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PREFACE

This U.S. Geological Survey Professional Paper is one volume of a series that
focuses on the geology, paleontology, and mineral resources of eastern Oregon,
western Idaho, and southeastern Washington. The purpose of this series is to
familiarize readers with the work that has been completed in the Blue Mountains
region and to emphasize this region’s importance for understanding island-are
processes, the accretion of an allochthonous terrane, and postaceretion magma-
tism and volcanism. These professional papers provide current interpretations of
a complex island-arc terrane that was accreted to ancient North America during
the late Mesozoic, of a large batholith that intruded after accretion had occurred,
and of overlying Cenozoic voleanic and sedimentary rocks that were subsequently
uplifted and partly stripped off the older rocks by erosion.

Most of the Cenozoic volcanogenic rocks were locally derived, although the
source vents for some large volumes of rock remain unknown; other rocks formed
from material erupted in areas west of the Blue Mountains and were transported
eastward into the region. Voleanism within this large region appears to have been
more or less continuous throughout the Cenozoic, but the kinds of volcanic
products varied both geographically and over time. Earth scientists who have
worked on the Cenozoic voleanic rocks of the Blue Mountains and adjacent areas
have attributed the volcanism partly to several different volcanic ares and partly
to extensional volcanism in regions behind arc axes.

Most earth scientists who have worked in the Blue Mountains region agree that
the pre-Tertiary rocks there -form one or more allochthonous terranes. The
importance of such terranes in the evolution of circum-Pacific continental margins
has been recognized for about a decade, but many complex questions remain. For
example, how, when, and where did most of the circum-Pacific allochthonous
terranes form? How did they accrete to continents, and how have they affected
and been affected by subsequent processes? What are the mechanisms of
amalgamation during terrane formation and transport? And, perhaps most
importantly, what are the effects of these processes on mineral and hydrocarbon
resources? Although the volumes in this series provide some answers, the data
and interpretations contained in them will no doubt raise new and equally
intriguing questions for future generations of earth scientists.
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ABSTRACT

This volume, besides this brief overview, presents five papers that
deal with the Cenozoic voleanic and sedimentary rocks of the Blue
Mountains region. Most of the descriptive material concerning these
rocks is organized into chapters that discuss stratigraphic relations,
isotopic and paleontologic ages, and petrographic and petrologic data by
age groups. The final chapter discusses some implications of Cenozoic
tectonism and voleanism of this large region.

INTRODUCTION

The Cenozoic geologic history of the Blue Mountains,
northeastern Oregon and adjacent southeastern Wash-
ington, and of contiguous areas in Idaho and central
Oregon is dominated by major episodes of volcanism
interspersed with periods of sedimentation that took
place mostly in local tectonic or volcanotectonic depres-
sions. The episodes of andesitie, rhyolitic to rhyodacitic,
and basaltic volcanism, which are related to widely
dispersed vent systems of many different kinds, exhibit
both temporal and geographic differences; during some
periods, diverse chemical types of rock were being
erupted in large volumes more or less synchronously.

Regional correlations and extrapolations are only ap-
proximate in this area dominated by complex mixtures of
intrusive, volcanic, and volcaniclastic rocks and by nu-
merous separate and ephemeral basins of deposition.
Early workers relied mainly on general lithology and

Manuscript approved for publication, July 11, 1988.

sparse paleontologie evidence to extrapolate and extend
stratigraphic units over large parts of the region, partie-
ularly for Miocene and older Cenozoic rocks. Dependence
on these lithologie eharacteristies has resulted in estab-
lishing and mapping units of questionable time-strati-
graphic significance. Many of the resulting correlations
were approximate at best, and some were ineorrect.
Since about 1965, however, geologic mapping supported
by extensive use of radiometric dating, precise major-
and minor-element chemistry, magnetie-polarity deter-
minations, reevaluation of old fossil collections, and
evaluation of new ones has provided a reasonably consis-
tent regional time-stratigraphic framework suitable for
reconstructing the Cenozoic geology of the region.

Although widely recognized and accepted stratigraphic
nomenclature has been developed for important parts of
the Cenozoic section, the terminology and definition of
units for some parts are still in an elementary stage of
development. Many problems of terminology and region-
al correlation remain for Eocene, Oligocene, and lower
Miocene voleanic and volcaniclastic rocks of the Blue
Mountains region. Difficulties in regional correlation
result partly from the mixed and recurring lithologie
assemblages, their different degrees of alteration, and,
most importantly, from absence of detailed mapping and
adequate age data. However, recent intensive study of
the Miocene basalts of the region by numerous individu-
als representing many diverse interests has led to a fairly
precise stratigraphic nomenclature for these rocks over
major parts of the region, supported by extensive chem-
ical, radiometric age, and magnetostratigraphic data.
Miocene and younger volcaniclastic and sedimentary
rocks are mostly restricted to separate local basins of
deposition and, in general, have not received the same
attention as the Miocene basalts.

For the purposes of this volume, the geographic area of
coverage is arbitrarily restricted to an area of approxi-
mately 140,000 km?, including parts of southeastern
Washington, northeastern Oregon, and west-central Ida-
ho. This area includes the Blue Mountains province, parts
of Columbia Basin, the Columbia Intermontane province,
parts of the Deschutes-Umatilla Plateau, the Joseph
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Upland, and small parts of the High Lava Plains and
Owyhee Upland provinces of southeastern Oregon (fig.
1.1). Excluded from consideration are areas dominated
by volcanic rocks of the Cascade Range, which lie far to
the west of the Blue Mountains and also west of the
Deschutes River and areas to the south and southeast,
within the northern Basin and Range, although these
areas contain sequences of voleanic and volcaniclastic
rocks correlative, in part, with rocks of the Blue Moun-
tains. Some of those rock units are mentioned, however,
in the following pages to obtain a better regional under-
standing of the temporal and spatial distribution of
different kinds of volcanism within the Cenozoic. In
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addition, some volcanic rocks erupted in these peripheral
areas extend long distances into parts of the Blue
Mountains province.

A diverse assemblage of Cenozoic terrestrial voleanic
and sedimentary rocks occupies most of the surface area
within this 140,000-km? area; pre-Cenozoic rocks repre-
sent perhaps only 10 to 15 percent of the total outcrop
area (fig. 1.2). In the Oregon and Washington parts of the
region, inliers of Paleozoic and Mesozoic metasedimenta-
ry and metavoleanic rocks, partly representing a tecton-
ically mixed assemblage of accreted ophiolite and island-
arc terranes, are intruded by several varieties and ages
of plutonic rocks. In western Idaho, the Cenozoic cover
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FIGURE 1.1. —Index map of the Blue Mountains region (screened area), showing major physiographic provinces and localities mentioned in text.
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rests on similar Paleozoic and Mesozoic rocks and on
high-grade metamorphic rocks of Precambrian age.

Within the Blue Mountains province, the outcrop
distribution of pre-Cenozoic and lower Cenozoie rocks is
related partly to burial by subsequent volcanism from
vents marginal to and within the province and partly to
differential erosion of a structurally and physiographical-
Iy high region. A plexus of folds and tilted fault blocks
make up this large, structurally uplifted block, which
extends for about 360 km across northeastern Oregon
into western Idaho and the southeast corner of Washing-
ton. The width of the elevated block is difficult to
determine but is generally about 80 km or more. Distri-
bution of Cenozoic units indicates that deformation was
initiated during latest Eocene or Oligocene time and has
persisted into late Miocene and probably into Quaternary
time. The deformation has been inferred by some geolo-
gists to be related to northwest-southeast regional com-
pressional stresses and by others to be related in part to
deformation of brittle surface and near-surface rocks as a
result of tangential stresses from transcurrent movement
between crustal blocks. Different workers in the region
have labeled this elevated crustal block an anticline,
anticlinorium, antiform, or uplift; we prefer the nonspe-
cific term “uplift,” inasmuch as the origin of the structure
is only poorly known.

Before the early 1970’s, investigators assigned strati-
graphie units to geologic epochs, the boundary ages of
which differed considerably from those acceptable in the
1980’s. This practice led to some confusion, particularly
where formations originally assigned to the Miocene or
Pliocene are now referred to, respectively, as Oligocene
or Miocene in age. Throughout this volume, authors of
chapters use the epoch-boundary ages of Palmer (1983),
which are younger in years than those used in many
previous reports on the geology of the Blue Mountains
and adjacent areas. Every attempt has been made in the
figures and text to integrate these different assigned
ages.

Most of the K-Ar ages referred to in this and subse-
quent chapters are from published reports. Because some
of these published ages were originally calculated using
decay constants that are no longer acceptable, all ages for
which analytical data are available have been recalculat-
ed using decay constants acceptable in 1983 (see Fie-
belkorn and others, 1983). The recalculated ages using
the new constants generally are older by a few percent
than the original reported ages that were calculate using
the old constants.
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PREVIOUS WORK

Previous summary reports dealing with aspects of the
geology of the Blue Mountains and contiguous areas are
mainly topical discussions of selected parts of the strati-
graphie column or of special features in restricted geo-
graphic areas; several areally extensive geologic maps
also have been prepared for different parts of the region.

Early discussions of John Day Basin in Oregon, located
mainly at the west end of the Blue Mountains province
and including the southwestern part of the Deschutes-
Umatilla Plateau, inelude papers on the general geology
(Merriam, 1901), the petrography of the Eocene and
Oligocene(?) Clarno Formation (Calkins, 1902), and both
fossil floras (Knowlton, 1902; Chaney, 1924) and faunas
(Merriam and Sinclair, 1907). Since these early studies,
many additional papers have been published on details or
reviews of Clarno Formation floras (Arnold, 1952; Scott,
1954; Hegert, 1961; Elemenderf and Fisk, 1978;
Manchester, 1981) and Clarno Formation faunas (Stirton,
1944; Hanson, 1973). In addition, many topical papers
have been published concerning the distribution, litholo-
gy, structure, and alteration of both the Clarno and John
Day Formations of central Oregon; foremost among these
papers are those by Waters and others (1951), Hay
(1962), Hogenson (1964), Fisher (1967), Fisher and Rens-
berger (1972), and Noblett (1981).
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Brief mention was made by Anderson (1930, p. 25),
Bond (1963) and, more recently, Jones (1982, p. 43-52) of
andesitic and latitic volcanic rocks in western Idaho that
are probably equivalent to the Challis Voleanics and
correlative with the Clarno Formation; some of these
voleanic rocks exposed in western Idaho were thought to
be as old as Permian(?) (Tullis, 1944, p. 40).

The Miocene basaltic rocks, mostly making up what is
now known as the Columbia River Basalt Group but
including some petrographically and chemically distinet
mafic flow units, have been treated in many publications;
earlier ones are by Mackin (1961) and Waters (1961), and
more recent ones are by Bond (1963), Thayer and Brown
(1966), Schmincke (1967), Wright and others (1973),
Hooper (1974), and Nathan and Fruchter (1974). Prolif-
eration of formal and informal names for basaltic flows
within this group led to a review by Swanson and others
(1979) in which a revised formal stratigraphic nomencla-
ture was established and the petrologic, magnetic polar-
ity, and chemical characteristics were described. That
report also summarized the geographic distribution of
units and K-Ar ages of selected flows. Other formal
publications and numerous dissertations concerning
these rocks are referenced throughout this volume.

Several early publications dealt with both lava flows
and terrestrial sedimentary rocks of Miocene and young-
er age in and adjacent to Boise Basin. For example,
studies by Lindgren (1898), Russell (1902), Merriam
(1918), and Buwalda (1924) established early stratigraph-
ic concepts for many of the units exposed in the basin.
Regional stratigraphic relations and nomenclature, as
well as precise age assignments, of these diverse rocks
recently have been reconsidered and revised, largely
through the work of Malde and Powers (1962), Arm-
strong (1975), Armstrong and others (1975), and other
workers.

Many reports are available on the stratigraphy and
structure of Pasco Basin in southeastern Washington,
most of them related to investigations of ground water
and radioactive-waste disposal at and near Hanford.
Principal among these reports are those by Strand and
Hough (1952), Newcomb (1958), Brown and McConiga
(1960), Newcomb and others (1972), and Gustafson
(1978). Newcomb (1965) described the geology and water
resources of Walla Walla River basin, which lies about 60
km southeast of Pasco Basin.

Regional geologic maps and compilations that have
contributed to our understanding of the distribution of
Cenozoic voleanic and sedimentary units include princi-
pally those by Gaston and Bennett (1979), Mitchell and
Bennett (1979), Rember and Bennett (1979), and Swan-
son and others (1981) for Idaho; Brown and Thayer
(1966), Walker and others (1967), Swanson (1969),
Greene and others (1972), Walker (1973, 1979), Robinson

(1975), and Brooks and others (1976) for northeastern
Oregon; and Swanson and others (1980) for southeastern
Washington. Smaller-scale maps of Idaho (Bond, 1978),
Washington (Huntting and others, 1961), eastern Oregon
(Walker, 1977), and Oregon and Washington (Luedke and
Smith, 1982) also provide background information on the
regional distribution of volcanic and sedimentary se-
quences. Each of these regional maps provides an index
to more detailed work in specific small areas; much of this
more detailed work is in unpublished theses.

PURPOSE AND SCOPE

The chapters in this volume describe the volcanic and
sedimentary rocks of the Blue Mountains region, their
distribution by time-lithologic units, and their relations
to vents; the Cenozoic structural development of the Blue
Mountains and of several subsidiary depositional basins;
and, finally, the interrelations of tectonism and volca-
nism. The volume will be a companion to several other
volumes published (Vallier and Brooks, 1986, 1987) or in
preparation that discuss the pre-Cenozoic geology of the
same major parts of eastern Oregon, southeastern Wash-
ington, and western Idaho, including the Idaho batholith
and its wallrocks.

The large size of the area being considered in this
report and the diversity of the Cenozoic geology required
the talents of several authors whose interests dealt with
specific parts of the stratigraphic column or with single
basins of deposition or related groups of basins. There is
little uniformity in the amount and kind of data available
for the different subjects that are considered. Intensive
studies of some parts of the stratigraphic column or of
small geographic areas have provided much data on
thicknesses of section, lithology, distribution of lithologic
units, chemistry, isotopic ages, and magnetic-polarity
characteristics. Other areas and other parts of the
stratigraphic column have been studied by only the
broadest reconnaissance methods, and the resulting data
are sparse and generally provisional.

A final summary chapter deals with the Cenozoic
tectonic and voleanic history of the region. It attempts to
bring data presented in the other sections into focus,
particularly in relation to structural development and
volcanism and to concepts of magma generation and
crustal development.

In 1981, I initially provided each author with a general
outline of the entire volume, suggesting general topics to
be covered in each chapter and giving very general
guidelines as to scope and philosophy of approach. Within
these guidelines, authors independently prepared their
reports dealing with particular parts of the Cenozoic
section. Because of different approaches to the subject by
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the authors and the vast differences in availability of
data, the chapters are not uniform in either style or
coverage. Furthermore, several chapters prepared in
1982 and 1983 represent the status of knowledge at that
time and have not been substantially updated as new
work was completed and published.

In this region, as in most voleanic regions, generalized
stratigraphic columns are of limited usefulness, and
regional correlations are only approximate. In and mar-
ginal to the Blue Mountains, numerous separate ephem-
eral and mostly structurally controlled depositional
basins have received various volcanie, volcaniclastie, and
sedimentary materials from many source areas. Before
radiometric dating and the development of precise
geochemical and magnetostratigraphic techniques, many
correlations of lithologic units among the separate basins
were somewhat haphazard; only in recent years have
time-stratigraphic relations reached a stage where re-
gional correlation charts are meaningful and reasonably
consistent.

Correlations that are well supported by numerous
radiometric ages, by clearly defined rock chemistry, or
by systematic magnetostratigraphy are restricted large-
ly to the Oligocene and Miocene part of the section and
concern primarily the John Day Formation of central
Oregon and the overlying flows of the Columbia River
Basalt Group.

REGIONAL STRATIGRAPHIC RELATIONS

One purpose of this introductory chapter is to provide
a regional stratigraphic framework for the individual
chapters that deal with specific part of the stratigraphic
column. Those chapters present detailed descriptions of
the physical and chemical characteristics of the different
lithologic units and the relations within the described
sequences of rocks.

Composite and highly generalized stratigraphic col-
umns have been prepared for four separate but interre-
lated parts of the region (fig. 1.8). These four columns
represent (1) the Blue Mountains province and south-
western part of the Deschutes-Umatilla Plateau; (2) the
southern part of Columbia Basin and adjacent parts of
Idaho, including the Clearwater embayment; (3) the
southern margin of the Blue Mountains province and
contiguous parts of the High Lava Plains; and (4) the
northern Owyhee Upland and northwestern part of the
King Hill section of the Columbia Intermontane province,
forming the northwestern and western part of Boise
Basin. The columns are arranged in a correlation chart
(fig. 1.3) and referenced to lines representing ages of 20,
15, 10, and 5 Ma. Stratigraphic units common to more
than one column are indicated, and age spans of isotopi-
cally dated units are shown in parentheses. Gaps in the

columns, in part shown as regional unconformities, indi-
cate that volcanism in this region was episodic. However,
as new radiometric ages have been determined from
various parts of the region, some of the apparent gaps in
the voleanic history seem to be diminishing in duration or
disappearing. Where interfingering relations are known
or inferred, they are shown by jagged lines (fig. 1.3);
unconformities, which are present in many parts of the
section, are shown only if they are of regional extent or,
if of local extent, are important in understanding rela-
tions in this complex volcanic area.

The Cenozoic rocks of the region are divisible into
several major geologic units, some with wide geographic
distribution and others restricted to small ephemeral
basins of deposition or to geographically restricted vol-
canic piles. Even though some of these units are recog-
nizable over large parts of the the region, the Cenozoic
column is so segmented by regional and local unconfor-
mities and by faults that estimates of composite thickness
are almost meaningless. Nowhere are all the diverse
units displayed in a continuous sequence, and in most
parts of the region only small segments of the column are
present. One of the thickest sequences of Eocene and
Oligocene(?) rocks, representing the Clarno Formation,
is that described by Waters and others (1951) for the
Horse Heaven mining district of Oregon, where the total
thickness is about 1,800 m. Oles and Enlows (1971)
described a section of similar thickness in the Mitchell
quadrangle; they divided this section into upper and
lower parts and identified the total section as the Clarno
Group. The thickest described section of uppermost
Eocene(?), Oligocene, and lower Miocene rocks, repre-
senting the John Day Formation, is that estimated by
Peck (1964) to be about 1,200 m thick near the west limits
of the formation. The John Day Formation has a com-
posite thickness of about 820 m near Mitchell (Hay, 1963)
and 760 m near Picture Gorge (Fisher and Rensberger,
1972). Miocene basaltic rocks and the partly coeval
Strawberry Volcanics vary extremely in thickness. Max-
imum total thickness of this part of the section was
estimated at about 2,450 m by Thayer and Brown (1966),
although Swanson and others (1979) indicated that this
thick section of basaltic flows may be partly duplicated by
faulting. In the deep canyons adjacent to the Snake and
Grande Ronde Rivers, the total exposed thickness is
about 800 m, and this value represents only a part of the
Miocene basalt column. The Mascall Formation of middle
Miocene age, which locally overlies the basalt flows and
elsewhere appears to interfinger with them, was report-
ed (Thayer and Brown, 1966) to be locally as thick as
1,830 to 2,135 m.

Measured thicknesses of the Miocene silicic voleanic
and volcaniclastic rocks and of the upper Miocene and
overlying volcaniclastic and sedimentary rocks vary so
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much from one depositional basin to another and within
basins that few generalizations are possible. In basins

E BLUE MOUNTAINS REGION

marginal to the Blue Mountains, volcaniclastic and tuf-
faceous sedimentary deposits of middle Miocene (Bar-
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stovian) and younger age are locally as much as 650 m
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(Barstovian) clastic rocks, about 130 m for overlying
upper Miocene (Clarendonian), and 250 m for uppermost
Miocene and Pliocene(?) (Hemphillian) rocks, for a total
section thickness of nearly 640 m in Juntura Basin.
Similar thicknesses of correlative tuff and sedimentary
rocks are present in areas to the west of the Blue
Mountains, where parts of the sections are exposed in
deep canyons of the Deschutes River and its tributaries.
Rock sequences several hundred meters thick are
present in several basins marginal to the Blue Mountains
on the southeast —in the north end of the Owyhee Upland
province and in the Columbia Intermontane province.
Within the Blue Mountains, local sections of these middle
Miocene and younger clastic rocks are generally much
thinner; the thickest sections may be those that are about
300 m thick in Paulina Basin (Davenport, 1971) and to the
east in the Suplee-Izee area (Dickinson and Vigrass,
1965).
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ABSTRACT

Lower Cenozoic terrestrial rocks of the Blue Mountains region are
separable into a lower, possibly Paleocene, sequence of quartzose and
feldspathic sandstone and siltstone overlain by a thick sequence of
largely volcanogenic deposits, most commonly referred to the Clarno
Formation in Oregon and the Challis Volecanies in western Idaho.

The voleanogenic sequence is dominated by several kinds of andesite
flows, mudflows, breccia, and moderate to large volumes of andesitic to
rhyolitic tuff and tuffaceous sedimentary rocks. Isotopic ages on
volecanogenic rocks shown on published maps as part of the Clarno
Formation in the Blue Mountains range in age from about 54 Ma to 19
Ma. Assignment of rock units to the Clarno Formation that have been
dated at younger than about 37 to 35 Ma are suspect; reexamination of
outcrops of those rocks younger than about 37 Ma indicates that
although they are petrographically and, presumably, chemically much
like rocks of the Clarno Formation they are invariably less altered.
Much evidence indicates that voleanism similar to that of the Clarno
Formation extended well into the Oligocene and, possibly, into earliest
Miocene time and is, therefore, partly coeval with volcanism that
produced the John Day Formation.

INTRODUCTION

A heterogeneous assemblage of terrestrial volcanie,
voleaniclastic, and epiclastic rocks primarily of Pa-
leocene(?) and Eocene age crop out in widely separated
areas in the Blue Mountains of Oregon and in parts of

ICentre for Marine Geology, Dathousie University, Halifax, Nova Scotia, Canada.

several adjoining provinces. The assemblage typically
comprises a basal sequence of terrestrial quartzose and
feldspathic sandstone and siltstone overlain by a thick
sequence of largely volcanogenic deposits, dominantly of
andesitic composition but including some basaltic and
rhyolitic rocks. Although these rocks vary lithologically,
many of them are similar in kinds and degree of alteration
and in structural deformation. These similarities, along
with erratically distributed fossil floras and faunas, have
been used by various investigators to correlate detached
parts of the lower Cenozoic section over many tens or
even hundreds of kilometers, with various degrees of
precision.

In northeastern Oregon nearly all of these lower
Cenozoic volcanogenic rocks have been assigned to the
Clarno Formation by most investigators, none of whom
has considered this complex assemblage on a regional
basis. Although Mendenhall (1909) and Hogenson (1964)
included the epiclastic sedimentary rocks in the Clarno
Formation, Pigg (1961) placed them in an older, unnamed
unit. Shorey (1976) also considered these arkosic sedi-
mentary rocks to be older than the Clarno Formation and
referred them to his Herren unit. Because these rocks
are distinet in composition from the bulk of the Clarno
Formation and appear to be older (Trauba, 1975; Shorey,
1976; Elemendorf and Fisk, 1978), we also treat them
herein as a separate unit.

On the basis of an angular unconformity in the Mitchell
area (fig. 2.1), Oles and Enlows (1971) divided the
volcanogenic sequence into wh<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>