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ABSTRACT

In the southwestern part of the Columbia Basin Mio-Pliocene
and Pleistocene formations are exposed. The Mio-Pliocene units
have distinctive lithologies that can be correlated over hundreds
of sguare mlles, thus facilitating detailed structural mapping.

The Mlo-Pliocene formations are, from oldest to youngest, as fol=
lows: the Yakima basalt, the Selsh, the Wenas basalt, and the
Ellensburg. This sequence comprises a part of two mutually inter-
fingered lithosomes - one of sedimentary rocks and the other of ‘
flood laves. The Yakima basalt sheets and interbedded fluviatile, i
aeolian, end lacustrine sediments, including dietomite, record
regional downwarping and mild localized warping during asccumula-
tion, The Selash formation consists essentially of fluviatile and
aeollan clastics of volcaniec origin derived from.the present
mountain‘areas to the west and probably to the north of the Col-
umbiae Basin., It also contains clastics apparently derived from
erosion of the northern Columbia River drainsage area. The Wenas
basalt consists of one or two flood lava flows. Locally these
flows are arbitrarily assigned to the Selah and Ellensburg for-
mations, The basal part of the Ellensburg formation is similar
to the Selah formation. Upper Ellensburg sediments consist large=-
ly of debris derived from rising enticlinal ridges. The Pleist=
ocene Ringold formastion overlies the Mio=-Pliocene succession un-
conformably,

Petrographically thellavas are tholelitic and are characterized

by endesitic basalts and basaltice andesites., The volcanic-derived
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clastics of the Selah and Ellensburg formetions and of the sed-

imentgry interbeds in the Yakima basalt’ consist overwhelmingly

of hornblende endesite, The non-volcenic sediments are quartzose

sands, and conglomerates containing pebbles of guartzite, basalt,
and other rock types. Mixtures of volcanic and quartzose lithe
ologies occur in the sedimentary lithosome and in the Ringold

formation.,

The enticlinal structures mapped are of three gerneral types:

(1) single, convex upward flexuresj (2) broed arches with sube-
sidiary flexures; (3) monocline-like structures bounded on one
or both sides by subsidiary flexures and loceally thrust to the
north, In addition to thrust faulting transverse and normal
faults are mssocisted with the rise of the anticlines. More
recent normal faults have slightly lowered the structural relief
of some of the ridges. Two possible modes of genesis for the
folding are suggested: (1) folding free of the basement, or (2)
folding in direct response to deformation of the basement,

The indicated sequence of events is as follows: (1) accum=
ulation of flood lavas and minor sedimentation accompanied by
general downwdrping; (2) localized mild differential warping and
the accumulation of great volumes of andesitic detritus along
with continued lava eutpouring and non-volcanic sedimentation;

(3) rise of anticlinal ridges and integration of the drainage

system into essentially its present form; (4) continued or renewed

differential warping and deposition of the Ringold formation;
(5) upwarping of that formation to the north snd perhaps nearly

contemporaneous antithetic faulting,
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STRATIGRAPHY AND STRUCTURAL GEOLOGY
OF PORTIONS OF SOUTH~-CENTRAL WASHINGTON

INTRODUCTION

In south-central Washiﬁgton late Cenozoic geological pro-
cessés and structures may be conveniently studied where the
complex Csscade Mountains grade into the Columbis Basin or
Columbia "Plateau". The close relationship between geologic
structure and topography facilitates such study, but except for
the work of Smith (1903A, 1904) snd Waters (1955 A), very little
geological mapping has been done in the western part of the
Besin. However, several contributions have been made toward the
better understanding of the stratigraphy, so that it is now
possible to correlate the Columbia River bassalt flows and to
arrive at structural details hardly possible before.

Figure 1,--Index mep of Washington State showing general area
of study.

The area studied includes some 2,000 square miles of the
Bouthwestern part of the Columbie Basin. In this area several

enticlinal ridges and broad synclinal valleys extend eastward




from spurs end valleys of the Cascade Mountains and, in genersal,
gradually merge with the struecture and topography of the Basin
proper. The iargest upland.of the area is the southward sloping
Horse Heaven Plateau, rimmed on the north by the Horse Heaven
Hills. The Pasco Basin between the Horse Heaven Platesu and
Saddle Mountains and the Umatille Besin south of the Horse Heaven
Plateau are local subdivisions of the Columbia Basin and form
‘its topographic and struectural lows.

In general the present topography of the anticlinal ridges
haé been produced by the stripping away of as much as several
hundred feet of sediments and lava flows. Along the Columbia
River glaciel melt water floods of the type described by Bretz
(1928) have greatly modified the topography. The Columbia and
Yekima Rivers drain the area. Both rivers heve antecedent
courgses through the major ridges in canyons or "gaps" several
hundred feet deep, but follow synclinal courses in most of the
studied areas. Local topographic relief varies from approxi-
mately 1,000 to 2,000 feet.

The climate 1s a moderste continental, semi-arid type with
precipitation averaging asbout ten inches yearly. In the natural
state the soll supports such vegetation as sagebrush and bunch
grass, but much of the valley land is cultivated and some of the
higher ground, notably the Horse Heaven Plateau, is planted in

wheat and other grains.
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FIELD METHODS

The exemined locelitles were selected on the basis of the
rock exposures to provide examples of the structure and strati-
graphy of areas which had not been studied previously in detail.
Geologle mapping was done largely with the aid of air photographs
snd was plotted on topographlc quaedrangle sheets. Topographie
maps of the area now include the seven and one-half minute divi-
sions of the Beverly quadrangle and several fifteen minute quad-
rangles, but only the o0ld thirty minute sheets are available in
the greater part of the area. The latter do not allow the pre-
cize depicting of the relation of topography to geologic struc-
ture, but are satisfactory for conveylng a general impression.
Stratigraphic sectlons were measured with a hand level or with

e tape.
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GENERAL GEOLOGY

The rocks of the southwestern part of the Columbie Basin
include a part of the widespread Columbia River basalt, together
with sedimentary intercalations, and several hundred feet of
overlying sediments called the Ellensburg and Ringold formations.
In the mouhtains surrounding the Basin older Tertiery and pre-
Tertiary rocks appear. These record a long and complex history
and influenced the development of the Basin. The geology of the
Cascade Mountains and of western Washington is falrly well known
and Very closely related to that of the Basin. Ancilent northe-
west-goutheast structural trends are recorded in the foliation
of the pre-Tertiary metamorphic rocks of the Cascades, and early
Tertiary northwest-southeast folding 1s known to have preceded
the formation of a surface of mature relief upon which the Colume
bia River basalt was extruded.

The basalt extends into the larger modern valleys dround the
edges of the Basin and cén be traced down the gorge of the Col-
umbia River into western Washington and Oregon. Late Tertiary

folding of all the rocks developed the structures which are

plainly displayed in the canyons of the Yekims and Columbia
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Figure 3; Index map showing principal locallties mentioned in text.
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Rivers. Latest Tertiary and probably Quaternary uplift of the
Cascade Mountalns has completed the structural development to
date.

The present topography has been formed under the influences
of structure, differential rock resistance end the formetion of
slopes graded to local base levels. Loessial soil mantles. many
of the uplands, end fluvio-glacial silt and sand deposits are
extensive in the lower valleys. Ice rafted_erratics are common

up to about 1,200 feet elevation.

STRATIGRAPHY
GENERAL

In thls section of the Columbia Basin five litho-strati-
graphic units are of primary significance. These are from oldest
to youngest: the Yakima basalt, the Selah formation, the Wenas
basalt formation, the Ellensburg formation, and the Ringold forma-
tion. The Yakima bagélt is an accumulation of great sheets of
once very fluld plateau or flood lava of unknown total thickness.
Individual flows show much veriation in gross aspect from place
to place, but retain their general petrographic characteristics
and can therefore be correlated in the field. The Selsh and
Ellensburg formations are essentislly sedimentary and both consist
of lithologies which record andesitic volcenic asctivity in the
general area of the present Cascade mountains as well as erosion

in the area of present Columbis River drainage. The Wenas basalt

consists of flood basalt separated from the Yakima basalt by the




Selsh formation sediments over most of the area. The Ringold
formation consists largely of fine-grained clastics containing
r Ellensburg type and other voloanic elements together with con-
glomerates similar to some of those in the Ellensburg.

In general the stratigraphie nomenclature has developed
rather informally, and few type localities or type sections
have been specifically designated; so that it is desirable to
review the history of the nomenclature and to define the strati-
graphic units.

The oldest formation, the Yakims basalt, was named and
informally defined by Smith (1901, 1903 A) after detailed geolog~
ical mapping in the Ellensburg quadrangle and vicinity. Earlier,
Russell (1893) had included Smith's Yekima basalt in the Columbia
lava, which he later (1901) named the Columbia River lava., Rus-
sell's Columbia River lava included several lava "sheets" exposed
over some 200,000 square miles of the Columbia Plateau in Washe
Ington and Oregon and in the Snake River Plains of Idaho.

Merriam (1901) proposed that the Columbia lava should be restric-
ted to the pert most prominent along the Columbias River. He
found this part between the Mascall and the John Day formations
in the John Day Basin of Oregon and considered it of Miocene age.

Since that time the term "Columbia River lava" has been
generally superseded by "Columbia River basalt", which seems to
have been introduced by Buwalda (1923). Columbia River basalt
is generally used in Merriem's sense to refer to the "Miocene"

part of Russell's Columbia River lava. According to Wilmarth




(1938) the United States Geological Survey uses the term for

" 1avas of Tertiary age in the general area of Russell's worlk,

In this thesis "Columbia River basalt" will refer to the whole
Yakima basalt-WNenas basalt sequence including interbedded sedi-
ments end to the general correlatives of this sequence in other
areas., 1t 1s therefore only & generalized lithologic term.

Smith {1901, 1903A) pointed out the fact that Russell's
Columbia River lava included lavas of several different ages
and defined the Yakima basalt as the Miocene part. He mapped
the Yakima as & unit in the Ellensburg and Mount Stuart quad-
rengles and stated (1904) that the Yakima extends beyond the
boundaries of the State of Washington.

Above the Yakima basalt is the Selah formation, a sedimen-
tary unit previously named the Selah tuff member of the Ellens-
burg formation by Mackin (1947). Mackin's type locslity is at
Selah Butte (Locality A). The Selah is a mappable unit of much

stratigraphic importance and 1s therefore regarded as a formation.

Previously this unit had a rather anomolous stratigraphic posi-
tion owing to Smith's having included 1t in the Ellensburg forme-
tion, but also having indiceted the intervening Wenas basalt to
be a formation (1903A, p.2). Smith mapped the Selsh as "Ellens-
burg beds below the Wenas basalt",

The Wenas baselt was named and mapped by Smith (19034), who
both included it in the Ellensburg formation and 1ndicated it
to be a separate formastion., Mackin (1947) suggested it be con-
sidered a member of the Ellensburg formation, but recently (1955A)

would give it formational rank., It has a distinctive general
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lithology and is separable in the fleld from the Yakima basalt
even where the Selah formation is absent,

The Ellensburg formation, as used here, includes the part
of Smith's Ellensburg (1901, 1903A) lies above the Wenas basalt.
It is a sedimentary unit of distinctive lithdlogies whose strati-
graphic top hes never been defined.

The Ringold formation was named by Merriam and Buwalda
(1917), who found the beds in the White Bluffs of the Columbia
River north of Pasco to be of Pleistocene age and not part of

the Ellensburg formetion as formerly thought.
DATING OF THE FORMATIONS

Precise dating of the rocks with the possible exception of
the Ringold formation at its type locality has not been possible
because: the rocks are all of continental sedimentary or volecanic
origin and the time sceles for the marine and continental Tertiary
of the Pacific Coast reglon are not in aligmment; fossils are
rather rare with the éxoepﬁion of fossil flora at certain locali-
tlies; the Miocene-Pliocene boundary is a world-wide problem.

The marine and continental time scale misalignment has been
discussed by Durham, Jahns and Savage (1954) in connection with
the historical geology of southern California, where marine and
continental fossiliferous sediments interfinger so that a compar-
:ison of dating methods is possible, They demonstrate that the
mammaliesn Miocene-Pliocene boundary 1s well down in the marine
Miocene. This same sort of misalignment seems evident in com=-

paring the later marine Tertiary history of western Washington
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and Oregon evolved by Weaver (1937) with the generally accepted
dating of the later Tertiary history of eastern Washington and
Oregon. The latter 1s typified by Water's (1955A) suggested
timing for the rocks and events in the Yak.ﬁna East quadraz;gle.
A 1link between the two is provided by Lowry and Baldwin (1952),
who, in summariging the geology of the lower Columbia River
ialley, make tacit use of the marine scale for dating the
Columbia River baaait and the continental scale for dating the
younger formations. Figure 4 1llustrates these econditions in
somewhat over-simplified form. The implied time trensgression
of the Mio-Pliocene diastrophism from west to east may be a
function of the time misalignment. According to Weaver the
resultant structures affected both western and eastern Washington.
Paleontological dating in the Columbis Basin has been almost
limited to floral evidence from the Ellensburg and relsted forma-
tions such as the Latah., This has usually resulted in middle
or late Miocene datings. In recent years there has been s ten-
dency to discount paleobotanical dating, which is sumarized by
Savage (1956) as follows.
It may be concluded that plant chronology has been based
on earlier terminologies which in turn were based on dates
provided by mammaels or invertebrates contained in correlative
sediments. Thls statement belittles the role of fossil plants
in geoghronological assignments, but cannot belittle the role
of pleants in paleoecological or paleoclimatological assignments.
If paleobotanical evidence 1s to be elimated from serious
consideration, the only worthwhile fossil evidence from the west-
ern Columbia Basin by which the Ellensburg formation And the
Yekima basalt can be dated seems to be limited to the Hipparion

discoverles of Russell (1893), Merriem and Buwalda (1918) and
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C.R. Warren (1940A) end to recent vertebrate and invertebrate
finds mentioned by Waters (19554). All of these indicate a
Pllocene age for the Ellensburg and upper Yakima, according to
the vertebrate chronology.

The age of the Yakima and the Ellensburg according te the
marine chronology depends on‘correlation of the Yakima basalt
with the Columbias River basalt of western Washington end Oregon.
According to Weaver (1937), the Columbias River basalt is inter-
bedded there with the marine Astoria formation of middle Miocens
age. The deposition of the Astoria was terminated by dlastro-
phism in the "lower part of the upper third of the Mioeene".
This diaestrophism resulted in folds trending north 60° to 75°
west thet may be traced from western to eastern Washington., In
the later Miocene end during the Pliocene merine sediments were
deposited in local troughs and were folded to some extent.

The Selsh-Wenas-basal Ellensgburg sequencé i1s essentially
conforméble, but the thickest Ellensburg sections occupy struce
turel depressions., By analogy with western Washington it would
appear that the Yakima basalt 1s of middle to late Miocene age
on the marine scale and the Ellensburg is of late Miocene and
early Pliocene age on that scale. The Selah snd Wenas formations,
of course have intermediate age positions.

The only foasils found by this writer were some seed hulls

\ from @ pumicite bed in the Selah formation southeast of Locality
1, near Sentinel Gep., Dr. M.K. Elias (1955) of the Nebraska
State Geologlical Survey determined that the hulls were from Celtis
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willistoni, a variety of hackberry, and said that they were

probably of Miocene age. The better preserved fossil material
1s deposited in the Paleontology Museum, Department of Geology,
University of Washington as Lot No. 25. The locality is recorded
as U.W. Locality (A-46.|- A-75
| In eny case the whole Yaklma-Ellensburg sequence appears to
have accumulated without noteble time breaks, therefore no pre=-
cise dating is possibie without much more evidence than is now
avallable. Furthermore as Glaessner (1953) points out, the
Miocene~Pliocene boundary is one of the most unsettled time-
stratigraphic problems in existence from a world-wide standpoint,
The Ringold formation at its type locality, the White Bluffs,
seems to have been satisfactorily dated as Pleistocene by Merriam
and Buwalda (1918) on vertebrate evidence. Corroboration of this
- dating is afforded by Strand and Hough (1952), who would extend
the Ringold into the late Pleistocene.

' YAKIMA BASALT

Smith (1903A), who defined the Yakima basalt, mapped it as
a2 unit. He mentions the possibility of there being ten or more
flows exposed in the canyon of the Yakima River between Yakima
and Ellensburg, where about 2,000 feet of basalt may be seen.

A typlcal flow 1s described as being black, aphanitic, non-por-
phyritic, jointed into columns in the main body and having a

vesiculab top.

Although Smith did not designate a type locality for the




15

Yakima end did not describe a type section, he plainly considered
the basalt to be a formation, In that sense the Yakima has usie-
ally been described by later workers, although some confusion hasg

existed as to 1ts boundarles and as to its relation to the Colum-

bla River basalt. The Yekime basalt 1s regarded by this writer

as a formation in order to follow the usage of Smith., The forma-
tion 1s divided into seversl members which are mappable units in
themselves. The members consist of individual lava flows, se-
quences of flows with the same lithology and of sedimentary inter-

beds between flows.

In the ereas studied the Yakims basalt is the "basement roeck".
The total thiclmess of the basalt under the Columbia Bas in- has

never been determined. According to Taylor (1948) a drill hole
penetrated 4,570 feet into the basalt from the top of the French-
man Hills without leaving the formation. It is only at the

margins of the Basin - and in the surrounding mounteins that the
basalt may be seen to rest unconformably upon older rocks. But

at those places, as far as is known, only the upper flows are to

be seen. The total thickness of lava in the central portions of the
B asin may be weli in excess of 5,000 feet,

The Columbia River basalt flows, in general, are of the type
usually called plateau or flood basalt. Individual flows are
commonly called sheets, because thelr internasl structures indicate
that they spread as sheets of very fluid lava. These structures
also show that the sheets consolidated almost entirely after all

movement had ceased. Therefore such features as the ropy surfaces

end clinker associated with the Hawailisan type pahoshoe and aa flows
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are only locally well developed in the Columbia River flows.

The extent of individual flows of the Columbia River basalt
wag noted for many miles along canyon walls by Russell and other
early‘workers. Recently Waters (1958B) has reported a flow in
northeastern Oregon and adjacent parts of Waéhington and Idaho
to be 360 to 480 feet thick and tracesble in deep canyons for
120 miles northesouth and 50 miles sast-west. It 1s evident
that the flows are continuous stratigraphlec units, but until
recent years it was nof believed possible to trace individual
flows beyond canyon exposures.

The field correlation of the upper several hundred feet of
Yakima flows on a secure basis has been largely posslible because
of two porphyritic basalt members. Porphyritic basalt was men-
tioned by Russell (1901) and by Warren (19404), but the possi-
bilities opened for field mapping were not realized until Willlam
D. Irwin (cited in Mackin, 1946 end in Wallace et al, 1950) mede
use of porphyritic flows in working out the stratigraphy and |
structure of the Grand Coulee District for the Bureau of Recla-
mation. Later, Mackin (1946, 1947) described and mapped the
same porphyritic units in connection with the Squaw Creek and
Quinecy-Burke distomite deposits. Gray (1965) has treced these
units from the vicinity of Yakima to Moses Coulee, a distance
of ebout 60 miles.

Field identification of the members of the Yakima basalt
depends primarily on lithology. In the case of lava flows this
involves the type and degiee of crystallization of the ground-

mass in the main body of the flow and the presence or absence
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of phenoecrysts. These features have considerable variation in
most flows, but remain rather constant in gross aspect. Addi-
tional meens for flow identification are provided by total thick-
ness, bype of Jjointing, weathering, vesicularity, and general
position in the stratigraphic column. Accurate identification

of interbedded sediments usually depends upon the identification
of the enclbaing basalt flows, because the lithologles of the
sediments can change in detall within short lateral and vertical
distances.,

Flow correlation 1s most successful where a good knowledge
of the local stratigraphy can be obtained, because the details
vary from place to place. With such knowledge it is possible to
trace non-porphyritic as well as porphyritic flows., Sedimentary
interbeds and petrified wood zones can be correlasted in conjunc-
tion with associasted lava flows. Microscople examination is
seldom necessary for flow correlation, but can well be of value
with reference to local details of stratigraphy.

The Yakima baesalt, as well as the Columbia River basalt in
general, is a real example of "layer cake" stratigraphy. Each
flow and interbed is a layer of the cake and the Ellensburg for-
mation is the frosting. Each flow 1s a time-stratigraphic¢ unit
whose variations record not only internal chenges due to progrea-
8ive crystallization, but record the environment of its formation.
The time involved in the extrusion of a flow was probably on

the order of the days, weeks, or months recorded for modern Ice-

landie end Hawaiian flows. The flows on the Columbis Basin.
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» gre, of course, much larger then any known modern terrestrial
~flows, but their evident extreme origlnal fluidity suggests that
they can hardly have taken an appreciably longer time for extru-

Sidnc
It 18 not always possible to determine whether a "flow"

represents a separate phase of extrusion or is a flow unit which
has broken forth from a partly consolidated flow front in the
menner described by Nichols (1936). In canyon exposures the
intertonguing and merging of units which make up some of tho.
thicker flows is evident. In addition there are what might be
called\Jointing units where a flow consists of several types of
jointing which are intertongued or arranged 1ﬂ continuous tiers.
For descriptive purposes the exposed Yakima basalt may be
grouped into two divisiont the lower units, 1ncluding the Van-
tage member snd the flows beneath it; end the upper units, includ-

ing the members sbove the Vantage. The reason for this division

is that the Vantage member and the units beneath it outerop only
at Saddle Mountains in the areas studied, whereas the upper units
are exposed throughout the areas.

THE LOWER UNITS: The lower units are well exposed at Sentinel

Gep, where the Columbia River cuts through Saddle Mountains, and
at Frenchmen Hills Gap to the north., At leasst the upper flows
are exposed in the Yakima River canydn between Ellensburg and
Yakima, end according to Mackin (1955B), at Umtanum Ridge south
of Priest Rapids.

The following descriptions draw upon Galster's (1955) work

" for general relations between Frenchmen Hills Gap and Sentinel
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Gep and upon the writer's measured section at Sentinel Gap for

~ details. A v
Flows A and B: Flow B outcrops in the deepest part of

Sentinel Gap on the east side of the river and at Frenchman
Hills Gap. At Sentinel Gap there appears to be:another flow
(flow A) below flow B, but it is not cleerly exposed. Flow B
is composed of blue-black, ephanitie, finely porphyritic basalt
with very good columnar jointing at the base, Higher up the
rock tends to weather to & deep red and the Jointing has blocky
end "fan" structure, A thick vesicular zone at the top is in
well marked contact with the flow above. At Sentinel Gap the
flow is about 220 feet thick.

Flow C: Flow C consists of several flow units marked by

zones of vesicular basalt, end clinker or flow breccia. Some of

the vesicles are large and elongate horigontelly, whiech, together
with the clinker, suggests that the flow was rather viscous when
i1t reasched this locality. The rock is dark gray, ephanitic, and

locally finely porphyritic. It weathers mostly to shades of
gray, The top of the flow is more messively Jointed thsn the
main body and tends to form a bench. The flow is about 205
feet thick.

Flow D: Flow D appears to be one unit nearly 200 feet thick.

At Sentinel Gep it has several varieties of Jointing in roughly

layered arrangement. Typically the rock 1s dark blue-gray,

aphanitic, or very fine-grained and weathers to a deep red. HNear

the middle of the flow is a rather messively colummar, sheeted
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zone a few feet thick, which is slightly porphyritiec and tends
to form a narrow bench. At Frenchman Hills Gep the flow has a
pillow-palagonite zone with many weathering cavities.

Flow E: The massive columnar jointing in the basal several
feet of this red-weathering ledge forming unit contrasts strongly
with the flows sbove and below. At the measured section the
flow is about 35 feet thick, but due to several feet of original
relief at the top of the flow, this is possibly a minimum thick-
ness for the vicinity. The rock is blue-black, very fine-grained
and finely porphyritiec.

Flow Fi Flow F is very nesrly 200 feet thick at both Sen-
tinel Gap and Frenchmen Hills Gep. The basal part tends to be
magsively columnar but does not necessérily form a prominent
outcrop. Above the basal twenty-five or thirty feet the whole
flow is a series of intertonguing units, so that eny particular
measured section 1s only a general representation of the flow
as a whole. The rock is darﬁ gray, aphanitic, or very fine-grained,
and has plagloclase phenocrysts about two millimeters long scat-
tered sparsely throughout. The basal part, especially, has some
phenocrysts uﬁ to five millimeters long. Roughly cylindrical

segregations of vesicles are common.

Museum flow: The Museum flow was named informally by Mackin
for the exposures beneath the "Museum platfo;m" at the Gingko
Petrified Forest State Park near Ventage. In the basal 20 to 60
feet,the flow is very massively columnar and forms an unusually

resistant unit. The flow forms platforms and ledges between
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Vantage and Sentinel Gep on both sides of the Columbiae River.
At the top of the flow is an extremely vesicular zone, which
varies oonsidérably in thickness and is non-resistant. 7The
total thiclkness of about 90 feet at the measured section is
probably typical.

7 The roek is dark gray to blue-grsy, aphanitic to fine-
grained, and weathers to a conspicuous deep red. Plagioclase
phenocrysts up to five millimeters long are scattered sparsely
throughout and locally may spproach one per aquare foot of
outerop. |

Vantage member: This widespread sedimentary unit was

named informally by Maeckin and has since been described by sev-
eral other workers. Its known range is from the Yakime River
gorge south of Ellensburg (Kojen, 1955) to Moses Coulee on the
northeast (Gray, 1955) and to Umtanum Ridge on the south (Mackin,
1955 B), It may be present beneath the surface at Wallula Gap,
where well baillings at the Lester Blair ranch indicate an inter-
bed presumebly near the stratigraphic position of the Vantage.

The thickness of the member in the vicinity of Sentinel
Gap, varies from about ten to forty feet in response to surface
irregularities of the Museum flow and probably to differential
deposition and erosion by the agent of agencies of deposition.
Alto (1955) suggests that differential werping during deposition
of the Vantage may have caused variations in the depositional
thickness.

The Ventage has two lithologles. The cross-bedded sand-

stones at Sentinel Gap are formed of medium and coarse angulaX
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grains of quartz and variable smounts of feldspars, quartzite,
and micas in a tuffaceous matrix. Above the sandatone is-
bentonilc tuff which may be traced together with interbedded
sandstones composed of quartz, plagloclese, and volcanic gleass,
from Vantage westward into the Badger Pocket quadrangle. South
of Ellensburg in the Yakima River cenyon the Vantage 1s a pebbly
sandastone with the hornblende andesite lighology of the Ellens-
burg formation. Near Smyrna on the north flank of Saddle Moun-
tains the member is a fine-grained sandstone of hornblende ande=-
site lithology. The andesitic clastiecs indicate an opening phase
of the eruptions which culminated during the deposition of the
Ellensburg formation. The median geographic position of the
quartzose sandstones at Sentinel Gap suggests an early attempt
at establishment of drainage over a part of the basalt plain,
THE UPPER UNITS8: The flows above the Vantage interbed are

comparatively well lknown, because erosion has exposed them in
-3ullies on the flanks of the ridges as well as in the main canyons.
Their varied lithologies end the presence of several sedimentary
interbeds make them comparatively easy to tiace.

Frenchman Springs basalt member: The Frenchmen Springs

baselt 1s a group of flows informally named by Mackin for the
occurrency at Frenchman Springs alcove a few miles northeast of
Vantage. The flows are characterized by feldspar phenocrysts up
to one inch or more in diameter with roughly rounded outlines
end a shattered appearance on broken surfaces., Moast of the
phenocrysts consist of several plagloclase crystals clotted

together and some consist of plagioclase and pyroxene.
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Typically the phenocrysts appear on the order of one per
square foot of outerop, but show much varlation in their distrib-
ution. In some places they are very abundant and in others it
is~éifficult to find them. This variation c¢an usually be seen
within the individual flows or flow units of the member. In
particular the Sentinel Gap flow, the upper flow at Sentinel
Gap, has very rare phenocrysts. The groundmess of the rock is
typically dark gray to black, and aphanitic, but the central
and lower parts of the thicker flows are commonly very fine-
grained. Columnar jointing up to five feet thick or even thicker
is typical except for the Sentinel Gap flow, which is jointed
into small irregular blocks. The flows weather to shades of
dark gray and dark red-brown,

- The known extent of the Frenchman Springs basalt is from
the Badger Pocket quedrangle (Mackin, 1947), southward to Top-
penish Ridge, eastward to Wallula Gap, and northward to Moses
Coulee (Gray, 1955)., Therefore the member hes a known north-
south extent of more than seventy miles. 1Its total extent may
be much greater than this, because the minimum recorded thick-
ness where the base is eipoaed is 230 feet (Gray, 1955). The
greatest lmown thickness is over 500 feet at Sentinel Gep,
where the member consists of four flows.

At Frenochmen Springs snd in the generalvicinity of Vantage,
the lowermost flow of the member has & basal plllow-palagonite
rhese of markedly varying development from plece to place. This
flow has been called the Gingko, because the petrified wood at

the Gingko State Park occurs in the pillow-pelagonite. Sentinel
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Gep 1is thé only area studied where the pillow-palagonite occurs.
Here it 1s poorly exposed and appears to be devaloﬁed, not at

the base of the lower flow, but several feet above the base.

. The relation is best seen on the west side of the gap sbove the
Vantage member, which outerops as a light colored bend along the
north rim of Saddle Mountains. Probably the palagonite was formed
at the base of the flow in the manner described by Fuller (1931),
when it encountered water or wet Vantage sediments. Possibly

the palagonite complex was underrun by molten lava sfter the

water had been dried up.

At Wallula Gap the exposed part of the member consists of
several flows and intertonguing flow units totalling over 400
feet in thickness. At Locality 8 in the Horse Heaven Hills two
flows are exposed, but to the west only part of one flow was
observed. | |

Between Frenchman Springs and Seddle mountains the French-
men Springs basalt 1s capped by the Sentinel Gap flow (ef. Sen-
tinel Gep complex, Mackin, 19554). In the vieinity of Vantage
this flow 1s about 200 feet thick, and the basal part consists
of a pillow-palagonite complex with forset structure dipping
‘northward. According to Fuller (1931) this type of structure
indicates that the flow advenced from the southward. Both north-
ward end southward the flow thins so that it is not actually
present at Frenchman Springé and is about 130 feet thick at

Sentinel Gap. According to Mackin (1955 B) this flow may have

formed a dam, which impounded the lake in whieh the Squaw Creek
diatomite accumulated.
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The vesicular top of the upper flow at Locality 8 is
erowded with feldspar phenocrysts, but the main body of the flow
hasivery few. This condition was observed at several places and
may be genetically related to the vesiculation of the flow top.
In this perticular place the segregation of the crystals was
greatly alded by the formation of a slab pshoehoe crust, which
gathered up the phenocrysts as they arrived at the flow top.

Another type of phenocryst segregation is that in whieh
they are most abundant in platy zones or near the bottom of a
flow. Many flows and flow units with good colurmar jointing
show this type of segregation. Possibly it 1s brought about
by overturn of the top of the flow or unit during advance or
even by convective overturn of the phenoecryst-rich flow top.

Squaw Creek member: The Squaw Creek member is a sedi-

mentary unit originelly deseribed by Mackin (1947). At the type
locality in the Badger Pocket quadraﬁgle and at Roza Gap (Local-
ity B) the member consists of diatomite and quartzose silts

and sands,

A questionable occurrence of this member is at Locality 3
on Toppenish Ridge. Here a few feet of fine-grained sandy tuff
of hornblende andesite lithology represents the stratigraphie
equivalent of the Squaw Creek, Probably this interbed has no
actual eonnection in space with the diatomite beds. It appar-
ently represents a shower of volcanic ash somewhat worked by
running water,

Rogza porphyritic basalt member: The Roza porphyritic basalt

was nemed informally by Mackin (1955 A), because of the exposures
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opposite the mouth of Roza Creek, a tributary of the Yakima

. River. This 1s probably the most easily recognized member of
the Yakima basalt. The rock is typlcelly fine-gralned, well
crystallized basalt, porphyritic, and finely vesicular through-
out. The phenocrysts are single and composite plagioclase
feldsper orystals, in part associated with pyroxene crystals,
and ordinsrily average about one fourth inch in dlameter. They
renge up to one hslf inch or more in diemeter like many of those
in the Frenchman Springs flows. Unlike the Frenchman Springs
phenocrysts, those in the Roza are generally distributed rather
evenly throughout on the order of several per square foot of
outcrop.

The flow weathers to red-brown and is jointed inte bluff-
forming columns in the main body. It can be seen in the Upper
Grand Coulee and has been traced by Gray (1955) from Moses Coulee
to the vicinity of Selash Gep (Locality A). It outecrops at
Union Gap end at several places in the Horse Heaven Hills.

The Roza porphyritic flow 1s possibly more uniform in thick-
ness as well as lithology than any other flow of the Yakima
basalt studied. From Gray's Moses Coulee locality to Sentinel
Gap, the thickmness appears to vary from seventy to one hundred~ten
feet, In part the greater thiclmess at Sentinel Gap seems due
to an upper flow unit which was not found anywhere else At the
western localities (3, B, C) the thickness varies from seventy
to one hundred-sixty feet. In the Horse Heaven Hills the flow
thins graduslly and to the east of Locality ¢ disappears. Appar-
ently all of the variations in thickneas of this flow are the
result of very gradual thiekenings and thinnings.
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Burke distomite member: The Burke diatomite was not observed

at the localities studied, although some petrified wood occurs
at its stratigraphic level at several locelities. It was named
by Mackin (1955 A) for the occurrences in the Quinecy-Burke areas
(Mackin, 1946) east of Vantage and has been reported by Gray
(1955) in the Squaw Creek area (Locality C) and at a locality
on Saddle mountains east of Sentinel Gap.

Priest Rapids basalt member: The Priest Rapids basalt is

another member nsmed informally by Mackin (1056 A). At the type
locallty near the hamlet of Priest Rapids (Locality D), he des-
eribes four flows or flow units totaling about two hundred feet
in thiclkmess. At other localities the member consists of two

to five flows, all with the same general lithology, and one
major sedimentary interbed. The basalt is typically so well
erystallized thet the groundmess, although very fine or fine=-
grained by the usual standards, is coarse-grained in comparison
to that of most of the other flows. Plagioclase phenocryéta up
to one or two millimeters long are common, and in pleces there
are single crystals several millimeters long and clots up to
one-half inech in diemeter, reminiscent of those in the Frenchman
Springs flows, although not so abundeant.

Very massive colums, as much as eight or ten feet in
dlemeter, ere characteristically developed in the thicker flows.
At the bottoms of such flows cross-Jjointing tends to form plétea

" end slabs st sll angles. Thinner flows sre ordinarily jointed
into columns sbout three or four feet in diemeter. The tops
of the flows tend to be very vesioular, sheeted asnd erumbly,

In places the upper part of the vesicular zone is eltered to a
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dark green, brittle, clay-like material, which seems to have
contributed to the sedimentary Selah formatioﬁ. At other lecal-
ities thick‘ciinkar gones are developed at the flow tops. The
weathering color is typically a conspleuous red-brown,

~ The Priest Rapids flows differ from the Roza porphyritiec
flow in thelr general lack of large phenocrysts and in their
tehdency to form more massive colums. They differ from the
Wenas basalt in their generally better crystallization and more
massive jointing.

The exact relations of the type Priest Rapids flows to those
at other localities asre not known. At the type locality Mackin
found evidence of the tﬁo lower flows having accwmlated in rapid
succession. They may be units of a larger flow, ln which case
there are possibly three individual flows. At Sentinel Gap,
about ten miles to the north, the member consists of only two
flows, although the total thiclmess 1s about the same as at
Priest Rapids. Farther east on Saddle Mountains neer Smyrna,
there are two flows. Apparently in the area bounded by these
three localities, the member consists of both single and multiple
unit flows.

In the Horse Heaven Platesu ares the member 1s well exposed
at several localities. Here it can be divided into the basal
flows, the Mabton interbed, the Umatilla flow, end the 8illusi
flow from the base upward. If it had been possible to map all
these divisions of the member with certainty everywhere they
would have been regarded as separate members of the Yakima

besalt. This was not possible, so it seems best in view of the
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present knowledge of the stratigraphy, to designate these aa///)
 subordinate units. |

The basal Priest Rapids flows outcrop at several localities
on Toppenish Ridge and in the Horse Heaven Plateau area. Plag-
loclase phenocrysts up to five millimeters in diameter or even
lerger are sparsely distributed ﬁhrough the flows and are locally
common. Thelr distribution seems to be erratic, so that porphyr-
itic texture is only locally reliable for fileld correletion,
In this connection it is possible that the pecuiiar disappearance
of the Roza porphyritic flow ("upper porphyritic flow") deseribed
by Gray (1955) at Selah Gap may be explained by substituting
porphyritic basal Priest Raplds for Frenchman Springs basalt.
This change has been mede an Plate XXXIII, resulting in a more natural
pleture insofar as the Roza flow 1s concerned. However, the sub-
stitution sccentuates the strangely sbrupt cut-off of the entilre
Priest Raplds member between localitles A end B,

The basal Priest Rapids flows are best exposed in the vie-

inities of Localities 7 and 17. At both of these loecalities

there sre three basal flows or flow units. At Locality 7 flow
Number 1, the lowermost, is separated from Number 2 by a few
feet of petrified wood and opal, which appears to establish a
time lapse, Flow Number 2 1s only thirty-five feet thick and
vesicular throughout, so it msy well be a unit of flow Number S.
At Locality 17 in Wallula Gap, there are again three basal flows
or flow units. All three have clinkery tops and locally have
c¢linkery bottoms, The clinker davélopment, together with a
paucity of vesicularity in the solld lava beneath, and the irreg-

ular relief at the tops of the flowa suggest that they were

TR e L R ——
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very viscous when they arrived at this vieinity. A few miles
to the northeast at Locality 16, there are no basal flows.
This suggests that they terminated rather sbruptly in the
intervening distence.

At Locality 8 the basal Priest Rapids consist of only one
porphyritiec flow eight feet thick. The thinning of over two
hundred feet in a distence of six miles between Localities 7
end 8 is possibly due to structural conditions, that will be

discussed later, rather than to proximity to a "margin" of the

flows.
The Msbton interbed outcrops esbove the basal Priest Rapilds

at several localities on Toppenish Ridge and on the Horse Heaven
Hills and Plateau. It ia the basis for separeting the basal and
upper flows of the member. The best outcrops are in gullies
éouth and southwest of Mebton on the north flank of the Horse
Heaven Hills west of the road to Alderdsle end Roosevelt. This
general area 1s regsrded as the type locality, and the’type sec-
tion is described in Appendix A, Locality 7. Here the interbed
consists of seventy-five feet of tuffaceous sands, showing some
evidence of fluviatile bedding, and of massive tuffs, evidently
representing ahoﬁers of volcanic ash, Farther east at Locality
12, and to the south at Locality 19, the interbed is largely
cross-laminated sandstone overlain by bentonitic tuffs. Geolo~
glats of the U.S, Army Corps of Engineers found the same general
conditions during exploratory drilling at McNary Dam site (lLocal-
ity 18). At McNary Dam and at Locality 19, near Alderdale,

small pebbles are associated with the sandstonesi, The gensral
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PLATE III

Umetilla flow with curved
massive jointing at MoNary
Dem excavation.

Massively jointed Umatilla
flow over clinker of cobble-
sized scoria at top of basal
Priest Rapids flow nesr Local-
ity 17.
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lithology of the Mabton is andesitic like that of the Ellensburg
formation. The Mabton may be the stratigraphic equivslent of
the Burke distomite as a result of transgressive or simultaneous
deposition on the Roza member and the besal Priest Rapids.

The upper part of the Priest Repids member consists of two
flows in the Horse Heaven Hills district. These two flows may
correspond wholly or in part to Mackin's type Priest Repids at
Priest Rapids (Locality D) and to the two flows which Gray (1955)
reports at Selsh Gap (Locality A)., The two flows which may be
traced over the Horse Heaven area are well exposed 1n the viein-
1ty of McNary Desm (Locality 18) end on the nearby flanks of
31llusi Butte. The lower flow forms Umetilla Rapids in the
Columbis River and i1s asccordingly called the Umatilla flow. The
upper flow is called the Sillusi flow, because of the exposures
on the south face of 8illusi Butte along the right of wey of the
Spokene, Portland and Seattle Rallway. Both flows can be seen
in the walls of Wallula Gap upstream from McNary Dam,

The Umetille flow at its type locality shows a considersble
variation in thickness snd internal strueture, caused by the
development of a clinker gone up to sixty feet or more in thick-
ness at the top. Clinker is likewlise well developed at the top
of the probsble Umetilla flow at Locality 3 on Toppenish Ridge.
Elsewhere the flow top 1s e normal vesicular zone in which the
vesicles are generally nearly sphericeal, indicating that they
formed after movement of the lava had nearly,.if not entirely

ceased. The main body of the flow has the typieal massive col-

umar jointing at all localities studied. Near the base of the
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flow this jointing commonly is intersected by a confusion of
slsbs and plates at all angles, so that the columar structure

1s all but lost to view, Where the flow has been strongly
flexed, as on the flanks of Toppenish Ridge, the rock is broken
into angular fragments a few inches in diamter with no percept-
1bie relation to the original contraction jointing. At sueh
places the weathering colors tend to be limonitic yellow and
greenish rather than the usual red-brown.

| The 81llusi flow is similar in general appearance to the
Umatille, but is thinner and generally not as well crystallized.
It tends to have fairly massive colummar jointing, which makes

it a resistant unit. In the vicinity of McNary Dam, the top of
the flow 1s clinker up to twenty feet thick. About one mile east
of the dam and at the posaible occurrence of the flow at Local-
ity 1 (Sentinel Gap), the vesicular top 1s altered to dark green,
rather soft material, which seems to be some sort of deuteric
alteration product.

Umatilla flow clinker: Although clinker is not uncommon in

the Yakima basgalt, it is ordinarily a minor feature of the flow
tops. The thick clinker of the Umatilla flow was therefore
studied in some detail in excavations at McNary Dam site and in
highway and reilway cuts in Walluaa Gap. It consists of red,
purple, and gray scoria, both vesicular and non-vesicular, in

a matrix of impure silica gel. The scoria fragments range in
diameter from a fraction of an inch to several feet, and have
almost every conceivable shape. Many fragments are roughly
rounded, both from having been tumbled along on the advancing

lava, and from having been partly remelted by gas fluxing.
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According to MacDonald (1953) the formation of clinker at
the tops of the Hawailan flows is a function of the transforms-
tion of pahoehoe flows with ropy crusts into aa lava in which
the flow becomes channelized between masses of granulated scoria
or clinker and slowly advances under s cover of clinker. The
transformation 1s supposed to be caused by gradual loss of gases
from the moving leve, asccompenied by falling temperature, so
that the lava becomes a very viscous grenulated mush., At this
stage the crust at the top of the flow becomes a mass of spinose
fragments which break from the parent crust into a rubble, which
is carried along on top of the flow and tends to sccumulate on
either side of the lava channel, At the flow front the molten
lava slowly rolls over the clinker which falls from the front,
and occasionally tongues of more fluid lava may break from the
main flow.

The Umatille flow, of course, sccumulated as a lava flood
under very different conditions from those of the Hawaliasn flows.
However, the Umatilla clinker seems to have developed in response
to loss of gases and to granulation of the lava; so it seems
proper to refer to the Umatilla as an aa flow where clinker is
aigﬁificantly developed. Loss of gases from the lava is indica-
ted by the large amount-of non-vesicular scoria in the clinker
end by the sparseness or lack of vesicles in the solid basalt
below the clinker. Where the solid basalt is vesicular, the
vesicles are generally large end drawn out horizontally, because
of movement when the lava was very viscous. Granulation of the

lava during movement 1s indicated by the ephanitic groundmess



PLATE IV: Autoinjective
Localities 17 and 18, north side of Wallula Gep. Dike

rises from massive Eart of flow concealed just below
track level. Pick hendle 1s three feet long.
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throughout the flow in contrest to the relatively coarse erys-
. tallinity et most of the localities where there is 1little or
no clinker. Another evidence of granulation is the sparseness
of glass in the groundmass of the solid lava at the top of the
flow end in the'clinker fregments,

Autoinjective dikes from the solid basalt penetrate the
Umatilla clinker., Dikes of this type are well exposed in railway
cuts on the north side of the Columbia River about three miles
west of Locelity 17. In this vieinity dikes of various widths
up to 15 or 20 feet, can be seen to emerge from the top of the
solid basalt and to penetrate nearly to the top of the clinker.
None was observed to have reached the top. The larger dikes
commonly branch out in the clinker and all taper to a blunt
ending. 'They are formed of non-vesicular basalt, have flow
banding end rarely contain cognate inclusions, Apparently they
represent comparatively mobile lave squeezed from the viscous
maess below.

In the Locality 3 vicinity on Toppenish Ridge an accumula-
tion of clinker over one hundred feet thick is at the topwof a
flow, which probebly is the Umatilla. The clinker 1s not as
1deally exposed as at Wallula Gap, but shows much the same
features., The reasons for belleving that this flow 1s the
Umatilla are: the thiclkness of the elinker 1s approximately
that of the probable Sillusi flow at nearby Locality 5 and at
Locality 7, end roughly corresponds to the thickness of the
possible Sillusi correlative described by Gray (1955) at Selah
Gap; the flow at Locality 3 overlies a tuffaceous interbed,
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apparently the Mabton. The thick clinker zone evidently formed
an island over which the Sillusi flow could not lap.

| Clinker up to seventy-five feet thick is present at Locality
12 over what may be the Umatilla flow. In this vicinity the
exposures are not continuous, but suggest thet only one Priest
Repids flow sbout 275 feet thick lles above the Mebton interbed.
The situetion may be similar to that at Locality 3.

All of these thick accumulations of clinker seem to be rela-
ted to the presence of water on or in the terrain over which the
1ava sdvanced, The water is particularly manifested in the sili-
ca-gel which forms ten to twenty-five per cent or even more of
the clinker volume at all localities. In addition as much as
ten or fifteen feet of the basalt at the base of the Umatilla (%)
flow at Toppenish Ridge 1s glassy or has been replaced by opal
and agate which retain amygdaloidal”structure. At McNary Dam
end viedinity drill cores and excavations disclosed black and
green opal linings in joint cracks and large masses in fault
sones in what was called the "Main Flow" below the clinker.

These observations suggest that a flow which is in a con-
dition to form clinker will be greatly assisted in this forma-
tion by the presence of water. All of the cited occurrences of
thiek clinker are at or near places where the Mabton interbed
was found, which indicates that the water was contsined in the
sediments or in ponds or streams on the surface. Apparently the
chilling effect of the water end the steam which was produced

from it accelerated the granulation of the lava, so that as it

continued to move, clinker accumlated on a grand scale. There

mey have been phreatic explosions locallye

—4—
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The steam leached~silica and other solubles from the porous
clinker mass and from the base of the flow, and upon sufficient
cooling, the éilica was deposited as a hydrated gel., In the
confinement of fissures in the cooled lava and, at the base of
the flow, the steam pressure was apparently great enough end the
temperature high enough to form a concentrated silica-gel or
opal. In the clinker an open system existed, so that the steam
beceme cooled before the leachings were highly concentrated.
Therefore the gel which fills the voids in the clinker is mostly
a very hydrated substence, Excavations at McNary Dam and vieinity
were cut through a great desl of clinker containing this type of
gel. When fresh and demp it was white, tan, or dark green in
color and had the consistency of cool paraffin. On drying it
beceme brittle and fractured or disintegrated. Associsted with
this gel are palagonitic substences and minerals such as calcite
and zeolites, which are all of approximately contemporaneous
origin,

Natural outeroppings of elinker tend to be very ragged and
spiny, becsuse the gel weathers away easily. 1In bluffs and arti-
fiecial cuts the crumbling of the gel leaves a porous mass of
scorie, which, in many places, resembles a cobble conglomerate.

The foregoing observations indicate that the formstion of
clinker in the flows studied is somewhat analogous to the forma-
tion of the pillow-palagonite complexes. The processes differ
in that pillow-palagonite seems to have been entirely the result
of the chilling of a flow by water, whereas the formation of

clinker was merely essisted by the presence of extreneous water.
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The pillow-palagonites of the Columbia Plateau have formed from
' lavas which could be chilled to glass, whereas the lavas which
formed clinkerAappear to have been in a state very near to
solidification before they encountered surface water,

CONDITIONS OF YAKIMA BASALT ACCUMULATION: The Yakime basalt

flows have left some records concerning the development of the
Columbia Platesu., Each flow, for the most part, was formed from
very fluld leva and tended to create g nearly flat initial surface;
therefore, the original distributions and thicknesses of the flows
were influenced by structural warping as well as initial 8lopes.

Time required for accumulation: The paleontological evidence

previously discussed does not offer a meens for measuring the
time lapse represented in the accumulation of the nearly 2,000
feet of Yakima basalt exposed to view at Sentinel Gap. However,
indirect evidence is afforded by the lack of any appreciable
interflow weathering. Such weathering would be expected an the
basis of the rather humid climate postulated by Chaney (1940)
for the general Columbia Plateau region during the Miocene and
Pliocene, if eny great time had lapsed between eruptions.

The deep weathering of the uppermost Columbia River basalt:
flows in the general vicinity of Por tland, Oregon, has been men-
tioned, together with the views of Lowry and Baldwin (1952) that
this weathering took place during much of late Miocene time.
Scheid (1947) reports similar weathering in the vicinity of
Spokene, Washington. He finds that his "Excelsior surface" was
lcovared by a few lava flows. He postulates, however, that the
Excelsior weathering may have been cdntemporaneous with that of

the Portland ares,
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Although soll zones are commonly mentioned in the geolog-
' dcal literature of the western part of the Columbias Basin,. K no
real evidence 6f such development was found in the field. If eny
are present in the examined areas, they are evidently eovered by
the exposed rocks. The Mabton interbed in the vieinity of Local-
ity 12 does have several feet of red alteration at its top.
This elteration mey represent a soil zone; but, if so, it is a
zone thet was evidently not developed everywhere on the interbed.
It 1s more likely that the red alteration was formed by some
type of optalic metamorphism induced by the overlying lava flow.
The red tops of some of the flows are not evidence, of course,
of their weathering, but rather are primery oxidation features.
Howhere was there any evidence that vegetation had formed
on the interbeds or on the flows. The only type of petrified
wood seen was in the form of tangled logs end limbs, obwviously
floated into place. Insofar as these observations are concerned,
there 1s no basis for believing that the wood represents forests
that grew between eruptions of basalt only to be covered by the
lava. Rather the forests probably grew beyond the areas reached
by the lava for the most part. However, Waters (1955 A) reports
fossil rooted tree stumps in the Yakima East quadrangle. The
diatomite beds described by Mackin (1946, 1947) end Waters (1955A)
also indicate a lapse of time between lava outpourings.
The conclusion is that if the climate during Yakima basalt
time was conducive to weathering, the flows to be seen at Sen-

tinel Gap end the other locamlities studied were sccumulated

during a comparatively short interval of time. Perhegps sn
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interval of only a few hundred years was involved. If, however,
the climate was semli-arid, as at present, so that weathering
was a slow prboess, the time for accumulation may have been

much longer.

Method of flow sdvance:; Individual flows consist of one or

more flow units, Where intertonguing of flow units is visible,
it is possible to gain an ldea of the manner in which they ad-
vanced. Flow C at Sentinel CGap, and at least the middle part
of the Frenchman Springs member at Wallula Gap, are illustrative
of multi-unit flows. It 1s not hard to visualize these flows
advancing as a series of flared-out wedges spreading ahead of
the main wave of lava. However, in the case of a flow which
seems to consist of only one unit, it is not so easy to visual-
ize the advance, especially where that flow is two hundred or
more feet thick. Here, 1t seems almost necessary to postulate
a single gush of lava of Vvery low viscosity. If such a flow
actually did advance in a series of units, the lava was evidently
able to assimilate them into an apparently massive flow. The
possibility of such assimilatlon does suggest itself in the
prominent partings parallel to the top and bottom surfaces of
some flows. Particularly where these partings outline inter-
tonguing lenses of basalt, the analogy with flow units is striking.
Topogrephy of the Yakima basalt surfaces of agcumulationt

According to the views of Bailey Willis (1887) and others who
have worked at the northerly mergins of the Columbia Basin,
the Columbia River basalt flows advenced northward sgainst the
regioﬁal s lope into valleys which formed a dreinage pattern
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rediating from the present Basin srea. At that time the northern
Cascade Mountasins and the Okanogen Highlend had a mature relief.
Supposedly this area’remained a relative highland throughout
Columbia River basalt time.

To the south in the Columbis River gorge through the Cascade
Mountains, the lavas ere interbedded with marine sediments.
Therefore, it seems that a regional southerly and southwesterly
slope from the Okanogen end Cascade Mountain areas end a westerly
regional slope through the Columbia Gorge area existed at that
time. This means that if the lava flows of the western Columbia
Basin came from the southeast, es is usually supposed, they
advanced against the regional slope in flowing northward, whereas
they could more edsily have flowed westward down what is now the
Columbia River valley. It would seem that the distribution of
the flows was determinéd by local fectors as well as regional
slopes. BSome of these factors are expressed in the distributions
end thicknesses of the flows and interbeds plotted on PléteXIXIII

The Roza porphyritic flow is the oldest that is exposed
over a large ares in its entirety. The thickness of the member
at the various localities shown on the diagrem plus Gray's (1955)
Moses Coulee locality indicates that its thickest development
is along a northeast-trending zone roughly blocked out by Locel-
ities 3, B, Moses Coulee, and l. Tﬁis suggests that the flow
gccumulated in a shallow trough, which mey have been created by

structursl warping, or msy have simply been the surface expres-

sion of the Frenchman Springs member.
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The Roza flow appesrs to have consolidated from a very
fluid lave everywhere that it was observed. Molten lava, of
course, is not a true liquid, but the thicker parts of the flow,
at lemst, probably tended to form é nearly level upper surface.
The variations in the thiclkmess of the flow about i1ts margins
may give some indications of the constructional slopes formed
by an individusl flow. The general rate of thickening or
thinning of the Roza flow between points such as Localities 1
eand 9, where a significent change i1s recorded, is on the order
of two feet per mile, both east-west and north-south. The more
extreme thinning between Localities 7 and 9, a matter of forty
feet in nine miles, is at the rate of nearly four and one-half
feet per mile. The difference of two and one-half feet between
these two figures seems to be a measure of the surface slope
of the Roza flow near its margins.,

The rate of thinning of the Roza flow 1s two to four end
one-half feet per mlle and is probebly close to the minimum,
whereas the variations in the thicknesses of the Umatilla flow
of up to fifteen feet per mile are probably close to the meximum,
even discounting its e¢linker builld-up. The effects of the flow
margin slopes in producing depressions are evident in such mem-
bers ss the Burke diaetomite, whose fifty feet thickness et Local-
ity é corresponds very nearly to the forty feet of thinning of
the Rogza flow between there snd Sentinel Gap.

Structural warping during Yekima basalt accumulation: don-

structional slopes were not unmodified during Yekima time. The
interbedded Columbia River leves and marine sediments in the
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Columble River Gorge indicate subsidence concurrent with flow
accurmlation. In the Columbia Basin, the bottom of the Yakima
basalt 1s probably several thousand‘feet below sea level at
present, The amount of comparetively recent subsidence involved
is impossible to evaluate, but it hardly seems possible for
several thousand feet of basalt to have stood sbove sea level
while two hundred miles away the basalt was at or below sesn
level. Such a situation would have resulted in a regional slope
much greater than the slopes indicated In the preceding section,
snd would almost surely haeve had drastic effects on the distri-
bution of the lava flows.

It is generally considered that the basement rocks were
basined because of the weight of the accumulating lava, or for
other reasons; consequently, the surface of the accumulating 1

lava may never have stood much sbove sea level. In this con-

nection Newcomb's estimate that the surface of the lave in the
PascorBaain may have been at 2,500 feet above sea level at the
close of eccumulation, is probably am extreme maximum.

Along with the broad downwarping, some local warping seems
to have been developing. The evidence for this is largely
contained in the Priest Rapids member. At Locality 20, the
Mabton interbed and the flows sbove it combined are sbout three
hundred feet thick, but are about four hundred sixty feet at
Locality 9., In addition the Selah formation and the Wenas basalt
formation at Loeality 20.are unusually thin. At Locelities 13
and 1 the Priest Rapids above the bassl flows of the member'ia

even thinner than at Locallty 20. These scattered observations
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suggest that the Horse Heaven Plateau had a positive tendency

during Priest Rapids time, and that a shallow basin outlined

by Localities A, 3, 7, and 12 was fllled with the thicker part
of the Priest Replds, Another basin may have existed in the
vicinity of Localitlies 18 and 19.

It is possible that some of the major structures of the
Columbia Basin were beginning to develop in Priest Repids
time, The presence of fluviatile sediments in the Maebton inter-
bed at Localities 7 and 12, at the north edge of the Horse
Heaven Hills, snd at Localities 18 and 19, et the south edge of
the Horse Heaven Plsteau, may record ancestral Yakima and Col-
umblia River drainage.

SELAH FORMATION

The Selah formation is a sedimentary unit,which inciden-
tally includes some basalt of Wenas lithology. It lies between
the Yakime basalt end the Wenas basalt formations. It outecrops
over most of the area studied except in the eastern part of the
Horse Heaven Plateau. Well logs cited by Newecomb (1948, 1951)
indicate that the formation or its correlatives may exist in
the Walla Walla Basin.,. 1Its thickness veries from over two
hundred feet at Sentinel Gap, Roze Gep and Toppenish Ridge to
five or ten feet in the hills south of Kennewick, the eastern-
most place where i1t was observed.

The lithology of the Selah is very similar to that of the
Ellensburg formation, which originally (Smith, 1903 A) included
the Selah., In the western part of the Ellensburg quedrengle
Smith shows the Selah joining the Ellensburg directly, due to
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the disappearance of the elsewhere intervening Wenas bassalt.
Waterﬁ (1955 A), who also mapped the Selah es part of the Ellens-
burg formation, shows a similar situation on‘his map of the
Yakima East quadrangle.

In view of the simlilarity of general lithologies, and in
view of the local vertical and lateral continuities, the Selah
eand Ellensburg formatiéns and the Prosser interbed of the Wenas
basalt formation together constitute a lithosome. This type of
1ithologic unit has been proposed by Wheeler snd Mallory (1954)
to ineclude the verticel and lateral variations of a stratigrephiec
unit with essentislly the ssme lithology. A lithosome by defi-
nitition is a purely lithologic unit, which may comprise a member
or a formation or several members or formations, which may or
mey not interfinger with other formal stratigraphic units. The
discussion of the Selah formation will, then, apply except for
details to the Ellensburg formation., The Seleh-Ellensburg l1litho-
some will be simply calied the sedimentery lithosome. Opposed
to the sedimentary lithosome is the lava lithosome composed of
the Yakima snd Wenas basalt formations and the lavas in the Seleh
and Ellensburg formations.

LITHOLOGY OF THE SELAH FORMATION: The Selsh formation con-

sists of four lithologles, all of which, except possibly Number
4, have been found in the Ellensburg formation. These are as
follows in the epproximate order of decressing sbundance: 1)
endesitic detritus, including both fluviatile and seolien sedl-
ments; 2) quartzitic conglomerates and related sandstones; 3)

basalt flows of Wenas lithology; 4) cleystones and siltstones

derived from altered basalt,
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Andesitic detritus: The andesitic detritus consists of

sandstones, conglomerates and siltstones of fluviatile deposi-
tion, and of pumicites of aseolian deposition. Smith (1903 A)
stated that the beds in the Ellensburg quadrangle consist of
pebbles snd grains of hornblende sndesite composition end frag-
ments of pumice end ash of the same composition. Remarkebly
enough, although the beds were deposited on basalt, it is only
rarely that basalt i1s aa constituent. Coombs' (1941) petrograph-
ical studies of the more typicel occurrences in the Ellensburg
end Mount Aix quadrangles showed that the mineralogy of the

sands is limited to the light and heavy constituents of the ande-
site. The writer expanded this subject somewhat (1948), and has
incorporated some of the observations made at that time into

this work.,

The source areas of much of the detritus are evidently in
the Cascade Mountains where hornblende andesites have been repor-
ted by Smith (1904) in the Mount Stuart quadrangle, by Page (1939)
end C.L., Willis (1950) in the Chiweukum quadrangle, by Cheppel
(1936) in the Wenatchee quadrengle, and by Abbott (1953) in the
Mount Aix quedrangle. The latter would seem the source of most
of the detritus in the Naches valley-lower Yakima valley district
because of the large boulders in the bluffs near Nile Creek.

The coarse detritus and beds of pumice near Ellensburg and the
comparatively coarse materlal at Sentinel Gap msey have had their

origin in the Mount Stuart erea or farther north. Possibly

some of the materiel at Sentinel Gap came from northeastern Wash-

ington, where Pardee (1918) and Dobell (1955) have reported
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Miocene (?) hornblende andesites. No specific studies have
been maede to solve this problem.

In the areas studied, the fluviatile deposits are dominaﬂt
in the west but become subordinate to the seolian material in
the southeast. The fluviatile beds consist of sendstones and
silﬁstonea and are locally pebbly in the Yakima valley ares
and more notably so in the Sentinel Gap beds, owing no doubt
to the latter being closer to a source of supply. In genersal,
the strong lensing and channeling structures so common to the
Ellensburg formation in the Yakima ares are not typical of the
Selah anywhere and become even less common to the southeast,
where the stream or streams of deposition evidently lost velocity.
Weaker lensing and cross-bedding effects are present however,
80 it is not possible to trace any one bed for an appreciable
distance even where the exposures are continuous. Ordinarily
the Selesh has so little resistence to erosion that its position
is marked by hogbacks or bluffs of the overlying Wenas basalt.

The cementation of the fluviatile beds varles from strong
to poor and seems to be a function of the smount of volcanic
glass present., Beds which are comparatively glass-rich are gen-
erally well cemented, probably owing to some sort of natural
pozzuolanic reaction. Beds which are glass-poor are rarely
cemented unless by iron oxide or lime. This varistion in gless
content and cementation is spparent at Locelity 5, 54, where
loose and firm sands of the same grain size alternate.

Pumicite beds are a rather conspicuous lithologlc type in

the Selah. It was on the basis of thelr occurrence that Mason
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(1953) sought to classify parts of the Selah as the "Prosser

member of the Columbia River basalt", a classification not used
here. The pumicites are of two types: coarse and fine-grained.
The coarser grained consists of blue-gray glass shards with a
submetallic luster, which has induced some workers tb call it
sllvery-gray tuff, This type of pumicite generally has a cren-
ulated, cross-laminated structure, although some beds are mas-
sive., The cross-laminated structure is very similar to that to
be seen in present day deposits of drift sand and silt elong the
Columbla River. It was evidently developed when the pumicite
was drifted along the ground by the wind efter its journey
through the air. The massive beds were probably deposited in
ponds. Grains of pumicite are common in the fluviatile beds,
because some of the ash fell in streems. The other type of
pumicite is very fine-grained, generaslly massively bedded and
commonly altered to a'bentonitic condition. In many places this
material is somewhat gritty because of included grains of feld-
spar. This pumicite i1s possibly the major constituent of the
Selah formation east of Prosser., Its outerops tend to be rather
free of vegetation,‘probably as a result of the bentonitic alter-
ation which promotes a run-off of the scanty rainfall.

Both types of pumicites have a moderate to poor degree of
cementation. The coarser-grained pumicite 1s typically porous
and frisble, whereas the fine-grained type is soft and clay-like
when demp, and brittle end much fractured when dry. Very com-
monly the presence of the fine-grained type, not only in the
Selah formation but also in the other sedimentary units, mey be
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recogniged by a charecteristic soft, light gray soll with meny
- polygonel cracks extending downward for as much as two or three
feet, Where this soil has formed the vegetation is ordinarily
scanty. It may be caused by the swelling of the bentonitie
material during periocds of moistening in a process somewhat

analogous to frost heaving.

Quartzitic conglomerstes This is the type of conglomerate

which hes been commonly called Hood River conglomerate. It
consists of pebbles and cobbles of basalt and quartzite, together
with various smounts of sndesite, plutonics, metamorphics, and
miscellsneous voleanics. The sandmatrix is typically formed of
hornblende andesite constituents with the addition of non-volcan-
ic quartz end non-volcanic feldspar. 1In places there are guart-
zose, micaceous sands assoclated with the conglomerates.

The Hood River conglomerate proper is a sedimentary forma-
tion named by Buwalda and Moore (1930). They found that it
lies upon the Columbia River basalt and 1is interbedded with the
besalt, They regarded the Hood River as a correlative of the
Dalles and Ellensburg formations. Warren (1941 A, B) traced
the Hood River type conglomerate over a large area in south-
central Washington and concluded that it represented the shifting
course of the ancestral Columbia River.

Insofer as south-central Washington is concerned, the name
"Hood River" cannot be well spplied to & formation or & member
of a formation because the exact relationships of the conglomerate
at Hood River, Oregon, the type locallity of Buwalda end Moore,

to the other "Hood River" beds are not known. Hood River type
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conglomerates ocour in both the Selah end Ellensburg formations.
In order to consider the conglomerates as members of those for-
mations, the conglomerates would require names other than Hood |
River to avoid stratigraphic confusion. This does not seem
practical at present; therefore the conglomerates are simply
termed quartzitic (ef. “quartzite-bearing conglomerate" of Waters,
1965 A). However it should be noted that, although the yellow-
ish weathering quartzite pebbles are the constituents most arrest-
ing to the eye, they vary considerably in their sbundance and
may even be absent locally.

The only studied locality where quartzitic conglomergte
occurs in the Selsh formation is Sentinel Gap (Locelity 1).
There the conglomerate forms s thick deposit at the base of the
formation. Higher in the section quartzitic conglomerates are
Interbedded with andesitic sediments. The two lithologies are
intermixed in some beds, Quartzitic conglomerate has been repor-
ted in the 8eleh formation or its correlatives at Priest Repids
(Mackin, 1955 A), at several localities on the Rattlesnake Hills
and Yekima Ridge, and at Alder Ridge several miles west of Locale
ity 19 (Mason, 1953).

Some of the reported occurrences of so-called Hood River
conglomerate in the Seleh were not corroborated in the field.
For example, at Locality 5-54 on Toppenish Ridge, both Warren
(1941 A) and Mason (1953) report quartzitic conglomerate below
the Wenas basalt., This actually consists of lag gravels from
the Ellensburg formation, which exists only as a remmant of

tuffaceous soll with scsttered pebbles on the Wenas. In places
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quartzite pebbles have streamed down the slopes and become super-
. ficially embedded in bentonitic sediments,

The quartzitic conglomerates in the Seleh formation repre-
sent the same type of sedimentation as those in the Ellensburg
formation. In general the conglomerates are the bed-losd depos-
its of a large stream, presumebly the ancestral Columbia River.
The deposits indicate that the Columbis shifted over a wide area
as it began to estaeblish its course over the Columbia Basin.

Basalt flows in the Selah formationt Basalt of the Wenas

type occurs in the Selah formation at Sentinel Gap, Toppenish

Ridge, end Roga Gap. On the south flank of Saddle Mountain, at
the east side of Sentinel Gap (Locality 1), the baselt in the

Selah formatlon wedges down from a thickness of about sixty or
more feet on the east to three feet in the first gully east of
the Columbia River valley. The flow pushed into pumicite with
a snow plow action and was covered by more pumicite. About one
and one-half miles to the east the flow thickens and the over-

§
lying sediments thin and disappear, so that the flow is in contact v

[{
%

with the Wenas basalt and becomes a part of that formation. é
At Locality 5-5A on Toppenish Ridge, a small remnant of f

Wenas type basalt caps a portion of the Selsh formation., The

remant is cut off by erosion from the Selah on each side, but

evidently once filled a depression, possibly a chemnel cut by

the stresm which deposited the sediments. The relations indicate

that this remnant of basalt was at one time covered by Selesh

sediments. Because the Selah sediments here are of types which

could have been deposited within a very short period of time,
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PLATE V: West to east view across south end of Sentinel Gap. 1In
foreground Wenas basalt (W) fills chennel in Yakime basalt (Y).
Across Gap Selsh formation (light gray) two hundred feet thick
separates Wenas end Yakima,
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this flow remnant mey have been an advance unit of one of the

Wenas formation flows.

‘Sedimenté derived from altered basalt: At several plsces

the Selah rests on dark green, softened Priest Rapids basalt re-
taining Ygﬁ}gg}gg/szgggture. This seme sort of alteration was
observed at the top of the Wenas basalt locally. Apparently
the éame type of material 1s represented in the Selsh formation
by dark green claystones or siltstones, which are brittie where
dry end full of slickensides where damp. Mason (1953) thought
some of these beds were thin lava flows weathered in place to
clay. Such an origin does not seem possible, because the assoc-
leted sediments show no evidence of weathering, except of a super-
ficial nature; and thin tongues of basalt which were observed teo
be intercalated with sediments are not altered as described above.
In places, for example, ebout one mile upstream from McNary
Dem (Locality 18) on the north side of the Columbia River, this
alteration materiasl is possibly twenty feet thick at the top of
the Sillusi flow and may have been transported for a short dis-
tance in part. However, no positive evidence was seen anywhere
that the material directly overlying hard lava had been eroded.
On the other hand, the absence of this material in most places
may be due, in some measure, to its having been removed before
it could be covered by the succeeding iava flow or sediments.
Possibly this materlal originated by deuteric alteration
of clinker or clinkery vesicular basalt. The inherent porosity
and original fragmentation of these phases of lava flows would

allow ready access to chemical attack and would promote easy

30 ‘\.:)

-
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removel by running weter., Some or the elinker fregments exposed
in new excavations at McNary Dem were in a very similar physical
state, although probably in a chemical state of higher oxidation.
The green coloration of the altered basalt and the claystones
indicates a state of reduction which is incompatible with a
thebry of formation by weathering of basalt.

CONDITIONS OF SELAH FORMATION ACCUMULATION: The Selah for-

mation seems to have been deposited essentially as a fan-like
blanket of andesitic detritus from the west and north, modified
by deposits of quartzitic conglomerate from the north. Contem-
poreneous with at lemst the later stages of Selah deposition,
Wenas type lava was spreading over the sediments and being cov-
ered by them. Eventually there was a slowing in the rate of
endesitic sedimentation or an inereamse in the rate of lava out-
pour;ng that caused the Wenas basalt to spread as a nearly con-
tinuous blanket.

During Seleh time there seems to have been a regional slope
of a very moderate degree toward the southeast and the south.
An indication of this slope is provided by compering the thick-
ness of the formetion at Roza Gap (Locality A), where it is about
three hundred feet thick, with that at Ward Gap (Locality 9),
the southeasternmost extent of significent smounts of fluviatile
materisl, where it is forty-seven feet thick. The straight-
line distence between these two points is about forty-five miles.
If 1t i1s assumed that the surface of the Yakima basalt was a level
plain at that time, the restered surface gradient of the Selah

was something like six feet per mile,
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That conditions were not altogether that simple is indicated
by the fact, that the Selsh, a few miles west of Yakima in the
Neches velley bluffs, is only a few feet thick. Even more strik-
ing is the evidence of contemporaneous warping at Sentinel Gap.
At that place the evidence for warping indicates that the ande-
sific sediments were not merely deposited in the crease between
the regional slopes and the advancing basalt, as commonly postu-
lated in the past, but accurmlated in a structural sag that may
have been a forerumner of the present structural saddle. Some-
what similar circumstances seem to have controlled the deposition
of the thicker sections at the Yakima valley locations. These
are all located on the flanks of structural depressions. The
pumicites, of course, were not limited to deposition by streams
but were controlled more by the strength of the prevailing winds.

WENAS BASALT FORMATION

Smith (1903 A) defined the Wenas basalt as oVerlying the
Yakima basalt and "separated from it by a varying thiclkmess of
Ellensburg sendstone." He stated the two besalts to be very
similar, but that their separation was necessary on stratigraphic
and structural grounds. At the general type locality in the
Wenas Creek valley, Smith found the Wenas to be sbout one hunde-
red feet thick end in two flows. He reported three flows at
other localities. The total thickness of the Wenas in the
Ellensburg quadrangle atteins a maximum of over two hundred
feet, but in the western part of the quadrangle Smith shows the

Wenas thinning aend disappearing.
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PLATE VI

l. Wenes basalt formation in bluff at
north side Columbila River valley
east of Locality 18.

Be Yékima basalt flows on north side
of Wallula Gap east of Locality 16.
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FLOWS: In the sreas exeamined by this writer the Wenas

. appears to represent a continuous formation consisting of one
or two flows, and locally a sedimentery interbed. Typically
the basalt is dark grey or black, has en aphenitic or glassy
groundmass, and may be sparsely to moderately porphyritiec.
Thick flows, as at Locality 16, may be better crystallized in
their basal portions and have & blue-gray or blue-green color
on freshly broken surfaces. (enerally the flows are jointed
into sinuous columns asbout six or eight inches in dlameter,
intersected by joints roughly parallel to the base of the flow.
This jointing causes the rock to break into blocks about six or
eight inches in dismeter with conchoidal surfaces. This type
of jointing is called blocky, diced, or brickbat. The typical
jointing, together with the black, dense groundmass, are the
criterie for fleld recognition of the Wenas type flows. The
usual weathering to shades of gray or yellow-brown contrasts
with that of the Priest Rapids flows.

The thicker flows are usually more massively columar in
the basal portions and may be sheeted. The upper vesicular
zone also tends to have a good columnar structure and may be
very massively jointed. The top of the upper flow at Locality
14 exemplifies the latter condition. There and at localities
to the west in the Horse Heaven Hllls vicinity, the lower flow
in particular consists largely of irregularly shaped tongues
with the blocky structure described aboVe, and of tongues with
columms sbout one foot in diameter broken into blocks by basal

jointing. In Wallula Gap, and especially in the viecinity of
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8i1lusi Butte (Locality 18), the Wenas has well developed sin-
uous partings parallel to the base of the flow, which continue
| for several hundred reet in outcrop. They spparently represent
shrinkage zZones parallel to the top and bottom of the flow.
Possgibly they outline flow units, whlch were nearly assimilated
into a massive flow.

Round vesicles about one-eighth inch in diemeter are com-
monly dispersed through the flows. The vesicles locally con-
gtitute ebout fifty per cent of the rock volume at the flow tops.
In places the vesicles are irregularly oblate and en inch or more
in length.,

As Waters (1955 A) points out, Wenas type flows occur in
what 18 here called the Selsh formation end also in the Ellens-
burg formation. During field mapping the writer used contin-
uity of outerop as the basis for selecting the Wenas as a forma-
tion and arbitrarily relegating flows of simllar lithology to
the Selah and Ellensburg formations. The Wenas basﬁlt formation,
as mapped, consists of a continuous lower flow, which 1s the
sole representative of the formation in most places, and a thinner
upper flow, which is best developed in the Prosser-Kiona area
(Locelities 10 to 13). East of there, the upper flow thins so
that it 1s not present at Wallula Gap, but the lower flow thickens
samewhat in compensation. A thin upper flow or unit may be
present at Sillusi Butte near the 1,017 feet summit. At the
east side of Sentinel Gap, the upper flow was mapped as the
Wenes formation, whereas the lower flow was placed in the Selah

formation. About three miles east of the Gap, where the lower
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flow comes in contact with the upper flow, the former was mapped
as part of the Wenas formation via the arbitrary cut-off of
Wheeler and Mallory (1953).

On the west side of Sentinel Gap, there are apparently no
Selah sediments below the Wenas, but the Wenas rests unconform-
sbly on the upper two members of the Yakima basalt., The Wenas
is in part pillowy and fills and rises asbove a channel-like
depression in the Yakima. The relations suggest that either
slightly subsequent to,'or during Seleh deposition, the Yakima
bagalt was upwarped and eroded here. In all probability the
Columbia River did the eroding. A similar Wenas basait channel
filling et Priest Rapids is reported by Meckin (1955 A).

At Wallula Gep (Localities 16, 17, 18) the Wenas lies
directly on the Priest Rapids member in apparent conformity due
to non-deposition of the Selsh formaﬁion.

Clinker in the Wenas basalt: Clinker up to sixty feet thiek

occurs at the top of the lower Wenas flow in the viecinity of
Chandler (Locality 12). The clinker is composed of red and gray
scoria from pebble to cobble size, more or less rounded in gen=
eral outline, and both vesicular and non-vesicular. The scoria
are clotted together and partly surrounded by s matrix of smaller
fragments and light ten silice gel. In most of the outerops,

the silica gel has weathered away, so that the clinker stands

in crags with a spongy texture. Probably because of the poros-
ity, the clinker is resistent to weathering and topogrephically
praminent, This is shown south of Chandler, where the rocks are

overturned st the north base of the Horse Heaven Hills, the
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clinker stends in nearly verticasl walls.

The clinker is also felirly well developed farther to the
east in the Rattlesnake Hills extensions south of Kennewick.
Some of the Wenas outcrops in the eastern part of Toppenish
Ridge show a little clinkery basalt at the top of the flow. The
elinker in the eastern area may be genetically related to the
thinning of the flow over the Horse Heaven Hills area. Loss of
ges as a contributing factor is suggested by the vealcular zone

beneath the elinker being thinner than usual, and a general lack

lack of vesicles in the main part of the flow where clinker was

observed,

PROSSER INTERBED: In the Prosser-Chandler ares (Localitiles

10, 11, 12) two Wenas flows are well developed and separated by
the Prosser interbed. The interbed is = sedimentary unit repres-
enting part of the sedimentary lithosome. The type locality is
Locality 10 (Appendix A), where some forty-five feet of pumicite
and tuffaceous sediments may be seen between two flows of Wenas
basalt. The same two flows may be traced a few mlles to the
west to Locality 9 at Ward Gap, where no sediments intervene,
end possibly to Locality 7, south of Mabton, where sbout twenty
feet of Wenas type basalt is interbedded with the basal part of
the Ellensburg formetion. This basalt may simply be en "overflow"
from the mapped Wenas, as it evidently occupies a channeled-out
depression in quartzitiec conglomerate.

The Prosser interbed is identical, at least at its type
locality, with Mason's (1953, locality 14) "Prosser member of the

Columbis River baselt", except for variations in the interpretation
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of the sediments exposed there. Thls was spparently also Mason's
' type locality. He interpreted the sediments to be interbedded
betweén the Yékima basalt and the Wenas basalt, In the vicinity
of Roga Gep his "Prosser member" i1s interbedded with what he
called the "lower member of the Ellensburg formation" (Selsh
formetion). It seems undesirsble to use the term "Prosser
member" in Mason's sense, because of this stratigraphic confuaion; 

s dntaiity nlonz sad EeRe Highwsy 50 (BE), stk Diaseas
at the crest of the Horse Heaven Hills, presents especlally good
exposures of the sediments. As their intercalation between two
flows of Wenas basalt is evident, the term "Prosser interbed" is
used here to designate the beds as a sedimentary unit of the
Wenas basalt formation. The Wenas flow above the Prosser is
called the upper flow end the one below i1s called the lower flow,.
Plate XXXIII 11lustrates these conditions and indicates that west
of Ward Gap the upper flow may either thin and disappear or may
regppear at various localities in the Ellensburg formation.

The Prosser interbed is a link between the Selah and Ellens-
burg formations., Its lithology 1s very similer to that of the
Selah, and consists largely of pumicites and fine-grained sand-
stones. Near Kiona, scme impure diatomite, finely camminuted
because of tectonic shearing, 1s associated with opel in the
Prosser. At Localities‘14 end 15, a few feet of pumicite between
the two Wenas flows represents the stratigresphic equivalent of
'the Prosser, but may never have been spacially connected with
the type Prosser. The Prosser interbed is a part of the Ellens-
burg lithosome separated locally from the Ellensburg formstion




66

by a nearly continuous sheet of Wenas basalt; Its conditions
of deposition were essentially those of the southeastern parts
of the Selsh and Ellensburg formations.

CONDITIONS OF WENAS BASALT FORMATiON ACCUMULATION: The

Wenas as a formation is in a sense the complement of the Selah
forﬁation. Where the Selsh is thin or absent the Wenas tends to
be thick, and vice versa. This relationship is probably due

to the Wenas having advenced in a general westward direction
against the regional slope of the Seleh., Exceptions to this
complementary arrangement, such as the thick development of
both formations at Roze Gap and Selsh Gap, and their thinning

at Locality 20 on the Horse Heaven Plateau, are ovidently due

to the presence of local topographic and structural swells and
basins. »

The Wenas may also be considered & part of the leva litho-
some. The Wenas part of the lithosome includes not only the
formation but also the basalt of Wenas lithology intercalated
in the Seleh and Ellensburg formations. The isolated exposures
of basalt in these formations suggest that flow units from the
Wenas filled local channels end basins in the sediments. Local-
ity 1 at Sentinel Gap 1s en outstending exemple of this. "Local
flows" such as Water's (1955 A) Elephsant Mountain flow end
Selah Butte flow may be other examples of the same sort, separa-
ted from the Yakima basalt by various thiclmesses of sediments.

In view of the evident rapidity of sedimentation shown by
the Ellensburg lithosome beds, it 1s not improbable that all
the Wenas lithology basalt is the product of two flows produced
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during one or two periods of eruption. Sedimentation and struc-
. tural warping probably forced the advancing lava to send out
local flow units while the main bodies of lava were bullding
the continuous sheets which form the Wenas basalt formation,

ELLENSBURG FORMATION

The Ellensburg formation was defined by Smith (1903 A) as
volcanic sediments of foreign origin, typicelly displaying fluve
iatile cross-bedding, deposited on the Yakima basalt. As‘pre-
viously mentioned, he rather eryptically included the Wenas
basalt in the formation, thereby dividing it into two sedimen-
tary parts., Mackin (1947 ) and Waters (1955 A) followed Smith
in considering the sediments above and below the Wenas basalt
to be members of the Ellensburg, but they departed from Smith's |
informal ciassification 1n considering the Wenas basalt to be a Q
member of the Ellensburg. .

In the areas studied the Ellensburg formation represents
two general conditions of sedimentations the original or vol-
cenic phase and the tectonic phase. The original sediments in-
clude fluvietile and seolien andesitic clastics and are inter-
calated with Wenas type basalt flows or flow units. The teec-
tonic phase sediments consist of mixtures of endesitic end
basaltic clastics, largely of local origin.

Field exposures of the Ellensburg formation permit exemin-
ation only of the basal three or four hundred feet at best in
the arees studied. Toppenish Ridge and Snipes Mountain present

the best exposures, but even at these localitles the exposures

are largely limited to artificiael cuts because o the retiring
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nature of the sediments under conditions of natural weathering,.
The formation may‘be much thicker in the lower Yakima River vai;
’léy areé then the exposures indicate. Smith (1903 A) describes
about 1,500 feet of Ellensburg formation in the Naches River
valléy bluffs west of Yakima,

ORIGINAL SEDIMENTATION: The originel or volcanic phase

sedimgnts essentially represent a continuation of the types of
sedimentation that produced the Selah formation. In genersal,

the sediments of this phase are finer-greined in the areas stud-
ied than those to the north and west in the vicinity of Yakima.
They wére brought to the places of deposition from outside sources
with no essential contributions from local areas.

Andesitic sediments: The andesitic sediments consist essen-

tially of sandstones, siltstones, and pumicite. Conglomerate
beds were observed at Toppenish Ridge and Snipes Mountain, but
not'farther east, although pebbly sandstones are common through-
out. Like the typical Ellensburg beds of the Yakima area, those
of the areas studied have the hornblende andesite lithology.
However, admixed quartz grains commonly form a significant per-
'centage of the sends.as a result of contamination by non-volcanic
sediments.

The andesitic sediments described here are limited to the
lower Yakima valley area. The stream-born clastics show the

same types of cross-bedding, lensing, =nd channeling effects as
the Ellensburg beds farther northwest, but these structures are

more subdued. With distance eastward, the strong stream-bedding

effects graduelly give way to more even bedding end, at the

same time, the grain size decreases.
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The pumicites in the Ellensburg formation are of the same
types as those in the Selsh formation and the Prosser interbed.
Hedium-grained, glassy pumicite was observed at Snipes Mountsin
end at a small sbandoned quarry southeast of Prosser, East of
Mabton, the andesitic sediments sre very poorly exposed, but seem
to consist largely of very fine-grained pumicite, in part ben-

tonitic.

Quartzitic conglomerate: The quartzitic conglomerates in

the Ellensburg formation are of the same type as those discussed
under the Selsh formation and represent the same type of sedi-
mentation. The conglomerate is well exposed at the base of the
formation on the higher parts of Snipes Mountein, and may be
observed where interbedded with the andesitic sediments in the
clay works pit southeast of Granger, and in a quarry at the east
end of Toppenish Ridge. At other localities the exposures are
less satisfactory, the conglomerate being largely traceable by
quartzite pebble float. This float must be regarded with caution
in field maepping because the quartzite pebbles linger ss lag
gravel long efter the other pebbles and finer clastics have been
removed.

Where the conglomerate 1s formed of pebbles in good contact
with esch other, it tends to form hogbacks or mesas depending
upon its attitude. Excellent examples of th?ae topographie
expressions may be seen slong the south side of the eastern
portion of Toppenish Ridge. In this vieinity the conglomerate
base has a gradual stratigraphic rise to the eastward caused
by the intervention of andesitic sediments betwesen it and the
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Wenas basalt. At the east end of Toppenish Ridge the conglom-
erate i1s about three hundred feet stratigraphically ebove the
Wenas besalt formation and 1s interbedded with andesitic sedi-
ments, so that it is not topographically prominent. To the
east, across the Yakima Rivgr valley at Snipes Mountain, a
strong conglomerate unit about one hundred feet thick lies dir-
ectly upon the Wenas basalt along the crest of the higher part
of the ridge. In turn this conglamerate becomes interbedded
with andesitic sediments at the east and west ends of Snipes
Mountain.

Other localitles were found where guartzitic conclomerate
with little andesitic sdmixture forms part of the Ellensburg
formation, such as both flenks of Toppenish Ridge near U.S.
Highway 97, and the north base of.the Horse Heaven Hills south
of Mebton (Locality 7). At all of these localities the conglom-
erate is in the basal part of the Ellensburg formation, either
directly upon or not far above the Wenas basalt. East of Prosser,
scattered pebbles of quartzite on the north slope of the Horse
Heaven Hills suggest the presence of conglomerate, but no out-
crop was seen. Very likely the pebbles are residual, or may in
part have been ice-rafted during the Pleistocene epoch.

Basalt flows in the Ellensburg formation: The flows in the

Ellensburg are all of the Wenas type. They form a small part
of the formation and apparently fill channels snd other depres-
sions in the sédiments. On the north flank of Toppenish Ridge
at Locality &, a small flow remnant is intercalated in Ellens-

burg sediments. South of Mabton, at the lower gravel quarry
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: PLATE VIII

l, Wenas basalt at Locality 18.

Jointing is typieal of many
Wenas outerops.

2s Prosser interbed pumicite (coarser-
grained type) at Locality 10.
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weﬁt of the roed to Roosevelt and Alderdale, sbout twenty feet
of basalt is intercalated in Ellensburg sediments. These occur-
rences probably represent Wenas flow units in the sense of
Nichol's descriptions. They could have been formed by mutual
demming end diversion of the spreeding basalt and the rapidly
acdumulating Ellensburg sediments. The basalt would have tended
to £111 chammeled-out sections on the alluvial blanket. Some-
thing of this kind scems evident at one locality on Snipes Moun-
tain, where & very few feet of vesicular basslt is in the basal
few feet of the Ellensburg formation.

TECTONIC PHASE SEDIMENTS: The tectonic phase sediments

consist of andesitic and basaltic clastics. They are found on
the north flanks of the Horse Heaven Hills and on the slopes of
Saddle Mountains. Possibly they exist elsewhere in the areas
studied, but could not be identified. At both of the above
areas the relations indicate sedimentation concurrent with the
stripping of basalt end sediments frum‘tha ridges. |

Tectonic phase Ellensburg of the Horse Heaven Hills: Deposits

of this phase were observed at Localities 7, 8 and 9. The clear-
est exposures are in tle vicinity of Locality 7 southwest of
Mabton on the north slopes of the Horse Heaven Hills.

Here the basal few hundred feet of Ellensburg consists of
interbedded sndesitic sediments end guartzitic conglomerates
dipping steeply to the north. The conglomerate beds form hog-
backs, which can be traced in nearly straight line patterns
across the topography. Ferther to the north are rather poorly
exposed beds of what appear to be reworked sndesitic material
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mixed with fragments of basalt., The basalt is in the form of
pebbles, cobbles, boulders and huge anular blocks. The larger
gragments are in massed accurmlations in the tuffaceous material.
The masses of basalt are very similar to those which can be seen -
to have secumulated in the present gullies which score the face
of'the Hills. These modern accumulations are moraine-like heaps
neaf the foot of the ridge, where the occasional torrents capable
of transporting such coarse debris suddenly lost velocity and '
carfying capacity.

A similar situation seems to be recorded in the older debris
where in the midst of the fine-grained tuffaceous materisl are
large heaps of basalt cobbles snd boulders whose surfaces are
slightly to moderately rounded. The surface profiles of these
foothill ridges of debris, if projected to the south, appear to
parallel roughly the general profile of the main ridge face, but
to rise sbove it in smooth curves. This profile relationship
can be observed between the main ridge in the Yakima basalt and
the foothills of Ellensburg debris where east-west transverse
valleys and gullies isolate some of the debris in mesas. An
oubstanding example is the roughly triangular shaped mesa defined
by the closed 1,250 feet contour line about six miles southwest
of Msbton,

The structural relationship between the debris Ellensburg
end the basal Ellensburg is not entirely clear because of the
lack of contact exposures, but it is virtually certain thst at

least part of the debris has an unconformable relstionship, to

the steeply dipping basal beds. This suggested unconformity,
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together with the lithology of the debris, indicates that it is
in lerge measure a result of the erosion of basalt snd sediments
from the north flank of the Horse Heaven Hills,

The inclusion of this debris in the Ellensburg formation
is based on the following deductions. Andesitic material com-
prises the bulk of the deposits. There is no evidencs for the
existence of the Ellensburg farther south on this section of
the Horse Heaven plateau or even on the north crest of the Hills
where the Wenas basalt outecrops. If the foimatlon had been
deposited in these places, there would almost certainly be
evidence today in the form of pebbles from the quartzitie con-
glomerate. Therefore, it is deduced that the Ellensburg debris
was deposited in a structural basin between the rising Horse
Heaven Hills and Rattlesnake Hills concurrently with the erosion
of the ridges. ' The large size of much of the basalt fragments
and the fact that Frenchman Springs basalt i1s included indicate
that erosion had bitten deeply into the north face of the Horse
Heaven Hills at that time. This depth of erosion suggests that
the Ellensburg formation and the Selsh formation had been substan-
tially if not entirely stripped from the north face of the Horse

Heaven Hills at that time. This part of the Ellensburg appears
to consist of 4 ope wash together with original type material.

Similar conditions in the Yakima East quadrapgle have been
deseribed by Waters (1955 A). He found that pediments had been
formed on the slopes of the rising anticlinal ridges while the
Ellensburg formation was being deposited. In the process of
pediment formation basalt was eroded fromthe ridges and includéd
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in the Ellensburg sediments aslong with reworked andesitic mater- .
1al., At present the erosional processes are forming new pedi-

ments snd dissecting old ones.

Tectonic phase Ellensburg of Saddle Mountesins: At Locality

1 the Ellensburg consists of andesitic sands, silts, and basaltic

gravels, The sands and silts are of nearly typical Ellensburg

composition although they contain quartz and are rather less
rich in glass and less cemented than is usual. Basaltic gravels
make up the bulk of the beds. The rather slight degree of round-
ing of the basalt pebbles as compared to those in the Selsh
formation at the same plasce, and the lack of strong current
bedding suggests that these beds were 1n large measure locally
derived from reworked Ellensburg sediments and basalt bedrock.
The beds here appear to be conformasble on Wenas basalt with a

low southward dip.

About a mile east of Sentinel Mountein on the north crest
of Saddle Mountains are tuffaceous silts, sands, and conglomer-
ates of slightly to moderately rounded basslt pebbles in a tuff-
aceous andesitic sand and silt matrix containing quartz. These
beds rest in structural valleys on the surface of the Wenas
basalt. The structural valleys trend north and south and are
subordinete to the main east-west uplift. The sediments attain
8 meximum thickness of possibly two hundred feet or more. Below
the Ellensburg beds the Wenss basalt and the Selah formations
form prominent outecrop bends. Farther east the Ellensburg

thickens snd forms badlend pinnacles.
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PLATE IX: View of north face of Saddle Mountains, eastern part of
Beverly quadrangle. Tectonic phase Ellensburg beds (EL) on Wenas
basalt (W) £111 synclinal valley transverse to main anticlinal

axls, S is Selah formation; Y is Yakime basalt.
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Still farther east in the vieinity of Smyrna (Map area II)
gimilar sediments about five hundred feet thick underlie s

broad topographic bench north of the crest of Saddle Mountains

and south of Crab Creek. Thesa‘sedimsnts have been called the
Crab Creek beds by Twiss (1953), who correlated them with the
Ringold formation.

Near Smyrna the beds dip 5° to 9° northward, the upper beds
having the steepest inclination. They consist of loosely cemented
tuffaceous sands and silts of rather typlcal Ellenaburg compo-

sition except for the comparatively low content of volcaniec

glass and of basaltic conglomerates similar to those at the ridge
crest east of Sentinel Mountsin. The structural conditions are
somewhat complex snd will be discussed later, but the evidence
afforded by lithology snd strueture suggests that here are sedi-
ments formed from Ellensburg and basalt eroded from Saddle Mount-
aeins during the initial deformation of the Ellensburg and the
basalts. As this sort of sedimentation does not fit the ususl
view on the formation of the Ringold formation and does not,
therefore, fit Twiss's views on the age of the Crab Creek beds,
the sediments are best referred to the Ellensburg.

Farther east along the north front of Saddle Mountain,
especially in the vicinity of Corfu, the same sort of relation
‘may be seen. In this vieinity Mason (1953 ) has described an
unconformity between the Yskima end Wenas basalts snd the "Ring-
old formetion". Such sn unconformity exists, but here also the
sediments dip with the basalt to the north, although at & much

lesser sngle. The sedimentary material here contains little
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basalt debris and consists largely of Ellensburg lithology sands

and silts. Apparently these sediments also belong to what may
be called the tectonic phase of the Ellensburg formation, especi-
ally if, as most workers have assumed, the Ringold was deposited
after the deformation of the Ellensburg formation.

Basaltic gravel west of Kiona: Slightly over two miles

nearly due west of Kiona (between Localities 12 and 13), a
county road passes over the crest of the Horse Heaven Hills
through a topographic and structural saddle where a large pit
has been excavated in basaltic gravel. The gravel is entirely
of fairly well rounded basalt pebbles and cobbles in a silty
matrix, but in part the texture is openwork. The bedding is
foreset and dips steeply to the northwest. The deposit is
probably at least fifty feet thick and lies on the upper Wenas
flow., Apparently the Wenas was eroded by the stream whiech car-
ried the gravel, but the amount of erosion is not determinable,
owing to poor exposures of the bedrock.

This was the only deposit of pure basaltic gravel found at
an elevation above the upper limit of Pleistocene scabland
gravels. It apparently represents the bed load deposit of a
rather large stream which flowed in a structural ssg during the
up-arching of the Horse Heaven Hills, long before they had at-
teined their present elevation. It is included in the Ellensburg
description beceuse of its stratigraphic position.

CONDITIONS OF ELLENSBURG ACCUMULATION: In general, the

Ellensburg represents a continuation of the sedimentation proces-

ses that produced the Selah formation and the Prosser interbed.
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However, the Ellensburg also records an intensificetion and
localization of the warping movements that had begun during
sccurmlation of the Yakima basalt. These intensified movements
produced basins in which the thickest sectlions of the formation
are preserved todey end anticlinal ridges from which sediments
and basalt were stripped and deposited in the basins.

Beceuse the Ellensburg formation represents a culmination
of processes which had been evolving for a long time, 1t 1is
convenient to discuss the accummletion of the whole sedimentary
l1ithosome. The discussion will include the deposition of the
pre-Seleh interbeds, slthough they may have never had eny sctual
connection in spasce with the lithosome. The 1l1ithosome proper
includes the Selsh formation, the Prosser interbed, and the
Ellensburg formation.

CONDITIONS OF SEDIMENTARY LITHOSOME ACCUMULATION

With the advent of andesitic volcanism, at least as early
as Vantage member time snd very probably before that, regional
slopes toward the center of the Columbia Basin had come into
existence. The sndesitic detritus from the west was carried
southeastward by streams which probsbly had courses nearly para-
1lel to those of the major drainage lines of today. At first
the andesitic eruptions evidently lacked intensity, and the
streams probably lacked carrying capacity; consequently, coarse
detritus in the Vantage member has been found only near Ellens-
burg. The finer detritus, however, reached a widespread area

compsrsble to that of the Selah and Ellensburg formatioms.

Whether the pre-Seleh interbeds are spaclally connected anywhere
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with the present-day ranges of the Ellensburg and Selsh forma-
tions is not known, but it is possible that they were originally
continuous vértically with the Ellensburg lithosome in the

source areas.

The Vantage member, the Squaw Creek member, the Msbton
interbed, the Burke diatomite, and the various petrified wood
horizons all testify to the sedimentation processes which were
going on during the time that the Yekima basalt was accumulating.
At the same time that the eruptions were contributing andesitie
sediments, the Columbia River was beginning to develop its drain-
age pattern after the disruption of the previous drainage by the
lava flows. The earliest lnown traces of this drainage, with
the possible exception of petrified wood accumulations, are the
cross-bedded quartz sandstones of the Vantage member at and near
Sentinel Gap. That this drainage may have established é tempor-
ary course in the vicinity of Sentinel Gap is suggested by the
sandstone there in contrast with the Ellensburg lithology of the
Vantage to the east on Saddle Mountains and west in the Yakima
River gorge south of Ellensburg. The river at that time was
apparently much smaller than the present Columbia as evidenced
by the lack of coarse clastics associated with the quartz sands.

The picture in pre-Selah time, then involves outbursts of
explosive andesitic volcanism, which contributed thin sheets of
detritus while distomite was forming in ponded areas and the
encestral Columbis River and perhaps tributary streams were
depositing sediments derived from the older formations to the

northward. The sedimentation appears to have taken plsce in
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localized basins formed by the encroachment of lava.flows
‘against the regionsl slope, in surface irregularities on the
individual flows, and in structural sags. Much, if not most,
of the pre-Mabton interbed andeslitle sediments were derived
from showers of volcanlc ash, which fell in ponds or were re-
worked and deposited in streamways. There is no evidence to
support the existence of the Yakima River drainage in an inte-
grated form at that time.

With the sdvent of Priest Raeplids accumulstion, regional
warping had become more localized, with the result that the flows
" end the Mabton interbed show considerasble variations In thick-
ness from place to place. In these variations can be seen the
beginnings of the structures which exist today, superimposed on
the structure of the Columbia Basin as a whole. The Mabton inter-
bed, in addition, contains sendstones which may represent deposits
of the ancestral Columbis River.

In Selsh time, the andesitic eruptions intensified and
probably becsme less intermittent than formerly. The structural
warpings also intensified end becsme more localized, but the
deposition of andesitic detritus was still econtrolled largely
by the supply from the west and the regional slopes. At this
time showers of volcanic ash became larger, so that ash or pumi-
cite sccurmlated between stresm courses in lerge quantities. In
addition much ash fell directly along stream courses and was
incorporated into the gtream=-laid sediments.

Along with this increased volcanic activity, the Columbia

River drsinage system began to develop in earnest, so that its
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carrying and erosive power became significant. The result was

' the quartzitic conglomerate. It is generally agreed that the
conglomerate records erosion in the northern Rocky Mountaing but
1t may also represent erosion in the Cascade Mountaln area. Ac-
cording to Waters (1955 A), quaftzitic conglomerates and quartz-
rich sands are found almost everywhere in south-centrsl Washing-
ton near the base of the Ellensburg formation or its stratigraphic
equivalents. This suggests that some of the conglomerate was
deposited by streams tributary to the Columbia, The sources of
much of the conglomerate may be such formations as the Eocene
Swauk near Wenatchee in which quartzitic conglomerate has been
reported by Coombs (1952).

Some of the conglomerate may have been deposited by the
Yakima River., For example, between Localities 3 and 4 on the
north flank of Toppenish Ridge, nearly vertical beds of conglom-
erate interbedded with andesitic sediments have two lithologies.
One lithology is the quartzitic type; the other is non-quartzitie.
In it about one half of the pebbles are hornblende andesite and
the remainder are basalt, "greenstone" types, volcanics, and
granitics which resemble some of the rock types & the northern
Cascade Mountains. This conglomerate seems to occupy a large
channel cut in quartzitic conglomerate and andesitic sediments.
In any event the conglomerate in general represents the bed loed
deposits of a vigorous stream or of several streams. Where the
pebbles consist of rock types now being carried by the Columbisa
River with very little or no andesitic admixture, there is little

doubt that the ancestrgl Columbia River was the depositional
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stream, At Sentinel Gap, the river had an established course
somewhat prior to the deposition of the Selah formetion. Evidence
of this 1s thé conglomerates at the base of the Selah formatiom,
whieh outerop for sbout three mliles east of the Gap, less clearly
exposed gravels and pebbles on the west side of the Gap, and the
chénnel occupied by the Wenas basalt on the west side of the Gap.
Such evidence suggests that the present structural sag at Sen-
tinel Gap has been in existence for a long time. The river

seems to have crossed Saddle Mountains in the lowest gap avail-
eble. Perhaps the crossing was in part directed by the growth

of a fan of andesitic detritus from the west; almost certainly
floods of andesitic detritus forced the river to shift its

course at times.

The conglomerates in the Selah formation at Priest Rapids
(Mackin, 1955 A) suggest that the river followed a southerly
course. Perhaps this Selah course trended southeastward below
Priest Rapids. At or near the base of the Ellensburg formation,
compact quartzitic conglomerates near Union Gap, at Toppenish
Ridge, Snipes Mountsin, and south of Msbton (Locality 7) indicate
a shifting course of fhe Columbia at a higher stratigraphiec
level. Possibly the Wenas flows pushed the river westward from
its Selah course. This 1s suggested by thick Wenas at Localities
14, 16, and 18, the Wenas type flows interbedded with quartzitie
conglomerate and andesitie sediments in the Rattlesnake Hills
(Mason, 1953).

Whether the river over crossed the Horse Heaven anticline

in the vieinity of Satus Pass (Warren, 1941 B) is conjectural.
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Watera (1955 A) reports quartgitie conglomerate to overlie Yak-
Ima basalt on both flanks of the Horse Heaven anticline wést of
Mabton, but he did not find eny in Warren's Satus Pass “windgap".
From the vicinity of Mabton eastward, there is no evidence of
quartzitic conglomerate on the Horse Heaven upland. The basaltie
gravel near Kiona was the only gravel seen by this writer at the
crest of the Horse Heaven Hills; and it was probably deposited
by a stream tributary to the Columbia,

Therefore, the Columbia River either crossed the site of the
Horse Heaven Hills west of Mabton and was diverted to a more
easterly course as Warren suggested, or the river never had an
established course across this section of the Hills., In the
latter case, the river may have used the Wallula Gap structural
sag crossing continuously in post-Yakima basalt time except for
possible temporary diversion elsewhere across the Horse Heaven
Hills by advancing flows of Wenas basalt. The evidence for
nearly continuous structural warping during accummlation of the
upper Yakima basalt and the Ellensburg lithosome suggests that
fhe river primarily followed a structural course,

During the post-quartzitic conglomerate part of Ellensburg
formation accumﬁlation, the Columbia probebly had essentially
its present course, and the Yakima River spread andesitic detri-
tus together with reworked quartzitic conglomerate, The bulk of
the sediments was deposited in synclinal troughs between the
growing anticlinal ridges, Most of the Yakima River sedimenta-
tion in the areas studied took place west of Chandler (locality
12), in the basin between the Rattlesnake Hills and the Horse
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View westward from Locality 4 of
north side of Toppenlsh Ridge.

Wenas basalt in foreground, Selah
outerop (light gray) left and center.

[

View of Locality 5 from the west.
Wenas basalt ceps Selah formation
(light grey) in middle distance.
Small dark ridge capping at left is
basalt remnant once interbedded with
Selah,
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Heaven Hills, The Columbia Rivef end tributaries from the west
deposited sediments on the north side of Saddle Mountains., As
the ridges grew higher, sediments and basalt from their flanks
were eroded and partly deposited on the slopes.

RIRGOLD FORMATION

Lime cemented gravels on the south slope‘of Saddle Mount-
ains east of Sentlnel Gep may represent the Ringold formation.
These gravels (see Locality 1, Appendix A) are very similar to
the quartzitic conglomerate in general lithology and are quite
evidently a Columbia River product. The beds directly overlie
the Wenas basalt with probable unconformity, and the top of the
deposit forms a terrace between 900 to 1,000 feet elevation.

The material and mammer of cementafion are very similar to that
of the gravels exposed in the Ringold formation north of Pasco
and to material which was encountered near the base of the form-
ation in the vicinity of Pasco and Kennewick during test drilling
and excavations for levee foundations in connection with the

Army Engineers' McNary Dam Project. The relations both at
Sentinel Gap and in the Pasco Basin suggest the bed load deposits
of the Columbia River. At Sentinel Gap the bed load deposits
cover a terrace cut on the Wenas basalt and laterally into the

. Ellensburg formation.

The best exposures and the type area of the Ringold are
largely within the confines of the Hanford Project of the United
States Atomic Energy Commission. The restrictions of this aresa
make 1t difficult to determine the relation of the type Ringold
with other deposits that have been assumed to be Ringold
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correlatives. Near Ringold the beds consist of sands, silts, and
clays. The sands consist (Laval, 1948) of quartz and andesitie
materials. The grains are much more worn and altered than those
in typical Ellensburg ssnds, and the glass content is lower.
Apparently the material largely represents weathered and reworked
Ellensburg lithosome material.

The type Ringold was assumed by Merriam and Buwalda (1918)
to be unconformable upon folded Ellensburg formation. Jenkins
(1924) described such an unconformity in the type area. These
relations indieate that the type Ringold was deposited either
after the deformation of the Ellensburg was complete, or during
the deformation, but certainly after it had been substantially
completed. The accepted Pleistocene age for the Ringold would
indicate the former, If this 1s true, then the basining which
allowed the beds to accumulate was possibly a by-product of
regional epeirogeny. On this basls and other evidences discussed
under the Ellensburg formﬁtion, it would mappear that beds associ-
ated with folding of the east-west ridges, as opposed to later
warpings of lesser intensity in the areas studled, cannot be
assigned to the Ringold formation but must be regarded as Ellens-
burg formation or its correlatives unless speclal classifications
ere to be msade.

The Ringold was not observed in locations other then the
Pasco Basin snd (?) Sentinel Gap, and no evidsnce was found to
support Culver's (1937) contention that a large part of the
Ellensburg formation should be regarded as Ringold. Rather it
is thought that various Ringold "correlatives" should be regarded

as tectonic phase Ellensburg formation.
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The Ringold appears to be a result of renewed of reaccent-
uated downwarping of the Pasco Basin in early Pleistocene time
or possibly in later Pliocene time. The "basal" conglomerate
in the vicinity of Pasco suggests that the Columbia River had
been at, or nearly at, grade previously. The clays in the
Ringold at Pasco and near Ringold suggest that some ponding of
the Columbia took place, but most of the sedimentation, according
to McKnight (1923) was fluviatile, There is no evidence for
enough ponding of the Columbia River to cause it to be dammed
behind the site of Wallula Gap in the Horse Heaven Hills, as
suggested by Flint (1938 A) end by Warren (1941 B). Instead
it appears that the Gap was in existence as both a topographic
and structural festure long before Ringold sedimentation snd
that the river continued to flow through it during Ringold time.
Otherwise high level deposits of Ringold should exist in the
Horse Heaven Hills south of Kennewick, but they are not known.
The Ringold seems to represent rehawed or continued sedimenta-
tion after the vigorous tectonism of Ellensburg time., It may‘
be a part of the sedimentary lithosome, but it is not so consid-
ered here because continuous Ellensburg-Ringold deposition cannot
be proved at present.

YOUNGER QUATERNARY DEPOSITS

Depoéits younger than the Ringold formation consist of
fluvio-glacial sediments, a thick mantle of loessiasl soil in
the Horse Heaven Hills, high level and recent alluviums of the
Columbia and Yakima Rivers, and in many places drift sand and

small deposits of volcanle ash or pumicite.
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The fluvio-glacial deposits are of little direct interest
ag far as structural studies are concerned. They consist of
basalt gravels derived from the Columbia Platesu by the Spokane
floods of Bretz (1925) and Allison (1933), and of the Touchet
beds of Flint (1938B) end of Columbias River type gravels and
ice-rafted erratics associated with the Touchet beds. 1In geﬁeral
these deposits serve to mask and obscure the bed rock.
The ice-rafted erratics which were scattered sbout by the
ponding of the Columbia River introduce a source of confusion
in interpreting the bedrock below elevations of approximately
1,200 feet in the Yakima end Columbia valleys. The erratie
material consists of sands, gravels, and large angular blocks.
The sands and gravels can introduce errors in geological mapping - |
because they greatly resemble weathered guartzitic conglomerate.
The large blocks are no problem where they consist of obviously
foreign types, such as limestone or granité. But large blocks
of basalt, such as those near the crest of Snipes Mountaln, where
they were apparently stranded along the shore of a very temporary
lake, can resemble basalt bedrock.
Basalt or scabland gravels may be seen in some of the gullies
tributary to Wallula Gap and have been encountered in well
drilling near the mouth of the Walla Walla River at the entrance
to the Gap. Some of the high gravels in the Gap mey have been
derived from the erosion of the scabland chamnnels, which may be
seen high up in the walls of the Gap and in the edges of the

plateaus on either side.
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In the vicinity of Pasco and Kennewick are thick deposits
of Columbia River gravels which form two terraces, the higher
one reaching én elevation of slightly over six hundred feet.
They are both evidently of Pleistocene age and the lowermost
at least is no doubt of Wisconsin age. It 1s molded into huge
bafs that record a river much larger then the present Columbia
and was evidently formed by the river when 1t was much enlarged
by glacial melt waters. ' Similar types of gravel are to be seen
farther downstreem in the Umatilla basin, Openwork gravel of
Columbia River lithology forms the south abutment of McNary dam
and forms s large fill terrace beneath a scabland terrace cut
in basalt.

High level river gravels form thick deposits in the sban-
doned valley along the north side of the Horse Heaven Hills between
Kiona and Badger (Plgte XXIX ). At the western end of the valley
are quarry exposures of Columbia River type gravels, perhaps
one hundred feet thick overlain by Touchet beds which form ter-
races on both sides of the valley. The valley floor near Kiona
is about one hundred feet above the Yakima River and is cut
through the Touchet beds, the older gravels, and into bedrock.
The exact‘significance of these gravels was not determined, but
they may be genetically related to the higher terrace south afv
Kennewick. .

A blanket of loessial soil over two hundred feet thick in
places, mantles the Horse Heaven Plategu, and in not so well

developed form, meny of the other uplands. Much of it mey

correspond to the Palouse soll of eastern Washington. The soil
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of the Horse Heaven upland has been eroded by melt water floods
‘ below 1,200 feet elevation, and is therefore probably older than
Wisconsin age. Culver (1936) has suggested that much of the
loess may have originated from the deflation of the Ringold
formation in glacial times.

In the valleys, and especially in the Pasco and Umatilla
Bagin areas, are extensive deposits of drift sand. Character-
jstically, these ere arranged in longitudinal dunes whose axes
trend northeast-southwest because of the prevailing winds. The
drift material has been derived from all of the sedimentary rocks
of the area. Associated with these drifts are small deposits of
volecanic ash.

PETROGRAPHY AND PETROLOGY

The lava flows were examined in thin section, and the
sediments were exemined under both the binocular and the petro-
grephic microscope. The upper units of the Yakima basalt and
the Selah, Wenas, and Ellensburg formations received the most

attention because of their widespread distributions.

LAVA FLOWS
Under this hesding will be considered the Yakima basalt
flows and all of the Wenas type flows, The flows are all tho-
leiitic (Kennedy, 1933) and have nearly the same general compo-
sition. They all contaln plagioclese, pigeonite, magnetite
and glass. Olivine is generally rare or ebsent but appears

sparsely in the Sillusi flow and is a major constituent of the
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Wenas type flows at some localities. Orthopyroxene was identi-
fied only in a palagonitic sideromelane breccia from the base
of the Frenchﬁan Springs basalt.

Typical textures are diabasic, intersertal, and hyalo-
 ophitic. All of these may be found in a single flow, but the
beﬁter erystallized parts are generslly disbasic or intersertal.
Most of the flows are at least finely porphyritic or micropor-
phyritic, and several (see Stratigraphy and Appendix A) are
megaporphyritic. The larger megaphenocrysts are largely formed
of glomeroporphyritiec clots of plagioclase or of plagloclase
together with pigeonite or olivine.

On the basis of anorthite content of the plagioclese, the

flows can be claséified as basalts, basaltic andesites, and
rerely as andesites, The determinable plagioclase crystals
range in composition from about Anzy to Anyg. In any one thin
section the bulk average of the plagioclase will probably range
from Angg to Angg. This average is very difficult to ascertain
because of the difficulty of properly sampling the large pheno-
crysts and of identifying groundmass microlites. Andesitic
composition is represented by Flow C at Locality 1 and the Uma-
filla flow at Localities 7 and 18. Basaltic composition is
represented by Flow D at Locality 1. The other flows or parts
of flows are borderline examples. The Wenas flows represent
another variastion in that several thin sections from the Wenas
basalt formation and from the Wenas type basalt in the Selah

and Ellensburg formations have two or three per cent of olivine

as small phenocrysts and an indeferminable amount of groundmass
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olivine. Available chemical analyses (Washington, 1922; Campbell,
1950) indicete the Columbia River bésalts to be of tholeiitie

basalt and tholeiitic andesite composition. Detalled petrographic
work and chemical analyses related to particular flows are needed.

COMPOSITION OF THE FLOWS: Because of the variastions in

composition of the flows, both vertically end laterally, it
seems desirsble to desecribe the individual components rather
then to attempt detamiled descriptions of each flow. With few
exceptions each of the components was found in all of the flows.
The particular characteristics of individual flows or groupings
of flows can be described best with reference to their constit-

uents,

Plagloclase: The plagioclase was determined by means of

the conventional extinction angle curves., More accurate results
might have been obtained in determining the larger crystals by
means of index of refraction oils, but some difficultiy would
have been experienced in connection with the smaller crystals,
The methods used seemed to give consistent results. In view of
the work of Kohler (1949) and others on high and low temperature
plagioclases, the standard low temperasture curves may be in error
by several per cent with relation to volcanic plagioclases. This
problem has not yet been resolved and is not a critical factor
here eXcept that the determined enorthite contents may be some-
what higher then those which would have resulted from the use of
"high temperature" data.

Three generations of plagioclase are almost invariably

present, The oldest crystals have compositions of sbout An70
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to Angg and form the large phenocrysts of the porphyritic flows.
The crystals tend to be euhedral, but are nearly all corroded
to various degrees, so that in some of the flows only small
remnants remain. Individual crystals have a length to width
ratio of sbout 2:1 or 3:1 and range in length from sbout two to
ten millimeters. Many of the phenocrysts are formed of several
érystals which appear to have grown in contsct with one another.
This form of growth may be due in part to some type of twinning.
In contrast with these compound phenocrysts are glomeroporphyritic
clots of plagioclase, or of plagioclasé and pyroxene, in which
the individusals plainly beceme welded together after growth had
been completed.

The older crystals have albite and Carlsbad twinning and
many of them are zoned. Three types of zoning were observed.
Most common are oscillatory zoning with little variestion in ex-
tinetion angles and normal zoning in which the greatest varia-
tions noted were Ang, cores and Anyg rims. Reverse zoning in
which the rim is slightly more calclc than the core is very rare.
Most of the zoned crystals have cores occupying about one-half
“of the crystal volume, whose rounded outlines indicate resorp-
tion of the original crystal. Many of the cores are crowded
with inelusions of dark brown tachylyte.

Large crystals of this type are characteristic of the French-
man Springs and Roza porphyritie flows. They are common in some
phases of the Priest Rapids flows and rare to common in flow P,
the Museum flow, and the Wenas type flows. In the flows below

F, they are common to sbundent but are so corroded that they
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form only very small phenocrysts or are no larger than the ground-
mass crystals.

Plagloclase of generally intermediate size and normally of
composition Angs (range, Angg to Anss) represents a second
generation. The crystals are on the order of one to two milli-
meters long, are euhedral, tend to be rather stubby, and rarely
are zoned. Corrosion has penetrated many of them at one end
along cleavage cracks and less commonly on more than one side,
but is by no means as'exténsiva as in the older phenocrysts.
Inclusions of tachylytic glass arranged parallel to the elonga-
tion of the crystals are common. Where the older type of plagio-
clase is not present, the second generation crystals form small
but easily recognizable phenocrysts.

The youngest plaglioclase crystals are laths and microlites
of Angzq to Angg composition. They are elongate and range in
length from less than one-tenth millimeter to about one-half
millimeter and exceptionally to one millimeter. Most of the
crystals are subhedral and many have ragged ends. No zoning was
observed. In well crystallized phases of the flows, this genera-
tion of plagioclase ordinarily forms twenty to fifty per cent
of the rock volume. The most notable development of this genera-
tion of plagioclase is in the Umatilla flow at Localities 7 and
18 and in flow C at Locality l. At all of these localities the
plagioclase consists of laths of approximately Anzs composition
and phenocrysts up to one or two millimeters long of Angg

compoidtion.
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Pyroxene: Nearly all of the pyroxene which could be identi-
fied is pigeonite, whose apparent optic angle veries from about
0° to nearly 30°. The pigeonite occurs as euhedral and subhedral
grains and phenocrysts up to five millimeters long snd as clus-
ters of small snhedra. The phenocrysts and larger grains are
generally somewhat corroded and commonly are clotted together
with plagioclase. In some thin sections there appear to be two
generations of large pigeonite grains, as evidenced by differen-
tial corrosion and the associations with the older plagioclase
crystals,

One pigeonite phenocryst in a section from the Wenas basalt
is zoned so that the narrow rim has a sqmewhat larger extinction
angle than the core. According to data given by Winchell (1946,
p. 221) this may indicate that the rim has a somewhat higher
iron content than the core. The zoning of sugite to pigeonite
mentioned by Waters (1955 A,B) was not ocbserved. In some thin
sections the larger pigeonite crystals have apparent optic angles
of 259 to 300, whereas the groundmass anhedra have apparent optiec
angles of very nearly 0°, insofar as measurements could be made.
This relationship does not seem to be consistent, however, and
according to Winchell (1946) may be found within individual crys-
tals, Some of the phenocrysts are weakly pleochroic in shades
of brown.

In the groundmass of the flows the pyroxene is typiecally
crystallized into clusters of tiny anhedra intimately associated
with magnetite and interstitial glass. In the Umatilla flow

at Locality 7, some of this groundmass pyroxene appears to be
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sugite. Other than this the anhedra are spparently pigeonite,
but are commonly too small for positive identification.
Orthopyrdxene was identified only in thin sections from
the pillow-palagonite complex at the base of the Frenchman
Springs basslt near Vantage. Slightly resorbed crystals of
we#kly pleochroic hypersthene (?) are scattered sbout in sidero-
melene brececia together with pigeonite and plagioclase. The
hypersthene (?) crystals attain lengths of perhaps one half
millimeter but are too sparse for positive identification.
0livine: The only definitely identified olivine was found
in the Sillusi flow at Localities 16 and 18 and in the Wenas
basalt and Wenas lithology flows at several localities. Most
of the olivine forms sparse phenocrysts up to three millimeters
in dismeter, some of which are in glomeroporphyritic clots with
plagioclase. Corrosion of the olivine is generally very marked,
but reaction rims of very small pyroxene (%) crystals are rather
uncornmon. Some of the crystals are so corroded to very small
remnants that they sre part of the groundmass material, but appar-
ently are of the seme generation as the larger grains. The
olivine has an apparent 2V of spproximately 80° and a negstive
optic sign, indicating thet it 1s comparatively rich in iron.
Magnetite: Most, possibly all, of the opaque oxlides are

magnetite. The better formed crystals are octshedral, but most
have irregular angular outlines. In some sectlons the oxldes
tend to be elongate, perhaps because of evailable room for crys-

tallization or perhaps becsuse of chemical composition. Published

chemical snalyses of the Columbia River basalts indicete an
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appreciable titanium content; however, ilmenite could not be
jdentified optically in thin section. Very likely the magne-
tite is titaniferous. In some thin sections the magnetite
appeafs to be in two generations, the older being enclosed in
early pyroxene.

Glass: Sideromelane, tachylyte and an interstitial gray-
brown glass were observed in all the flows. Slderomelane is
megascopically black and opaque but is clear yellow in thin
section except where weathered to red-brown. It occurs as
interstitial patches in re arly all of the thin sections and is
a major constituent of pillow-palagonite complexes. Peacock
and Fuller (1928) define sideromelane as "ideal" basaltic glass
produced by sudden chilling of molten lava. The gideromelane
in the studied thin sections seems to have approximately the
same index of refraction (n=1.583) as Peacock and Fuller's
sample from Moses Coulee. According to George {1924) this indi-
cates basaltic composition, which would be expected for glass
formed by repid chilling of lava.

The interstitial sideromelane is somewhat puzzling in this
respect because it has the appearance of a residusl product.

If it had formed after the main crystallization of the lava,
1tvmight be expected to have the composition of the residual
melt, which would be deficient incalcium. Perhaps much of the
interstitial sideromelane formed Auring second generation crys-
tallization, when expanding volatiles streamed through the lava

and cooled it locally. Very commonly the glass has been partly

devitrified, so that under crossed nicHols a spherulitic structure
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is spparent. Except for pillow-palagonite complexes, sidero-
melane ordinarily comprises not more than two or three per cent
of the rock volume.,

Tachylyte is s black, opaque or brown, nearly opaque glass
full of tiny crystals and dust of maghetite. The.thinner parts
of the Wenas flows commonly consist of fifty per cent or more of
this glass. The brown phase forms irregularly rounded inclusions
in first and second generation plagloclase. Groundmass occur-
rences of tachylyte differ from those of sideromelane in that
the tachylyte includes two or three generations of mineral grains
and, therefore, was formed from the comparatively rapid chilling
of an iron-rich residium.

Interstitial gray-brown glass is essentially a.groundmass
constituent., It has & refractive index noticeably lower than
that of the thin section mounting media. Data published by George
(1924) puts the composition of this glass in the sndesitic range.
Because this glass is a residual product of progressive crystal-
14zation of the lavas and contains various smounts of microlites
and crystallites of plagioclase, magnetite, and unidentifiable
minerals, its composition probably has a considersble variation.
It ordinarily seems to comprise sbout five per cent of a flow,
but some thin sections have much more than that proportion very
finely disseminated. In places this glass has a gradational
contasct with sideromelane, which suggests that it is in part a
prbduct of sideromelane devitrification.

Groundmass: In sddition to glass the groundmasses of the

finer-grained leve contain microlites and crystallites., Some
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of these are identifiable as feldspar, magnetite, zircon (%)

and spinel. The finer-grained phases of the Umatilla flow in
particular have considerable very fine-grained anhedral material
with low interference colors. Much of this can be identified

as plagioclase under high magnification, snd some of the grains
appear to be sodic plagioclase on the basis of negative relief.
The twinning is not developed well enough to permit a definite
identification. Some of this material may be zeolitic. The
coarser-grained portions of the flows do not have any appreciable
emount of fine-grasined groundmass except in the interstitial
glass.,

Accessories: Rods and needles of spatite, tiny rutile

crystals, snd feldspar microlites are included in the first and
second generstion plagioclases. Other needle-like inclusions
could not be identified. Groundmess accessories have already
been mentioned.

Alteration Products: Chlorophaeite (Peacock and Fuller,

1928), in its red-brown oxidized form exists as partial replace-
ments of pigeonite and as vesicle linings. Possibly some of

the material identified as devitrified sideromelene is actually
chlorophaeite.

Palagonite (Peacock and Fuller, 1928) is most notably
 present in the pillow-palagonite phases of the Frenchman Springs
member. Nearly every flow, however, has palagonitic phases
where the lava was leached by steam either at the base of the

flow or in clinkery phases at the top.
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PLATE XI

3. - 4.
See p. 107 for explanation.
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PHOTOMICROGRAPHS

PLATE XII

See p. 107 for explanation.



PLATE XTIII - PHOTOMICROGRAPHS

3. 4.
3¢e p, 108 for explanation,



- PLATE XIV PHOTOMICROGRAPHS

e 4,
See p. 108 for explanation.
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EXPLANATION OF PLATES XI AND XII, PHOTOMICROGRAPHS

PLATE XI

1. Wenas lithology flow (near base) in Selah formation, Locality

2.

1. Corroded large labradorite and olivine phenocrysts in hya-
lo-ophitic groundmsss of An,g (medium-size) and Anzg plaglo-
clase, pigeonite anhedra, magnetite and tachylyte (opaque), a

few olivine grains. Plane light, X20,

Seme as 1, cfossed nicols, X20.

Wenas basalt formation (near base), Locality 18. Corroded lab-
radorite (core filled with glass inclusions) and olivine pheno-
erysts in hyalo-ophitie groundmass of labradorite (smaller pheno-
crysts), andesine, pigeonite anhedra, magnetite, tachylyte, a
1ittle olivine. Plane light, X20. '

Sillusi flow (near base), Locality 13. Labrsdorite micropheno-
erysts (flow oriented?) in disbasic groundmass of Ansp plaglo-
clase, pigeonite anhedra, magnetite, sideromelane. Plane light, X2Q

PLATE XII

1.

2,

Se

8illusi flow (near base), Locality 16. Lsbradorite micropheno-
erysts in intergranular groundmass of andesine, pigeonite anhedra,
megnetite, sideromelsne. Plane light, X20.

Umatilla flow (midway), Locality 18. Lsabradorite microphenocrysts
in intergranular groundmass of andesine, pigeonite anhedra, mag-
netite, interstitial gray glass. Plane light, X20.

Umatilla (?) flow (near base), Locality l. Relatively comrse-
grained intergranular mat of Angp plagioclase (large, corroded),
Angs plagioclase (large, non-corroded), Angg plagioclase (smaller
laths), pigeonite anhedra, magnetite, intersitial glass. Plsne
1light, X20.

Seme as 3, crossed nicols, X20.
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EXPLANATION OF PLATES XIILARD XIV

PLATE XIII

1.

2.’

Se

4.

Umatilla flow (near base), Locality 3. Lebradorite mieropheno-
erysts in well crystallized, intergranular mat of andesine- leb-

eradorite, pigeonite anhedra, magnetite, interstitial glass.
. Piene light, X20.

Basal Priest Rapids basalt (typical), Locality 17.Part of a lsbra-
dorite clot (rather rare) and labredorite microphenoerysts in inter-
sertal groundmass of caleic andesine, pigeonite, glasa Plane 1ight, X20.
Roza porphyritic flow (midway), Locality 7, Part of a labrador-
ite clot in disbaslc groundmass of labradorite and calecic an-
desine (smaller) laths, pigsonite anhedra, magnetite, tachy-

lyte. Plane light, X20.

Seme as 3, crossed nicols, X20.

PLATE XIV

1.

Se

4.

Sentinel Gep flow (midway), Frenchmen Springs basalt member,
Locality 1. Part of labradorite clot (rare in this flow), in
hyalo-ophitic groundmass of andesine, pigeonite, tachylyte,

and magnetite. Crossed nicols, X20.

Frenchman Springs basalt member, flow No., 2 (basal part), Loc-
ality 1. Part of corroded labradorite clot in disbasic mat

of labrsdorite, asndesine, pigeonite emhedra, magnetite, sidero-
melane, end interstitial glass, Crossed nicols, X20,

Frenchman Springs basalt member, Locality 16. Part of corroded
labradorite clot and a single labradorite crystal in disbasiec
groundmass of andesine, pigeonite anhedra, magnetite, intersti-
tial glass. Plane light, X20.

Vantage member, Locality 1. Angular quartz end quartzite grains
with many tiny inclusions, a2 large turbid microecline grain, a
few mica flakes, tuffaceous matrix, Plesne light, X20,
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Silice in the form of opal and chalcedony fills vesicles

. end replaces some of the lava itself. The replacements exist

at the bases of some of the flows where they evidently flowed

into ponds or over wet sediments and are usually assoclated with
glass. Some of the siliceous replacements have fluxion struc-
ture parallel to the base of the flow. Silica gel, a Very hydrous
form of opal, is abundant in the clinker phases of the flows and
very commonly f1lls vesicles.

Weathering products, such as hematite and limonite, are wide-
spread, but as thé thin sections were made from the freshest
material available and as the climatic conditions over most of
the Columbia Plateau do not promote rapid weathering, the minerals
are all very little or not at all weathered.

M¥neral Paragenesis: The mutual relations of the various

constituents and their physical aspects indicate a moderately
campiex history. The earliest generation of minerals is repre-
sented by olivine, labradorite end pigeonite crystals which are
generally megephenocrysts. These are no doubt intratellurie in
origin and probably were formed in the magma reservoir. The
corrosion of all of these crystals and the zoning of the plaglo-
clase indicate that they were not in egquilibrium with the melt
during the main period of consolidation. Zoning of some of the
plagioclase from cores of calcic labradorite to rims of andesine
suggests that the reactioh of the first generation crystals with
the melt was nearly continuous throughout the course of consoli-

dation of the lava. The actual order of crystallization of the
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First Second Third

Generation Generation Generation
Olivine
Pyroxene o T
Labradorite e
Andesine .
Magnetite ? e
Groundmass

Time —

Figure 6: Diagrammatic representation of mineral paragenesis
of the lava flows.

first generation minerals was probasbly olivine (where present),
labradorite, pyroxene with overlap of at least labradorite and
pyroxene.

The second generation erystals ineclude sodic labradorite
and calcic asndesine, pligeonite and magnetite. The pigeonite and
plagioclase of this generation show comparatively little cor-
rosion but were evidently not in equilibrium with the melt during
the final stage of consolidation. Magnetite crystals of this stage
tend to be suhedrel and larger than those of the final stage.
Some of the magnetite included within second stage pyroxene may
have erystallized during the lster part of the first stage but
is more likely contemporaneous with second stage pyroxene.

The second stage crystals were evidently formed when the
volatile content of the flows was high and few centers of erys-
tallization were in exlstence. In flows, such as the Priest

Rapids at Sentinel Gap and the Roza porphyritie in general, the
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second stage crystals constitute the major part of the rocks,

In these exsmples a high degree of vesicularity is apparent.

On the other hend, flows, such as the Umatilla at McNary Dam,
which became impoverished in volatiles, have a rather poor devel-
opment of the second stage. Possibly the second stage began
during the hypsbyssal phase of eruption. It evidently continmed

as long as the lavas remained hot and fluld and retaeined a rela-

tively high volatile content.

The third generation crystals include sndesine, pyroxene
and magnetite. Intersitial andesitic glass represents the final
residium of this stage, and chloropheeite represents the deuterie
phase of thls stage. Because most of the crystallization took
place at many centers, the crystals are very small, In the flows
which retained their volatiles during the final stages of crystal-
lization, the third generstion erystals have a much greater range
in size then elsewhere. In most of the thin sections the final
product of the third stage seems to be a mixture of pyroxene and
magnetite together with interstitial glass containing tiny plagio-
clase crystals, However, in the finer-grained phases of the
Priest Rapids flows, the final crystallization consists largely
of plagloclase together with interstitial glass and relatively
minor amounts of pyroxene and magnetite, The third generation
erystallization overlapped the second stage, but the presence
of round vesicles in most of the flows indlicates that they were
fluid when they srrived at their places of final consolidation:
therefore, the third staege took place under essentially statie

conditions.
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To a large degree the formation of crystals with differing
compositions was a functlion of local differences in the compo-
sition of the melt. During the period of extrusion the lavas
were probably agitated sufficiently to nearly homogenize the
molten parts, but as they approached consolidstion, mixing
could no longer take place. Therefore, the second and third
stage plagloclase crystals have a wide range of composition, and
the final residium tends to be far out of chemical equilibrium
with the basaltic melt expressed by the sideromelane of the
suddenly chilled pillow-palagonites,

The first generation minerals represent high temperature
crystallization. They are present in almost all of the thin
sections, but vary in sbundance and degree of corrosion, Their
appearance as phenocrysts seems to be largely controlled by the
degree of corrosion rather than simply by their rate of produe-
tion. The degree of corrosiﬁn in turn was probably controlled
by the length of time that the magma spent in the hypabyssal
stage. For exemple, the corroded remnents of calecic labradorite
crystals in flow D at Sentinel Gap comprise fully as much of the
flow volume as the labradorite phenocrysts in the Roza porphyr-
itic flow. The flow D magma may have halted at comparatively
shallow depth for a long time, whereas the Roza magme may have
been extruded from the source chsmper in essentially one stage.

One of the outstanding problems in regard to mineral para-

genesls is the association of corroded and zoned first genera-

tion plagioclase phenocrysts with Anss cores together with
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non-zoned and little corrdded second generation Angs plagioclase.
Possibly the first generstion crystals were completely trens-
formed from an earlier more calecic composition and because of
their larger surface areas were more amenable to late stage
zoning end corrosion than the second stage crystals.

Another problem is the almost complete lack of pyroxene
other than pigeonite. According to Poldervaartaand Hess (1951)
basaltic magmes normally precipitate both calcium-poor and
calcium-rich pyroxenes. The studied basalts seem to have erys-
tallized under such conditions that the celeium was largely used
to form plagioclase. Apparently the progressive withdrawal of
plagioclase components left iron-rich residues from which pig-
eonite and magnetite crystallized. Rapid cooling of the lavas
probebly prevented the inversion of pigeonite to hypersthens,
which Poldervaart snd Hess find typical of slowly cooled basaltie
magmes. In this commection the association of orthopyroxene
with pigeonite in the quenched Frenchmen Springs pillow lava is
puzzling.

The Wenas flows with both olivine and pigeonite seem to
heve crystallized in more "normasl” basaltic fashion. Possibly
the olivine reflects a higher magnesium content than obtains
in the older flows.

| SEDIMENTS

In summary the sediments consist of hornblende sndesite
clastics derived largely from contemporeneous volcanism snd of
quartzose sediments derived from the erosion of consolidated

rocks.
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ANDESITIC SEDIMENTS: The pre-quartzitic conglomerate ande-

sitic sediments consist of the hornblende sndesite lithology
typical of the "tvpe" Ellensburg beds of the Yakima area. These
pure andesitic sediments contain fragments of lithic sndesite
and pumice, and clusters end single grains of glass, plagioclase,

hornblende, and magnetite. They also contain varisble smounts

of biotite and hypersthene, and traces of muscovite, zireon,

high quartz, snd foreign minerals.
Coarse-grained clasties: The 1ithic sndesite pebbles con-

sist of grey and pink, porphyritic hornblende endesite. The
more porpayritic varieties contain euhedral crystals of plaglo-
clase and hornblende up to a centimeter in length and smaller
erystals of magnetite. The groundmass consists of fifty per
cent or more of pumiceous glass containing smaller crystals of
plagloclase, hornblende end magnetite. Pumice 1s comparatively
scarce in most of the studled areas. It consists of neerly
white, cellular, fibrous glass conteining scattered crystals.
Mueh more abundent are clusters of crystals and rather dense
creasm-colored and brown glass, which seems to represent an inter-
mediate form between the lithiec sndesite and the true pumice.
Because most of the sediments consist of sand size or are
easily disaggregated to that size, it is most convenient to
study end to describe the sediments in terms of individusl com-
ponents. The essential components of the andesitic sediments
have been described in some detail by Coombs (1941), but this

writer will review them end describe other camponents snd local

varistions.
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Glass: Three forms of gless exist. One is the frothy

' glass of the pumice. The most sbundent is the cream or pale
brown glass. It may comprise from twenty-five to ninety per
cent of the sand size material in a given bed. The refractive
index of le52 to 153 indicates an andesitic composition accord-
1ngvto George's deta (1924), or even a dacitic composition
according to the data of W.H. Mathews (in Williems, Turner end
Gilbert, 1954). Much of this glass is slightly devitrified.

It ascted as a padding during sedimentgtion to protect the crys-
tals from abrasion, and after deposition, formed an impermeable
matrix which prevented appreciable weathering of the sediments.
Most of the crystals are at least partly coated with this glass
or bound together with it,

The second most abundant type of glass, and visually the
most arresting, forms the angular shards of the pumicite beds,
Under the microscope most of the shards are clear, although some
are slightly devitrified. They exhlbit a variety of fluted,
grooved and keeled forms. Tiny inclusions of plagioclase, horn-
blende and magnetite are common. The refractive index of 1l.52
indicates the genetic relationship of the shards to other ande-
sitic material.

Plagioclase: The larger plagioclase crystals have compo-

sitions of Abgg to Abyg (Coombs, 1941). The crystals are euhedral
to snguler and show little or no rounding except in beds which
have a very low glass content., Most of the plagioclase has

albite twinning, and Carlsbad twimming and zoning are common.

The tiny plagioclase inclusions In glass seem to be oligoclase.

Plagioclase may comprise ten to ninety per cent of a bed.
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Hornblende: The hornblende crystals are euhedral to sub-

hedral, pleochroic from green to brown and commonly have oxidized
rims. Some of the ecrystals are opaque. Hornblende comprises as
mueh as ten per cent of the medium and fine-grained sand of some

semples.
Magnetite: Shiny, black octahedra and dodecahedra of mag-

netite comprise as much as five per cent of a sample. It is

strongly magnetic.
Hypersthene: Stubby green crystals of hypersthene are

present in trace quantities in most samples. It may smount to
three or four per cent of the heavy fractlion of some samples.

Biotite: The biotite is dark brown in reflected light and
pleochroic from yellow-green or green to dark brown in plane
polarized light. It occurs as single flakes and “ﬁooks“ up to
five millimeters in diameter. In the pure andesitic sediments
of the Yskimas valley, biotite rarely comprises more than traces
of the sempled sands.

Trace minerals: Zircon, muscovite snd “high" qusrtz mey

or may not be present in trace quantities. Minerals, such as
clinozoisite end turbid unidentifiasble minerals are rarely
present. They may represent non-volcanic materiel or may be
secondary alterations of the volcanic minerals.

QUARTZOSE SEDIMERTS: For petrographieal purposes this

division includes the quartzitic conglomerate end all the other
quartz-bearing sediments., These include the Vantage member at
Sentinel Gap and vicinity, the Mabton interbed, the quartzitie

conglomerate and related sand beds, and the andesitlc beds which
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are eontaminated with non-volcanic detritus, including the Ring-
0ld formation.

In the field fhese sediments are usuelly identifisble
becsuse of their content of basalt, quartzite, plutonic and
me temorphic pebbles. The microscope shows that the sand size
constituents consist significantly or predominantly of engular
fragments of clear colorless quartz. Apparently the bulk of this
quartz is non-volcanic, but some of the grains, particularly in
the Ventage member, are corroded and possibly of volcanie origin.

Aslide from quartz, these fine-grained sediments have essen-
tially the composition of the andesitic clastics. However, micro-
cline, orthoclase, muscovite, biotite, and grains of guartzite
and chert may be present. These are typically trace ccnétituents,
~but do form as much as fifty per cent of samples from the Van-
tage member st Sentinel Gap. Biotite is much more sbundant in
the quartzitie conglomerate ssnds and associsated andesitie beds
especially at Sentinel Gap then in the pure sndesitiec detritus
of the Yekima valley., It tends to be euhedral and to be partly
coated with glass., In general the volcanic glass content of
the sand matrix of the quartzitie conglomerate, and of sand
lenses in the conglomerate, tends to be mueh lower than in the
pure andesitic beds. This has resulted in grester original
porosity and consequently somewhat greater weathering aﬁé cemen-
tation by iron oxide and caleium carbonate,

The Ringold (7) beds at Sentinel Gap are very similar in
mineralogy to the quartzitie conglomerate beds there, but are
almost wholly lacking in glass. Fine-grained Ringold aends from
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the vicinity of Ringold (Laval, 1948) contain high percentages
of quartz, biotite, end muscovite. The gralns are much more
worn then those in typical Ellensburg formation sediments and
seem to have been derived from reworked andesitic sediments or
from the erosion of endesites. Much of the Ringold formation
here consists of silty clays which may represent weathered,
water-laid tuffs.
PETROLOGIC INTERPRETATIONS

The rocks of the western Columbia Basin show a general
progression in time from pigeonite andesitie basalt interbedded
with tuffaceous clastics to olivine bearing andesitic basalt and
great volumes of hornblende endesite clastics. This progression
suggests the possibility of petrologic correlation with Tertiary
volecanic rocks which have somewhat snomalous stratigraphie posi-
tions in other sreas. One possible correlative is the sequence
of Fifes Peak sndesite (W.C. Warren, 1941)-Yakima basalt-Deep
Creek andesite (Pliocene?) of the Mount Aix gquadrangle described
by Abbott (1953). Somewhat farther afield are the interbedded
hypersthene basalts and hornblende andesites of the Hidway vol-
cenics (lower Miocene?) of northeastern Washington (Dobell, 1955).
Figure 7 summarizes Abbott's and Dobell's detalled petrographie
descriptions and compares the petrologic sequences of the three
areas.

The Fifes Pesk andesite, the Yakima basalt of the Basin, and
the Midway besalts all contalin lsbradorite phenocrysts and ground-

mass sndesine. Their classification as basalts or andesites

depends upon the relative emounts of the various types of plagloclase
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Mount Aix
quadrangle

(Abbot, 1953)

Western Columbia
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Figure 7: Suggested petrologic correlations.

of the phenocrysts and that of the groundmass. Another evidence
of kinship is the similarity of mafic content. Pigeonite and
hypersthene, according to Poldervaart and Hess (1951) cen be
chemical equivalents.

The Yakima basalt of the Mount Aix quadrangle and the Wenas
basalt of the Bésin seem to be almost identical petrograsphically.
Olivine bearing basalt is not described by Dobell, but an olivine
bearing flow at or near the top of the Columbia River basalt in

northeastern Washington 1s mentioned by Pardee (1918).
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The hornblende andesites of the mountain areas suggest
sources of andesitic clastics for the Basin sediments. In par-
ticular the nidway biotite andesites suggest a source of the
sbundant biotite in some of the Selsh beds at Sentinel Gap.

The actuality of these suggested correlations can only be
tesfed by tracing the rock units in the fleld. The vast sareal
extent of the lava flows of the western Platesu indicates that
they may well extend to adjacent areas.

" The sbove sequences suggest that differentiation or altera-
tion of tholeiitic magma may have given rise to olivine bearing
basalt end hornblende andesite as "end products®. This possibility
can be hardly more than a speculation until much detailed petro-
graphic work has been accomplished, and it must be approached
as Waters (1955 B) suggests with relation to the entire Cenozoic
volcanie sequence. The association of Mlocene or Pliocene basalts
end basic andesites with hornblende endesites or dacites at sev-
eral places in the eastern parts of the Cascade Mountains, in
northeastern Washington and in eastern Oregon (Gilluly, 1937)
seems to be more than coinecidental. The interfingering of the
Columbia River basalt with andesitic sediments such as the Selsah,
Ellensburg, Latah, and Payette formations over vast areas 1s a

further indication of a great petrologic province.
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STRUCTURAL GEOLOGY
GENERAL CHARACTERISTICS OF THE ANTICLINES

The structures mapped in the course of this study are part
of a group of folds in & structural depression, the Columbia
Basin., They 1llustrate anticlinal fold types in this depresasion,
which is typified by very gentle structural slopes over most of
its area. The concepts advenced for the origin of these struc-
tures range from the theory, commonly attributed to Russell (1893),
that they are essentially fault blocks over which the basalt flows
are draped, to the theory that they are esseantially anticlinal
folds formed by compression (Smith, 1903A, B; Waters, 1955A).

A, Russell's concept

B, Smith's and Waters'! concept

Figure 8. Diagreams illustrating concepts on origin of Columbia
Bagsin anticlines.

The anticlinea examined resemble some of Russell's but more
particularly Smith's types, and in some instances overturning
and thrusting are significent. They have a wide varlety of cross-

sectional structures. In general they can be classified asi
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(1) simple anticlines consisting of single convex upward flexures;

(2) composite structures consisting of a broasd arch with subsid-
iery flexures; (3) broad, monocline-like structures bounded on

one or both sides by subsidiary flexures and locally thrust to

the north.

o R AT

L 2. 3. Z

Figure 9. Anticlinal types (not to scale); see text.

DESCRIPTIONS OF ANTICLINES

SNIPES MOUNTAIN: Snipes Mountain (Plates XXIV, XXVI) is a prime

exsmple of a simple, doubly plunging enticline. The gtructuro is
asymmetric in cross-section with the southern limb the steeper.
The structure is also somewhat asymmetrie longitudinelly as shown
by the position of the axial culmination south of the letter "M"
in the word Mountain ( Plate XXIV) near the eastern end of the
anticline.

At either end of the structurally higher part of the anti-
cline marked by the Wenas basalt outcrop band, the southern limb
steepens markedly. At the eastern end this limb 1s slightly
overturned. At the western end it becomes vertical end has a
subsidiery snticlinal flexure south of the main enticlinal exis.

TOPPENISH RIDGE: Toppenish Ridge (Plates XXIV, XXV) is a

composite anticline in the form of a broed arch with subsidiary
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anticlingl flexures, Because the exposures are somewhat better
then average, 1t 1s possible to show the structure in detail.

In the western part of the mapped area the structure has the

form of a square shouldered, flat-topped, roughly symmetrical arch

with nearly vertical limbs and an undulatory crest zZone as in

sections A, B, C. This part of the structure plunges esstward to
a saddle between sections C and D. West of the saddle & cross
fault brings Wenas basalt in contact with Priest Rapids basalt.
The fault displacement is believed to be essentially strike slip,
although a dip slip component is indicated. East of the saddle,
which is both structural end topographic, the structure rises as
a rather rounded, broad arch with gentle undulations. In this
eastern part, the northern limb of the structure assumes a low

to moderate northward dip and maintains that general inclination
to the eastern end of the exposed structﬁre. In contrast to the
northern limb the southern limb has a subsidiary, symmetrical
anticlinal flexure that locally rises (section D) higher both
structurally and topographically than the main arch to the north.
Farther east (F,G) this subsidiary anticline is broken by & fault
with a maximum throw of perhaps five hundred feet. This fault

is apparently normal, because the inclinations, the lava flows,
‘end sediments on elther side of the feult zone are nearly the
same, and no evidence of overturning or strike slip was observed.
Farther east this faulted fold dies out end another subsidiary
anticline locally overturmed rises from the south 1imb of the

composite structure.




‘View eastward of north side of Toppenish Ridge from
Wenas basalt dipping north forms hogbacks north of

PLATE XV:
Ioc.alit'y 4.

Rounded summit at extreme right

saddles cut in Selah formation.

is Locality 5.
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In addition to the faults described above, which are apparently
" related to the rise of the Toppenish Ridge emticline, there is
evidence of anﬁithetic faulting by which the structural relief

has been relatively lowered. In the vicinity o sections A and

B on the north side of the ridge, large joint blocks of Prie st
Rapids basalt are strewn ebout on a low east-west trending ridge.
No outerop could be found, but the abundence of the blocks and

the presence of the one lithology indicate disintegrated bedrock.
The step-like south slope of the ridge suggests a fault or a
series of faults by which the Priest Raepilds basalt was raised
relatively to abut the Ellensburg formation. A similar situation
was observed on the north side of Toppenish Ridge between sections
G and H., It 1s possible that a continuous east-west fault zone
intersects the northern linb of Toppenish Ridge.

Faulting is suggested on the south flenk of Toppenish Ridge
in the vieinlty of section B, In this area mesas of Selah forma-
tion capped by disintegrated Wenas lag are separated from the
main south slopes by east-west vaileys. In the field it appeared
that the summit profiles of one or two of the mesas if projected
northward would pass slightly above the profile of the main ridge.
This discordance together with the east-west valleys suggests
faulting by which the north block has been relatively depressod.

SADDLE MOUNTAINS: The Saddle Mountains anticline was

studied in the vicinities of Sentinel Gep (Plates XXI, XXII) eand

Smyrna (Plate XXIII). The general structure resembles a monocline
tilted to the south end with the north limb overturned and thrust

to the northward.in the areas exemined. Farther east, as Calkins

(1905) noted, the north limb is not overturned.




Prb, Priest Rapids basalt ledge; V,
Elements of structure indicated.

Mep Area II, Saddle Mountains viewed from the norﬁh.

Et, tectonlc phase Ellensburg;
Vantage member {overturned).

PLATE XVI:
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On the west side of Sentinel Gap (Plates XXI, XXII) the
overturn of the north limb' is evident, although much of the north
slope of the mountain 18 covered by talus. ILower Yakima basalt
units dip a few degrees southward from the summit almost to the
base of the slope. In the easternmost exposure near the base of
.the slope one of the lower flows turns abruptly to en inclination
glightly beyond the vertical within a north-south distance of
;bout five hundred feet., About one-half mile west of the line of
section A-A one of the lower flows 1s overturned to dip about
60° south, A short distance to the nérth the Priest Raplds basalt
member and the Wenas snd Selsh formations dip 10° or 12° south
toward the overturned lower Yakima units. These relations indi-
cate a high angle thrust feult with a net slip of approximately
1,500 feet to perhaps 2,000 feet. The actﬁal thrust zone was
not observed. The probable continuation of the thrust on the
east side of Sentinel Gap cannot be seen beceuse talus and drift
sand cover the lower north slope. ’

In the vicinity of Smyrna (Plate XXIII) there is an exposure
3 of the thrust zone together with evidence of a tear fault. On
the east side of the tear fault the Vantage'member turns from
the vertical to dip about 60° south. About one hundred yards
south of the overturned Ventage member, the lava flow immediately
underneath ebruptly turns to the horizontel. To the north the
entire vertically dipping succession of upper Yakima units,

Selsh formation, and Wenas basalt was traced to where shattered
Wenas is in contact with the tectonic phase Ellensburg beds
previously described (p. 78). The Wenas, Selsh and Priest Rapids
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are overturned to dip south and, although the contact is not
well exposed, can be seen to successively abut the tectonie
Ellensburg. The relations indicate a thrust fault inclined
ebout 459 gsouth with a net slip of perhaps five hundred feet.
The thrust zone is at least two hundred feet wide. In it

the tectonic Ellensburg beds are closely sheared end the basalt
flows and the Selsh formation are dragged, slivered and sheared.

The tectonic Ellensburg beds lie unconformebly on a ledge
of Priest Raepids basalt which forms a bluff (see Plate XVI) for
several miles along the north front of the mountain. At the
studied locality the Selsh and Wenas formations of the lower
block of the thrust apparently were converted into tectonic
breccia and removed or incorporated into the tectonic Ellensburg
during the deformation.

Twiss (1933) has shown the existence of the overturn here,
but probably because he mepped only Yakima basalt and "Crab
Creek beds", (tectonic phase Ellensburg) he interpreted the
thrust as a normal fault that dropped the "Crab Creek beds"
against the Yakima basalt. He postulated an episode of normal
faulting after the formation of the Saddle Mountains anticline.

A tear fault cuts the tectonic Ellensburg beds in a straight,
nearly north-south course. The sediments on the cast side are
bedded, butthose on the west slde are closely sheared, so that
pseudo-bedding structures have been developed roughly parallel
to the nearly vertical fault. It is evident that the entire

western block of tectonic Ellensburg was pushed over the Priest

Rapids basalt, To the south the tear seems to die out. The
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meximum differential northwerd strike slip of the west block is-prob-
ably on the order of flve hundred feet.

The axis of the Saddle Mountains anticline undulates verti-
eally. In the eastern part of the Beverly quadrangle these
undulations form synclinal sags transverse to the main trend
(Plate IX). A structurel sag is suggested at Sentinel Gap where
the lower Yakima‘basalt units show dlp components toward the
‘001umb1a River.

HORSE HEAVEN PLATEAU: The Horse Heaven Plateau is the

largest of the anticlinal structures studied and one of the lar-
gest anticlinal structures of the entire Columbias Basin. It was
examined within the area approximately bounded by Mabton, Alder-
dale, and Wallula Gap, the Columbia River crossing. Within this
area the structure resembles a monocline tilted to the south and
flanked by sharply folded anticlines at the north and south mar-
gins. A major change in trend of the northern anticlines from
east-northeast to west-northwest divides the structure inte
western and eastern segments. With reference to topography the
term "Horse Heaven Plateau" is generally restricted to the long
gentle slope to the south, while the high north rim of the Platesu,
together with the northern flanking anticlines, is called the
Horse Heaven Hills.

Weatern segment: The western segment is typified by the

composite section (Plate XXXII) between the Mabton and Alderdale
localities., Alder Ridge with its rather steeply inclined southern
limb is the southern subsidliary anticline of the Horse Heaven

stracture compareble to the southern flexures of Toppenish Ridge.
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The eastward plunge of Alder Ridge 1s plainly indiceted by the
topography of its continuation, Golgotha Butte. East of Golgotha
Butte the main line of southern flexures is conﬁinued in Canoce
Ridge and Paterson Ridge. A tendency for a secondary line of
southérn flexures to develop 1s shown In Crow Butte and in a
probable rise from the southern limb of Golgotha Butte,

The Horse Heaven Plateau north of Alder Ridge has a gently
undulating bedrock surface thickly mentled by loessial soil.'
Long undulationg, such as the shallow structural trough occupied
by the southeast trending part of Glade Oreek, seem to be related
to culminations and depressions along the rims of the plateau.

At the north rim the plateau bends downward into the synecline
followed by upper Glade Creek, East of Glade Creek this syncline
1s somewhat less pronounced and is broken into a series of depres-
sions between culminations of the north flexure and the northern
rim of the plateau.

The north subsidiary anticline of the western segment in the
Mabton vicinity rises from the Glade Creek syncline, descends
northward in a gentle structural slope, and turns down sbruptly
to & nearly vertical inclination at the base of the Horse Heaven
Hills. Scaebland exposures of the Pris st Rapids basalt in the
vicinity of Byron indicate that there is an equally abrupt upturn
to, or slightly past, the horizontal farther north (Section CC
Plate XXXII). At the Byron locality the tendency for the north
1limb of the north enticline to overturn 1s epparent., Farther
east between Prosser and Chandler thrusting.and tear faulting

are evident, although not particularly well exposed. In addition
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to the usual cover, this section of the Horse Heavens is compli-
cated by widespread slumping of the north slope. Partly because
of the slumping, previous workers have thought it possible that
the structure chenges here from an asymmetric fold to en asym.
metriec faulted fold (Waring, 1913), or to a normal fault (Dennis,
1938).

The possibility of overturning and thrusting suggested by
A.8. Cary (1954), on the basis of engineering geology studies,
was substantiated by the writer's fileld mapping.v Probaebly the
most striking feature of the Horse Heaven thrust is the main-
tensance of the relatively even structural slope of the north
flexure to the poiﬁt of the asbrupt bresk-over of the overturned
1imb, A sag in the exial area 1s not uncommon.

The meximum thrust displacement indicated by differentially
displaced tear fault blocks snd by a few exposures of the thrust
zone along the Northern Pacific Rellway near section E-E, Plate
XXVII, 18 but a few hundred feet. At the latter locality breec-
clated Wenas, in part mixed with a debris of Selah formation,
is thrust over much fractured Priest Repids basalt in places
and in others Priest Rapids is thrust over Wenas of the lower
blocke. The base of the fault contact zone where it was observed
consists of one to two feet of brecciasted basalt and claylike
"gouge". It dips 409 to 45° south.

Tear faulting of the upper thrust block is best evidenced
by offset outcrop patterns in the overturhed rock units. The
major tear zones are not exposed'but are represented by straight-

line topographic alignments. Nearly vertical shear zones cut
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- some of the thrust blocks between the major tears.

In the vicinity of Chandler (Plate XXVII), the north 1limb
of the western segment is overturned to as much as 50° from the
vertical. Thrusting (Section PF-F) is suggested by this degree
of overturn and by geological mep patterns and straight-line
gully lineaments indicative of tear faulting.

Eastern segment: The eastern segment of the Horse¢ Heaven

structure is complicated at the structural bend near Chendler.
Angular bends 1in the map patterns show the conflict of the two
trends. The eastern segment is the stronger element as shown

by the mainteneance on the Horse Heaven Platesu of southwestern

slopes from the Horse Heaven Hills beyond the angle of the bend.

Also a low anticline, breached near the Yakima River, continues
the alignment of the eastern segment westward on the south flank
of the Rattlesnake Hills.
The north limb of the north flexure east of the bend loses

the tendency to overturn and passes from a steep north dip to a
gentle north dip in the vicinity of Kiona (Plate XXIX). The
synclinal dip between the north rim of the Horse Heaven PlatQau
and the north flexure becomes less pronounced in the eastern
segment and the Plateau itself nerrows because the southern
flexures converge toward the northern. The southern flexures
keep their east-northeast trend, end a secondary line of flexures
develops an en echelon alighment. This is shown in the merging
of the eastern extension of Paterson Ridge (Fig. 8) with the
south slope of the Pldeau gbout three miles north of Sillusi
Butte, end in the rise of a subsidiary anticline to the south to

become the major southern flexure.
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8111lusi Butte (Plste XXX) is part of & north-south antielinal
chain, which continues south of the Columbia River in the Umatilla
Butto-Service Buttes alignment. Because the Sillusi Butte snti-
eline plunges southward, the capping Wenas basalt dips below
the level of the Columbia River. The more gredusl rise to the
south brings the Wenas to the surface in the Umetllla Butte anti-

cline.
RATTLESNAKE HILLS-HORSE HEAVEN HILLS STRUCTURES: At the

Chandler bend the Rattlesnake Hills approach the Horse Heaven
Hills end farther east (Figure 8 and Plate XXXI) two Rattlesnake
anticlinal alignments merge with the Horse Heaven uplift. The
most obvious continuation of the Rattlesnake structure is the

line of doubly plunging anticlines from Red Mountain to The Butte.
South of Kennewick these enticlinal hills rise from the north
slope of the Horse Heavens in a mamner analogous to the rise of
Toppenish Ridge from the north slope of the Horse Heaven Hills
farther west,

A southern Rattlesnake alignment is topographically represented
by Goose Hill (Plate XXIV). This alignment continues to the east-
gsoutheast in the 2,196 foot summit south of Kennewick and to the
west-northwest in the main Rattlesnake Hills where they are of fset
to the south from the Red Mountein alignment. These conditions
are illustrated by sections H-H end I-I, Plate XXXII. In H-H
Red Mountsin and Goose Hill are repsectively the northern snd
southern Rattlesnake structures and to the south are the typical
Horse Heaven Hills structures., Section I through the 2,196 hill
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- PLATE XVII

1. Sillusi Butte anticline, Locality 18,
from the south,

2. Horse Heaven Plateau from north end
of Sillusi Butte, East-northeast
anticlines extend to right., Horse
Heaven Hills in distence.




156

showé the northern Rattlesnake fold, the 2,196 hill corresponding
to the southern Rattlesnake fold, and farther south the topographie
expression of the two Horse Heaven Hills folds. East of B.M,
2,196 the southern Rattlesnake structure nearly loses its identity
in the general plunge esnd convergence toward the Wallula sag.
Immediately east of Wallula Gap the structure seems to be a rather
simple broad arch, but the northern crest may correspond to the
southern Rattlesnske fold, On the west side of the Gap the north-
ern Rattlesnake structure forms the small anticlinal hill east

of The Butte., The convergence toward the Gap 1s very evident in
the anticline's northwest-southeast alignment.

Trangverse and normal faulting: In addition to the tear

faulting associated with thrusting,the Horse Heaven-Rattlesnake
structures afford evidence of tranaverse faulting because of
rupturing of the northwest and southeast ends of the anticlinal
folds. Fault breccia zones are exposed at the east and west ends
of some of the northern Rattlesnake anticlines. They can rarely
be traced for more than one hundred feet, but their north-south
or northeasst-southwest alignments suggest a genetic relationship .
to the enticlines. Apparently the rocks broke because of the
ebrupt rise of the antielines from the surrounding gentle strue-
tural slopes. The possiblity of similar transverse faulting in
the éouthern Rattlesnake folds 1s suggested by strong gully linea-
ments such as Zintel Canyon on either side of the 2,196 anticlinal
hill.

Antithetic normal faulting is particularly well displayed at
the western end of The Butte (Pla tes XVIII and XXXI) where a

neerly vertical fault zone is exposed in a quarry. On the north
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side of the fault the basal, massive part of the lower Wenas
flow has been brought up relatively against the blocky, closely
Jointed upperApart of the flow. The rock on tﬁé north side of
the contact is breccisted, but large Jjoint blocks in the breccia
contrast with the much smaller joint blocks on the south. Meny
high angle shears intersecting the south block demonstrate a
wide fsult zone. The main contact dips about 75° south and a
throw of sbout fifty feet is indicated. The fault zone may have
a topographic expression in the prominent east-west gully at the
east end of The Butte.

A zone of feult breccla as much as five hundred feet wide
intersects the northwestern end of the smaell anticlinal hill
east-southeast of The Butte. The fault zone trends north 65°
west in line with the probable extension of The Butte fault,

At this locality massively colummar lower Wenas flow on the north
is in contact with blocky Wenas on the south. The fault throw is
possibly over one hundred feet here. Although the basalt of

the north block is massively colummar, it is topographically
lower than the south block, making the fault line scarp obsequent.
This apparent topogrephic reversal is probably due in large meas-
‘ure to the erosive effects of glecisl melt water floods whiech
have seulptured the entire hill. In consequence of this erosion,
the faulting is probably of pre-Wisconsin age.

Antithetic faulting is also indicated at the westerp end of
Red Mountain (Plate XXXIX, where a few exposures of a cemented
breccia zone are aligned nearly parallel to the trend of the
anticline. Here the Priest Rapids basalt (Sillusi flow) has
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PLATE XVIII

l. General view of antithetic fault
zone exposed at west end of The
Butte, Locality 14.

2. Close-up view of antithetie fault at
~Locality 14. Pick leans on large col-
umar joint block in fault-brecciated
lower Wenas flow. The closely jointed
upper part of the lower flow is at the

right.
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been raised relatively on the north side, bringing it in contact
with the Wenas basalt flows for a short distance. Sand drifts
hide the possible extensions of the fault zone, but the align-
ment suggests that it may continue both to the southeast in the
small Rattlesnake structures and to the northeast in the main
Rattlesnale structure.

Another line of faulting exists at the northern front of
the merged southern Rattlesnake-Horse Heaven Hills structures
west of the north entrence to Wallula Gap., Here the exposures
are not very satisfactory, but in the streight west-northwest
trending valley south of Hover (Plate XXXI) a quarry exposes
sheared blocky Wenas basalt, whereas on the ridge to the north
there is massive, columar basalt of the lower Wenas flow. A
fault zone in which the northern block has been displaced rela-
tively upward is indicated. The displacement may amount to one
hundred feet or more depending upon whether the blocky basalt is
part of the upper or lower Wenas flow. The fault probably dies
out to the west where the gully turns southward, It was not in
evidence at the base of the 2,196 hill,

On the east side of Wallula Gap, fault breccia scarps are
prominent on the no:th face of the Horse Heaven Hills between
the Gap and Vansycle Canyon. Lack of expoures to the north
prevents determination of the type of displacement, but a contin-
uation'of the southern Rattlesnake~Horse Heaven fault 1s suggested.

SYNCLINES
The synclines, insofar as their struetures can be seen,

tend to have rather simple, broadly concave or nearly flat floors.
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Plate XXXII illustrates some of the typical forms. The largest
syneline, that of the lower Yakima valley west of Chandler, is
fllled with sediment. Perhaps its floor is smoothly concave

upward similar to that of the Moxee Valley ggéﬁ of Yakima as
1llustrated by Smith (1901).
ROLE OF MINOR FAULTING AND JOINTING

Smith (19034, B) recognized the important role played by
original contraction joints that ellowed the Yakima basalt to
deform by means of minute slippages along the joint surfaces.
Minor feult zones exposed in the Spokene, Portland and Seattle
Rallway cuts on the west side of Wallula Gep provide examples of
the method by which the flows adjusted themselves to deformative
strains., Many nearly verticel fault zones cut Frenchman Springs
and Priest Rapids flows with no measurable displacement. Where
the faults intersect blocky Jointing, breccia zones two or three
inches wide are present, These breceia zones can be traced down-
ward into columnar rock where they merge with the Jointing planes
and disappear. As Waters (1955 A) points out, it 1s probably
this sort of minute slippage between the original contraction
Joint blocks, together with bedding plane slippage, that allows
the flows to accomodate most of the folding without notable
brecciation or shearing.

In effect, the colurmar and other contraction Joints even
though 1rregular, together with partings between jointing units,
confer a high degree of bulk plastieity to the flows in spite of
the very high compressive strength of individual solid blocks

of basalt: therefore, the folds are quasi-competent., Also the
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original vertical jointing no dpubt explains the rarity of large
scale drag effects in high angle fault zZones.

Much of the oblique cross~jointing of the flows is of tec-
tonic origin. This 1s readily apparent at the break-over points
of folds where the columnar phase of a given flow is shattered
by close=-spaced joints which are not present on the flanks of
the fold. Even some of the massive colummar-type jointing may
have been oriented in part by tectonic streses; for exgmple,
the Umatilla flow in the foundation excavations for MeNary Dam
was intersected by neéearly vertidal continuous joints trending
roughly north-south. The continuity of this jJointing suggested
control by directed stress in addition to hephazard contractive
tensions. Tectonic warping end local contraction settling are
possible causes.

Besides the pre-Ellensburg tectonic warping suggested by
stratigraphic relations, intraflow faulting in the Yakima basalt
at Sentinel Gap (not mapped) and possibly at McNary Dam site
testify to the deformation of the Yakima during its asccumulation.
At Mc Nary Dam a low angle fault which cuts the Umatilla flow
does not seem to affect the Sillusi flow. The fault zone may
have performed the role of & cooling surface because massive
columns curve to meet it without evidence of drag.

STRUCTURAL TRENDS

Two structural trends, west-northwest.and east-northeast
(Figure 8 end Plate XX), are dominant in the areas studied. The
eéstern Horse Heaven Hills-Rattlesnake Hills aligmnment approxi-
mately merks the line of deflection between the two trends.
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View eastward down fault zone valley
goutheast of Locality 156. Fault
breccia scarps at north edge of Horse
Heaven Hills across Columbla River may
mark continuation of same fault zone.

Culmination in Horse Heaven Hills,
Locality 9. General dip is south
(right). Wenas basalt formation,

W; Seleh formetion (light gray), S.
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Nearly north-south subsidiary alignments are most clearly
represented by the‘81llusi Butte anticlinal chain. In addition,
culminations 6f the axes of the major anticlines suggest other
north-south alignments. North-south culminations are best
developed in a series from Snipes Mountain nearly due north
through the Rattlesnake Hills and the higheat summits of Yakima
Ridge, Umtenum Ridge snd Saddle Mountains between the Yakima
and Columbia Rivers. Another nearly north-south culmination
aligmment exists in the serles from the highest swmmit of Saddle
Mountains east of the Columbia River, the Gable Mountain anti-
cline, and the low upwarp around which the Yakimea River makes a
U-shaped detour east of Chandler. Possibly this alignment is
continued in the Frenchman Hills to the north and in the Sillusi
Butte anticlinal chain to the south. Also worthy of note is the
2,196 feet summit of the Horse Heaven Hills close to the Wallula
Gap sag.

GENESIS OF THE FOLDS
. The general conclusion in regard to the genesis of the
Columbis Basin folds is that they are related to the uplift of the
mountains surrounding the Columbia Basin in the "Cascadian Revol-
ution". Evidently the compressive forces which uplifted the
mountains were transmitted laterally end caused the late Tertiary
accumulation in the Columbla Basin to be folded. 1In the process
the Besin geined its present conformation.

An indeterminate structural control is the structural detall
of the rocks beneath the Yakima basalt because none are exposed

in the thesis area. C.L. Willis (1960, 1953) suggests that the
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late Tertiary structures in the vieinity of the Chiwaulopm quad-
rangle are more closely related to the pre-Tertlary structures
than to the early Tertiary structures. Unfortunately geologie
work in the Cascade Mountains immediately west of the folds
studied has not revealed to date the exact relationships of
late Tertiary orogenic structures to earlier Tertiary orogeniec
structures and very little pre~Tertiary rock is exposed.

Two possible modes of genesis are suggested: (1) folding
of the Yakima basalt directly related to folds or faults in the
bagement rocks, (2) or folding of the Yakima basalt independently
of the basement rocks. As neither one of these modes of genesis
cean be demonstrated, it is necessary to compare the folds studied
ﬁith other folds illustrative of these modes of genesis. In the
Pryor Mountains of southwestern Montena Blacksone (1940) has
described folding of a thick sedimentary succeasion because of

faulting in the crystalline besement (Figure 10).
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Fig. 10. (Diagrammatic). OCross-sections demonstrating
reletion of subsurface fracturing to surface
folding (Blackstone 1940, p. 609).
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Folding independent of the basement 1s best lmown in the
Jura Mounteins of Switzerland. Many of the less extreme Jurs
folds resemble the folds studied, especially Toppenish Ridge
and Snipes Mountain (Figure 11).

/Wmu

Scale approx. 1:200,000

Figure 11, A: Jura Mountains folding (Heim, 1919, qer-
profile No. 12, Tafel XXIV)

?
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Flgure 11, B: Jura fold types (Heim, 1919, Figures 91,
: 92, p. 582)

The Columbia Basin folds studied may have originsted in
either of these two modes or some combination of the two. The
abrupt flexure of Snipes Mountain snd the complexitieé of the
Toppenish Ridge anticline suggest Jura type folding. On the
other hend, both Jura end Pryor mountain types of structure are

suggested in the thrust faulting of Saddle Mountains and the
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Horse Heaven H1lls and also in the thrusting of Umtanum Ridge
described by Hemmer (1934) and mspped by Mackin (1946, 1955 A).
STRUCTURAL HISTORY

The structural history of the portions of the Columbia
Basin studied begins with general downwarping during sccumla-
tion of the Yakima basalt. More localized differential warping
1s suggested in late Yakima basalt time, Localized warping
appears to have increased in intensity until in late Ellensburg
formation time, probably early to perhaps middle Pliocene,
anticlinal ridges were formed. After the folding, differentisl
warping resumed as indicated by the deposition of the Ringold
formaetion in much the mammer postulated by Waters (1955) and the
subsequent slight differential) rising of that formation to the
north (see p. 90). Normal faults relatively lowered the strue-
tural relief of at least some of the anticlinal ridges, probably
in late Pleistocene time. The observed normal fault zZones are
highly inclined, suggesting origin by isostatic adjustment,
presumably reglonal. The effects of the Walla Walla Basin
earthquake of 1936 described by Brown (1987) suggest that warping

or isostatic adjustment still continues,

SUMMARY
A gsequence of Upper Cenozoic lavas and sediments 1s exposed
in the southwestern part of the Columbia Basin., The rocks of

structurael significence are the Mio-Pliocene sequence of Yakima

basalt, Seleh formation, Wenas basalt formation, and Ellensburg
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formation, together with the Pleistocene Ringold formetion. The
Mio-Pliocene sequence forms & sedimentary lithosome which is mu-
tually interfingered with a flood lava lithosome.

The lower part of the Yakima basalt is exposed only at Ssd-
dle Mountains. 'he upper part of the formation is exposed through-
out the area studied and hence is much better known., The lower
part consists of several lava flows and the sedimentary Vantage-
member, The upper part consists of several members that are sin-
gle lava flows, sequences of flows, single sedimentary units, and
seguences of flows and sediments, In the areass examined these
are from base upward: the Frenchman Springs basalt member, the
sedimentary Squaw Creek member (including diatomites beyond the
immediate thesis areas), the Roza ﬁorphrytic basalt member, and
the Priest Rapids basalt member, The characteristic litiologies
of these members, two of which (Roza porphyritic and Rrenchman
Springs basalt) are porphyritic, meke possible the tracing of the
lavas and sediments over hundreds of square miles and permit de=-
tailed mapping of structures., The Yakima basalt records regional -
downwarping of the Columbia Basin area and, at least in the Priest
Rapids basalt member, mild, localized differential warping con=-
temporaneous with accumulation,

The Selah formetion consists esQentially of fluviatile and
aeolian hornblende sndesite clastics locally interbedded with
guartzitic conglomerates and basalt flows, It records andesitic
voleanism to the west and probably to the north of the present

Columbia Basin., It also records the beginning of noitharn Col=-

umbia River basin drainsge in somewhat its present form. The
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Wenas basalt formation consists of one or two lava flows that are
arbitrarily assigned locally to the Selah and Ellensburg forma =
tions. The Selah and Wenas together afford evidence of localized
warping during their accumulation,

The basal part of the Ellensburg formation has essentially
the same lithology as the Selah formation and records the same
processes of volcanism, erosion of older rocks, and sedimentation
in basins that tended to become more and more localized. The
upper part of the Ellensburg consists of hornblende andesite clas-
tics mixed with angular basaltic debris, At Saddle Mountains and
somewhat less clearly at the north front of the Horse Heaven Hills
this material lies unconformably on the older rocks, It records
the erosion of the Mio-Pliocene rocks concurrent with the rise of
anticlinal ridges.

The Ringold formation, not definitely exposed in the immed=
iate areas examined, is thought to have been deposited largely
because of differential warping after the episode of folding,

Petrographically the laves are tholeiitliec and renge in com-
position from basalts to basis andesites, The better crystall-
lzed portions of the flows are composed essentially of plagioclase,
plgeonite, magnetite, and an andesitic glassy residium, 0livine
comprisés a few per cent of the Wenas flows and is a very minor
or trace constituent of other flows, Auglte and hypersthene were
identified &s minor constituents in a few thin sections., Sidero=-
melane 1s interstitial in most of the well crystallized portions
of the flows and 1s sbundant in flow tops and pillow lava., Tache-
ylyte is a mejor constituent of the thinner parts of the Wenas

flows snd commonly occurs in the more rapidly chilled portions of
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other flows. There are three generations of crystals. The
first conaists of corroded intratelluric lebradorite, olivine,
and pigeonite, These crystals, especially the more sbundant
labradorite, commonly form megaphenocrysts conslsting of single
crystals and clots. “The principel second and third generation
crystals are plagiloclase, pigeonite,.and magnetite. The sec=-
ond generation plagioclese is sodic labradorite or calcic and=-
esine and the third generation is calcic or sodic andesine.
Petrographically the sediments have three principal lith-

ologies; hornblende andesite, quartzose, and mixed. The horne-
blende asndesite clastics form most of the Selsh and Ellensburg
formations and part of the sediments interbedded with the Yakima
basalt flows, The fluviatile clastics consist of pebbles of
stony and glassy andesite and sands of the constituent minerals
and glass, The aeolian clastics of this type are pumicltes of
andesitic glass‘shards and very fine-grained tuffs, The quartz=-
ose lithology is represented in the fluviatile sediments that form
much of the Selah, Ellensburg, and Ringold formations as well as
the Vantage member, and other Yakims basalt interbeds. The
coarse clastics are pebbles of quartzite, plutonics, metamorphics,
basalt, and other volcenics. The sands are composed of quartz
and other non=-volcaniec minerals commonly admixed with andesific
material,

The petrologic characteristics of the lavas and sediments
suggest the possibility of correlations with volcanic sequences

of similar lithology in aress adjacent to the Columbia Basin,
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The structures mepped are part of a group of folds in a
structural depression, the Columbia Basln, typified elsewhere
by gentle structural slopes. Three types of anticlinal struc=-
tures were mapped: (1) simple anticlines consisting of a sin-
gle convex upward flexurej (2) composite enticlines formed of
broad srches with subsidiary flexures; and (3) monocline-like
gtructures bounded én one or both sides by subsidiary flexures
and locally thrust northward,

Snipes Mountain exemplifies the first type of anticline,
Toppenish Ridge is a composite structure., Saddle Mountains is
a monocline-like structure overturned and thrust a few hundred
feet to the north. The Horse Heaven Plateau is a very broad
monocline-1like structure with subsidiary flexures on both sides.
A change in the trend of the northern anticlines from east-northe
enat to westenorthwest divides the structure into two segments,
The north limb of the western segment 1s overturned and thrust
to the north near the change in trend., East of the deflection
Rattlesnake Hills structures merge with the Horse Heaven struce-
ture. Sillusi Butte on the south flank of the eastern Horse
Heaven segment is part of a northesouth chain of small antlclines.
The svnclines thet can be examined are generélly smoothly concave
or nearly flat-floored,

Tear faults sccompany the thrusts and minor transverse
faults accompany changes in the plunge of enticlinal axes. Nor=-
mal faults include those incldental to the formation of the anti-
clines and younger antithetic faults best exposed on the north

flank of the eastern Rattlesnake Hills structures,
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Two modes of strucural genesis are suggested: folding free
of the basement, or folding directly related to deformation of
' the bagsement. The first is suggested in the similarity of
Snipes Mountaih and Toppenish ridge to some of the simpler of
Jura Mountains folds, and the second is suggested in the 8imf -
larity of Saddle Mountsains and the Horse Heaven Platesu to the
Pryor Mountains of Montana, Nelither type of folding c¢an be
proved because the base of the Yakima basalt is not exposed in
the areas mapped,

The indicated seqguence of events begins with the accumulation
of the Yakima basalt flood lavas accompanied by general downwarp-
ing and some fluviatile, aeollan, and lacustrine sedimehtation.
In latest Yakima basalt time more locnliged differential warping
is indicated. Thils continued into Selah-Wenas<basal Ellensburg
time when great volumes of hornblende andesite clastics were
weshed into the Columbia Basin area from the west and probably
from the north, At this time detrital, non-volcanlc sediments
were deposited by a stream or streams, presumably part of the
ancestral Columbilae River system.

In later LEllensburg time, vprobably early to middle Pliocene,
anticlinal ridges were ralsed and detritus washed from theilr
flanks and deposited unconformably on the older rocks., The Col=-
umbia River seems to have had essentially its present course at
that time snd probably had established & nearly graded condition
before renewed or continued differential warping caused the de=

position of the Ringold formation in the Pasco Basin. Probably

in post-Ringold time antithetic faulting slightly lowered the
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structural relief of some of the ridges. Perhaps this Tfaulting
was nearly contemporaneous with differential warping that raised
the Ringold formation to the north, Ueformaetion of the anticlin-

al structures may have continued to the present time.
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APPENDIX A
MEASURED SECTIONS

Ilocality 1

Eagt side of Sentinel Gap (Beverly quadrangle, 15 minute
series, Grant Qounty) where the Columbia River passes tirough
the Saddle Mountains antiecline. The Yakima basalt section was
meagured in the river bluffs and in gullies and is modified from
Galster (1955) and Gray (1955). The remainder of the section
was measured near the pumicite quarry in the SW 1/4, NW 1/4,
sec, 23, T.15 N,, R.23 E., and is modified in part from Carithers
(1946) and Mason (1953).

Unit Description Feet
RINGOLD FORMATION (%) |

Pebble conglomerate--basalt, quartzite, meta-
morphiecs, volcanics, well rounded; sand
fraction medium-grained, rather poorly
sorted--feldspar, quartz, 2 or 3% heavies;
moderately cemented by carbonate, some
sand lenses; unconformable on Wenas ba-
salt and Ellensburg formations. 80

. ELLENSBURG FORMATION (tectonic phase)

(4) Gravel--basaltic, fresh, 4 inch maximum dig-
meter, locally cemented, poor outecrop. 25

(3) Sand and silt--tuffaceous, slightly consol-
ideted; contains feldspar, glass, mage-
netite, hornblende, biotiﬁe; one pebe
bly bed. 50

(2) Gravel and sand--basaltic, 4 inch maximum
diemeter, few andesite and quartzite
pebbles; sand similar to unit sbove. 50

(1) Silt--pale gray, laminated, ecaliche cemen-

Total Ellensburg approx. 130
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12
Snp:
Unit Description Feet
- WENAS BASALT FORMATION
(3) Basalt--dark gray, veslcular, sphanitic, close
blocky Jointing, upper 10 feet locally
goftened. 20
(2) =====dark blue(gray, aphanitic,)slightly por-
phyritic (2 mm plagioclase), blocky »
Jointing, slighgly veaioula;. 55«60 “z025j
(1) ~==--dark gray, aphanitic, blocky, vesic-
Total Wenas approx. 90
SELAH FORMATION
(17) Pumicite--light tan, very fine-grained,
massive, fritted at top, moderately
consolidated. 5
(16) Sendstone--pale gray, cross-leminated,
soft, tuffaceous. 2
(15) Pumicite--light blue-gray, fine-grained,
massive, firm. 9
(14) sSiltstone--green-gray, massive, soft. 3.5
(13) Conglomerate--pebble and cobble, quartzitic
type, 50% endesitic sand by volume,
slight cementation. Pebble count--
20% basalt, 6% quartzite, 33% plutonic,
15% meteamorphic, 12% andesite, 14% mis-
cellaneous volcanics. 6
(12) Sendstone--gray, coarse-grained, andesitic. 3
(11) Conglomerate-~similar to Unit 13. 11
(10) Silt--light yellow-gray, sandy, moderately
cemented. 0.5
(9) Sand--gray, medium-grained, massive slightly
cemented. 245

(8) Conglomerate--cobble and pebble, quartzitic
lithology, aebout one-third andesitiec
sand; slightly to well cemented. 6+ 5




Unit
(7)

(6)

(8)

(4)

(3)

(2)

(1)
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Description

Pumicite--gray, fine to very fine-grained,
nearly 100% engular shards of glass,
consolidated; consists of four beds
with differences in grain size and
degree of cross-lamination. East of
here on the south flank of Saddle Moun-
tein, this unit is replaced by a tongue
of Wenas lithology basalt, which pinches
out in the pumicite very abruptly in the

first gully east of the quarry.

Sandstone--gray, medlium to fine-grained,
tuffaceous, andesitic, moderately
cemented, massive.

Sandstone--white, very fine-grained, tuffe
aceous, laminated, firm.

Tuff--yellow-gray, very fine-grained,
"chalky".

Sendstone--light gray, medium-grained, mas-
sive, moderately cemented.

Sandstone--light grey, feldspathie, cemented,
fleggy. '

Conglomerate--cobble and pebble, quartzitic
lithology; sand matrix of andesitic and
quartzose lithology; some sand lenses;
s8lightly cemented.

Total Selah approx.

YAKIMA BASALT
Priest Rapids basalt member

Flow No. 2 (Sillusi?)

(4)

(3)

Basalt--dark green, very vesicular, columnar
tendency, altered to stiff clay-like
consistency.

---w=dark gray, vesicular, weathered to red-
brown, columnar tendeney, fine-grained,
feirly well-crystalliged,

Feet

40.5

9.1

11

90
209

15

Bzo4’|

2234‘+



Unit
(2)

161

Description Feet

~-===dark gray, finely vesicular, red-brown
‘weathering, massive columns 4 to 5 feeh 61'5
in diemeter, slabby basal jointing on 1 “
to 2 foot spacing, medium-grained, well

erystalliged, few small phenocrysts. 20
(1) ==ew= blue-gray, scoriaceous, aphanitic. >
Total flow Ny, 2 41
Interbed
Tuff--gray, fine-grained. 0.3
Flow No. 1 (Umatilla?)

(5)

(4)

(3)

(2)

(1)

Petrified

Rozs

(4)

Besalt--dark gray, aphenitic, finely por-
phyritie, vesicular, red-brown weath-
ering, slabby. 365

~-===dark gray, red weathering, finely ves-
icular, massively columnar, slebby,

fine-grained, minutely porphyritic. 31

----- dark blue-gray, fine-grained, finely
porghyritic, massive columns 8 to 10 -3
feet in dlameter, red weathering. 33-38 26/

~e~w=gimiler unit above, but jointing very
irregular; messive columns are gplit
into arcuate high angle slabs, fine- of-S
grained, well crystalliged, finely Z
porphyritiec, basal few feet locally

very closely fractured. 47 .5=-52
~--==dark gray, vesicular, some palagonitic
alteration. 5-10
Total flow No. 1 approx. 160
Total Priest Rapids approx. 201

wood=-=local accumulations of logs and limbs.
(Stratigraphic equivalent of Burke dia-
tomite). 0-5

porphyritic basalt member

Basalt--dark gray, slightly porphyritie
(locally very porphyritic) vesicular,
columnar tendency. 15
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Unit Description Feet

(3) =eee=dark gréy, Very porphyritic (one or two LT
feldspars up to one centimeter lon? per #
t

slightly vesicular in part, red-brown

weathering. 65
(2] rovne slabby, porphyritic as above, non-vesg-
icular, red-brown weathering, 25
G 1y —— dark gray, Veslcular, porphyritic. 5
Total Roza flow 110
Note: At Saddle Mountain crest, just east of the 21‘“43LLLA,
olumbla River, the flow 15 formed of two 226" 2 R
units.
Petrified wood--local accumulations of logs and limbs
with opaline matrix. (Stratigraphic equivalent
of Squaw Creek member), 0=2 zoS5-/

Frenchman Springs basalt member
Sentinel Gap flow (flow No. 4)

(3) Basalt--dark gray, very vesiecular to vesicu-
lar, aphanitie, blocky and somewhat

slabby, red weathering tendency., - 40

(2) eeeecdark grey, vesicular to slightly ves- 26773
icular, aphanitic, sparsely porphyritic
(3/4 inch meximum feldspar clots),
Jointing irregular with columar and _LLI‘7
slabby tendency, 50 1A

(1) =ce--dark gray, very fine-grained, sparsely
porphyritiec, columnar, slightly vesic-
ular at base, 40

Total Sentinel Gap flow 130
Flow No, 3
(3) Basalt--dark gray, very vesicular to scor-

iaceous, sparsely porphyritiec, aphan-
itie. 21

(8) ~ceeedark gray, vesicular, sheeted, sparsely
porphyritie, aphanitiec, 30




Unit
(1)

Flow
(3)

(2)

(1)

Flow
(3)

(2)

(1)
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Description

-----dark gray, red weathering, colummar,
(3 or 4 feet in diameter), cross-Jointed
on order of 3 to 6 feet, sparsely por-
phyritic, aphanitic, thin platy szones
midway and 2 to 3 feet of vesicular and
sheeted basalt at bagse.

Totel flow No. 3
No. 2

Basalt--dark gray, red weathering, columnar,
very vesicular to scorilaceous, sparsely
porphyritic, aphanitie.

--~-==dark gray, red-brown weathering, vesic-
ular %large elongate, up to 10% of
rock volume), columnar (2 to 3 feet in
diasmeter), sparsely porphyritic, very
fine-grained.

~====dark gray, red weatherin columnar
(3 to 4 feet in diameter), fine=-
grained, well crystallized, moderately
porphyritic (feldspar clots up to 1
inch diesmeter average about 6 per
square foot).

Total flow No. 2

No. 1

Basalt--dark blue-gray, red weathering ten-
dency, close blocky Jointing, vesicular,
sparsely porphyritie, nodular opal at

top.

w==e=gimilar to above, but colummar (2 feet
diameter), lower part poorly exposed.

eee==00lumnar and blocky basalt loceally ex-
posed, probebly pilllow-palagonite in
part, bench topography.
Total flow No. 1 approx.

Total Frenchman Springs approx.

Feot

24

102

131

80

20
130
517
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Unit Description Feet
Vantage member

(2) Tuff--very light gray, very fine-gralned, soft,
bentonitic, poorly exposed. 5

(1) Sendstone--light gray, coarse-grained, cemented

by silica locelly, slightly cross-bedded, ol-%
quartzose, tuffaceous. 15-20 72 |
Total Vantage 20-25
Museum flow }
(5) Basalt--dark gray, scoriaceous to very ves-
icular (20 to 25% vesicles), closely
fractured, some columnar tendency, ‘
some sheeting. 13
(4) =e===dark gray, red weathering, columnar (2
feet dlameter), slightly vesicular,
ephanitic, abundant small feldspar
phenocrysts and some up to 5 mm long. 11
(3) =em== similar to above, but more massively Qe ‘
columnar, very slightly vesicular, 30 4.7
(2) ===-=similar to above, massively columnar, 7A
basal sheeting on order of 2 to 3 267
inches spacing, porphyritic (feldspars
up to 5 mm diameter on order of 1 per
sq. ft. of outecrop). ‘ 17
(1) e====similar to above, but moderately ves-
icular. 20
Total Museum flow approx. 91
Flow F
(6) Basalt--dark grey, sphanitic, very scoria-
ceous to clinkery (angular, welded
fragments), 2 feet of relief at upper
surface. 7
i . dark gray, aphanitic, vesicular (5%),
columnar tendency (1 foot dis.). 55 L
2062

(4) ~=-==-dark gray, red weathering, blocky col-
umnar jJointing one foot in diameter,
very sparsely porphyritic (2 mm dia,
feldspars on order of one per square




165

Unit Description

foot of outerop), aphanitiec, becomes
vesicular midway inoreasing to 25 to
- 35% at top.

(3) ----=dark gray, red weathering, thinly col-
unnar and blocky, aphanitie, very
sparsely porphyritic (2 mm feldspars),
basal 6 inches vesicular.

(2) ==---dark blue-gray, aphanitic, blocky.

(l) ====- dark blue-gray, red weathering, mass-
ively columnar (4 feet diam.), Jointed
parallel to base, very fine-grained,
porphyritic (feldspars up to 2 mm in
dia. and rarely to 5 mm about one per
square foot of outecrop), very sparsely
vesicular.

Total flow F epprox.
Flow E

(2) Basalt--dark gray, red weathering tendenecy,
ephanitic, 10 to 25% vesicularity,
closely jointed and somewhat sheeted;
in part consists of welded fragments;
upper surface has several feet of un-
dulating relief.

(1) =====blue-black, red weathering, columnar
(4 feet in dia.), slabby, very fine-
grained, well crystallisedé finely

e

porgéyritic, upper part intergrades
with closer jointing above.

Total flow E approx.

Flow D

(11) Basalt--dark gray, red weathering tendency,
very vesicular to scoriaceous, clink-
ery, consists of about 50% angular
fragments welded together, aphanitie,
very closely Jjointed.

(10) ~=we-similar to above, but 5% vesicularity
(vesicles 1/4 inch to 2 inches in dia-
meter and few up to 6 inches elongated
horizontally), some columnar tendency.

Faet

Vi

45 2

50
i8

27
202

19 2%

16
35

358.5
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Unlt Description Feet
(9) =====blue-black, red weathering, very fine-
grained, columnar jointing 2 feet spac- ~.3
ing end eross-jointing, slightly ves- e
icular throughout, few scoriaceous poc-
ets. 12
(8) =-----dark gray, asphanitic, closely jointed. 15

(7) =----dark gray, asphanitic, closely jointed,
columnar toward base. Units 7 and 8
are largely talus covered. 40

(6) =----dark blue-gray, red weathering, jointed
into columns 2 feet in diameter and
cross-jointed on 2 inch to 1 foot spacing,
slightly vesicular, fine-grained, por-
phyritic (feldspars 1 to 2 mm dia. and L®
few to 4 mm). 6 *

(5) ==ew== similar to unit above, but sheeted and
8lightly better crystallized. 3

(4) ===== similar to above, but jointed into col-
ums 4 feet in diameter and horizontally
Jointed on 2 to 3 feet spacing, slightly
veslicular, tends to form a ledge. 15

(3) mewe- similar to unit 2, but jointed into
columns 8 inches in diameter. 30

(2) ~=eu- similar to unit 1, but jointed into gL5”°
' columms 1 foot in diameter, upper 10
feet vesicular and largely talus covered. 18

(l) =vw=- dark blue=-gray, red weathering, jointed
into massive, arcuate columns, medium-
grained, well erystallized, basal few
inches sheeted. A5

Total flow D approx. 198
Flow C
(11) Basalt--gray, aphanitic, more or less col-

ummar, massive jointing, moderately
vesicular, vesicles up Eo 2 inches in

diemeter, typlcally forms a bench. 6




Unit Description Feot

(10) -==w- gray, aphanitic, veslcular to scor-
~ laceous, locally clinkery, closely
fractured, )
{(9) ===~-gray, sphanitic, slightly vesicular,
(8) ===e-gray, vesicular, sheeted. 1/2-1
(7) =----gray, very vesicular to scoriaceous. 2

(6) =====clinker of gray and dark red, angular
fragments welded together, 3 to 4
feet of relief at contacts. 12.5

(5) =====dark gray, some red weathering, blocky,
rather close jointing, somewhaé clink-
ery, aphanitiec, a few feldspar pheno=
erysts up to 3 mm long. Consists of
several units of varying degrees of ves-
icularity and closeness of jointing. 27.5

(4) =====similar to above, but with elongate
vesicles up to 2 inches long in part

filled with yellow-tan impure opal. 3

(3) «=---gray, aphenitic, vesicular, several ‘7b¢fb
thin units of varying vesicularity. 38

(2) ~=-m= dark gray, sphenitic, columnar (1 foot
dia.), slightly vesicular, 11

(1) —we=- dark gray, aphanitic, finely porphyr-

itiec, Jointed into columms 3 feet wide

and jointed horigzontally on 1/2 to 3

feet spacings, slightly vesicular, red
weathering. 90

Total flow C approx. 205
Flow B
(5) Basalt--dark gray, red weathering, roughly

columnar, massive jointing, vesicular,
aphanitic. : 46.5

(4) -----dark gray, red weathering, sphanitiec,
blocky Jjointing. 25
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Unit Degcription Feot

(3) ===-=blue-black, red weathering, jointed into
1 foot blocks, some fan jointing near =4
base, jointing varlies considerably
throughout, sphanitic, finely porphyritic. 71.5

(2) =====dark gray, red weathering, close blocky
jointing, aphanitic. 20

(1) ====- blue-black, some red weathering, jointed 3
into well formed columns 3 feet in dia- L
- meter (thinner and tilted in the upper
10 to 15 feet), aphanitic, finely por-
phyritiec. Basal contact not seen. 60

Total flow B approx. 283

Flow A

Basalt--dark blue-gray, aphanitic, massive,
irregular jointing and e¢lose, blocky, -
secondary jointing, upper contact not o>
seen, base is river beach. 51

Total exposed flow A approx. 51
Total Yakima basalt approx. 1854

Total "Columbia River basalt" (Wenas, Selah, Yakima)
8pprox. 2158

Locality 2

Near boundery section 31, T.9 N., R.19 E. and section
6, T.9 N., R. 19 E,, on north side of Logy Creek valley
about one mile northwest of Satus Creek, Zillsh guadrangle.
Unit Description Feet
WENAS BASALT FORMATION
Basalt--blue-black, glassy base, flnely por=-

phyritic, largely disintegrated into 6
inch blocks. 20

SELAH FORMATION
Soile=light gray; tuffeceous, no real outerop. 100
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Unit Deseription
YAKIMA BASALT~-Priest Rapids member
Flow or flow unit No. 2 (Sillusi flow?)

(2) Basalt-~dark gray, brown speckled, medium-fine-
grained, porphyritlec, (yellow weathered,

tabular feldspars up to 5 or 6 mm in dia.),

Feet

magsively columnar, platy, top not exposed. 60

(1) ~====similar to above, less massive, not platy.
Total exposed flow No. 2
Flow or flow unit No. 1 (Umatilla flow?)

(4) Basalt--dark gray, vesicular to scoriaceous.

{3) =---=dark gray, fine-grained, porphyritic
(feldspar laths up to 5 mm long sparsely
distributed), blocky jointing.

(2) wmewe vesicular.

(1) -----dark gray, medium-grained, porphyritie
(feldspar laths up to 5 mm long as
ebove), columnar, vuggy, intermittent
exposures to creek bottom.

Total flow No. 2
Total exposed Priest Rapids
Note: about 1/2 mile northwest, tuffaceous sedi-

ments outerop at approximaéely the strati-
graphic level of the base of the above seotion.

Locality 3

Section measured in gullies in sections 2, 3, 4,
5, 7, 8, Ts9 N,, R,19 E,, north and south sides of Topp-
enlsh Ridge, Zillah quadrengle.

Unit Deacription

ELLENSBURG FORMATION

Tuffaceous sediments and quartzitic conglomerates
intermittently exposed in gullies on lower slopes.

20
80

20

60
20

170
250

Feot
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Unit Description

" WENAS BASALT

Basalt--black, aphanitic, blocky; upper 5 to 10
feet vesicular and lower 20 to 30 feet more
massively jointed and better crystalliged.

Approximately
SELAH FORMATION

Tuffaceous sediments poorly exposed in a topo-
graphic saddle.

Approximately
YAKIMA BASALT
Priest Rapids member
Umatilla (?) flow (north side of ridge)

(5) Basalt--dark gray and red-brown, vesicular
and clinkery with tongues of dense
basalt. This is an unusually thick
vesicular gone.

(4) ----~dark gray, red-brown weathering, fine-
grained, massively columnar and slabby,
a few large feldspar phenocrysts.

(3) wwwe-= similar to above, but platy, closely
cross-jointed.

(2) ==--<brown, well weathered, slightly ves-
icular, closely fractured.

(1) Opal--dark brown, tinged with blue and red,
massive, amygdaloidal, replaced basalt

Total Umatilla (%) flow approx.
Mabton (?) interbed

S8andstone-<blue-gray, very fine-grained, tuffaceous,

baked.
Basal Priest Rapids flow

‘ (2) Basalt--black, coarsely vesicular, sphanitie,

clogely Jointed, Joint surfaces red.

Feet
541,7.71
50
250
112
sa-2072
180 11¢
)78
22
14
leb
329
58-0 Pa/
177-pet
2
10

wood
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smb”
Unit Description Feeot
(1) =--=-=-dark blue-gray, very fine-grained, col-
umnar and platy, locally shasttered due 18%_
flexure. 100 %3 4
‘ ! g-1
Total basal Priest Repids  110% °F
Rogza porphyritic basalt member
(2) Basalt--dark gray, limonite speckled, fine-
grained, porphyritic (ebundant feldspar
laths and clots up 1 em. long, but
averaging 3 to 4 mm.), veslcular, irreg- 180
ularly jointed. 10-15 24

(1) =-===similar to above, but columar, finely
vesicular, snd toward base of flow non-
vesicular, columnar, sheeted and
closely cross-jointed. 85=-901%

Total Roza porphyritic approx. 100
Note: this flow is not well exposed at any one
locality. The section is an approximation
drawn from several localities on both sides
of the ridge in this vieinity.

Squaw Creek member (%)

Tuff--1ight gray, very fine-grained, "chalky",
(found only on south flank of ridge). 10

Frenchman Springs basalt member

Basalt--vesicular over columnar, porphyritic,
not well exposed.

Total exposed Yakima basalt approx. 650
Locality 4

Center of NE 1/4, secs 6, T.9 N., R.20 E., Toppenish
Ridge, Zillah quadrangle near Toppenlsh garbage dump north
of U,8. Highway 97.

Unit Deseription , Feot

ELLENSBURG FORMATION

(3) Sandstone--few small exposures of medium and
coarse-grained, tuffaceous sandstone. 501%




Unit Description

(2) Basalt--Wenas lithology; probably fills a
chennel in the Ellensburg beds.

{1) Sediments--tuffaceous and conglomeratic,
(hornblende sndesite and quartzite
lithologies), almost no outerop.

Total Ellensburg "exposed" approx.
WENAS BASALT FORMATION
Bagalt-~black, glassy base, finely porphyr-
itic, some feldspars up to 2 mm long,
Jointed into 2 to 8 inch blocks with
conchoidal surfacesj vesicular at top,

but exact top and base not seen; forms
hogbacks.

SELAH FORMATION
(18) Tuffeceous soll--light gray, rather loose.

(15) Sendstone--pale gray, medium-grained, tuff-
aceous.

(14) "Claystone"--olive-brown, greasy luster,
brittle, massive, conchoidal fracture.

(13) "Claystone"--similar to unit sbove, but
sandy.

(12) Pumicite--pale yellow-tan, slightly iron-
stained, medium to fine-grained,
nearly pure glass. :

(11) Pumicite--blue-gray, medium-coarse-grained,
thin-bedded, firm, pure.

(10) Pumicite--similar to unit 12.
(9) Sandstone--yellow-tan, iron-stained, medium-
grained, tuffaceous, slightly micaceous,
irm.

(8) "Claystone"--olive-brown, silty, greasy luster,
bentonitie, conchoidal fracture.

(7) similar to unit 8, but sandy.

Feot

50%

175%
275

40%

46
23.5

26

17.8
S5e5
4.5
6.4

34.5
13,2

¥, 49

7-30
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Unit Deseription Poet

(6) Sendstone--yellow-tan, iron-stained, medium-
grained, tuffaceous, moderately firm. Deb

(5) Tuff--yellow-ten, stained, clayey, silty,
firm, brittle, bentonitic. 12

(4) Send--yellow stained, medium-grained, felds-
pathie, micaceous, partly cross-bedded. 3e7

(3) Cley--pale tan, silty, brittle, blocky, ben-
tonitiec. 9.5

(2) Siltstone--pale gray, tuffaceous, friable,
blocky. 13.5

(1) "Claystone®--light gray, slightly iron-
stained, silty, brittle, blocky, ben-

tonitic, bedded 3 to 5 feet thick. 44.4
Total Selsh approximately 273

YAKIMA BASALT-Priest Rapids member

(3) "Claystone"--olive-brown, greasy, gritty,
stiff, has traces of vesicuiar structura 10

(2) Basalt--dark gray, brown weathering, vesi-

cular, very fine-grained, well crystal- 4-4%
lized, sparsely and finely porphyritiec. 5%202)
Approx. 20
(1) =-ce=- similer to sbove, but massively col-
wmar, base not exposed.
Locality 8

South slope of 1821 summit (Hembre triangulation station)
of Toppenish Ridge in the center of the NW 1/4, sec. 3, T.9 N,,
R.20 E., Zillah quedrangle. Section is modified greatly from
Mason's (1953) locality No. 7.

Unit Deseription Feeot

WENAS BASALT FORMATION

(2) Basalt--dark blue-gray, aphanitic, finely por-
phyritie, close irregular fracturing, in o8
‘part weathered yellow and red-brown, ves- *
lcular for one or two feet at top., Rounded
quartzite pebbles and tuffaceous soil at
summit are remnants of Ellensburg formetion. 9
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Description
-====8imilar to above, but jointed into irreg-
ularly curving columns a few inches thick,
vesicular for a few inches at base.

Total Wenas

SELAH FORMATION

(36)

(35)
(34)
(33)
(32)

(31)

(30)
(29)
(28)
(27)

(26)
(25)
(24)

(23)

(e2)

Sendstone--pale gray, coarse-grained, ande-
sitie, tuffaceous, baked, thickness
varies.

Tuff-blue-gray, brittle, baked, columnar
structure.

81ltstone--olive-brown, tuffaceous, brittle,
conchoidal fracture, greasy luster, gritty.

Sandstone~~-cresm, medium-grained, tuffaceous,
feldspathic, firm. ,

Siltstone--similar to unit 34.

Tuff--pale gray, stained yellow-brown, altered,
soft, clayey, contains altered pumice
lapilli.

Sandstone-~similar to unit 33.

Sandstone--buff, medium-graeined, tuffaceous,
micaceous, feldspathie, firm, partly
thin-bedded. '

S8andstone--similar to unit above, but loose,
cross=-laminated.

Sandstone--buff, fine-grained, tuffaceous,
firm, has thin clayey pertings.

S8andstone--similar to unit 28.
Sandstone--similar to unit 27.

Siltstone--olive-brown, gritty, brittle,
firm,

S8iltstone--light ten, tuffaceocus, thin-bedded,
firm.

S8iltstone--similar to unit 34,

Peot

0e3

1.3

1.5

9.0

55

2.1

0.8

7.1

10

4e7
4.1
37

0.6

4.0
7.9



Unit
(21)

(20)-

(19)
(18)

(17)
(16)
(15)
(14)
(13)
(12)

(11)
(10)

(9)

(8)
(7)
(6)
(5)

(4)

(3)
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Desgcription

Sandstone-~1light tan, very fine-grained,
massive, tuffaceous, firm.

Tuff--white, silty, massive, sandy at base,
moderately hard.

Punicite-~light tan-gray, medium-grained,
nearly pure glass, leminated.

8iltstone--very light gray, tuffaceous,
"chalky".

S8iltstone-~similar to unit 34.
Siltstone-fsimilar to unit 18.

S8andstone--light tan, medium-grained, tuff-
aceous, micaceous, feldspathic, firm,
toward base finer and more tuffaceous.

Sandstone-~light gray, medium-grained, feld-
spathlc, mieaceous, loose.

Sandstone--similar to unit 14, but slightly
coarser greined, tuffaceous, firm.

S8iltstone--light gray, tan stained, very
fine-grained, firme-
grades to--
S8iltstone--olive-brown, similar to unit 24.

Siltstone--light gray, very fine-grained,
firm.

Sand--tan, very fine-grained, feldspathie,
loose.

S8iltstone--light gray, tuffaceous, firm.

Sandstone~--tan, medium-grained, tuffaceous.
grades to--

Sandstone-~-tan, very fine-grained, silty.

31ltstone--1light gray, tuffaceous, lsminated,
firm.

Sand--1light gray, fine-grained, feldspathle,
micaceous.

8iltstone--light gray, tuffaceous, firm.

Feet

2e9

4.9

1.6

1.5

249

L7

2643

1.1

1.0

5.1
8.2

261

1.5
0.7
1.7
1.9

O0e7
el
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Unit Description
(2) Siltstone--light gray, tuffaceous, bedded
2 to 3 feet thick and laminated.

(1) Sandstone--light gray, very fine-grained,
gilty, tuffeceous, cross-leminated.

Total Seleh approx.

YAKIMA BASALT--Prisst Repids member

(2) "Claystone”"--dark green, greasy luster, gritty,
"stiff", altered basalt.

(1) Basalt--dark gray, ephenitic, brown weather-
ing, slightly porphyritiec (1 to 2 mm
feldspars), vesiculer, rotten, pala-
gonite and opal in eracks and vesicles,
colummar tendency, few tuffaceous
partings. Grades to solid colummar
basalt below.

Locallity 5A
Gully southwest of 1821 summit of Toppenish Ridge in

Feet

the

center of sec. 3, T.9 N., R.20 E., Zillah quadrangle.

Unit Desoription
WENAS BASALT FORMATION

See section 5 measured on south slope of the
1821 sumit,

SELAH FORMATION
S8ee section 5, units 24 to 36.

Basalt--Wenas lithology, blue-black, aphanitic,
slightly vesicular, jointed into columns
2 to 3 feet thlck; top has evidently been
weathered away to some extent; approxi-
mate stratigraphiec equivalent of units 22
to 25 of section 5; caps the ridge at 5A.

See section 5, units 1 to 2l. Most of the beds with
good outcrop are continuous, but lensing intro-
duces some variation.

Total Selsh approximately

Feet

18.5

15

100
167



Unit

Description

YAKIMA BASALT--Priest Rapids member

S811lusi flow (flow units and sedimentary interbeds)

(12)

(11)

(10)

(9)
(8)

(7)
(e)

(5)
(4)

(3)

(2)

(1)

"Glaystone"--dark green, greasy luster, gritty
gtiff", residusl from basalt below. ’

Basalt--dark gray, brown stained and weathered,
aphanitic, vesicular and clinkery.

Tuff-cream, medium-grained, brittle, cemented
by opsal. .

Pumicite--tan, medium-grained, weathered, soft.

"Claystone"--dark green, greasy luster, gritty,
brittle, residual from basalt below.

Basalt--dark gray, brown stained and weath-
ered, rotten, palagonitic, partly col-
wmar.

No outerop--probably tuffaceous sediments.

Tuffaceous sediments--poorly exposed.

Pumicite--light gray, medium=-grained, nearly
pure glass, firm.

Basalt--dark gray, brown weathered, vesicular,
columnmar.

Tuffaceous sediments--andesitic siltstones
and sandstones, poorly exposed.

S8iltstone--tan, tuffaceous, massive, firm,

Total Sillusi flow units and interbedded sediments

approxX.

Umatilla flow -

Basalt--dark blue-gray, brown weathered, very
fine-grained, sparsely porphyritic (feldspars
up to 6 mm long), vesicular and clinkery at

top grading downward to non-vesicular, messively
columnar and sheeted, well crystallized; base
not exposed.

Peet

27

2.5

156

10

33

-
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Locality 6

Bouth side of Snipes Mountain on both limbs of the anti-
¢line in sections 32 and 33, T.10 N., R.22 E,, Zillah quad-
rengle. The Selah section was not messured in all detail, but
is a composite from Carithers (1946, p. 67) and Mason (1953,
Pe 73) with a few modifications observed in the field.

Unit Description Feot
ELLENSBURG FORMATION

(5) Tuffaceous sediments interbedded with quartz-
itic conglomerates; no real exposure, over-
lain by silty slluvium, 300 +

(4) Pumicite--blue-gray, fine-grained, massive,
firm, locally very fine-grained, lam-
inated at top. 10

(3) Quartzitic conglomerate--6 inch maximum,
rounded cobbles end pebbles in matrix
of medlum to coarse-grained sand; locally |
iron-stained and cemented. Typical consti-
tution: 85% coarse clastics by weight
consisting of (pebble count) 22% tan
quartzite, 2% purple-brown quartzite,
34% basalt, 24% miscellaneous volcanics
inecluding hornblende andesite, 8% gran-
itic, 8% metamorphic, 2% conglomerate;
15% send end silt size hornblende ande-
gite and quartz clastics. 75=-100

(2) Sandstone--blue-gray, cosrse and very cosarse-
grained, cross-bedded end cross-lamin-
ated, feldspathic, tuffaceous, present
at eastern end of Snipes mountein only;
locally thiock. 3«10+

(1) Conglomerete--similar to unit 3, locally
underlain by sandstone similar to unit
2 and locally interfingered with the
upper few feet of Wenas basalt. 8

Total Ellensburg measurable 400=420
WENAS BASALT FORMATION

(3) Basalt--black, aphanitic, vesicular;
locally clinkery. 10%
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Unit Description Feet

(2) e=---dark gray, weathered brown to various
- degrees, fine-grained, well crystalligzed,
somewhat porphyritie ifeldspars to 2 mm :
or so long), massively columnar locally. 50t

(1) =---=black, sphenitiec to fine-grained, blocky,

locally vesicular at base. Locally this
phase constitutes the bulk of the flow. 50+t

Total Wenas approximately 110
SELAH FORMATION
(12) Sandstone-<blue-gray, fine-grained, very tuff-
aceous, brittle due baking at top, some
columnar structure developed below immed-
iate top. 8
(11) Pumicite--blue-gray, fine-grained, pure, firm. 8

(10) "Claystone"--green and gray, brittle, silty,
massive.

(9) Sandstone--pale red, very fine-grained, tuff-
aceous,

(8) Pumicite--white, very fine-grained, massive.
(7) Pumicite--blue-gray, fine-graeined, firm.

(6) Pumicite--similar to unit sbove, but lamin-
ated, rather loose,

(5) Sandstone--light gray, yellow-tan stained,
medium to fine-greined, thin bedded and
laminated, tuffaceous.

(4) Punicite-~light tan, very fine-grained, mas-
sive, firm, resistant.

(3) Silt--white, laminated, tuffaceous, rather
soft.

(2) Pumicite--light gray, very fine-grained, soft.

(1) Pumicite--light gray, fine-grsined, massive,
rather soft.

Total Selsh approximately
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Unit Description Peet
© YAKIMA BASALT-Priest Rapids member

(2) Basalt--dark gray, speckled by limonite and
brown weathered, very fine-grained, very
vesicular, massively end irregulerly col-
umnar, spaersely porphyritic (feldspar
laths up to 5 mm long and very rare clots

up to 2 em in dismter). 40 52-%
; bl
(1) ~----similar to sbove, but finely vesicular 15%
to non-vesicular and massively to very
massively columnar. 30
Total Priest Rapids exposed 70
Locality 7

Horse Heaven Hills south of Msbton, Yakima county, Zillsh
quadrangle aslong and near Mabton-Roosevelt roed in sections 34,
35, 36, T.8 N., R.22 EK.

Unit Description Feet
ELLENSBURG FORMATION
Tectonic phase
Tuffaceous sediments and engular basalt gravel
and boulders accumulated as fans and slope
wash and now being dissected. Overlain by
Quaternary silts and seolian silts and sands. 100%
Original or volcanic phase
(6) Tuffaceous sediments and interbedded quartz-
itic conglomerates (hogback forming),
not exposed sufficiently for direct meas-
urement . : 500¢%

(5) Quartzitie conglomerate--topographic express-

jon end scattered pebbles indicate sbout-- 50
(4) Sandstone--light grey, fine-grained, tuffa-

ceous, micaceous, massive. 4
(3) cee=-= light grey, fine-grained, tuffeceous,

micaceous, cross-lasminsted, slightly

consolidated, ‘ 6

(2) Conglomerste--quertzitic, contains pebbles of
basalt, quartzite, plutonics, metamorphics,
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Unit Description Feet
felsite; coarse-grained sand matrix and
" interbeddings. 17
(1) ~==-- similer to unit 2, but cobble size, rather

loose; about 20 feet of Wenas type besalt

is intercalated near the base at the lower

quarry west of the road. 8l
Total Ellensburg measurable asbout 160
Total Ellensburg "exposed" about %750%

WENAS BASALT FORMATION

(2) Basalt--dark blue-gray, vesicular 20
(1) ~==~=dark blue-grasy, slightly vesicular, -t
aphenitic, jointed into irregular =
blocks sbout 8 inches in diemeter. 65
Total Wenas 85

SELAH FORMATION

(4) Pumicite--pale blue-gray, fine-grained, about
10% crystelline grains, messive to lam-
inated and fissile, compact, very slightly
baked at top. 50t

(3) Tuff--cream to white, massive, fine-grained,
slightly bentonitic, contains ebout 5%
altered pumice lspilli. 30 £

(2) Sand--pale gray, stained yellow, medium-
grained, slightly tuffaceous, slightly

pebbly (pink end gray andesite). 70
(1) Sandstone--blue-gray, coarse-grained, tuff-
aceous, firm. 15 +
Total Selsh approximately 165

YAKIMA BASALT
Priest Rapids member
8illusi flow

(2) Basalt--dark gray, rust-brown weathering,
vesicular, slsbby. 45+
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Unit Deseription

(1) -=---dark gray, red-brown and greenish weath-
ering, sphanitic, well crystallized,
jointed into columns about 5 feet thick
and rather closely jointed.

Total Sillusi epprox.
Umatilla flow

(2) Basalt--dark gray, rust-brown weathering,
aphanitic, vesicular, slabby.

(l) ~=-=- similar to ebove, better erystallized,
non-vesicular, jointed into columns 4
or 5 feet in diemeter and closely cross-
Jointed (due flexure).

Total Umatilla approx.
Mabton interbed (type locality)

(6) Siltstone--dark green, very fine-grained,
brittle, opaline, very closely fractured.

(5) Sandstone--pink gray, medium-fine-grained,
tuffaceous, thin-bedded, brittle, red
staeined.

(4) Siltstone--similar to unit 6, rather clayey.

(3) Tuff--pale gray, very fine-grained, firm,
massive.

(2) Send--white, very coarse-grained, poorly
sorted, ocomposed of pumlce grains.

(1) Tuff--gimilar to unit 3, poorly exposed.
Total Mabton approx.
Note: Mabton varies in lithology from place to
place in regard to smounts of sub-serial
and fluvial materials and varies greatly
in thickness.
Basal flows

Flow No. 3

(2) Basalt--dark gray, red westhering, fine-grained,

slebby, vesicular, forms red soil.

Feeot

100

60t

235 ¢t
285

Se5

45

z10°"
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Unit Description
(1) =---=dark grasy, red weathering, finely ves- .
icular to non-vesicular, coarsely col-
wmar and slabby, porphyritic (abundant
feldspars 1 to 2 mm long and few up to
S5 mm.
Total flow No. 3
Flow No, 2
{2) Basalt--dark grey, vesicular, slabby.
(1) ~==-=- derk blue-gray, red weathering tendency,
massively columnar, cross-jointed, may
be flow unit of No. 3.
Total flow No. 2

Opal~--various colors, petrified tree limbs,
opaline void fillings.

Flow No. 1

(2) Basalt--dark gray, very vesicular, slabby
tendency.

(1) ~-===derk gray, rust stained, finely vesicular,
aphanitic, jointing vaeries, but massive
columms are typilcal.

Total flow No., 1
Total Priest Rapids aspproxe.
Roza porphyritic basalt member

{3) Basalt--dark gray, rust spotted, finely vesic-
ular, very porphyritic (feldspars up to 1
em. ), glassy to aphanitic.

(2) -=-=-~dark gray, red weathering, massively
columnar, very porphyritic, very finely
vesicular.

(1) -=-=-similar to above, but more vesicular.

Total Roza
Frenchmen Springs basalt member

(2) Basalt--dark gray, locally brick-red, vesicular,

Feaat

76

121

30
35

15

15

gl B

27/-%

275"

273"/
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Unit Description Feet

moderately porphyritic (feldspar clots up 215"

to 3/4 inch dismeter). 5

(1) dark gray, porphyritiec (about 5% by volume),

aphanitic, massively columnar, base not ¢73»V

exposed. , A0

Total Frenchman Springs exposed 15

Total Yskime basalt exposed approx. 655

Total Yakima-Selsh-Wenas approx. 900

Locality 8

Sections 17, 18, 19, 20, 29, 30, T.8 N., R.23 E., along
and near Byron Hill road, Yekima County, Prosser quadrangle.

Unit Description Feet
ELLENSBURG FORMATION

Tuffeceous sends and silts interbedded near base
at least with gquartzitic conglomerates. t

WENAS BASALT FORMATION

Basalt--dark grey to black, sphenitie,
blocky close Jointing; not well exposed. 100%

SELAH FORMATION

Tuffeceous sediments--very poorly exposed. 1007
YAKIMA BASALT
Priest Répids member

Upper flows

-V
, 325
(3) Basalt--vesicular over massive, columnar and 315“4
slebby, intermittently exposed, details 24,06
not evailable, structural relations indi- 3a.0-¢"!
cate sbout--- 600
(2) ~en-- red, clinkery. 5

(1) -----dark gray, rusty, well fractured, aphamnitic, 50
Total Priest Rapids above Mabton 6351




185

Unit Description Feot
Mabton interbed

(4) Tuff--gray-blue, very fine-grained, brittle. : §
(3) ~---<brick red, fine-grained, sendy, brittle,
friable. 3
(2) ---=-tan-gray, similar to sbove. 6
(1) ~===- slumped and gullied. Approx. 27
Total Mabton eapprox. 43
Basal flow
Basalt--dark gray, finely vesicular, jointed
into colums 4 feet in diemeter, very
fine-grained, sparsely porphyritic
(feldspar clots up to 5 mm in dismeter). 8

Total Priest Repids approx. 680
Unassigned interbed
Tuff--gray-blue, brittle, porcellaneous. 1-1e5
Roza porphyritic basalt member |
(2) Basalt--gray, rusty, vesicular, columnar, por-

phyritic, (several feldspars per square
foot of outcropS average 3 to 4 mm long,

but up to 1 em. 5
(1) —e=== dark gray, very porphyritiec, finely ves-
icular, Jointed into columns 3 to 4 feet
in dismeter. 9
Total Roza 14
Frenchman Springs basalt member
Flow No. 2
(3) Basalt--red end purple, very vesicular, slightly
clinkery, ropy surfaces, very porphyritic
(feldspar clots on order of 1 per square
inch), slabby pahoehoe structure. 20
(2) «~----dark gray, aphanitie, very sparsely por-
phyritic, jointed in%o small blocky
columns, _50
Total flow No. 2 120
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Unit Description
- Flow No. 1
(2) Basalt--red end gray, clinkery slaeb pshoehoe,
(1) ~----gray, red weathering, sparsely porphyr-
itie, Jointed into columns 18 inches in
diemeter, well fractured due to flexure,
base not exposed. ;
Total flow No. 1 exposed
Total Frenchman Springs exposed
Total Yekime basalt exposed approx.

Locality ©

Feat

50

80

100
220
916

NE 1/4, W 1/4, sec. 33, T.8 N., R.24 E. at gravel quarry

south of Richerds Road, and 1n sections 14 end 23, T.8 N.,
R.24 E., along and near Werd Gap Road, Benton County, Prosser
quadrangle.

Unit Description

ELLENSBURG FORMATION

Tectonic phase--debris of basalt gravel and tuffa-
ceous material.

Original phase--sandstones and siltstones--tuffa-
ceous, oross-bedded, interbedded with quartz-
itic conglomerates.

Total Ellensburg approx.

WENAS BASALT PORMATION

Upper flow

Basalt-~derk gray to black, aphanitie,
vesicular, blocky at top snd massively
Jointed at base, not completely exposed.

Lower flow

(3) Basalt--dark gray to black, aphanitiec, vesicu-

lar, irregular jointing.

(2) «=---dark gray, ephanitic, jointed into irreg-

ular blocks sbout 8 inches in diasmeter.

Feet

50-100

300 +
350

60 L

10 .

10
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Unit Description Feet

(1) ~----dark gray, very fine-grained, rather mass-
~ive, roughly columnar jointing, vesicular

at bottom and glassy at base. 10
Total flow No. 1 30
Total Wenss approx. 20

SELAH FORMATION
(6) Tuff--gray-blue, fine-grained, massive, brittle. 2

(5) Sandstone--light ten-gray, medium-grained,
micaceous, tuffaceous, massive, friable. 6

(4) Sandstone--similar to that above, but thin-

bedded and cross-bedded, conteins pumice
fragments and thin beds of pumicite. 7

(3) Punicite--pale blue-gray, medium-grained,
miceceous end feldspathic, interbedded
with very gine-grained pumicite. 7

(2) Tuff--pale-gray-tan, very fine-grained, mas-
sive, bentonitiec. Sed

(1) No exposures--slump end wash indicate tuff
similar to that above. 22

Total Selsh approx. a7
YAKIMA BASALT
Priest Rapids member
8illusi flow--unit 2
(3) Basalt--blue-gray and purple, clinkery; has

inclusions of tuffasceous material. 11
(2) =we== blue-gray, finely vesicular, very soft,
pltered, has inclusions of tan tuff,
sheeted at bottom. 12 -3

3¢
(1) -----gray, gradational from sbove, platy
?ointing, very fine-grained, sparsely
porphyritic (feldspar clots up to 4
or 5 mm in diameter).

s

Total wnit 2 27
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Unit Description Foot
Sillusi flow--unit 1
(2) Basalt--red above gray, vesicular. 20
(1) ~-=~-gray, green and brown weathering, jointed
into blocks about 1 foot in diameter,
very fine-grained, sparsely porphyritie
(small clots). 50
Total unit 1 70
Total Sillusi flow . o7
Interbed
Tuff-gray, very fine-grained, brittle. 2
Umatilla flow
Basalt--not well exposed; vesicular at top and
massively columnar in main body. 8Struc-~
tural relations indicate about--- 400
Mabton interbed

Tuff-~blue-gray over red, very fine-grained,
brittle. » 5

Basal flow

Basalt--rather messively colummar, very poorly
exposed. 50

Total Priest Rapids approx. 578
Roze porphyritic basalt member
Basalt--dark gray, very porphyritic, jointed
into columns about 3 feet in diameter,
top not observed. 20%
Frenchman Springs basalt member
No real outerop

Total Yakima basalt approxe. 600
Locality 10

Sectlion measured at the north crest of the Horse Heaven
Hills along end near U.S8. Highway 30, south of Prosser, in
section 4, T.8 N., R.25 E., Benton County, Prosser quadrangle.
Sectlon 1s modified in part from Mason's (1953) locality 14.

gae-¢
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Unit Description
. WENAS BASALT FORMATION

Upper flow

Basalt--black, aphanitie, blocky, vesicular at
bottom, top eroded.

Prosser interbed (type locality)

(7) Tuff--blue-gray, very fine-grained, vesicular,
brittle, massive.

(6) Pumicite-~light ten, massive, micaceous.

(5) =--=-=blue-gray, medium-greined, thin-bedded
gnd laminated, frisble, impure.

(4) -=---light blue-gray, very fine-grained,
massive.

(3) Tuff--blue-gray, very fine-grained, brittle,
bentonitic, massive. ;

(2) Sendstone--blue-gray, medium-grained, thin-

bedded, contains pumicite grains, frieble.
(1) Sendstone--gray-tan, medium-grained, tuffaceous,

thin-bedded, very friable.
Total Prosser interbed
Lower flow

(2) Basalt--black, aphenitiec, coarsely vesicular,
rather massively Jjointed.

(1) ~~---black, sphenitic, vesicular, jointed into
bloeky colums 1 to 1 1/2 feet thick,
slabby at bottom.

Total lower flow
Total exposed Wenas
YAKIMA BASALT-Priest Repids member
Basalt--dark gray, red weathering, vesicular

(coarsely at top), massively jointed.
Exposed approx.

Feeot

256

20
15

25
104

20
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Locality 11

Section measured in cutting on U.S. Highway 410, ebout
' 3 miles east of Prosser in NW 1/4, SW 1/4, section 33, T.9 N.,
R.25 E., Benton County, Prosser quadrangle. Rocks are over-
turned here.

Unit ‘ Description Feot
WENAS BASALT FORMATION
Upper flow

Baselt--dark gray, asphanitic, massively Jjointed
end very closely fractured; top not exposed. 20

Prosser interbed

(2) Tuff--light grey, very fine-grained, brittle,
massive, bentonitiec. 30

(1) Sandstone--light ten, fine-greined, tuffaceous. 15
Total Prosser interbed 25
Lower flow
Basalt--dark gray, aphanitic, vesicular, at top
and near base, close 1rregular, bloecky
Jointing. 80
Total Wenas exposed 125
SELAH FORMATION

(2) Pumicite--blue-gray, medium-grained, interbedded
with very fine-grained tuff. 6

(1) Sandstone--light ten, fine-grained, red spotted,
basel contact not exposed. Exposed 26

Total Selah exposed 32
YAKIMA BASALT-Priest Rapida member
No outecrop, only float of shattered fragments.
Locality 12

Composite section from several localities on the north
flank of the Horse Heaven Hills and in highway and railroad
cuts from sbout 3 miles east of Prosser to sbout 2 miles
east of Chandler in the Prosser quadrangle, Benton County.
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Unit Description Feet

. ELLENSBURG FORMATION

Light gray, soft, tuffaceous soil and scattering
small outcrops of tuffaceous sandstones and
pumicite; scattered pebbles of quartzite,
basalt and other types may indicate inter-
bedded conglomerates or mey be of more
recent origin. t

WENAS BASALT FORMATION

Upper flow

Besalt-~black, jointed into small, irregular
shaped blocks in upper part end massively
jointed in lower 15 to 20 feet typically;
top not observed. Estimated thiclkmness 50

Prosser interbed

Fine-grained tuffs, fine and medium-grained
sandstones, pumicite, and east of Chend-
ler, a few feet of dlatomite assoclated
with pumicite end opal. Thickness varies
from 0 to 100 feet and seems to depend
largely on development of elinker at the
top of the underlying flow.
Thickness at "mine" shaft 3 miles
“ . east of Prosser-- 21
Thickness in N.P.R.R. cut near Glen 0

Thickness 2 miles east of Chandler 100

Lower flow

(4) Clinker--red aend dark gray, pebble to cobble
gize scoria clotted together, open tex-
tured where weathering has removed mat-
rix of smaller fragments and tan silica
gel; development varies considerably,
topogrephically prominent. 0-60

(3) Basalt--dark gray to blue-gray, vesicular,
locally c¢linkery, not well developed
where clinker is thiek. 104

(2) ==e== dark gray to black, aghanitic, jointed
into amall irregular blocks with conch-

oidel surfaces. 50t
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Unit Description ] Feoeot

(1) =====w dark gray, red weathering tendenecy, rather
massive columnar jointing, aphanitic to
- very fine-grained, commonly sheeted and
"shaly" especially midway. 18

Totel lower flow 475-125
Total Wenas 125-2756
SELAHE FORMATION

Fine-grained tuffs, tuffaceous sandstones,
pumicite, possibly some conglomerate as
indicated by float pebblea. Typically
about 50 feet thiek, but locally very
thin or absent. 0-50

YAKIMA BASALT-Priest Rapids member
Umatilla flow (%)

(3) Clinker--red and gray scoria, pebble to cobble
size clotted together; voids filled with
smaller fragments and silica gel. 0=75

(2) Basalt--dark gray, red-brown weathering, ves-
icular, massively columnar, locally very
vesicular end forms top of flow, at other
places merges with clinker. Very approx.20-30

(1) =~===dark gray to dark blue-grey or dark blue-
green, red weathering, fine-grained,
Jointed into plates with curved surfaces. 170-1801%

Totel Umatilla flow (%) approx. 275

Note: the sbove may be two flows, but the out-
erops do not afford evidence of this,

Mebton interbed

(2) Tuff--gray, very fine-grained, bentonitiec,
massive, firm, sandy in lower part, com-
monly brick red color in upper few feet
possibly due to anclent weathering or to
optalic metemorphiam. 35

(1) Sandstone--light gray, yellow stained, medium-
grained, cross-laminated, tuffaceous,
micaceous. 65

Total Mabton approx. 100
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Unit Description Feet
Note: the above was observed south of Chandler
where good exposures exist, elsewhere the
-thickness and lithology probably vary.
Basal Priest Replds
Basalt--vesicular, very scenty exposures. ?
Total Yakims (Priest Rapids) exposed epprox. 375

Locality 13

Composite section measured in sections 3 and 4, T.9 N,,
R.27 E. and in section 32, T.10 N., R.27 E. on the southwest
and northwest slopes of Red Mountain, Benton County, Pasco
quadrangle (30' series) and Richland quadrangle (15‘ series).
In part this is a modification of Mason's (1953) locality 22.

Unit Description Feet
WENAS BASALT FORMATION

Upper flow
(2) Basalt--black, aphenitic, vesicular. DA
(1) =====black, sphanitic, jointed into irregular
columns about 1 foot thick. 16
Total upper flow exposed 20
Lower flow

(3) Basalt--black, brown weathered, vesiculer, .
slabby. 10

(2) =w=-=-dark gray, aphanitic, finely porphyritic,
jointed into columns sbout 1 foot thick
with rosette structures. 90

(1) -----dark gray, fine-grained, brown weathered,
jointed into massive columns and blocks. 20-30

Total lower flow approximately 120
Total Wenas exposed appraxtmately 140
SELAH FORMATION
(2) Tuff or tuffaceous sandstone--gray-blue, loc-

ally baked and altered to brick red, soft,
very poor outerop. : 5

3747/
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Unit Description

(1) Pumicite--light blue-gray, nearly pure glass
- shards, poor outcrop.

Total Seleh approximately

YAKIMA BASALT
Priest Rapids member
Sillusi flow
(2) Basalt--dark gray, red weathering tendency,
sphanitic, finely porphyritic, coarsely
vesicular, slabby.
(1) =====gimilar to sbove, but columnar.

Total Sillusi approx.
Umatilla flow

(2) Basalt--dark grey, brown weathered, vesicular.

(1) ~==e= dark grey, brown weathered, ephanitiec,
finely porphyritiec, columar, not well
exposed.

Total Umatilla approx.
Mabton interbed?--Mason (1953, locality 22) reports
14 feet of tuffaceous sediments apgarently at

this stratigrephic position, but they were not
observed.

Basal flow(s)
(2) Basalt--dark gray, vesicular, limonite speck-
led, led, sphanitic base, esbundant tiny crys-
tals and some feldspars up to 5 mm long.

(1) ===== similar to above, but columar, not well
exposed., Exposed approx.

Exposed basal Priest Rapids approx.
Totel exposed Priest Rapids
Locality 14

-~ Section measured at the west end of The Butte in the

SW 1/4, section 3, T.7 N., R.30 E., Benton County, Pasco
quadrangle.

Feot

10
15

20
30
60

20

80
100

312°%

g14°!

4‘7¢
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Unit  Deseription Feot
WENAS BASALT FORMATION

Upper flow

(2) Basalt--dark gray, brown weathered, aphanitic
to fine-grained, jointed into columns 2
to 8 feet in diameter, coarsely vesicular

end Vuggy. _ 20+

(l) «-=c=gimilar to above, but jointed into col- . 307"
unms sbout 1 foot thick, slightly veslec-
ular, not well exposed. 50+

Total upper flow approx. 70
Prosser interbed

Pumicite-~-1light blue-gray, cross-leminated,
observed only at one place in quarry at
west end of The Butte and at last exam-
ination hed been removed completely,
may represent a local accumilation. 2-37

Lower flow

(2) Basalt--black, jointed into irregular columms
. 6 to 8 inches in diameter and cross-

jointed into small blocks, slightly 307-%
vesicular. 106
007!
(1) =====dark blue-gray, jointed into columns 2067
2 to 3 feet in diameter, aphanitie, :
finely porphyritic, base not exposed. 20
Exposed lower flow 125
Total Wenas exposed epprox. 186
Locality 15 |

Section measured in the SE 1/4, NW 1/4, section 16, R.30
E., T.7 N., east side of Nine Canyon, Horse Heaven Hills,
Benton County, Pasco quedrangle. Section is in part a modi-
fication of Mason's (1953) locality 17.
 Unit Deseription Feot
WENAS BASALT
Upper flow

(3) Basalt--black, ephanitic, minutely porphyritiec,
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Unit Description Feoot
-3
jointed into irregular columns 2 to 3 feet 5;3"/*
in diemeter, moderately vesicular, spheroid-
ally weathered, evidently a flow unit. 5

(2) Sandstone--green-gray, medium-grained, tuff-
aceous, contains scattered granuies of
basalt, massive structure. S

(1) Basalt--dark gray end blue-gray, dense and ves-
icular, aphanitic, minutely porphyritic,
black glass selvage in lower 1 inch, lower
contact has several feet of relief and
pumicite has been caught up into basalt
locally, evidently a flow unit.

& |«

Total upper flow
Prosser interbed
Pumicite--light blue-gray, medium-grained,
cross-laminated and cross-bedded, friable,

nearly 100% glass shards, some pumice
lapilli, 9-10

Lower flow

(2) Basalt--brown weathered, frisble, sand-like,
vesicular. 20

(1) -=---dark gray, brown weathered, vesicular,
close blocky Jjointing and irregular col-
unnar structure, base not exposed in gully
at bottom. Exposed 50
Total exposed lower flow 70
Total exposed Wenas approx. 96

Locality 16

Section measured on bluff, northwest side of Columbia

River gorge (Wallula Gap) in southeastern 1/4, section 13,
T.6 N., R.31 E., Benton County, Umatilla, Wallula and Pend-

leton quadrangles,

Unit Deseription Feet

WENAS BASALT FORMATION

(5) Basalt--black, aphanitic, red-brown weathering,
8lightly vesicular, jointed into sinuous
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Description

- columns 6 to 8 inches in diemeter, top
of flow eroded.

(4) ===== black, massively colummar, thinly platy
transverse to columns.

(3) =e==e-dark blue-gray, very fine-grained, join-
ted into columns 2 to 3 feet in diemeter
and into secondary vertical slabs,

no outerop.

dark gray, very closely fractured,
sparsely vesicular at base.

Total Wenas measurable
YAKIMA BASALT
Priest Repids member
8illusi flow

(3) Basalt--dark gray, moderately vesicular, irreg-
ularly Jjointed. 7

(2) --~--dark gray, red-brown weathering, limon-
itie speckled, moderately vesicular, 304/1'
jointed into colurms 2 feet in diameter. 66

(1) «==--dark blue-gray, red-brown weathering,
jointed into columns 8 feet in dlameter,
very fine-grained, moderately to sparsely
vesicular. _63

Total Sillusi flow 185
Unmetilla flow
(5) Clinker-~red and grayi cobble size, ropy-
8

surfaced, irregulsrly rounded basalt
fragments partly welded together,

silica gel matrix. 10

(4) Basalt--dark blue-grey, very fine-grained,
jointed into colums 8 feet in diemeter, s04'°
sparsely vesicular. , 40

(3) -==~-similar to ebove, but jointed into col-
ums 5 feet thick. 10
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Unit ‘ Description Feot

(8) w=-=--gimilar to aebove, but 20 to 50% vesicular-
~1ty; vesicle pipes and small spirscles
issue upward from less vesicular basalt
below. ' 4

(l) =~==--gimilar to above, but moderately veslc-
ular and rather closely croas-jointed
into blocks. 16

Totel Umatilla flow 80
Total Priest Repids 205
Frenchman Springs basalt member
Flow or flow unit No. 7

(4) Basalt--dark gray, vesicular (up to 25%),
closely fractured, aphanitic. 16

(3) e=---dark blue-gray, red weathered, jointed
into columns 5 feet thick, very fine- 3
grained, sparsely porphyritie (1/2 inch ‘ 304~
" max. clots and 1/4 inch laths), slightly
vesicular. 24

(2) weee- dark gray, moderately vesicular, smaller A
columns than above and below, undulating g0~ 14
basal pertings. 20

(1) ===e= blue-black, red weathered, jointed into
columns 5 feet thick and broken into
blocks by cross-jointing, fine-grained,
sparsely porphyritiec (clots up to 3/4
1nch) ° _4_9‘

Total flow No. 7 99

Flow unit No. 6

Bagalt--dark blue-gray, red-weathering, join-
ted into columms 2 to 3 feet thick, Y
slightly vesicular to very vesicular and
crumbly upward, aphesnitic, sparsely por-
phyritic (elots up to 1/2 ingh). 22

Flow unit No. 5

Basalt--dark blue-gray, sphanitiec, red weath-
ering, Jjointed into columms 2 to 3 feet cp B
thick, slight vesicularity inereasing to 304°
50% at top where columns are very tiny,
sparsely porphyritic (clots up to 1 inch). 36
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Unit Description Feeat
Flow unit No. 4

Basalt--dark blue-grey, red weathering, join- ¥
ted into columms 2 feet thick, irregularly 304
shaped, upper 11 feet vesicular and columms
smaller, ephanitic, very sparsely porphyr-
itie (oclots up to 1/4 1nch§. 44

Flow or flow unit No. 3

(3) Basalt--dark blue-gray, red weathering tend-
ency, Jjointed into columms 6 inches to
1 foot thick, moderately vesicular, Iy
(2) ==ew= similar to above, slightly vesicular,
sparsely porphyritic (1/2 inch max.
clots), well defined parting between 30473
bese and non-vesicular basalt below. 50

(1) «=--=-dark blue-gray, red weathering, jointed
Into well formed columms 2 to 3 feet in
digmeter, aphanitic, sparsely porphyritic
- (1/2 inch max. eclots). 38

Total flow No. 3 105
Flow or flow unit No. 2

(3) Basalt--dark blue-gray, red weathering, 25%
vesicularity, locally vuggy, sheeted,
erumbly. 20

(2) =====gsimilar to below, but slightly vesicular ;

inereasing upward. 24 Set
(1) ====- blue-green-gray (fresh surfece), red

weathering, Jointed into columms 3 to

6 feet in diameter, sphanitie, porphyr-

itic especially near bottom where clots

up to 3/4 inch in dismeter constitute

sbout 1% of volume, smaller laths of feld-

spar numerous, considerable cross-jointing

end basal slabby jointing. 44

Total flow No. 2 88
Flow or flow unit No. 1
Basalt--blue-blacki aphanitic, porphyritic,

(clots up to 1 inch long average 4 or &
per square foot of outerop and single
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Unit Description Feet
feldspar orystals up to 1/4 inch long are
fairly common, moderate vesicularity at 04,)»4:5
base increasing upward; base of exposure 3
is MeNary Dam reservoir surfaece at epprox-
imately elevation 340 feet. 25
Total Prenchman Springs exposed 419
Total Yakime basalt 624
Total Yakima and Wenas exposed 779
Locality 17
Section measured in southeast corner NE 1/4, section 6,
T.5 N., R.30 E., Benton County, Umatilla quadrangle, at mouth
of Spukshowki Canyon and in railroad cuts upstream on north
side of the Columble River.
Unit Description Feet
WENAS BASALT FORMATION
(2) Basalt--black, partly red-brown weathered,
jointed into thin sinuous columms and 53-1¢
closely cross-jointed into blocks, aphan-
itic, slightly to moderately veslcular. 26
(1) === similar to sbove, but non-vesicular, end
near base more massively jointed. 85
Total exposed Wenes 110
YAKIMA BASALT
Priest Repids member
81llusi flow
(2) Basalt--dark blue-gray, red weathered, sphan-
itie, vesicular, 10 ;
.18
(l) ~ee== dark blue-gray, red weathered, very fine- 5%
grained, massively colwumar, locally platy. B85
Total Sillusi 956
Umatilla flow
(3) Basalt--dark gray, red-brown weathered, vesic- g3-11°

ular, jointed into columms ebout 2 feet
in diameter, upper part not well exposed. 44
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Description
~ce===gimilar, colums 3 feet In diameter.

--==-=dark blue-gray, similaf to above, but very
' massively columnar, and has high angle,

platy jointing.
Total Umatille

Basal flows

Flow
(3)

(2)

(1)

Flow
(3)
(2)

(1)

Flow
(4)
(3)

or flow unit No. 3

Clinker--red snd gray, vesicular and dense,
irregularly rounded fragments of basalt,
largely of cobble size with void fillings
of impure silica gel.

Bgsalt--dark blue-gray, red-weathered, closely
jointed, aphanitie.

----- dark blue-gray, red-brown weathered, mas-
sively columnar, very fine-greined, some
close fracturing.

Total flow No. 3

or flow unit No., 2

Clinker--gimilar to that at top of flow No. 3

Basalt--dark gray, aphanitic, massively colum-
nar, slightly vesicular, very rare large
feldspar phenocrysts, a few auto-injective
dikes rise from basalt into clinker above.

--=w=dark gray and red, vesicular and clinkery,
development varies locally.

Total flow No. 2 epprox.
or flow unit No. 1
Clinker--red, rugosely rounded fragments.
Besalt--dark gray, vesicular, slabby.

----- dark gray, red weathered, very fine-grained,
8lightly vesicular, jointed into short col-

umms sbout 2 feet in diemeter, moderately
cross=-Jjointed,

Feet

R

8 I3

25

22

24
71

15

& |

S=d

18

5%°

53°

.88
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Unit Description Feet

(1) ==w-=dark gray, massively columnar, very fine-
grained.

8 la

Total flow No. 1
Totel Priest Rapids 303
Frenchman 8prings basalt member
Basalt--red end gray, coarsely vesicular, L
sparsely porphyritic (feldspar c¢lots g3
up to 1/2 inch in diameter). Little
exposure in immediaste viecinity.

Locality 18

Section measured at south face of 8illusi Butte and in
vicinity of MeNary Dam in bluffs on north side of the Columbia
River and at McNary Dam inexcavations and from drill core records.
Area includes sectlions 2, 3, 4, 10, T.5 N., R.28 E,, Benton
County, Umatilla quadrangle.

Unit Description Faet
WENAS BASALT PORMATION
(3) Basalt--dark gray to black, commonly weathered

red-brown, very vesicular, jointed into well-
formed columns about 2 feet in diamter, spha-

nitiec. 10

(2) ----=dark gray to black, commonly weathered red- ' 7
brown, jointed into-sinuous columms on order B
of 6 to 8 inches in dismeter with extensive, I
undulating basal partings on order of 2 to 8 .
feet apart; slightly vesicular in pert, # ’;,
sphenitic, finely porphyritie. - oasg !

(1) -~---similar to above, but more massive end
better formed columms; development varies
locally, slightly vesicular. 10
Total Wenas 176

Note- A thin upper flow or flow unit may exist at
81l1lusi Butte on top of the above section.

YAKIMA BASALT-Priest Rapids member
8illusi flow (type locality)

(3) Basalt--dark gray, brown weathered, vesicular,
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Unit Description

columnear or sheeted, locally clinkery,
: aphanitic. ‘

(2) -----dark gray, brown weathered, jointed into
colums 2 to 5 feet in dlameter and locally
into roughly cubical blocks about 8 feet in
diemeter, locally platy, asphanitic, moder-
ately porphyritie on fine scale. Approx.

(l) ~cew- similar to sbove, but with vesicular,
sheeted gones, development varies locally.

5-20

Peot

100

20

Total (average) Sillusi 150

Note; 8illusl thiclmess varies in this vieinity
from sbout 130 to about 170 feet depending
upon development of clinker at top of Uma-
tills flow, -

Umetille flow (type locality)

(3) Clinker--red end gray fragments of vesicular and
dense basalt, surfaces irregularly rounded
and ropy to angular, cobbly texture cormon,
voids filled with small fragments of basalt
in various stages of alteration and with
tean, impure silica gel; dikes from massive
part of flow below are common; thiclmesa
veries. due to irregularities in top and
bottom surfaces, from 25 to 70 feet and
averages about....

(2) Basalt--dark gray to black, aphanitie, finely
porphyritie, vesicular and locsally vuggy
at top, jointed into columms 3 to 8 feet
in diemeter with roughly rectangular
eross-sections, locally much platy cross-

122 ¢

50

1144 L
’Z'ZA

2
Mchl")7’

jointing. 100-120

(1) ==m=- similar to sbove, but less massive, much
cross-jointing and sheeting, locally

vesicular. (Known only from drill cores). 0-20

Total (average) Umatilla
Mabton interbed (known only from drill cores here)

(3) Clay--green-gray, brittle, tuffaceous, silty,
. massive, gradational tos

(2) Sandy clay, silt, fine to medium-grained sand--
interbedded and laminsted, poorly consoll-
dated, tuffaceous, gradational tos

170

u1'5
113A
1138




Unit Deseription Feet

(1) Sandstone--medium to coarse-grained, pebbly
~ (small, rounded, quartz pebbles), locally
well cemented, locally coarse-grained
non-pebbly at bease.

Total Mebton 28.5-64

Thickness of Mebton interbed varies due to erosion
of underlying basalt flow, presumably by agent of
Mgbton deposition and due to erosion of interbed
itself by same agent; interbed thins upstreem and
has no outerop here.

"Bagsel flow"

Basalt--incompletely lmown from drill records,
presumably of Priest Rapids lithology.

Locality 19

Section measured on slopes of Alder Ridge and Golgotha
Butte in sections 3, 4, 9, 10, T.4 N., R.23 E., Klickitat
County, Blalock Island quadrangle.

Unit Description ' Feeot
WENAS BASALT FORMATION

No outerop here, but about three miles west of Alder

Creek, 77 feet of typicel blocky Wenas outorops in

bluffs along south side of Alder Ridge crest, and

the topographic expression indicates that about 50

feet more may be covered by talus at the base of the

flow. : 7 +

SELAH FORMATION

Not well exposed at sbove locality, but the topo-

graphic expression indicates possibly 15 or 20 feet

of Selah. 157
YAKIMA BASALT-Priest Raplds member

Sillusi flow

(2) Basalt--dark gray, red weathering, vesicular,
jointed into slender columns, very fine-
gralned, finely porphyritie. Approx. 20

. - '
(1) ~===-similar to above, vesicular at top, 29%
jointed into columns 4 to 8 feet thick. 60
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Unit Description
| Totel measurable Sillusi
Total probasble Sillusi.
Umatilla flow

(4) Basalt--dark gray, red weatheriﬁg, vesicular,
rather massively jointed.

(3) -====red, clinkery.

(2) ---=-red weathered, slightly vesicular,
jointed into slender columns.

(1) ====- dark blue-gray, red weathered, fine-grained,
finely porphritie, sparsely vesicular,

Foet
80
100 +

6-8

15

jointed into columns 4 to 8 feet in diemetemn,

vesicular at base. Approx.

Total Umatilla epprox.
Mebton interbed

Sendstone--creem to ten, tuffaceous, cross-lam-

120
145

inated in part, coarse to fine-grained, ande-

sitie lithology, massive to thin-bedded,

detalls not well exposed. 45«50

Basal flow(s)
(2) Basalt--dark gray, vesicular and red, clinkery;
locally altered in top 15 feet to a green,

stiff, claz-like material retaining vesic-
ular structure. '

(1) ~===m dark gray, aphanitic, massively columnar,
sheeted and oross fractured, base not
exposed. Approx.

Exposed basal flow(s) approx.
Total exposed Priest Repids spprox.

Locality 20

25

100
125
400

Section measured in Glade Creek valley walls in north-
wost 1/4, section 20, T.7 N., R.23 E., Yakima County, Prosser

quadrangle.

¢q8'1




206
Unit Description
- WENAS BASALT FORMATION

Bagalt--black, asphanitic, jointed into irreg-

ular blocks 6 to 8 inches in diameter, top
eroded.

SELAH FOERMATION

Sandstone--lig@t gray, fine-grained tuffaceous;
indicated by tuffeceous soll here and by
outerops farther down valley.

YAKIMA BASALT-<Priest Rapids member
Sillusi'flov

(3) Basalt--dark gray, red weathering, vesiecular,
colummar,

(2) ~==~--similar to asbove, but more massively col-
umar and less vesiculsr.

(1) -----dark gray, red westhering, jolnted into
columns 4 to 5 feet in diemeter, aphanitic.

Total Sillusi
Umatilla flow
(3) Basalt--dark gray, red weathering, veslicular

at top, jointed into columns 8 to 10 feet
in dismeter and into slabs, aphanitiec.

(2) =----dark gray, red weathering, aphanitle,
finely porphyritioé jointed into rather

massive colurms cut by arcuate, high angle
platy jointing.
dark blue-gray, similar to above, but arcu-

ate, platy jointing concesals columnar _
jointing almost entirely. 60

e

Total Umatilla 180
Mabton interbed
Tuffaceous sediments--light gray, fine-grained,

details poorly exposed, spring horizon
below, baked at top. Approx.
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Unit Desoription Feet

Basal flows

Basalt--dark blue-gray, vesicular, massively
jointed, porphyritic (feldspars up to 1/4
inch long and some small clots), aphanitic,
base not exposed. Exposed... _48

Total exposed Priest Rapids 315
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