalts 54,171,172,173
Pilot Butte (Bend) 112
Pioneer terrace 181,182,193
Pittsburgh Bluff Fm. 176
Plants, fossil 2,7,24,27,28,30,
31,33,44,46,62,98,205,208
tectonics 1,2,8,22,23,52,55,81,
82,130,147,170,171,180,204,214,
215
Platinum 193
Plume of volcanism see Hot spot
diamonds 94
Plutons 60,61,62
Poker Jim Ridge 87,90.93
Polygonal fissures 95
Port Orford terrace 181
Portland Hills fault 151,191,
215,216
Portland Hills Silt 130,211
Poverty Ridge terrace 181,182
Powell Buttes 113
Creek ash-flow 107,108
Preuss, Charles 11
Prineville Basalt 122
Proposal Rock 197
Pteranodon 4
Pterosaur 29
River
Quartzville 151,152
Queen of Bronze Mine 67
River
Radioactive decay 181
Radiolaria 3,24,26
Radium Hot Springs 108
Randolph (town) 192,193
Rattlesnake Creek subterrane 53,
55,61,67,70
Rattlesnake Fm. 34,107,108
73,75,76
Reptiles, fossl 4,6,29
Rickreall Fm. 176,205

Butte 209,212
Fm. 58 Steens

Rogue Canyon 188

Rogue Fm. 58,66

Rogue Valley subterrane 54,55,61
Rooster Rock 154

Roseburg Fm. 171,173,174,175
Round Butte 129

Rowland Fm. 209

Sabalites 30

Saddle Butte caldera 85,86

Saddle Butte Lava Tube caves
96,98,99

Saddle Mountain 199

Saddle Mountains Basalt 122,124,
125,156

Sand dunes 198

Sand Mountain Lava Field 160,161

Sand spits 185,186

Index

Sand volcano 192
Sandy River Mudstones 208
Sardine Fm. 144
Sawtooth crater 33
Saxidomus 181
Scappoose Fm. 176,177,206
Scotts Mills Fm. 143,205,221
Seven Devils Group 28,33
Sea Lion Caves 198
Sea Lion Point 196
Sed Rocks 196
Seven Devils terrace 181,193
Sheep Rock 45,46
Sherwood Trough 150,151
Shore Acres State Park 196,197
Sierra Nevada 52
Siletz River Volcanics 171
Siletz spit 186
Sills see Intrusives
Siltcoos Lake 182
Silver 39
Silver Butte terrace 181
Silver Falls (Marion Co.) 220,221
Silver Peak Dist. see Galice-
Silver Peak
Simpson Reef 196
Simtustus Fm. 128
Sisters faults 105
The Sisters Mtns. 160
Sisters Rocks 73,74
Sixes River District 66
terrane 53,55,58,59,60
Skinner Butte 220
Smith, Warren DuPre 14,15
subterrane 54,55,58,66
Smith Rock 118,119
Snake River Canyon 46,47
Snake River downwarp 82,83,84
Snow Camp terrane 53,55,58
South Sister 160
Spencer Butte 220
Spencer Fm. 176,205,206
Spotted Ridge Fm. 24
Squaw Back Ridge 129
Squar Ridge Lava Field 110,111
Steens Mountain 87,88,89,90,91,92
Mountain Basalt 82,83,84,85,
96,107,144
Steins Pillar 42,43
Stonewall Bank 187
Strawberry Volcano 33,104
Stream capture 47
Stratigraphy 27,58,59,87,108,125,
129,144,175,205
Stretching of crust see Extensional
tectonics
Subduction zone 2,3,52,82,83,107,
145,147,148,188,189,190,216
Submarine canyons 188
Subsidance, coastal 191,192,215
Succor Creek Canyon 98
Sucker Creek Fm. 94,98,99
Sulfide deposits see Mineralization
Sunstone 94
Syncline, 132,150,151,190,191,214
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Table Rock (Marion Co.) 121

Table Rocks (Medford) 72,73

Takilma-Applegate Dist. 66,67

Tectonics see Plate tectonics

Tempskya 4,5

Terraces, Coastal 180,181,182,
190,191

Terranes 1,22,23,25,52,53,55,56,
58,59

Tethyan 26

The Dalles-Umatilla syncline 132

Three Fingers caldera 85,86

Thundereggs 40,41

Tillamook Head 197

Tillamook Highlands 190

Tillamook Rock 197

Translated movement (faulting) 28

Triangle Lake 183

Troutdale Fm. 180

Troutdale gravels 208

Tsunamis 192

Tualatin River, ancestral 208,
210,213

Tuff ring 108,109

Tumalo faults 133

Tunnel Point Fm. 176,196,197

Turner-Albright District 58,65

Turner-Albright sulfide 68

Turritella 5

Tyee Fm. 174,175

U.S. Geological Survey 13
Uranium 93

Vale fault 93

Vale Hot Springs 94

Volcanic activity 30,32,33,34,82,
83,96,98,110,111,112,113,114,115,
118,119,123,125,126,129,130,132,
142,144,145,157,159,161,163,165,
172,173

Volcanic progression 83,106,145,146

Volcanism, bimodal 86,105

Walker Rim faults 105

Wallowa batholith 28

Wallowa Lake 34,42

Wallowa Mountains 33,34,35,41

Wallowa terrane 23,25,27,28

Wanapum Basalt 125,126,127,154,
156

Warner Lakes 86,87,88,92

Warner Valley 94,95

Wasco Silt 130

Western Cascades 142,143,144
145,146,147

Western Klamath terrane 53,55,58,
66

Western Paleozoic and Triassic
terrane 53,54,55,61,66,67

White Rock pluton 61

Whisky Run terrace 181,192

Whitsett limestones 59

Wilkes, Charles 10

Willamette Fm. 209,213

Willamette Meteorite 214

Willamette River, ancestral
208,209,210,213

Willamette Silt 213

Wind River Lavas 154,155

Woahink Lake 182

Wooley Creek pluton 61

Werangellia 28,33

Wrench faulting 104

Wrights Point 118

Y achats Basalt 176,196,197,198
Yakima Basalts 124

Yakima faults 132,150,151
Yamhill Fm. 176

Yamsay Mtn. 86,107

Yaquina Fm. 177

Yolla Bolly terrane 53,55,58,66
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