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INTRODUCTION

The Yakima Indian Reservation lies in the Columbia Plateau and adjacent
part of the Cascade Range in south-central Washington (fig. 1). Most of
the reservation is underlain by the rocks of the Columbia Plateau,
principally flows of the Miocene Columbia River Basalt Group, with
sedimentary interbeds of the Ellensburg Formation locally prominent between
flows. The western part of the reservation is extensively covered by
Pliocene olivine basalt and other volcanic rocks erupted from numerous
cones in and adjacent to the Simcoe Mountains. The northwest corner of the
reservation is underlain by older, altered volcanic rocks probably of the
Oligocene Ohanapecosh Formation. Quaternary volcanic rocks and glacial
deposits cover much of the area west of the Klickitat River. Quaternary
sedimentary units flank some of the ridges and occupy most valleys and
stream drainages; these deposits indicate a complex Quaternary history,
recording effects of river aggradation and incision, landsliding, and the
gigantic Spokane (sometimes called Missoula) floods.

The Yakima Indian Reservation is within the Yakima fold belt (Newcomb,
1970, Bentley, 1977a, Hammond, 1979). Three anticlinal uplifts (Horse
Heaven-Simcoe, Toppenish, and Ahtanum) cross the reservation and are the
dominant structural and topographic features (fig. 2). These anticlinal
ridges are 3-5 km wide, trend east to northeast, and generally plunge
east. The anticlines are characterized in many places by small thrust

faults along their flanks.



The anticlinal ridges separate two 20-23 km-wide synclinal valleys, the
Satus basin between the Borse Heaven-Simcoe and Toppenish Ridges and the
Toppenish basin between Toppenish and Ahtanum Ridges. Several
northwest-trending topographic lineaments cross the two valleys and are

interpreted as right lateral strike-slip faults and fracture systems.

PREVIOUS WORK

The Yakima Indian Reservation has received relatively few detailed or
comprehensive geologic studies. Russell (1893) was the first to study the
region and outlined some major features. Smith (1901, 1903) mapped the
area to the north and established much of the regional stratigraphy.
Foxworthy's (1962) study of the Ahtanum Valley outlined the geology and
groundwater resources along the northern margin of the reservation.
Sheppard (1960, 1964, 1967a), mapped part of the Simcoe Mountains volcanic
area in the southern part of the reservation. The Cascade Range on the
western side of the reservation has recently been studied in reconnaissance
(Rammond, 1980; Hammond and others, 1976, 1977). The Grande Ronde Basalt
in the Tieton River area north of the reservation, including Darland
Mountain at the northwest corner of the reservation, was studied in detail
by Swanson (1967, 1978). Relations between the Columbia River Basalt Group
and the Ellensburg Formation, and the stratigraphy of the youngest Columbia
River basalt flows on the reservation, were outlined by Schmincke (1967a,
b, ¢) and Bentley (1977b). Geologic structure and stratigraphy of the
Yakima fold belt along the north margin of the reservation was reported by
Bentley (1977a). The regional structural geology of the Yakima fold belt
was studied by Newcomb (1971), Waters (1955), Kienle and Newcomb (1973),
and Bentley (1977c). The Quaternary geology of the Yakima Valley has been

studied by Campbell (1977, 1978). A summary of the geology of the



reservation is given by MacLeod and Satkoski (1977). Recently, the
geohydrology of parts of the reservation has been discussed by Gregg and
Laird (1975), Cline (1976), Molenaar (1976), Mundorff and others (1977),

and Pearson (1977).

PRESENT STUDY

This report is the result of approximately five man-months of field
work conducted during the spring and summer of 1979. Map compilation and
writing of the report were accomplished during the fall and winter of
1979-80. Areas of mapping responsibility are shown on plate 1. Toppenish
Ridge between Satus Peak and Hembre Mountain was mapped in more detail
(1:24,000) tban adjacent areas by traversing most canyons and roads. The
rest of the area was covered in reconnaissance by driving along all roads
and making foot traverses where needed, supplemented by detailed study in
some complex areas. Emphasis was placed on the Columbia River Basalt
Group, for the mapping was part of a regional program supported by
Interagency Agreement No. EW-78~1-06-1078 with the U.S. Department of
Energy to study the feasibility of storing radiocactive waste within the
basalt beneath the Pasco Basin. Plate 1 is a larger scale version of part
of a 1:250,000-scale map of the Columbia River Basalt Group in Washington
and northern Idaho (Swanson and others, 1979b). Map units portrayed on
plate 1 are briefly described in the appendix and in more detailed fashion
in the following text; age relations among the units are shown
schematically in figure 3.

Field identification of most units within the Columbia River Basalt
Group was based on established physical and paleomagnetic techniques
(Swanson and others, 1979a), with more than 200 major element chemical
analyses made at Washington State University serving as checks on field
identifications. Criteria for distinguishing units in the Columbia
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River basalt and in the Quaternary deposits are discussed in the following
section on stratigraphy and in separate reports (Swanson and others, 1979a)
and Campbell (1977, 1978). The description and distribution of the rocks
of the Simcoe Mountains volcanic area are adapted from Sheppard (1960,
1967a), with only brief field checks and limited modification of Sheppard's
mapping along the margins of the volcanic area. Some of the geologic units
near the western margin of the reservation are simplified and modified from

Hammond (1980).
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STRATIGRAPHY

OLIGOCENE VOLCANIC ROCKS

The oldest rocks exposed on the reservation are zeolitized lava flows,
tuffs, and volcanic breccias that crop out in the headwaters of the
Klickitat River and along Diamond Fork. These rocks are particularly well
exposed between Klickitat Meadow and Klickton Divide, along upper Coyote
Creek, and along Diamond Fork below Sheep Point. Similar rocks probably
underlie much of the unmapped northwestern part of the reservation, such as
on Petross Sidehill, based on binocular observations. The exposed section
is at least 520 m thick near Coyote Rocks and along Klickton Divide, with
base not exposed.

The lava flows are dominantly basalt and andesite, with more silicic

rocks present locally. These rock names are assigned on the basis of



phenocryst assemblage and overall similarity to probably correlative rocks
farther north, where studies are more detailed. Plagioclase, hypersthene,
and augite are common phenocrysts, with a wide range in abundance among the
flows. The volcanic breccias, most likely of mudflow origin, are composed
of lithologies similar to those of the lava flows. The tuffs are fine
grained and altered; some of them may be dacitic or rhyolitic, judging from
their light colors.

No conclusive evidence regarding the age of these rocks was found.
They unconformably underlie the Grande Ronde Basalt, with an age between
about 16.5 and 14 m.y. (Swanson and others, 1979a), and are more highly
altered than those of the Miocene Fifes Peak Formation in the Tieton River
drainage north of the reservation (Swanson, 1966). They are similar in
lithology and degree of alteration to rocks of Oligocene age in the Tieton
River area (Swanson, 1978). Similar volcanic rocks also occur in the Goat
Rocks Wilderness, adjacent to the northwest corner of the reservation,
where they were assigned to the Ohanapecosh Formation by Ellingson (1972).
Probably correlative rocks are found throughout the southern Cascade Range
in Washington, where Hammond (1980) also refers them to the Ohanapecosh.
On this basis we tentatively assign the oldest rocks on the reservation to
the upper part of the Ohanapecosh Formation, which has been dated by
fission-track methods at 31-35 m.y. (Vance and Naeser, 1977), early

Oligocene in the time scale of Berggren (1972).

COLUMBIA RIVER BASALT GROUP
All of the Columbia River Basalt Group on the reservation is part of
the Yakima Basalt Subgroup, and representatives of all three formations in

the subgroup are present -- the Grande Ronde, Wanapum, and Saddle Mountains



Basalts in order of decreasing age (table 1). Swanson and others (1979a,
b) provide a regional framework within which the units on the reservation
can be understood.

Grande Ronde Basalt

The Grande Ronde Basalt, the oldest and thickest of the formations in
the Yakima Basalt Subgroup, is a new name (Swanson and others, 1979a) for
what was formerly called lower Yakima basalt (Wright and others, 1973).

The Grande Ronde Basalt generally consists of fine grained, black to gray
flows with dense interiors and vesicular to scoriaceous upper zones.
Locally distinguishable plagioclase-phyric and coarser grained flows are
noted below under individual unit descriptions.

The Grande Ronde rests with angular discordance on the Oligocene
volcanic rocks in the Narrowneck Pass area. The thickness of the formation
there is about 200 m, thinner than in most areas because the flows lap
against a hill eroded in the older rocks. The maximum thickness of the
Grande Ronde in the reservation is unknown, but extraprolation from surface
and subsurface sections in adjacent areas suggests that its thickness does
not exceed 1000 m. Thicknesses of 500 to 700 m are exposed in most
sections along Toppenish Ridge. Measured sections at Toppenish Peak, Satus
Peak, Pinegrass Ridge, and Grayback Mountain are 500 m, 600 m, 400 m, and
700 m respectively, with the base unexposed. Sections exposing the older
part of the formation in adjacent areas suggest that the complete thickness
is only a few hundred meters more at most. The thickness of the formation
probably varies as much as 400 m owing to relief on the irregular erosion
surface developed on the Oligocene volcanic rocks.

The Grande Ronde Basalt in the reservation is divided into three

magnetostratigraphic units (table 1) on the basis of magnetic polarity,



which was determined in the field using a portable fluxgate magnetometer.
From oldest to youngest, the units are designated Nl, Rz, and Nz,
where N denotes normal and R reversed polarity. These units correlate with
similar magnetostratigraphic units mapped regionally by Swanson and others
(1979a, b).

N

magnetostratigraphic unit--The N, unit is exposed in the

1 1
reservation within the core of the Simcoe Mountains anticline at Grayback
Mountain (sec. 24, T. 6 N., R. 13 E.). The unit consists of several flows
collectively more than 85 m thick. The flows are fine to medium grained,
dense, black basalt and are uniformly shattered and somewhat altered in
contrast to oyerlying R2 flows. PFlows are iron-stained and have a pale
green color in even the most recent exposures. Vesicles and fractures are
commonly filled with chalcedony, opal, and zeolites. Representative
major-element chemical analyses of this unit are given in table 2 (cols.
18-19)

R

magnetostratigraphic unit--The R, magnetostratigraphic unit is

2 2
well exposed in the core of the Horse Heaven-Simcoe Ridge at Grayback
Mountain, in the Pinegrass Ridge area, in the upper Klickitat River
drainage, along the core of Toppenish Ridge at Satus Peak, and in the
eastern part of Ahtanum basin. The Rz unit consists of 3 to 6 basalt
flows, each averaging 25 to 30 m thick. The flows are generally fine
grained, but several are medium to coarse grained and some contain small
plagioclase phenocrysts. Amygdules of chalcedony, opal, and gzeolites are
common. Most flows are weathered orange-brown and have subdued outcrops

relative to the overlying more massive Nz flows., Thick pillow and

hyaloclastite complexes characterize parts of many flows. No



lithologically distinctive flows occur in the unit on the reservation.
Most flows have three tiers of columns with moderately well developed lower
and upper colonnades. Representative chemical analyses are shown in table

2 (cols. 13-17).

Nz magnetostratigraphic unit--The N2 unit is the most widespread
magnetostratigraphic unit of Grande Ronde Basalt on the reservation. It is
well exposed along the core of anticlinal ridges, throughout most of the
upper Toppenish basin, and in the upper Klickitat River area (pl. 1). The
N2 unit can be subdivided informally into two subunits on the basis of
physical characteristics that appear to correlate with chemical differences
(table 2, cols. 1-8 and 9-12). The older of these subunits contains flows
of low MgO Grande Ronde chemical type; the younger, flows of high Mgo
Grande Ronde chemical type (table 2). This chemical division was first
reported by Wright and others (1973) and recognized subsequently by Nathan
and Fruchter (1974) and many others. In most areas of the Columbia
Plateau, this chemical subdivision has no stratigraphic significance; flows
of both types are interbedded in complex fashion with each other and with
flows of intermediate Mgo compositions. However, in the southwestern

part of the Columbia Plateau and farther west, flows of high MgO type
systematically overlie flows of low MgO type (Nathan and Fruchter, 1974;
Beeson and others, 1976; Anderson, 1978). This happenstance allows the
chemistry to be used as a stratigraphic tool within the N2
magnetostratigraphic unit on the reservation.

The lower subunit, designated Tgn21 on plate 1, contains fine to

medium grained, aphyric flows that commonly have thick, massive, hackly



entablatures. These entablatures are very resistant to erosion and form
prominent outcrops useful in distinguishing the low Mgo flows. The
subunit varies in thickness from 100 to 250 m and consists of 3 to 5
flows. Several plagioclase-phyric flows at the top of the subunit in the
lower Klickitat River and Satus Pass areas are collectively named the flows
of Winter Water; they form a distinctive marker unit at the top of the
subunit in the southwestern Columbia Plateau (Powell, 1978; R. D. Bentley,
unpub data, 1979).

The upper subunit of Nz, designated Tgnzh on plate 1, consists of
fine- to coarse-grained, black to gray flows commonly containing small
plagioclase phenocrysts. Flows in the subunit commonly weather orange or
reddish~-brown, in contrast to flows in underlying subunit Tgnzl, which
weather gray or tan. Most flows are three tiered, with well developed
lower and upper colonnades and a commonly tiered entablature. The subunit
contains 4 to 8 flows, some of which have ropy upper surfaces. The
thickness of most individual flows is less than 30 m; the total thickness
of the subunit varies from 200 to 300 m. The section becomes thinner
toward the west, probably because of erosional stripping. Thick individual
flows along the western margin have thick massive entablatures and can be
confused with the underlying Tgnzl flows. Several flows contain
scattered distinctive broken plagioclase phenocrysts 3-10 mm long. These
phyric flows characterize the Tgnzh unit over most of the reservation and
the southwestern Columbia Plateau, where they are informally called the
basalt of Ortley (R. D. Bentley, unpub. data, 1979).

The N2 magnetostratigraphic unit was not subdivided in the
westernmost part of the reservation. Physical characteristics of the flows

in this area are highly variable laterally and vertically, because of



interaction of lava with water and sediment, producing pillow basalt and
invasive flows. As a result, flows throughout the unit appear similar to
one another and different from flows to the east. Thorough chemical

sampling would presumably allow subdivision to be made and should be done

in future more detailed studies.

Invasive flows--Invasive flows are common in all magnetostratigraphic
units along the western margin of the Grande Ronde Basalt, where
sedimentary interbeds of the Ellensburg Formation (see later description)
are abundant. Invasive flows are lava flows that burrowed into and
intruded unconsolidated sediments. 1Invasive contacts are best determined
by relations along the top of an invasive flow. These contacts are
characterized by: 1) thin or absent vesicular zones, 2) small dikelets of
basalt projecting into the sediments, 3) glassy margins, and 4) irregularly
shaped, bulbous, pillowlike bodies in some contact zones. A good example
of an invasive flow and intruded sediments occurs at 840 m (2760 ft)
elevation just west of Jungle Butte (SW 1/4 NW 1/4 sec. 35, T. 8 N., R. 12
E.). See Byerly and Swanson (1978) and Swanson and Wright (1978) for
further discussion of invasive flows.

The Grande Ronde Basalt is overlain locally by the Vantage Member of
the Ellensburg Formation or directly by the Frenchman Springs Member of the
Wanapum Basalt.

Wanapum Basalt

The Wanapum Basalt conformably overlies the Grande Ronde Basalt and
contains at least 9 flows of high Tio2 chemistry. Wanapum Basalt is a
new name (Swanson and others, 1979a) for what was formerly called the
middle Yakima basalt (Wright and others, 1973). The formation in general
is characterized by variable grain size, common presence of plagioclase and
less common olivine phenocrysts, and reddish-brown to orange-brown

10



weathering color. Flows generally show two tier columnar jointing, a lower
colonnade with 1-1.5 m-diameter columns making up 60-90 percent of the
thickness and a poorly developed entablature or upper colonnade comprising
the rest. A sedimentary interbed of the Ellensburg Formation commonly
separates the Grande Ronde and Wanapum Basalts, and similar interbeds occur
in places between most members of the Wanapum.,

The Wanapum Basalt on the reservation is divided into three
members, from oldest to youngest the Frenchman Springs, Roza, and Priest
Rapids Members. These members are distinguished on the basis of
stratigraphic position, relative abundance of plagioclase phenocrysts,
magnetic polarity, and chemistry. Flows of four different chemical
compositions occur within the formation as follows: Frenchman Springs
chemical type (in the Prenchman Springs Member); Roza chemical type (in the
Roza Member); and Rosalia and Lolo chemical types (in the Priest Rapids
Member) (table 3; Wright and others, 1973; Swanson and Wright, 1978). The
Frenchman Springs and Roza chemical types are similar to one another,
although averages of a large number of analyses show slight differences

(Wright and others, 1973).

Frenchman Springs Member--The Frenchman Springs is the thickest and
most widely distributed member of the Wanapum Basalt in the western
Columbia Plateau. A maximum number of 6 flows is present at Union Gap, and
three or four flows totalling 150-200 m in thickness occur across most of
the reservation. The member gradually thins westward, and only two flows
occur along the western outcrop margin.

Many of the flows in the member contain plagioclase phenocrysts and
glomerocrysts. Formerly some geologists believed that all flows in the
member were porphyritic, but recent work has uncovered several flows that
contain few if any phenocrysts and hence are called aphyric or sparsely
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phyric. The phenocrysts are single crystals or, dominantly, glomerocrysts
of labradorite in irregular clots up to 3 cm across, averaging 1-1.5 cm.
Most are stained with hematite, giving the phenocrysts and glomerocrysts an
orange or yellow-orange color. Their abundances range from less than 1 per
10 m2 (aphyric and sparsely phyric) to more than 50 per m2 {abundantly
phyric).

The Frenchman Springs Member can be informally subdivided on the basis
of phenocryst abundance and stratigraphic sequence into four subunits, from
oldest to youngest, the flows of Ginkgo, the flow of Sand Hollow, the flow
of Kelley Hollow, and the flows of Union Gap (table 1). This terminology
is similar to that used in other reports dealing with the southwestern
Columbia Plateau (Bentley, 1977a, b; Hammond and others, 1977), except that
the Maryhill flow on the lower Columbia River (Hammond and others, 1977) is
thought from our mapping to be equivalent to the Kelley Hollow flow in the
Yakima area. Plate 1 presents the first attempt at systematic flow by flow
mapping in the Frenchman Springs Member over a wide region and for the
first time validates many of the regional correlations suggested by
Holmgren (1969) and Hammond and others (1977). The subunits of the
Frenchman Springs are distinguished by a regular stratigraphic succession
consisting of abundantly phyric flows (Ginkgo), overlain by an aphyric flow
(Sand Hollow), overlain by a flow having a highly variable abundance of
phenocrysts (Kelley Hollow), overlain in turn by a nearly aphyric flow
(Union Gap). The Sand Hollow occurs on the reservation only near Union
Gap, but otherwise the sequence is continuous across much of the
reservation.

This terminology is similar to that used by Mackin (1961) in the
Vantage-Priest Rapids area, except that we use the term flows of Union Gap
for his Sentinel Gap flow because of uncertainties regarding correlation of
the Sentinel Gap flow with the flows of either Kelley Hollow or Union Gap.

12



We believe it most likely that the Sentinel Gap flow is one of the aphyric
flows of Union Gap; if this correlation is eventually demonstrated, the
name flows of Union Gap should be discontinued in favor of the prior name
flows of Sentinel Gap.

The flows of Ginkgo generally consist of two lithologically similar
flows. The unit is about 30 m thick and commonly occurs as a pillow and
hyaloclastite complex. It may be confused with the flows of Kelley Hollow
where the intervening flow of Sand Hollow is missing or not exposed. The
Ginkgo, however, is consistently abundantly phyric, whereas the Kelley
Hollow varies laterally and vertically from abundantly phyric to only
sparsely phyric. The massive columns at the base of the flow of Kelley
Hollow, together with an underlying sedimentary interbed, form a marker
over much of the reservation. Two or three thin flows occur in the Union
Gap near the type locality but are replaced by a single 65-70 m thick flow
over most of the reservation. The thick Union Gap flow commonly is dense,
fine to medium grained, dark basalt with a thick hackly entablature. It
resembles some flows of the underlying Grande Ronde Basalt and the Elephant
Mountain Member of the overlying Saddle Mountains Basalt; in areas of
limited exposure and complex structure, chemistry is a welcome aid in
distinguishing such flows (tables 2-4). The Union Gap flows are aphyric in
most exposures but locally are sparsely phyric.

The thickness of the flows of Kelley Hollow (65 m) and Union Gap (65 m)
is consistent over most of the Satus and Toppenish basins and adjacent
ridges. These two flows are among the most conspicuous on the Yakima
Indian Reservation and together with the overlying Roza Member form a key

marker unit across the southwestern Columbia Plateau.
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No completely exposed representative section of the Frenchman Springs
Member occurs on the reservation, because the flows of Ginkgo are poorly
exposed. The most nearly complete section is at Union Gap, where all flows
are at least partly exposed. The upper part of this section is faultegd,
however, and the base of the lower Ginkgo flow is not exposed. The upper
part of the section is well displayed in the Elbow of Dry Creek. The lower
part is well exposed at Satus Peak but may not be complete, as only one
Ginkgo flow is present.

All Frenchman Springs flows have normal magnetic polarity (Rietman,
1966; Farooqui and Heinrichs, 1976), but the flow of Kelley Hollow and
upper flow of Ginkgo show a relatively shallow inclination to the south,
representing a possible geomagnetic excursion (S. Sheriff and R. D.
Bentley, unpub. data, 1978). The Frenchman Springs Member is conformably
overlain by the Roza Member, with a thin sedimentary interbed of the Squaw
Creek Member of the Ellensburg Formation locally present between the two

basalts.

Roza Member--The Roza Member is characterized by abundant plagioclase
phenocrysts and transitional magnetic polarity (Rietman, 1966). It is
about 25-30 m thick over much of the reservation and generally consists of
a single flow, although two flow lobes occur along Logy Creek in the west
part of the Satus basin. The lower colonnade is commonly well developed,
with columns averaging 1 m across. Pillows are common at the base of the
Roza along its western margin, which follows a line from Yakima southwest
to Simcoe Mountain. The member is irregularly distributed along Toppenish
Ridge and is missing for about 6.5 km (4 mi) east of Toppenish Mountain
(secs. 8, 9, 10, T. 9 N., R. 18 E.), suggesting the presence of one or more

local topographic highs in this area at the time the Roza was erupted.

The Roza Member is readily distinguished in the field from all other

14



flows on the reservation by its abundance of plagioclase phenocrysts,
generally single crystals or small glomerophyric clots. The phenocrysts
are more numerous and evenly distributed than in the flows of Ginkgo and
Kelley Hollow, single crystals are more common, and glomerophyric clots are
smaller, averaging less than 1 cm across. Locally the Ginkgo may be
confused with the Roza, but experience and knowledge of the overlying and
underlying flows allow confident identification.

The chemical composition of the Roza Member is similar to that of the
Frenchman Springs (table 3), although averages of a large number of
analyses show slight differences (Swanson and others, 1979a). The
transitional magnetic polarity (Rietman, 1966) cannot be detected with
reliability under field conditions; generally a weak to moderately strong
pseudonormal polarity is obtained owing to the influence of the modern
magnetic field. Laboratory measurements of the polarity direction are
diagnostic, however.

The member conformably underlies the Priest Rapids Member, with a thin
tuffaceous sandstone at the contact locally. Jasperoid pods up to 3 m
thick are exposed along the contact on Toppenish Ridge in NE 1/4 sec. 10,

T. 9 N., R. 19 E.

Priest Rapids Member--The Priest Rapids Member consists of two
reversely magnetized flows across most of the reservation. The member is
50 to 70 m thick where both flows are preserved but less than 30 m near its
distal margin, where only one flow is generally present. The western
margin of the Priest Rapids approximately coincides with that of the Roza
Member on the south side of Toppenish Ridge. The Priest Rapids extends
farther north than the Roza, occurring from Ahtanum Ridge northward into

the Yakima area.
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The two flows in the member are difficult to distinguish from one
another in the field. The older flow, of Rosalia chemical type (table 3,
cols. 3-5), is generally coarse grained and contains rare plagioclase
phenocrysts. The younger flow, of Lolo chemical type (table 3, cols. 1-2),
is fine to coarse grained and contains scattered plagioclase phenocrysts
3-10 mm across and olivine phenocrysts 0.5-1 mm across. Phenocrysts are
not distinct if the groundmass is coarse but stand out where the groundmass
is medium or fine grained, as near the margin of the flow. Olivine
phenocrysts are obvious only in fresh samples viewed with a hand lens. The
presence of olivine phenocrysts is a gquide for distinguishing the upper
from the lower flow in areas where the lower flow contains more plagioclase
phenocrysts than normal.

The Priest Rapids is distinguished from all other units in the Wanapum
Basalt by its reversed magnetic polarity. It can locally be confused with
the Pomona Member of the Saddle Mountains Basalt (see below), but careful
observation and overall stratigraphic context generally permit firm
identification. The chemical compositions within the Priest Rapids are
likewise definitive; the Rosalia chemical type superficially resembles the
Elephant Mountain chemical type (table 4, cols. 1-2) but contains
significantly more PZOS'

The upper surface of the Priest Rapids Member is deeply weathered in
many places and has jasperoid pods along it, suggesting that a relatively
long time interval occurred before emplacement of the overlying Saddle
Mountains Basalt. A sedimentary interbed is also commonly present along
this contact and is described in the later section on the Ellensburg

Formation.
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Saddle Mountains Basalt

The Saddle Mountains Basalt is the youngest formation in the Columbia
River Basalt Group. It contains ten members (Swanson and others, 1979a),
only three of which, from oldest to youngest the Umatilla, Pomona and
Elephant Mountain Members, occur on the Yakima Indian Reservation (table
1). Plows of the Saddle Mountains Basalt are chemically and isotopically
diverse and were erupted over a long period of time, from about 14 to 6
million years ago during the prolonged final phase of volcanism that

produced the group.

Umatilla Member--The Umatilla Member consists of a single normally
magnetized flow of fine to rarely medium grain size and essentially aphyric
nature. It is generally about 25-30 m thick but locally exceeds 40 m. The
western margin of the Umatilla follows a line south from Yakima across
Ahtanum Ridge just east of the Wiley City Road, beneath the Toppenish basin
east of the Pumphouse Road, to just east of the area known as the Elbow on
Dry Creek. From Dry Creek its margin trends south to just east of Satus
Pass. The margin of the flow is only approximately located in this central
part of plate 1; it may extend for 1 km or more west of the mapped pattern.

The Umatilla is distinguished in the field by its uniform grain size,
giving a "smooth" or "even" texture to hand samples. This characteristic
holds whether the flow is fine or medium grained. The Umatilla more
commonly has a rubbly upper zone, presumably some sort of flow breccia,
than do other flows. Nonetheless it is possible in places to confuse the
Umatilla with other aphyric flows. PFor this reason, its distinctive

chemical composition (table 4, cols. 5~6), rich in K, O and P (and

2 2%s
BaO, not shown in Table 4), is particularly useful for identification
purposes.
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The Umatilla is very complex along Logy Creek (Secs. 2-3, T. 9 N., R.
18 BE.), where two or more flow lobes apparently fill an ancient valley or
canyon eroded into the Priest Rapids Member before eruption of the
Umatilla. Pillows are locally present in this area.

The Umatilla is between about 13.5 and 14 m.y. old, on the basis of
unpubiished K-Ar dates and stratigraphic relations with other’dated flows.
It is commonly overlain by a thin layer of tuffaceous sedimentary rocks

of the Ellensburg Formation capped by the Pomona Member.

Pomona Member--The Pomona Member is a single porphyritic, reversely
magnetized basalt flow about 12 m.y. old (McKee and others, 1977). 1Its
thickness is about 50-60 m except near its western margin, where it is less
than 30 m. The margin of the Pomona south of Toppenish Ridge lies slightly
west of that for the Umatilla Member. North of Toppenish Ridge, the Pomona
occurs far west of the Umatilla (pl. 1).

The Pomona displays a rather poorly defined colonnade, with columns
about 1 m across, throughout most of the reservation. The entablature is
commonly poorly developed, and the lower colonnade grades upward into a
crude upper colonnade. Small fanning columns typical of the entablature in
the Pomona Member in other areas (Schmincke, 1967a; Bentley, 1977a) are
generally absent on the reservation.

The Pomona is fine- to medium grained and contains scattered
plagioclase phenocrysts (several per hand sample), generally less than 5 mm
across, and fewer small olivine and clinopyroxene phenocrysts. The
plagioclase phenocrysts commonly have a sieve texture, containing amall
inclusions of clinopyroxene and glass that give a "motheaten" appearance to
the phenocrysts when viewed with a hand lens. The plagioclase phenocrysts
commonly have wedge or triangular shapes. These phenocryst characteristics
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alone usually suffice for identification, and with other criteria, such as
its reversed magnetic polarity (Rietman, 1966; Choiniere and Swanson, 1979)
and distinctive chemical composition (table 4, cols. 3-4), provide an
unusually firm basis for correlation purposes.

In the Wiley City Pass area, the Pomona Member forms a thick complex
flow interpreted as filling an ancient canyon of the Columbia River, which
presumably crossed the Toppenish and Ahtanum Valleys at the time the Pomona
was erupted. The member also occurs in a paleocanyon nearly 1 km wide and
at least 120 m deep eroded into the Frenchman Springs Member on the north
side of Grayback Mountain; the Pomona is at least 50 m thick at this
locality.

A layer of fused tuff up to 20 cm thick (Schmincke, 1967b) commonly
marks the contact of the Pomona with the underlying Selah Member of the
Ellensburg Formation. This thin, black or gray. glassy layer, formed by
heating of the tuff by the Pomona, commonly overlies the reddish b:o;n
oxidized zone of the Umatilla Member. Together, this colorful doublet
forms a distinctive marker unit over much of the western part of the
reservation, and the lithologies are readily identified in the subsurface
from well cuttings over much of the Toppenigsh and Satus basins and in the
Horse Heaven Hills.

The Pomona Member is overlain by a thick sequence of tuffaceous
sedimentary rocks assigned to the Rattlesnake Ridge Member of the

Ellensburg Formation.

Elephant Mountain Member--The Elephant Mountain Member within the
regservation consists of a single flow of fine-grained, nearly aphyric
basalt generally less than 15 m thick. The member is the uppermost flow of

the Columbia River Basalt Group in the area, capping most small mesas and

buttes in Satus basin. 1Its western margin in Satus basin is along an
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approximately north-south line through Alkali Spring. The margin of the
member extends northeast across the the Toppenish basin, based on
subsur face information. The Elephant Mountain overlies a 20 m-thick
interbed resting on the Pomona Member in a north-south-trending canyon of
the ancestral Columbia River on the north side of Grayback Mountain.

The Elephant Mountain Member is characterized by a relatively short
colonnade with many vesicle sheets. Plagioclase phenocrysts 2-3 mm long
are rare. Its chemical composition is marked by high FeO and TiO, and is

2

205 (table 4,
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