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Abstract

The Mt. Stuart quadrangle is approximately 74 airline miles southeast
of Seattle and 39 airline miles northeast of Mt. Rainier, Washington. It is
on the eastern flank of the Cascade Mountains of central Washington.

_ The oldest formation in the area is the Easton schist, a series of low
grade metamorphic rocks. The principal lithologic types in the Easton are
phyllites, graphitic phyllites and greenschists. Quartz exudation bands are
common in all rocks of the Easton schist., All of these rocks have been ex—
fremely deformed. The age of the formation is unknown except that it is
pre=Tertiary.

Unconformably overlying the Easton schist in the southern part of the
area is the Manastash formation, a series of conglomerates, feldspathic sand-
stones and carbonaceous shales, along with seams of impure coal. These sedi-
ments have been deformed into gentle, northwesterly trending folds. The age
of the Manastash formation as determined by fossil leaves is lower Tertiary.

In the northern part of the area, the Easton schist is unconformably
-overlain by arkosic sandstones which have been referred to as pre=Teanaway
sediments  in this thesis. Overlying these sediments is the Teanaway basalt—
a thick unit of basaltic flows and pyroclastic rocks with interbedded . sedi-
ments. The age of the Teanaway basalt is lower to middle Eocene.

Unconformably overlying the Manastash formation is the Taneum formation,
comprised of porphyritic andesitic to basaltic flows, tuffs and volcanic
conglomerates. The Taneum formation has not been subjected to the greater
amount of deformation seen in the Manastash formation, The definite age of
the formation is unknown, but is believed to be lower Miocene.,

The next youngest unit is the upper Miocene to lower Pliocene Yakima
basalt, which is not a single flow, but a number of basaltic flows that are
part of the widespread Columbia Plateau basalts. Associated with the Yakima
basalt are sedimentary interbeds and diabase dikes which may represent local
feeders for some of the basalt,

A band of serpentinite in the southern part of the area is believed to
have been intruded along a large, deep-seated fault. However, more study is
needed before more definite conclusions can be reached regarding the fault,
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GEOLOGY OF THE GSOUTHWESTERN PORTION OF

THE MI. OSTUART QUADRANGIE, WASHINGTON

INTRODUCTION
Location and access

The area covered by this report is in the southwestern corner of the Mt.

_ Stuart quadrangle, Washington, approximately 74 airline miles southeast of
Seattle and 39 airline miles northeast of Mt. Rainier (figure 1). It is
,éntirely within the boundaries of Kittitas County on the eastern slope of

_ the Cascade Mountains.

U. S. Highway #10, the principal east-west highway in the state, tra-

verses the area to the north and secondary paved and dirt roads leading from
’i~itkprovide access to the area. The main secondary access road to the area
 follows Taneum Creek to the Taneum guard station where it leaves the Taneum
"f Valley and follows a southwesterly direction to Quariz Mountain where a U, S.
Foreat Service loquut is maintained.
0se
Heretofore, only reconnaissance geology has been undertaken in the area.

The purpose of this report is to present a more detailed description of the

geology of the southwestern portion of the Mt., Stuart quadrangle. Emphasis

was placed on a study of the Manastash formation, a sedimentary unit designated

by G. O, Smith (1904, p. 7) in the Mt. Stuart Folio.

Methods

The field work was done in the summer Qf 1956, The geology was mapped on
aerial photographs with an approximate scale of 1:20,000, which were taken by
the U. S. Department of Agriculture in 1954, Using proportional dividers, the

geology was then transferred to a U, S. Forest Service planimetric map which
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- was used as a base map., If possible, Brunton compass traverses were made in
areas not readily located on the aerial photographs.

Petrographic study was done during the winter and spring quarters at the

University of Washington.

Fbssil leaves collected during the sumer are deposited as Lot #36 in the
Museum of Paleontology, Department of Geology, University of Washington.
Previous work
k The first geological investigation was in 1892 when I. C. Russell made s

circular traverse into the extreme northeastern portion of the area. He re-

“”»:turned again in 1897, but again only mapped in this same restricted area.

A more comprehensive study by G. 0. Smith (19032,1904) was published as
part of U. S. G. S. Professional Paper #19 and the Mt. Stusrt Folio #106.
This work produced the first complete map of the southwestern portion of the
“ﬁt. Stuart quadrangle, In 1906, Smith and F., C. Calkins completed their
mapping of the Snoqualmie quadrangle which adjoins the Mt. Stuart quadrangle
to the west.

Using the previous work of Russell and Smith, E. J. Saunders (1914) made

2 survey of the coal fields of Kittitas County. In mapping the coal outcropa

' south of the Yaldma River, Saunders made detailed sketch maps of the coal
mines and their immediate geological surroundings.
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Figure 2

View showing Cle Elum Point from the east.
It is composed of a series of andesitic flows
and forms a rugged escarpment on the south side
of the Yakima River Valley. The tree covered

ridge in the foreground consists of Teanaway
basalt.




GEOLOGIC SETTING
Geologically the area is in an interesting position. To the south and
egat are Miocene to Pliocene basalts of the Columbis Plateau; to the north

and west are older crystalline and volcanic rocks and sediments of the Cascade

- Mountains. Immediately north and northwest of the area are 2 series of late

Cretaceous (?) to early Tertiary sediments and Eocene volcanics, Pre-Tertiary
metamorphic and igneous rocks underlie these units farther to the north and
‘these older rocks are known to continue beyond the Canadian bordsr. The late
Cretaceous (?) to early Tertiary sediments may also extend northward beyond
the Canadian border. Generally the trend of these units and/or structure in
any of the roéks is northwest-southeast, cutting across the north-south
tdpographic alignment of the Cascade Mountains, ,

In the southern part of the area mapped for this report, oné of the pre-—
kTertiary metamorphic units crops out. To the writer's kmowledge, this is the
southernmost occurrence of pfe-Tertiary schist in the state of Washington. 1%

disappears to the south under the Miocene to Pliocene basalts.




DESCRIPTIVE GEOLOGY

Rock exposures
Qutcrops in the area are definitely limited and anyone working with

the geologic map accompanying the thesis must realize this. At only three
‘ localities were actual contacts seen-~the other contacts were located on the
basis of soil, float, topographic expression, vegetation or any combination
of these,
Southwest of Frost Mountain, alpine meadows are common and exposures
are more abundant. In most of the area, however, the northérn slopes are
more densely wooded than the southern ones and consequently, the location of

contacts on the northern slopes is not as accurate as on the southern slopes.

This is because of three reasons: (1) 1t is very difficult and sometimes

impossible to get locations on aerial photographs when in the woods: (2) There
_are very few, if any, outcrops in the woods; (3) There is generally no float
~on the northern slopes and the soil is nothing but organic material.

Bulldozer cuts made for logging roads were invaluable. Two logging
roads were constructed along the North Fork of Manastash Creek during the

summer of 1956 and these uncovered many valuable exposures.
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Easton schist

The oldest and only metamorphic formation in the area is the Easton
kyfm}syt. This formation was named by G. O. Smith (1904, p. 3) for the
pfominent exposures of amphibolites and phyllites around the town of Easton.
Easton is approximately 14 é.irline miles northwest of Cle Elum on U, S.
_Ei‘\ghway #10; According to Smith, the Easton schist can be traced north-
wééferly from the southwestern part of the Mt, Stuart quadrangle to approx~

m&tely the Cascade Crest. Recent work by graduate students at the Univer-

‘ ty of Washington shows that Easton equivalents may extend farther north,

The Easton schist crops out over two large areas south of Cle Elum in
%he thesis area. Extending south from under the gravels of the Yakima Valley
_ west of Cle Elum Point, the Easton schist forms most of Cle Elum Ridge south-
west of Cle Elum Point except where it is capped by younger basalt flows.
k’I‘he{ metamorphic rocks on this ridge continue to the west beyond the area map-
“ : ped. The southernmost boundary of this occurrence of Easton schist is approx-
imately 1+ miles south of where the two foi'ks of Taneum Creek join. Here
the Easton disappears under younger basalt flows. Immediately northwest of

this locality, the Easton is covered to the south by younger sediments.

The other occurrence of Easton schist is in the extreme southern part
of the area, about 1} miles south of Frost Mountain. The Easton occurs as

a narrow band up to + mile wide. The northern contact of this band, east

of the South Fork of Msnastash Creek, is in question because of the dense
growth of vegetation in this area. The band represents the southernmost
occurrence 4of schist in Washington known to the writer.

Generally the Easton schist is quite a distinctive unit to map. In the

field, quartz pebbles from quartz stringers in the metamorphic rocks are

readily seen in the soil cover and the presence of thesge is an indication




nhét the underlying bedrock is Easton schist. On the north side of Taﬁeﬁm'
Valley, springs were common at or near the contact between the Easton schist
‘ggﬁd the overlying Yakima basalt. Another factor used in mapping the Baston
échiat where it is covered,’was an abundance of sericite and other micaceous
_minerals in the soil giving the ground a peculiar shiny luster.
. The Baston schist is regarded as the basement rock because it contains
 i‘£h9~°nly metamorphic rocks in the area. No definite sequence of lithologies
could be determined in the Easton schist larpely because of the limited number
of outcrops and consequently, no attempt has been made to discuss the petro-

graphy in detail. More detailed petrography will probably be possible with

@ study of the Easton schist exposed west of the thesis area near the type

lbéality of the formation.

Three predominant rock types were recognized in the Easton séﬁiﬁt: (1)
_ graphitic phyllite; (2) silvery-gray phyllite; (3) greenschist. The most
_widespread unit is the graphitic phyllite. 1In addition to these rocks, a

 blue amphibole schist was found and will be discussed briefly later. Quartz-

~ ites have been described from the Easton near Cle Elum Point (Smith, 1904,

p. 2

All of the units contain numerous quartz exudation bsnds or pods. The
bends commonly are parallel to the schistosity, which will be referred to as
g", but it is not rare to find them at right angles to the schistosity.
Generally the bands are narrow, but they range up to nearly a foot in width
at some places. In several places it is posaible to trace s through the
quartz exudation bands,

The graphitic phyllite is very common and ex?osed in many places. The

most sccessible of these are along the road from South Cle Elum to Cle Elum
Point and on the north side of the South Fork of Taneum Creek along the road




Figure 3

Folded graphitic phyllites in the Easton
schist in the valley of +the South Pork of
Taneum Creek. The wider, light colored bands

are quartz oeoxudation bands in the phyllite,
Note hammer for scale.




to South Fork Meadows (figure 3).

The graphitic phyllite is intensely sheared and deformed and it is im-
possible in most places to determine attitudes of the foliation. Generally
rthe graphitic phyllite contains a considerable quantity of water and when
such is the case, slumping and sliding are very common. In several places,
the road along the South Fork of Taneum Creek has to be relocated nearly every
_year because of the continual sliding of the Easton into the canyon during the
winter months.

No thin sections were made of the graphitic phyllite as the rock is com=
‘;posed almost entirely of graphite with quartz exudation bands and is extremely
friable. All of the phyllite has at least one direction of b lineation, formed
by small folds on s, and commonly there are two b lineations intersecting each
other at very small engles.

The silvery-gray phyllite can be best seen along the Taneum Creek road
cast and west of the intersection of the two forks of Taneum Creek (fizure 4)
or in certain places along the South Cle Elum-Cle Elum Point road. The
phyllite is folded, sometimes isoclinally, and sheared so that attitudes are
very difficult to determine,

In thin section, thé phyllite consists predominantly of quartz and un-

twinned albite with minor amounts of actinolite, epidote, sericite and chlorite.

A pronounced b lineation is rare, although s is generally very well developed
and is extremely folded. Iron oxide stains follow many small shear zones.
@Greenschist is not as common as the graphitic phyllite, but is still an

important rock type in the Easton. The greenschist is fairly resistant to

erosion and forms bold outcrops at many places (figure 5). Greenschist

crops out on the north side of Cle Elum Ridge in section 10, T.19 N., R.15 E.,

along the North and South Forks of Taneum Creek and along the South Fork of




Figure 4

The dashed 1line indicates a small fault

in the extremely deformed Easton schist. Here

the Easton consists of silvery-gray phyllite

with minor amounts of graphite. Quartz exu-
dation bands are common., Exposure is along
the Taneum Creek road. Note hammer for scale.
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Figure 5

crop of Easton greemschist along the

South Fork of Taneum Creek. Copper and iron
minerals
rocks at

are associated with the metamorphic
this locality.
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Manastash Creek in the southern part of the area.

In thin section the most common minerals are albite, quartz, epidote,
actinolite and clinozoisite (figure 6). The albite is predominantly untwinned

although twin lamellae were present in one thin section. In another specimen,

~ epidote has replaced part of the plagioclase, Commonly calcite has replaced

 gome of the quartz in the exudation bands.

Similar to the phyllites in the Easton, the greenschist is complexly
folded and sheared. At some localities a well developed s exists and at
others, there was no well developed foliation,

An unusually coarse grained actinoiite schist was found in the southern
_exposure of Easton schist in the canyon of the South Fork of ManastashpCreek.
- At first it was believed to be an amphibolite, but microscopic study showed

it to be deficient in feldspar and rich in actinolite. Actinolite forms
more than 90% of the rock with the remainder made up of clinozoisite, epidote,
sphene and albite. The actinolite forms both small grains in the matrix and
also occurs as porphyroblasts. The finer grained actinolite in the’gfound—

mass has been contorted around the porphyroblasts.

Immediately west of Cle Elum Point in sectiom 10, T.19 H., R.15 E., the
 Easton schist contains a blue amphibole schist. This is the only place that
blue‘amphibole schists were found in the area and the samples taken from

this one outcrop were exceptionally high in blue amphiboles.

In the hand specimen, the rock is very distinctive with a bluish steel

gray color. The schist has been complexly folded and accurate attitudes are

difficult to obtain.
An attempt was made to determine the major type of blue amphibole in
the rock. Optic axis figures indicate the sodic amphibole is very close to

the uniaxial transition member of the glaucophane——crossite group (Peter




Pigure 6

Photomicrograph of greenschist from the
Easton schist just west of Cle Elum Point.
The minerals are actinolite, untwinned albite,
epidote, clinozoisite and quartz. Plane po-
larized light.




Misch, unpublished manuscript). With an off-centered optic axis figure, it

_was impossible to determine whether the interference ficure was uniaiial or
iaxial with a very small optic angle. Even with a centered optic axis figure,
f‘was difficult to determine if the isogyres parted in the 45° position.
Rotation of the stage with the gypsum plate inserted showed that the isogyres
part a very small amount, so the mineral has a very small optic angle. The

 §ptic plane is normal to (010) so the blue amphibole is probably crossite,

‘sithough it is very close to the uniaxial transition membe?.

Other properties of the blue amphibole are: (1) Pleochroism: X=greenish
yellow, T=light blue, Z=dark blue or purple; (2) The grains have a very low
birefringence and are commonly zoned; (3) The extinction angle is generally
very small (13° Yic).

e i hibole fovms mtout THE bo B0t e rok wil b e

~ ébnsisting of epidote, untwinned albite, actinolite and sphene. The actinolite

,“apd blue amphibole vary directly in percentage with each other. The sctinolite

'amay fofm as distinct bands in the rock or may be smasll irregular areas in the
thin section. Small folds are numerous and many are isoclinal,

The metamorphic rocks of the Easton were probably derived from a series
of argillaceous sediments and quartzose sandstones which had interbedded basic
volecanies.

The variation in the foliation attitudes in the metamorphics caused by
the folding has been pointed out. However, it was noted in the field that
the foliations which strike in a northwesterly direction are generally the
most consistent.

All other formations in stratigraphic contact with the Easton schist

lie unconformably over it in the area mapped. Evidence for the unconformity

is apparent in the degree of metamorphism and extreme deformation which has




18
affected the Easton rocks, but not any of the younger rocks in contact with
it.
The contact between the Easton schist and Manastash formation was seen

"at two localities immediately north of the South Fork of Taneum Creek., One

exposure is behind an old storage building along the creek where the Easton

_ apparently overlies the Manastash formation (figure 7), but this is because
the contact is a small feult. The other exposure of the contact is in a mine
about half way up the south slope of Taneum Ridge. The mine had been worked
in the early summer and two adits expose the contact in several places. The
portel of the mine is in massive arkosic sandstone making it impossible to

_got an attitude. The bearing of the main adit is N,27°E. About 50 feet from

the portal along the main adit, thin-bedded sandstones and shales trend N.57°%.

and dip 59° to the southwest. About 110 feet from the portal is the contact
between the sediments and the metamorphics. Side adits branch off here on
both sides of the main adit and the side adits expose the contact in several
additional places. The sediments are badly shesred, but generally consist
of sandstone. HNo basal conglomerate is exposed in the mine although it is
:known to occur at certain places along the contact on Taneum Ridge. The
_metamorphics are likewiée crumpled and consist of sheared graphitic phyllite.
The phyllite is more graphitic here than in any other exposure in the entire
thesis area,

The contact is razor sharp in most places, but very irregular. In all
places, the graphitic material shows a slickensided contact with the sandstone.
Two general attitudes were taken on the contact at different places about 25
feet apart. Both show a strike of N.BSQW., but one dips 790 N. and the other
dips 45° S. In general, the small faults tend to parallel the strike of the

contact. Several pods of the graphitic material appear to be surrounded by
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‘,gandstone near the contact. Sheared zones generally show a gneissoid structure
from the intermixing of quartz and graphite. Rocks in the sheared zone are
”~; véry weak and saturated with water.
“ The main adit continues into the phyllite for approximately another 90
feet. The graphite near the contact shows no distinguishable quartz exudation
k"bands, but does contain pods of sheared guartz. About 25 feet from the con-
k‘£act, white pods and stringers of quartz stand out against the black phyllite.
“‘}The foliafion here trends H.56°W. and dips 85o S. At the end of the main
adit, approximately 200 feet from the portal, the s plane in the phyllite

 is remarkably flat giving the rock the appearance of o slate. The attitude

. of the flat s plane is N.73°w. 38° S. Pyrite porphyroblasts are very common

 in the graphitic phyllite that has not been sheared. Quartz stringers are

abundant and as much as 8 inches thiclk,

The zone of shearing at and around the contact in the mine does not ap-
k‘pear to be of the magnitude associated with large scale faulting, 1t is
more likely the zone of sliding between the well-indurated sandstones and
the weak phyllites during the period of post-Manastash deformation.

The contact between Easton schist and Yakima basalt (Miocene) was seen

at one place. This was in the steep-sided gorge of the South Fork cf/Manastash
Creek in section 20, T.18 N., R.15 E. The Easton shows about a three inch zone

of alteration with secondary calcite at certain places in the altered zone.

The contact parallels the foliation in the schist trending N.65°H. and dipping
| 64° S. The metamorphic rock adjacent to the contact conéists of greengchist
with quartz stringers. The Yakima basalt is a very dense and generally none-
porphyritic basalt.

The other contacts between the Easton schist and adjacent rocks were

covered with soil and no direct relationships could be mapped. However,
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gseveral small areas in the Yakima Valley south of the river suggest the schist
is not far below the surface although no outcrops were seen. One ares is

_ approximately 50 yards south of an exposure of pre-Teanaway sediments in the

 NE{SWL of section 4, T.19 N., R.15 E. The sediments are discussed later.

:Easton schist occurs as float on the crest of a gentle ridge and consists of
graphitic phyllite and quartz boulders. The guartz boulderé are both rounded
and angular. The writer believes the Easton underlies this small ridge because
of (1) the abundance of the phyllite here, especially the graphite which would
not be able to withstand much transportation or attrition because it is so

easily broken along the foliation planes; (2) the absence of any of the other

- types of river gravels that cover most of the surrounding ares; (3) the large

_amount of quartz from the Easton in the small gullies leading off the ridge.
It is the only rock type in the gullies and the quartz pebbles commonly have
graphitic bands throﬁgh them. No basal conglomerate could be found in the
small exposure of sediments to the north, but it has been stated earlier that

a basal conglomerate is not always developed in sediments overlying the Easton

schist. With 50 yards covered between the sedimentary beds and the metamorphic

rocks, it is impossible to locate the contact exactly or to determine what

type of contact it is.

Along the road leading southwest from South Cle Elum is another similar
area where the graphitic phyllite is concentrated., This area is just south
of where the road passes under the transmission lines in the southwest cormer

of section 4, T.19 N., R.15 E. The quartz pebbles are rounded to angular and

the graphite does not occur as large boulders, but is more disseminated through
the soil. This area is completely surrounded by a covering of various types
of river gravels, but no gravels occur within the small area described.

In the southwestern corner of section 22, T.18 N., R.15 E., just south of
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an outcrop of Easton schist (attitude of foliation is given on geologic map),
one outcrop of quartz diorite was found apparently in place. This outcrop
ig %oo small to indicate on the map and the area is covered with a thick

soil cover and dense vegetation, 8o no relationships are known. Yakima basalt

crops out to the south of the quartz diorite outcrop. The quartz diorite has
a hypidiomorphic granular texture and consists of about 70% andesine (An36-An46)

and 25%,quartz. 1t is possible that this small mass of rock may be similar

$o the small granodiorite bodies mapped by Smith and Calkins (1906, p. 7) a

few miles to the west in the southeastern part of the Snoqualmie quadrangle.
Neither the age of the original rocks or the age of metamorphism of the
Easton is known. The only age that could be ascribed to the Easton schist
from field relations in this area is pre-Tertiary. The extreme difference
between the metamorphosed Easton schist and the younger Eocene rocks led
Smith (1904, p. 2) to the conclusion that the unconformity between them
represents a time interval that "was not only great but eventful". He
theorized that the period of deformation and erosion could easily include

all of Mesozoic time making the original rocks from which the Easton schi

was formed Paleozoic in age.




Pigure 8

View to the west from the south side of
Cle Elum Ridge shows Taneum Ridge in the center
of the picture. The east end of the ridge is
composed of Baston schist. Rock in the fore=-
ground is Yakima basalt,
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Manastash fonmafion

Stratigraphic nomenclature and type locality

G. O. Smith (1904, p. 7) originally named the Manastash formation for the
outcrops near the headwaters of Manastash Creek and the ocuterops on Taneum
Creek. He described the formation as a series of sandstones and shales, with
; seams of bone and impure coal associated with the shales. Smith also stated
~that wherever the Manastash rests on the Easton schist, it has a well developed
basal conglomerate,

Smith did not specifically designate a type locality and to the present

' time, no type locality has been considered, The writer found only very limited

_exposures of the formation in the Manastash drainage basin despite the large
_areal extent of the formation there, In addition, the exposures are very
videly scattered. Much better outcrpps and more representative lithologies
_ of the formation as a whole were found along the road up the South Fork of
Taneum Creek and consequently, it is proposed that this area be regarded as
the typé locality of the Manastash formation. The designatian of this ares
_as the type locality of the formation is favored even more because of the
large number of more representative exposures in a relatively small area. Un-
fortunately, the exposures are not continuous enough here to enable an accurate
section to be made. The outcrops along the road are in sections 33 and 34,
T.19 N., R.15 E,, and are quite accessible.
Distribution

The largesat occurrence of the Manastash formation is southeast of Frost
Mountain, On the southeastern slope of Frost Mountain, the contact between

the Manastash formation and the overlying Taneum formation has an irregulsr

horseshoe shape with the open end to the northwest, This pattern is explained

by the topography of Frost Mountain coupled with a broad synclinal structure
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_in the Manastash. The Manastash in the northeastern arm of the horSeshde
crops out as a thin band on the northeast side of Prost Mountain because 6f
the high relief there. To the south, the closed end of the horseshoe is
extremely wide because of the low relief of the surface.

North of this area is another band of sediments. Beginning near the
_ junction of Frost Creek and the South Fork of Taneum Creek, this band trends
northwesterly over Taneum Ridge, the ridge separating the forks of Taneum
Creek, and extends at least to the North Fork of Taneum Creek.

Seemingly isolated from these major occurrences of the Manastash formation
is a small area of arkosic sandstones and shales in the lower Taneum Valley,
largely in sections 28 and %3, T.19 N., R.16 E., Reasons for believing these
 sediments belong to the Mansstash formation are given later.

Description

To describe the sedimentary rocks in the area, the writer has used certain
terms which may possibly be confusing if not defined specifically for this
thesis., Arkose in this thesis is used to describe a detrital sedimentary
“rock in which the principal constituents are quartz and feldspar; the feld-
spar comprises at least 25% of the rock and generally there is only a small
percentage of matrix, If the feldspar content of the rock is between 10%
and 25%, the specimen is called a feldspathic sandstone. Quartzose sandstone
refers to a detrital sedimentary rock which has an unusually high percentage
of quartz, but is not extremely well indurated.

For describing the stratification of all the sedimentary units in this

thesis, the writer has used the terminology of McKee and Wier (1953, p. 381-

390), except the writer has used the term "massive" instead of "very thick-

bedded” to describe beds greater than 4 feet in thickmess.

The Manastash formation can be categorized into three principal rock
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types: (1) Conglomerates—the most notable of these is a baéal conglomerate
found near the Easton schist; (2) Coarse and medium clastic arkosic and feld-
;‘spathic sandstones; (3) Carbonmaceous and arenaceous shales. These rock types
will be described in detail below.

The best basal conglomerate is in a very small area in the west central
part of section 18, T.18 N., R.15 E. Although the contacts are very indefinite,
_the conglomerate appears to be limited to a very thin area along the contact
between the Easton and the Manastash, East‘of this area where the trail to
the South Fork of Manastash Creek crosses the Easton contact, large blocks of
basal conglomerate were seen, but this occurrence is apparently limited to a
_ very small area.

Basal conglomerates were also found as float on the north side of the
South Fork of Taneum Creek below the Easton contact. However, the conglomerate
‘does not occur everywhere the Manastagh is in contact with the Easfon schist,

In the hand specimen, the conglomerate consists of subrounded to angular
pebbles of vein quartz and phyllite (figure 9). Some of the pebbles are a
combination of both the quartz and the phyllite., Pebbles up to an inch in
longest dimension were noted. The matrix consists predominantly of subangular
quartz grains, although minor amounts of feldspar and sericite are present.
The color of the rock is gray, but on weathered surfaces the conglomerate
~ becomes more brownish and is quite conspicuous as the white quartz pebbles

protrude from the weathered surface.

An sccurate thickness could not be determined, but in the small area

gouth of Prost Mountain, the basal conglomerate must be at least 25 feet

thick.

In addition to the basal conglomerate with the high percentage of quartsz

derived from the Easton schist, other conglomerates were found higher in the
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Specimen of basal conglomerate from the
Manastash formation south of Frost Mountain
near the Easton schist contact. The white

pebbles are quartz and the gray foliated peb-

bles are phyllite. The matrix is composed al-

most entirely of sand size quartz grains, al-

though sericite and feldspar

are present in

minor amounts.
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section, but the average size of the pebbles was not as large as in the basal
conglomerate. The average pebbles are about i inch in longest dimension and
consist of quartz, quartzite and dark aphanitic rock fragments. However, a
 qpartzite cobble 3 inches in longest dimension was seen in a conglomerate unit

on the south side of Frost Mountain, but this size was not common. 1In com-

k ~ parison to the basal conglomerate, these conglomerates gonerally have a much

‘ higher percentage of feldspar, although quartz is still the predominant mineral.
The predominant lithologic type in the Manastash formation is arkosic
‘ to feldspathic sandstone. In just about every outcrop of the formation,

with the exception of the basal conglomerates, there are either thinly-bedded

_ or massive, arkosic or feldspathic sandstones. The large area of the Manastash

~ formation southeast of Frost Mountain is almost entirely medium to coarse

grained sandstone with the feldspar content ranging from 15% to 35%. These

rocks range in color from light shades of brown to buff to lighter shades of

gray.

The most characteristic outcrop of the sandstones in the Manastash
formation is a pile of rounded boulders forming a small kmob (figure 10).
In the area southeast ovarost Mountain,4the outcrops are commonly in a group
of‘trees surrounded by open meadows. Charadteristically, the sandstone is
massive and shows no distinct bedding planes. However, the attitudes shown
on the geologic map were taken at localities where either the sandstone was
thin-bedded or there were thin-bedded shales. In many outcrops, larger

granules and pebbles are roughly aligned and, in some places, show cross-

bedding. Cross-bedding can be seen in several exposures of sandstone as
well. Cut and fill structures are not too common, but were seen at two dif-

ferent localities.

Microscopically, a typical specimen of the Manastash sandstone is mediwum




Figure 10

Typical outcrop of the Manastash for-
mation in the area southeast of Frost Mountain.
Bédding is hard to identify unless sandstones
are thinly-bedded. Note hammer for scale.




;clastic according to Krynine's classification of defiital‘éedimeﬁtary rocks

(1948, p. 140). The grains are subangular to Sibrounded ond comint of ap-
proximately 65-70% quartz and 20-25% plagioclase. The rest of the rock is
composed of muscovite, calcite, biotite and quartzite (figure 11). Iron

:Qxide and calcite are the mainkcementing constituents. The plagioclase ranges
iin composition between An32 and An52 and occurs both as fresh grains and grains
_wﬁich have been altered to sericite. Calcite has selectively replaced some
}6f‘the plagioclase. The muscovite has been contorted between the quartz and
 fé1dspar grains by the stresses produced from compaction of the sandstone,
although ité generai orientation is parallel to the bedding. The quartz

ains in the quartzite fragments are of various sizges, but most of the grains

,m;ﬁféhaw\a preferred orientation suggesting the hetamorphic derivation.

kSame of the sandstones at various localities had other types of detrital
material. Dark aphanitic rock fragments were seen in a few outcrops. Detrital
 garnet was noted in one thin section.

In the southeast corner of section 18, T.18 N., R.15 E., a quartzose
 ‘aandstone was found with only a very small amount of feldspar., Subangular
: :Qnartz or quartzite grains comprise 90% of the rock (figure 12). Only a few
_ feet from this localily are exposures of the basal conglomerate.

A fairly common rock type, but areally much less important than the
arkosic and feldspathic sandstones, is arenaceous and carbonaceous shale.
The shales are generally fairly well-indurated, contain carbonaceous material
as well as fossil leaves, and are very thinly-bedded, In thin section, a
well-indurated shale contained about 95% of very fine grained material with
the remainder of the rock consisting of larger subsngular grains of quartz,
muscovite and feldspar that average .08 mm, in size. Calcite is abundant

in the fine grained matrix. The muscovite occurs as small flskes parallel




Hgure 11

Photomicrograph showing a typical section
of feldspathic sandstone from the MHanastash
formetion., The section contains approximately
70% quartz and 20% plagioclase with minor
amounts of muscovite, biotite, calcite and

quartzite. Crossed nicols.




Photomicrograph showing quartzose sand-
stone from fhe Manastash formation south of
Frost Mountain, At least 90% of the grains in
the section are quartz or quartzite. Crossed
nicols.




to the beddine.

Coal seams occur in the Manastash formation at many different localities
(figure 13). The coal is not confined to any one lithologic assemblage, al-
though it is more commonly associated with the shales than it is with the

arkosic sandstones. The larger seams of coal exposed on the surface have

been developed or mined, 0ld mines no longer in operation are at the following
localities: Lower Taneum Valley—Wilson Coal Mine (section 33, T.19 N., R.16 E.);
South Fork of Taneum Creek (section 34, T.19 N., R.15 E.); North Fork of
Mansatash Creek (sections 11 and 14, T.18 N., R.15 E.); South Fork of Manastash
Creek (sections 21 and 22, T.18 N., R.15 E.); Frost Creek (section 10, T.18 N.,
R.15 E.). None of the coal seams could be correlated with each other because

of the limited extent of the coal seams and inadequate exposures.

The absolute thickness of the Manastash formation could not be determined
specifically, but it certainly is greater than the 200-300 feet estimated by
C. E. Weaver (1937, p. 52). Saunders (1914, p. 133) stated that the Manastash

“must be at least 1000 feet thick as a result of a drill hole in the lower part
"fof Taneum Valley in the NW} of section 3%, To1l9 N., R.16 E. This hole ended °

ih sandstone,

The good roadcuts and exposures in sections 33 and 34, T.19 N., R.15 E,

show that the Manastash formation in these two sections is homoclinally dip-
ping to the southwest. The strikes and dips are fairly uniform and, assuming
there has been no repetition by faulting or folding, the sediments are at
least 3000 feet thick and there is no way to determine how much of the farma—
tion has been removed by erosion before the overlying Taneum flows were ox-
 truded.
The sediments exposed in lower Taneﬁm Valley deserve special attention

because they have been broken down into two different sedimentary units in




Figure 13

View of caved-in adit showing coal seams
overlain by massive feldspathic sandstones in
the Manastash formation. Hammer is on coal

seams, Note squeezing of cozl into one of

the fractures in the massive sandstone.
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_ this thesis: ;thé‘ﬂanastash formation, and‘either éﬁ‘interbed of Yakimg basait
(Miocene). or sediments of post-Yakims age. Heretofore, both units have al-

~ ways been mapped as Manastash formation. G. 0. Smith (1904, p. 7) in the

_ original work in this ares commented, "Lower on Taneum Creek, about 200 feet
;‘kofksandstone and shale are exposed beneath the Miocene basalt, and the posi-

 ftion of this small area is believed to justify the correlation of the sedi-

‘;,mentary rock with the Manastash formation".
Saunders (1914, p. 131) in describing the rocks around the Wilson Coal
on the south side of Taneum Creek in section 33, T.19 N., R.16 E. stated:

"The formation in which the coal is found is called the
Manastash formation because of its similarity and relation to the
formation farther south along the Manastash Creek, It consists of
coarse conglomeratic sandstones, arkosic sandstones and shales with
abundant leaf remains, unlike those found in the Roslyn formation
and similar to those found along Manastash Creek. Thin beds of g
fine grained white shale containing volcanic glass fragments are
interbedded with the other sediments as in the Manastash formation.

d that these beds were laid down in the same
lake basin as those exposed on the upper Taneum and on Manastash
Creek" .

The coal mine is now entirely caved-in and no coal is seen in place,

 although the remgins of large coal dumps from the mine are visible immediately

south of Taneum Creek,

The eastern group of sediments are well exposed a}ong the road and in the
stream bank on the south side of Taneum Creek. The sediments consist of gently
to steeply dipping arkosic conglomerates and sandstones, thin-bedded siltstones
and leaf bearing shales. The leaves have been identified as Eocene in age and
‘ will be discussed later. The coal seams have already been mentioned,

The western group of sediments are not as well exposed as the gastern
group being much more non-resistant to weathering compared with the eastern
beds. The only exposures are in bulldozer cuts. The best exposure of the

western sediments is in g roadcut along thé road to Quartz Mountain where the
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road crosses the section line between sections 28 and 29, T.19 N., R.16 E. The

cut exposes several types of flat lying strata, One type is a clay shale

that is very distinctly bedded, compact and breaks with a pronounced conchoi-

dal fracture. The other main type of sediment is a tuffaceous sandstone which

contains larger fragments of volcanic material. Megascopically, the tuffaceous

gandstone here is identical to sandstone exposed in two other localities in the

area. The sediments at both of the other localities are distinctly either
_ interbeds of Yakima basalt or post-Yakima sediments. These localities are

 discussed in detail in the description of the Yakima interbeds.

North of the Taneum guard station on the south side of Cle Elum Ridge, a

_short road was constructed in the early summer of 1956 to provide access to

’ a spring site for the guard station. Cuts along the road show thevrocks to
‘be chiefly clay shales, fine grained sandstones and coarse grained sandstones
and conglomerates consisting predominantly of volcanic{fragments. The clay

:; shales are markedly cross—-bedded and in several places, the coarse grained

gediments appear to have a faint cross-bedding shown by the alignment of the

‘:larger fracments, The stratification was not sufficiently developed to deter-

mine any attitudes.
In an old railroad cut just south of Teneum Creel in the NWiSW: of section
28, T.19 N., R.16 E., a series of tuffaceous sandstones are exposed dipping

about 4° east. The attitudes were variable, so this represents just a general
figure, | -

Although the thickness could not be accurately determined, the interbeds
mist be at least 200 feet thick near the Taneum guard station because of the
different elevations of several exposures of the unit in a relatively small

area.

Laval (1948, p. 36) was the first person to suggest an apparent discre-




pancy in the identification of the sediments exposed in the roadcut in sections

28 and 29, T.19 N., R.16 E. Laval had been studying the Ellensburg formation
kpper Miocene ?) with special emphasis on percentages and types of heavy
_ minerals in the sediments. The nearest outcrops of the Ellensburg formation
exposed several miles to the east and southeast of the roadcut, but Laval
sampled the roadcut when driving up the valley. He stated in his thesis:
"An apparently horizontal bed of tuffaceous sandstone is
exposed here. Basalt may be seen across the creek at a slightly
higher elevation. The petrographical character of this sandstone
is different than that of the Manastash sandstones as described by
Smith (1903). The Manastash sandstone is described as srkosic
and similar to that of the Eocene Swauk and Roslyn formations,
which contain very little glass, unlike the Ellensburg., It is
possible that the sandstone at locality 13 (the roadcut) represents
an early phase of the volcanic activity which apparently culminsted
in Ellensburg time. Purther evidence for this view is afforded
by Beck who states that middle Miocene fossil leaves have been
found in this vicinity, although not far below the guard station
Eocene leaves have been collected from steeply dipping beds".
To summarize, only the easternmost sedimentary unit was mapped as
~ Manastash in the lower Taneum Valley for the following reasons: (1) Presence
‘:‘fof coal and Eocene fossil leaves in the eastern area and the absence of them
in the western sediments; (2) Steeply dipping beds in the eastern area whereas
the sediments in the western area are horizontal or very gently dipping; (3)
Distinctly different lithologies—the sediments of the western area were not
Seen in any other exposures of the Manastash formation, but rather, in other
areas, were seen only as interbeds in the Yaldima basalt; (4) Laval's suggestion
after studying the heavy minerals in samples of sediments from the roadcut.
Age

G. O. Smith (1904, p. 7) made a collection of fossil plants from a non-

descript locality near the head of the North Fork of Manastash Creek. Of

about 25 specimens examined, Knowlton was able to identify the following:
Quercus consimilis Newberry
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Quercus drymejs Newberry .
Castanea cestanesefolia (Unger) Knowlton

Laurus grandis lLesquereux

Laurus princeps Lesquereux

Laurus californica lLesquereux

Knowlton commented, "Not a‘single one of these species, or anything

closely approaching them, hé,s thus far been found in either the Roslyn or
Swauk formations". Smith added to this, "The two species of Quercus occur
also in the Clarno formation of the John Day basin, Quercus drymejs being
found also in the Florissant beds of Colorado. The other species occur also
at Corral Hollow, California. Upon these considerations the Manastash for-
mation is believed to be of upper Eocene age".

Warren (1936, p. 244) suggested that the Manastash formation could be

_ lower Miocene or upper Oligocene in age on the basis of leaves. He stated:

"0f five species of plants recognized from the latter by Knowl-
ton, three occur in the Corral Hollow beds of California; the other
two occur in the upper Clarno beds of Oregon; and one of the latter
oceurs in the Florissant beds of Colorado. The Clarno beds and,
apparently, the Corral Hollow beds, were considered at that time
to be Eocene; and, on that basis, the Manastash was called upper
Eocene by Smith. According to the more recent views of Chaney
(Pub. Carnegie Inst. of Washington, No. 349, pp. 1-33, 1925),
the Corral Hollow flora is Miocene, and the upper Clarno (Bridge
Creek) flora is Oligocene. If the Manastash is lower Miocene,
or upper Oligocene as seems indicated by the flora, the lower
Miocene age of both the Taneum andesite (as postulated by Smith)
and the upper part of the Keechelus series (as postulated here)
seems probable. However, correlation based on so small a flora
should not be stressed too strongly, and it may well be that the
Manastash is more nearly of the age that Smith has indicated,
thus leaving some leeway in the age assigned to the Taneum and the
upper part of the Keechelus",

The writer found identifiable fossil leaves at five different localities
in the Manastash formation. The exact localities are shown on the geologic
map with a FL prefix (i.e. FL 8166.7). A detailed description of the fossil
localities is given later. |

The better specimens were taken to Dr. Ralph W. Chaney of the Department

of Paleontology, University of California at Berkeley, who studied them and was




sble to identify the following:

LOCALITY GENUS SPECIES CORRELATIVE

8266,5—8306.7  Glyptostrobus europacus Clarno
8166.7 Sa te powellii Swauk or
Green River

8176.2 Dryophyllum tennesseensis Wilcox
8176.2 Meliosma goshenensis Goshen

936.3—8176.2 Ficus quisumbingi Goshen
8166,7—8176.2 Tetrscers oregons Goshen

8306.7 Magnolia _ reticulata Goshen
8166.7 Chactopteles  pseudo—fulva  Chalk Bluffs
8166.7 Zhytocrene Sordida Chalk Bluffs
8166.7 Platanus aceroides Goshen
T+ must be emphasized in considering these determinations that all the
species are subject to question as well as the last five genera.
Dr. Chaney noted that the family Lauraceae was probably represented, but
~ could not be positively identified because of incomplete specimens, Dryo-
m 1lum might be the equivalent of Knowlton's Quercus and Tetracera might
~ be the equivalent of Castanea.

All the leaves represent broad leafed evergreens typical of the early

Tertiary in Washington. They indicate a sub-tropical climate during their

; tme of growth. It is interesting to note that florally the late Cretaceous (2)-
early Tertiary Swauk formation, the middle Eocem Roslyn formation, and the
Manastash formation are so similar as now known that there is zio basis for
distinguishing them stratigraphically. Chaney believes that with larger
collections they may be separated as readily as are other older Tertiary
floras in western North America.

It has been stated by many writers that no single species of leaf has
been duplicated in the Swauk, Roslyn or Manastash formations, although several
genera are duplicated. With the present lists, two species are duplicated,
at least by name, in the Swauk and Manastash formations. Landes (1901, p. 32)

made a collection of leaves from the Swauk formation along Coal Creek near
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Y Hamilton, Skegit County, Washington. Knowlton identified from this collection

Glyptostrobus europaeus (Brongniart) Heer. According to La Motte (1952, p. 178),
this species has been found in sediments ranging in age from Paleocene to
Pliocene. However, Chaney would limit Glyptostrobus europaeus to the Paleo-
cene and Eocene and would list Glyptostrobus oregonensis for the Miocene and |
Pliocens (personal commmication).

C. A. Duror (see W. S. Smith, 1916, p. 572) collected leaves from the
Swauk formation near Skykomish, King County, Washington. FPFrom these leaves
she was able to identify, among other species, Sabal powelli (Newhérry).

la Motte states this species has been found in beds of Paleocene and Eocene

age.

’ In addition to locality FL 8166.7 in the thesis area, Ssbalities was
found at localities FL 8176.2 and FL 936.3 and is one of the more abundant
types at all of these localities.

Dr. Chaney pointed out that Knowlton's original cqllection needs to be

entirely re-examined and identified again. The names used by Krowlton have

since been synonymized or the names or time valﬁes have been changed so the
original names have lost their chronological significance. This must be
realized by anyone workings with fossil leaf names from older literature because
it is impossible to use the older names %o obtain modern time determinations.
For instance, Dr. Chaney said the Roslyn formation which 1s regarded as middle

Eocene (Eesse, 19363 Wheeler, 1955) in age, would, on the basis of fossil

leaves taken from it and identified by Knowlton in 1898, be in t the equi-

valent of the Latah formation in eastern Washington and Idsho. The Latah is
considered to be middle to upper Miocene in age,
Dr., Chaney felt that a middle Eocene age was most probable for the

assemblage of leaves studied, but he noted in a later letter that the sub-




tropical trend represented by leaves in the Manastash‘places‘ifs age aéfbl;\i~ -
Tertiary. In this case, at the present time, the age cammot be pinpointed
accurately between the base of the Paleocene snd the top of the Eocene,
Fossil leaf localities
Fossil leaves were found at several localities besides those mentioned
previously and described in detail below, but the specimens collected were
. not complete enough to be identified. One of these localities is about half
k“é mile southeast of the Taneum guard station along the Taneum Creek road
(figure 14). The leaves occur in thinly-bedded sandstones and arenaceous
shales, Another locality is along the south bank of Manastash Creek on the
~ section line between sections 22 and 23, T.18 N., R.15 E. Here the leaves

k “garé in carbenaceous shales. One leaf fossil was also found in massive feld-

- épathic sandstone near the western contact of the Manastash formation in the

western part of section 3%, T.19 N., R.15 E.

FL 8166.7—Located approximately 50 yards south of an old coal loader

_ and dump in a bulldozer cut near the North Fork of Manastash Creek in the

KE%NW% of section 14, T.18 N., R.15 E. (figure 15). The ares has been logged
off and the bulldozer cut formed as & result of the logging operations is an
excellent place for collecting leaves. The léaves sre in shales, arenaceous
shales and sandstones, althéugh the coarser sediments predominant. Most of
the leaves, with the exception of Sabalites, are poorly preserved because of
the friable coarse material. Six different palm‘fronds were encountered in
digzing as well as a 12 inch gsection of a palm stem. The sediments are
principally thin-bedded and strike northwest with a southwesterly dip. All
the palm frbnds were oriented with the converging parts pointed up the dip

which means that in reconstructing the‘depositional surface, all the stems

would be pointed to the northeast. The stratigraphic distance from the base




Meoure 14

Arkosic sandstones and arenaceous shales
exposed in a roadcut % mile southeast of the
Taneum guard station. The sediments dip
steeply to the north, Very poorly preserved
Eocens leaves occur in thinly-bedded arena-
ceous shales at the base of the hammer.




of the format e it b
FL 8176.2—Located along a new logging road which has been consiructed
along the north side of the North Fork of Manastash Creek in the SWi of
section 11, T.18 N., R.15 E., leaves are not confined to one particular place,
but occur in many of the exposed sediments for several hundred yards along
” the road. This locality can be reached by driving up the North Fork road.
U'I'he road is close to the creek, but as the east side of section 11 is crossed

: (marked on tree on northeast side of road), the road begins to rise above the

. étream. Leaf bearing strata are along the road west of the section marker on

. ‘ik‘the‘tree. The leaves are generally very well preserved in dark gray to black

arenaceous or carbonaceous shales, Coal seams + inch to 10 inches thick occur "

. : at various stratigraphic positions. Palms are very abundant. In one place,

three different palms were in a piece of shale 1 inch thick. The base of the

Bée‘t‘ion was not exposed.

‘ FL 8266.5—Located in a roadcut along the South Fork of Taneum Creek in
the SW{NE{ of section 33, T.19 N., R.15 E. (figure 16). The road at this place
winds down the south side of Taneum Ridge and is immediafely adjacent to the

; éreek. The roadcut is on the north side of the road about 15 feet from the
’stream. The leaves are well preserved in a dark gray, thinly-bedded carbona-—
_ceous shale and in a very well-indurated thin-bedded shale. A thin seam of
coal is interbedded with the thinly-bedded shales. The sediments are approxi-
‘ mately 2000 feet above the stratigraphic base of the formation which is exposed
northeast of this locality.

FL 8306.7—=Located on the southern bank of the North Fork of Taneum

Creeck in the SWiNW} of section 20, T.19 N., R.15 E. The locality is accessible
by trail only and is between the 4 and 5 mile markers on the U. S. Forest

Service trail which follows the nor’;h side of Tancum Creek. As the locality




Fossil locality FL 8166.7 in the Manastash
formation. The sediments are thinly- bedded
sandstones and shales which dip to the south-
west., An old coal loader and coal dump is in
the backeround.




Pigure 16

Darker sediments are thinly-bedded, leaf
bearing shales of the Manastash formation ex~
posed along the South Fork of Taneum Creek.
Thin seams of coal are common in the shales.
The shales are underlain and overlain by mas-
sive feldspathic sandstones. The sediments
are dipping 40° to the southwest. This is
fossil locality FL 8266.5. Note hammer for
scale. '
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is approached from the east, a very prominent cliff of Easton greenséhisfcan

be seen on the south side of the stream. About 100 yards farther up the trail
is a large clearing sgveral hundred yards in length. The leaf locality i=
approximately 75 yards southwest of the western margin of this clearing and
_ can be reached only by struggling through the underbrush along the stream.
The leaves are in thinly-bedded, carbonaceous shales and are well preserved.
Many fragments of carbonized material, apparently the remains of small twigs,
are scattered through the shales, This 1ocali%y is epproximately 500 feet
above the base of the formation,

FL 936.3—Located on the southern bank of Taneum Creek in the NEINW} of
section 33, T.19 N., R.16 E. The locality can be reached by driving approxi-
mately £ mile southeast from the Taneum guard station where there is a rather
sharp curve in the road. From this sharp curve, the locality is about 100
yards south across the river. Only one of several exposures of sediments was
found to be leaf bearing., The leaves are in a brown, thinly-bedded, arenaceous
shale., Seven palm fronds were seen at this exposure. The base of the fqrmation
was not exposed.

Conditibns of deposition and source of sediments

In order to reconstruct the depositional environment‘of the Manastash
formation as accurately as possible with existing information, the writer
would like to review some of the criteria used for his conclusions. They
are as follovs:

1. Crosa-bedding in some of the sandstones and similar structures shown

by pebbles in some conglomerates and coarse grained sandstones.

2. Cut and fill structures and channels filled with massive indurated

shale and sandstone in thinly bedded carbonaceous shale.

3. Absence of any fossils except leaves and these indicate a sub-tropi
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Ficure 17

Local folding in the Manastash formation
has produced overturned beds in this bull-
dozer cut. Sediments are thinly-bedded feld-
spathic sandstones. Arrows indicate direction
of dip. Prevalent dip around this locality is
to the south, View is to the east. Note ham-

mer for scale.
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approximately 5 miles apart; the area in between the two localities is covered
by younger basalt flows. No attitudes could be taken on the sandstone in the
well, but the sediments in lower Taneum Valley have a maximum dip of 62° north,
Several possible relations could exist under the basalt flows of Cle Elum
Ridge: (1) The two sedimentary units could be the same; (2) The sandstones

in lower Taneum Valley could dip under the northern sandstones and consequently,
be older——the units could be separated either by an unconformity or the Tean-
away basalt or both; (3) The sandstones in lower Taneum Valley could overlie
the sandstones to the north and thus be younger. As the units cannot be
traced either continuously or by scattered outcrops, the relatiomship is
entirely theoretical and no one hypothesis is more suggestive of being true
than another.

As stated before, Smith believed the Manastash was later that the Roslyn
on the basis of certain leaves. Weaver (1937, p. 53) stated, "It (the Manas~
tash) may be entirely later than the Roslyn or may be equivalent to the upper
Roslyn as well as very late Eocene and possibly early Oligocene", but he
cautioned that a detailed study of the flora was needed for more positive
evidence. Any conclusion made from the factors discussed above is only
tentative as more critical information is needed. However, on the basis of
structural deformation, the Manastash appears to be more closely correlated
with the older sedimentary rocks in adjoining areas. This would indicate
that the Manastash is not a correlative of the upper Roslyn nor is it younger
than the Roslyn. If the Manastash is pre-Roslyn in age as seems to be sug-
gested, then it is probably a correlative of the upper part of the Swauk for-

mation.




Figure 18

Southeastern end of Frost Mountain from
the southwest, Dashed lines represent the
approximate contacts between the Manastash
formation (M), Taneum formation (T), and the
Yalima basalt (Y). Frost Mountain lookout is
on the bare hill on the left. Cle Elum Ridge
is in the right background.
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Pre-Teanaway sediments

Southwest of Cle Elum, arkosic sandstones are exposed in a railroad cut
and along the southern bank of the Yakima River. They crop out at the eastern
end of the Chicago, Milwaukee, St. Paul and Pacific Railroad bridge across the
Yakima River, just south of the intersection of the Cle Elum River with the
Yakima River. The sediments have not been mapped before.

The sediments are very-~thin bedded to massive arkosic sandstones and
slabs of the thin-bedded sandstones are common along the bank of the river
south of the railroad bridge. Shaly partings and carbonaceous partings
separate the individual beds.

In the railroad cut, attitudes are extremely variable and true bedding
planes are hard to distinguish., In one place the strike of apparent bedding
ranges from N.80° E. to N.45° W. in about 25 feet. The dip varies only
slightly, and is always to the north. However, west of the cut, near the
railroad bridge and along the river south of the bridge, attitudes are very
constant and bedding is well defined. The sediments here also dip to the
north.

A small diabase dike has intruded the sandstone in the railroad cut
about 100 yards east of the railroad bridge. Around the dike is a red colored
alteration zone that ranges in width from less than a foot to 4 feet. Sheared
zones are common in the sandstone around the dike and these crushed zones
have enabled altering solutions from the intrusive material to penetrate
beyond the immediate vicinity of the dike. Other small faults showing slick-
ensided surfaces cut into the altered zone and adjacent sandstones. These
faults are not of any great magnitude because most of them disappear in the
massive sandstones on both sides of the dike, The sandstones adjacent to the

faults are more indurated than the thin-bedded sandstones nesr the railroad
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bridge. The sheared and altered sandstones around the dike are very friable
and it is quite difficult to collect indurated hand specimens, but some of
the sandstones along the small faults are very indurated and consequently,
it is easy to prepare thin sections from them.

The northerly dip of the sediments suggests they underlie a basalt unit
which is exposed approximately 700 yards to the east on both sides of the
Yakima River. The contact between the basalt and the sandstones is not ex-
posed. Sandstone float could be found on the steep slope just south of the
railroad approximately 400 yards east of the railroad bridge, 450 yards to
the west of a railroad cut through the basalt.,

Another small area in which these rocks are exposed is in the west cen-—
tral portion of section 4, T.19 N., R.15 E. Thin-bedded to massive arkosic
sandstones and arenaceous siltstones are exposed in road cuts, stream banks,
and along a siphon constructed to carry the water of an irrigation canal
across the stream valley. In this area, the strike is more constant where
the thin-bedded sediments are exposed and the dip is always to the north.

No carbonaceocus material was seen. Slabs of the sandstone cover the eastern
slope of the stream canyon just south of where the canal crosses under the
road,

The sediments exposed at both localities are very similar in lithology.
The predominant rock type is an arkosic sandstone which forms individual
beds ranging from thin-bedded to massive. The sandstone is buff or some
shade of brown, largely because of the iron oxide in the matrix as cementing
material. Most commonly, the rock is medium clastic with the average grain
size around .12 mm. The grains are angular and consist of approximately
60% quartz and 35% plagioclase. The composition of the feldspar ranges bet—

ween An,. and An,,. Only a few good sections normal to (010) could be found,
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so it could not be determined whether oligoclase or andesine was predominant.
A large amount of the plagioclase is unaltered, but some of it has been al-
tered to sericite or replaced by calcite. The calcite is confined to only
the plagioclase grains. Minor amounts of calcite; muscovite, detrital gar-
net, biotite, microcline and quartzite form the rest of the rock (figures
19, 20). The muscovite is generally parallel to the bedding, although most
of the muscovite grains have been contorted around the quartz and feldspar
grains as a result of compaction. Another indication of the stresses that
accompanied compaction is the bent twin lamellae of the plagioclase grains.
Both bending with fracture and without fracture were noted, although neither
was very common.

It was not possible to determine the thickness of the sediments as no
definite base or top could be mapped.

Immediately north of the sediments in section 4, but separated from
them by a cover of gravels, is an outcrop of basalt along the road. The
distance from the sediments to the basalt is approximately 75 yards. No
dip could be determined in the volcanic unit, but it is assumed that the
sediments dip under the basalt.

Approximately 275 yards south of where the irrigation canal crosses
under the road, there is a‘diabase dike cutting the sediments. The diabase,
in a roadcut, is covered with considerable soil, so the actual contact zone
could not be seen. However, sediments occur on both sides of and over the
diabase in the roadcut.

At first glance, the small diabase dikes cutting the sediments at both
localities are very difficult to recognize from the surrounding sediments
because the color is very similar, especially on weathered surfaces. It

was found that a good test to differentiate them is to strike the rock with
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Figure 20——crossed nicols.



Figures 19, 20

Photomicrographs of an arkosic sandstone
collected from the pre-Teanaway sediments ad-
joining the Yakima River. . Detrital material
is largely quartz and plagioclase with minor
amounts of biotite, muscovite, calcite, micro-
cline, garnet and quartzite. The bedding is
vertical in the pictures and is shown by a
concentration of the opaque iron oxides (fig-
ure 19).
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a hammer. If the ring is sharp, the rock may be diabase. However, altered
specimens of diabase are very weak and almost impossible to separate from
the sediments without a thin section. Another thing which is misleading in
identifying the diabase is that it is finer grained than other diabases
encountered south of Cle Elum Ridge and the plagioclase does not stand out
as "clay laths" on weathered surfaces as it does in the other diabases to
the south.

The disbase was quite altered in all thin sections and mineral percen-
tages were impossible to estimate. Plagioclase is the predominant mineral
with pyroxene second in abundsnce. The plagioclase has been largely replaced
by calcite and sericite. Remmants of albite twinning indicate the plagioclase
is principally labradorite (An54-An6O). The pyroxene has been entirely
broken down into its component oxides and could not be identified. Magnetite
is identifiable and is surprisingly fresh in appearance. Calcite seams are
very common in the rock.

The similarity of lithologies, diabase dikes at both localities, and the
proximity of these two small areas of sediments indicate they are the same
unit, although they cannot be traced continuously because of a gravel cover-
ing.

The isolation of both of these outcrops of sediments from any other
known sedimentary unit makes correlation somewhat questionable. It is be-
lieved that the sediments are older than the Teanaway basalt and the natu-—
ral conclusion to make is that they represent an upper unit of the Swauk
formation, The Swauk formation stratigraphically underlies the southerly
dipping Teanaway basalt 12 miles north of Cle Elum., If the sediments are
the correlative of the upper part of the Swauk, the lithology of the upper

part of the formation is very similar to some of the rock types in the
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‘ Manastash formation.
In addition to the stratigraphic position of the sediments, the amount
of deformation they have been subjected to also suggests they may be a cor-

relative of the Manastash formation, at least in time.
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Teanaway basalt

I. C. Russell (1899, p. 129, 130) in his early geological reconnaissance
within the Mt, Stuart quadrangle, mapped a volcanic unit north of Cle Elum
as Columbia lava, which at that time included basalts of Eocene through
Pleistocene age. G. O. Smith (1904, p. 6) recognized that the volcanic unit was
definitely of Eocene age because it lies between two Eocene sedimentary for-
mations. Therefore, he applied the name Teahaway basalt to it for the ex-
posures along the three forks of the Teanaway River north of Cle Elum. Smith
considered the Teanaway basalt to be a series of basalt flows with interbedded
basaltic pyroclastics including tuffs.

Southwest of Cle Elum in the southeast corner of secfion B2, 120 Noiy
R.15 E., on the north bank of the Yakima River, an 0ld abandoned Northern
Pacific Railroad cut exposes a volcanic unit. Smith (1904, p. 6) mapped
this particular cut as Teanaway basalt. The writer also believes the vol-
canics belong to the Teanaway basalt for the following reasons: (1) Similar
lithologies compared to the Teanaway basalt exposed to the north in the area
defined by Smith as being representative of the formation; (2) Areal align-
ment of the exposure with known Teanaway basalt 2%-miles to the northwests;
(3) Peculiar shiny stained appearance of the basalt when weathered and
brittleness of the rock. In this last respect, it is very similar to the
Teanaway basalt exposed along the Sunset Highway (U. S. Highway #97) north-
east of Cle Elum in Swauk Canyon.

In addition, R. J. Foster, who is currently studying the Teanaway
basalt as part of a doctoral dissertation at the University of Washingtonm,
informed the writer that the basal part of the Teanaway, in places, is an
amygdaloidal basalt which has quite distinctive blue amygdules of secondary

gilica, probably chalcedony. Inclusions of amygdaloidal basalt with blue
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amygdules are in this railroad cut (figure 21). The inclusions are large

and numerous. One of them is 4 feet in its longest dimension, The high angu-
larity suggests the inclusions have not been carried far and the lack of weathf
ering suggests they have not been exposed at the surface for any large amount
of time. If this is true, the volcanics exposed in the railroad cut not only
belong to the Teanaway basalt, but are very close to the base of the formation,

Tuff breccias, as well as basalts, are exposed in the railroad cut,

Tuff breccias are quite common in the Teanaway basalt north of this area
according to Foster (oral communication).

Although the attitude of the volcanics in the exposure could not be
determined when examined at close range, it appears that the entire unit is
dipping very gently to the northeast (lOo to 200) when viewed from a westerly
direction across the river (figure 22).

Small faults are common in the cut and these generally have the same
apparent dip as the flows, Calcite, quartz and chalcedony fill many of the
brecciated zones., Other faults show freshly slickensided surfaces.

‘Individual flows could not be distinguished in this cut. No zones of
weathering appear in the outcrop and no zones of higher vesicularity weré
found.

Immediately south of this éxposure, on the south bank of the Yakima
River, basalt and tuff breccias are exposed in a cut made along the Chicago,
Milwaukee, St. Paul and Pacific Railroad. Most of the cut has been made in
tuff bréccias. This is apparently the same umit as the one on the northern
bank because of the (1) proximity to each other, (2) similar lithologies,

(3) rapids in the river between these two outcrops which indicate the river
flows over a resistant unit, in this place the Teanaway basalt.

Faults of small magnitude are common., One fault in the cut is rather




Figure 21

The hammer is on a large inclusion of
amygdaloidal basalt in Teanaway basalt exposed
on the north side of the Yakima River near Cle
Elum. The Teanaway basalt shows chilled mar-
gins next to the inclusion. The amygdules in
the inclusion are quartz and blue chalcedony.
The inclosing basalt contains amygdules of
quartz, chalcedony, and calcite in some places.
The white seams above the block are quartz and
calcite fillings in fractures and small faults.




Figure 22

View to the northeast across the Yakima
River shows an exposure of Teanaway basalt.
The flows in the exposure appear to dip to the
north. The light colored materials over the
flows are Yakima River gravels. The gravels
cover the entire area surrounding the exposure.



prominent. Its attitude is N.40° W., 25° SW. and the fault can be traced |

on each side of the railroad cut. Movement along the fault has apparently
causéd enough friction and heat to consolidate and weld about a four inch
zone in the tuff breccias. This zone is very resistant and stands out in
kcomparison to the tuff breccias. '

No attitudes in the basalt or tuff breccias could be determined. With
the exception of the outcrop of the northern side of the river, Yakima River
gravels cover all the bedrock around the railroad cut.

Two other lmobs of Teanaway basalt crop out on the Yakima Valley floor
southwest of Cle Elum. One small outcrop is in the NEZNW} of section 4, T.19 K.,
R.15 BE., along an improved secondary road leading southwesterly from South Cle
Elum. The only basalt exposed is in the roadcut and just above it. Gravels
cdver the area surrounding the outecrop. No individual flows could be seen nor
ény attitudes determined. Part of the basalt has been leached and weatheréd,
but this zone of weathering is confined to a very small ares, so it is doubtful
if the leaching represents a period of weathering between flows. It is more
1ikely the result of recent weathering along joints or other planes of weakmess.

The basalt is very brittle and breake into small angular pieces. Many
randomly oriented jcinté cut the basalt and it is extremely difficult to get
a specimen that will not break apart when cut with a diamond saw.

A larger exposure of Teanaway basalt is in the north central part of
sections 3 and 4, T.19 N., R.15 E. The basalt forms a low rounded hill,
which is quite distinctive compared to the relatively flat surface formed
by the ri§er gravels surrounding it.§ On the north side of this exposure,
an irrigetion canal has been contoured around the hill. The excavation made
for the canal has produced good exposurés of the basalt along the south side

of the canal., The basalt is jointed and fractured, but it is still easy to
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cut a specimen for a thin section. Many of the fractures have been filled

with secondary silica and several filled cavities in the basalt contain outer
layers of chalcedony with centers of quartz crystals, The chalcedony in these
fillings is blue-gray in color and is not similar to the distinctive blue

amygdules referred to earlier. The largest of the fillings that was seen

~ was about 4 inches in diameter. Smaller fillings are more common.

The attitude of the basalt unit could not be determined., No individual
flows could be discerned.

The largest area of Teanaway basalt south of the Yakima River is 1+
‘milés east of Cle Elum Point, largely in sections 12 and 13, T.19 N., R.15 E,
Here,the Teanaway basalt forms a northwesterly trending ridge. The ridge
is a very conspicuous feature from the Yakima Valley because the basalt weathers
to férm a dark red soil and there is very little vegetation on the crest or
the northeastern slope. Jagged crags of basalt rise above the general level
6f‘the crest. On aerial photographs, the ridge appears to have a steeper
slope on the southwestern side and this was found to be true on the ground.
‘This relationship suggests the basalt unit dips to the northeast, but this
could not be verified on the ground, The relationships found near the Yakimsa
River indicate the basalt there is dipping north, so the Teanaway basalt on
this ridge would be most likely dipping to the northeast,

In traversing the crest of the ridge, basalts, tuff breccias and leached
basalts were encountered. This variation in lithology coupled with the dif-
ference in topographic expression along the crest of the ridge indicates there
is more than one flow represented, but the exact number could not be ascertained.

Although the ridge of Teanaway basalt is aligned in a northwesterly
direction, its extrapolation to the northwest fails to align the basalt with

the small exposures of Teanaway basalt on the Yalima Valley floor or the hills
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of Teanaway basalt on the north side of Yakims Valley., Only theories can
be given to explain this situation as the gravel cover prevented the writer
from getting information from which to make more definite conclusions.

One explanation might be that the pre-basalt surface was very irregular
and consequently, the flows and tuff breccias exposéd along the crest of the
‘ridge could be earlier flows that filled the low areas on this irregular sur-

face.

Another explanation might be faulting. Assuming the basalt maintains a
consistent dip, a strike-slip fault would have to displace the basalt approx-
imately one mile. Of course, faulting would not necessarily be limited to
pure strike-slip types, so other combinations would be possible.

Of the two explanations, the first one is probably the most logical one
and also the simplest.

Specimens taken from the different localities at which the Teanaway
basalt is exposed were very similar. In the hand specimen, the basalt is a
_ black aphanitic rock on fresh surfaces and is red to brown on weathered sur-
faces., Commonly it is very biittle end is extremely fractured. 1In thin

sections, the rocks from different localities are just as similar as they are

in hand specimen. The texture is mainly intergranular and intersertal, but

several specimens were trachitic. A typical thin section has the following
average grain sizes for the minerals: plagioclase—,16 mm. in length;
pigeonite~-,08 mm,§ magnetite—.,06 mm. No specimens were porphyritic and no
porphyritic flows were seen in the field. The basalt consists of about 60%
plagioclase, 10-25% pyroxene and 5-15% magnetite. Chlorophaeite occurs in
two thin sections. The plagioclase ranges in composition between An46 and
Pigeonite was the only pyroxene‘that could be identified using optic

Ansz.

axis figures. All optic axis figures on the pyroxene showed an optic angle of
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less than 40°. Fractures in the basalt are filled with calcite or chalcedmy. ’

Iron staining is common along many of the fractures., The iron stain has
colored much of the pigeonite along the fractures. Some of the magnetite
has broken down to hematite or limonite, but most of it is fresh., The mag-

netite is mostly euhedral, slthough anhedral grains occur as well,
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Roslyn formation

The Roslyn formation, an Eocene gedimentary unit consisting prinecipally
of massive arkosic sandstones with coal seams near the top, does not crop out
in the area. However, G. O. Smith (1904, p. 7) mapped approximately 2 square
miles of the'Roslyn formation south of the Yskima River about 3 miles east of
Cle Elum Point., He noted about this occurrence, "....the presence of this
formation might not be suspected, so few and obscure are the exposures”". The
writer could find no exposures whatsoever, and in addition, could find no

sandstone float on the surface. There is no reason for the sandstone to crop

out as the area is a plain, gently sloping to the north and covered by Yakima

River gravels.

An attempt was made to obtain subsurface information to determine if a
sandstone unit does lie below the gravels. An Ellensburg drilling firm, the
Miller Brothers, have drilled for water on two ranches in this area, One
well, on the Roseburg Ranch, in the SWISEISW} of section 1, T.19 N., R.15 E.,
penetrated 167 feet of clay bvefore encountering gravel. The well was finished
in the gravels. One mile esst of this well, a second well penetrated 130 feet
of top formation (asaumed to be clays and gravels) and then hit sandstone.
This well was terminated in sandstone at an approximate depth of 438 feet.

During the early part of this century, the Northern Pacific Railroad made
8 series of bore holes asround the Roslyn coal field in an attempt to determine
the extent of the minable coal beds. One of these holes was drilled in the
NWilwS of section 33, T.20 N., R.15 E. to a depth of 516 feet. The material
encountered consisted of boulders, gravels, sands and clays, apparently all
Yaldims River deposits. The hole did not reach bedrock. Several holes were
drilled immediately north and east of South Cle Elum. The deepest of the holes

is in the SE{SE} of section 27, T.20 N;, R.15 E. and was drilled to 980 feet,
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Clay, sand and gravels were found to a depth of 486 feet where shale was en-
countered. Below 486 feet, sandstones and shales were the principal rock types.
At a depth of 732 feet, a very thin coal seam was found., The hole was ended

in sandstone. Another hole drilled farther to the east in the northeastern

corner of section 35 encountered the shale at 641 feet and a thin coal unit

at 759 feet. This hole was ended at 764 feet. Beside the coal, sandstones
and shales were the only rocks below 641 feet.

In the northeastern corner of section 4, T.19 N., R.15 E. are several
‘ old coal prospects. The workings are all caved-in or filled with water, but
the dumps contain sandstone and shale as well as coal. No outcrops were seen
around the dumps. The writer believes that in this area the Roslyn formation
is very close to the surface because the volume of material in the dumps
indicate very small adits and probably very little of the coal was ever
hauled away or used because the coal is a fairly low grade variety.

It will be noted that this area is less than a quarter of a mile north of
an exposure of Teanaway basalt. Although no attitudes in the sandstone near
_the coal prospects are known, there is a good possibility that the Roslyn is

dipping to the north forming part of the southern limb of the Roslyn syncline.




.

Taneum formation

The term Taneum andesite was used by Smith (1904, p. 7) to describe the

exposures of andesitic rock occuring along the South Fork of Taneum Creek

_ and extending south to Frost Mountain. Smith described the Taneum andesite
as a hypersthene andesite with a subordinate amount of plagioclase and pyro-
xene phenocrysts. He states that the Taneum andesite includes tuffs and

_ tuff breccias as well as loose textured lavas,

The name Taneum formation will be used through this thesis as a synonyn
for Smith's Taneum andesite. However, where the term Taneum andesite is used
in this thesis, it refers strictly to andesite flows. As well be seen later,
several rock types are present in Smith's‘original it which are not ande-
sitic in composition, but in order to avoid the introduction of new names for
the non-andesitic rocks, the writer felt it was better to use the established
nomenclature in this thesis. With more study, it will probably be possible
to break the Taneum formation iﬁto several distinct and possibly mapable
units.,

The largest area in which the Taneum formation is expoged is in the
north central part of T.18 N,, R.15 E. and the southern part of T.i9 N.,

R.15 E. From the South Fork of Taneum Creek northward, the rocks are prin-
cipally volcanic conglomeratesl with thin andesite or basalt flows at certain
intervals (figure 39). To the south, this large area appears to be cut off
from its southern extension on the geologic map by a large diabase mass.
However, andesite flows continue south for 2} miles before they disappear
under younger basalt flows.

The best exposures of the Tanéum formation are along the Soufh Fork of
Taneum Creek (figure 23), on Taneum Ridge and in Frost Creek Canyon.

1. Using the classification of Wentworth and Williams (1932),




Cliffs and rugged outcrops of the Taneum
formation on the south side of the South Fork
of Taneum Creek. The Taneum in the picture
is largely a volcanic conglomerate; matrix

and boulders consist of porphyritic andesites.
This area is the type locality for the Taneum
formation.
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Generally an outcrop of the Taneum formation can be found in areas free of
trees or in roadcuts because of its resistance to weathering.

A smaller asrea of the Taneum formation is exposed on the mapped flanks
of Frost Mountain. Although smaller in areal extent than the area mentioned
above, it is relatively important as the relief on the east side of Frost
Mountain is high enough to afford a view at part of the stratigraphic section
of the formation. Here, the Taneum rests directly on the Manastash formation.
The basal part of the Taneum formation consists of andesitic to basaltic
flows, some of which are highly vesicular, Overlying the flows are a series
of tuffs and volcanic conglomersates and hreccias with fragments and boulders
of volcanic material. Soﬁe of the tuff is composed of ash size fragments,
although larger, angular volcanic fragments are more common. The uppermost
unit consists of an amygdaloidal basalt. The amygdules are predominantly
chalcedony and quartz, but a few éalcite amygdules were seen. This exact
section was not found duplicated at any other area, although in some places,
similar rock types were found. The outcrops were not plentiful enough to
provide g detailed section, so it is impossible to give thicknesses of the
various types of rock. |

The thickness of the formation on the east flank of Prost Mountain where
the underlying and overlying rocks are exposed is approximately 400 feet.

The thickness of the Taneum formation in the valley of the South Fork of
Taneum Creek, where large cliffs of the formation are exposed, must be at
least 700 feet on the basis of topographical expression. However, this figure

is subject to error as the attitudes of different flows is not known.

Hand specimens from the Taneum formation are all volcanic, but vary

greatly in color. Colors range from black to green with several rocks light

brown. The more highly altered flows are very light gray or brown. Most of




the Taneum is megaporphyritic and some specimens which‘appeared to be non:

porphyritic in hand specimen were microporphyritic in thin sectionm. The
rocks vary in freshness; most of the flows appear to be fresh in hand spec-
imen, although in a few local'places, alteration hos made the rocks extremely
friable.

It is difficult to describe the thin sections of rocks from the Tgneum
formation in general because of the many different types of lithologies.
In addition, no definite breakdown of the formation into mapable units could
be made, 80 the flows cannot be described stratigraphically.

One characteristic applying to all of the Taneum rocks is that the
microlitic plagioclase in the groundmass is generally altered (figure 24).
In some cases, the albite twinning cannot even be recognized in the groundmass
feldspar. Plagioclase phenocrysis are usually relatively fresh and generally
are zoned. Plagibclase and pyroxene phenocrysts are commonly grouped togethe:
in a glomeroporphyritic texture. ihe most common texture is pilotaxitic with
phenocrysts of plagioclase and/or pyroxene in s microlitic plagioclase and
Yeryptofelsitice® groundmass.l The phenocrysts are very numerous in some rocks,
but are never more than 33 of the total volume of the rock., Most of the
zoning in the plagioclase phenocrysts is oscillatory, with overall composition
ranging from a calcic center to g more sodic rim, Many of the plagioclase
phenocrysts are corroded with inclusions of pyroxene and glass, The inclu-
sions may be aiigned in zomes parallel to the compositional zoning. The
phenocrysts range in composition between An

42
dorite composition are more predominant., The plagioclase in the groundmass

and An66’ but those of labra-

ranges between An42

large enough to identify. Calcite and sericite have locally replaced some

and An64, but only three sections had plagioclase crystals

of the plagioclase,




Figure 24

#:

Photomicrograph showing typical altered

appearance of the plagioclase in rocks of the
Taneum formation. The plasioclase has been
largely altered to sericite and calcite with
the destruction of the albite twinning. Cros-—

sed nicols.




The pyroxéne is generally hypersthene, althbughfmany"aéé

persthene have subordinate amounts of augite. One sectién coﬁt&inéékbﬁiy .
augite. In most of the sections, the pyroxene has been altered leaving only
amall amounta of fresh pyroxene. Calcite hasg replaced some of the pyroxene
and serpentine and a zeolite occur in other slides and may have replaced the
original pyroxéne. Many of the pyroxene grains have rims of magnetite or
gome alteration mineral, possibly bowlingite.

Magnetite occurs in most sections, but never occupies more than 5 to
10% of the section.

The most common boulders in the volcanic conglomerate are porphyritic

volcanics, many having the same general composition as the interstitial
material., Some of the fragments are angular and in a strict sense should be
referred to as voleanic breccias, Other types of clastic material in both
the conglomerates and the breccias are diabase, quartzite and very altered
volcanics (figure 25).

Even though the composition of tﬁe plagioclase phenocrysts is generaily
that of a basalt, it is not proposed that the volcanics of the Taneum formation
be referred to as basalts. The plagioclase microlites may be sodic enough
to warrant calling the volcanics andesites. ,

G. O. Smith (1904, p. 7) mapped the mass of andesites forming Cle Elum
Point just south of Cle Elum as intrusive stating, "The relations indicate
that the whole mass is intrusive in the schist, sandstone, and Teanaway
basalt.... The Cle Elum Point occurrence may be regarded, then as an intru-
sive mass from the same magma as the effusive lavas of Taneum andesite. It
is somewhat doubtful whether this represents the conduit by which the lava
flows a few miles away reached the surface, since there is no trace of Taneum

endesite in the intervening territory, where it might be expected to have




Figure 25

Photomicrograph showing a volecanic con-

glomerate of +the Taneum formation from the
area northeast of Frost Mountain. Disabase (D)
and altered volcanic fragments (V) are common
in a groundmass of altered plagioclase micro-—
lites or '"cryptofelsitic" material. Plane
polarized light.
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been preserved beneath the Yakima basalt!,

As Smith pointed out, the similarity between the rocks exposed at Cl

Elum Point and those exposed farther south is striking, 1In hand specimén,
the volcanics at Cle Elum Point vary in color from light brown t§ black and
are always porphyritic with phenocrysts of plagioclase and commonly pyro-
xene, The groundmass is always dense or very fine grained. In thin secfion,
the similarity to the southern flows is just as striking except the ground-
mass texture is coarser than in many of the southern flows. The phenocrysts
are labradorite (An47—An66) and pyroxene. The lgbradorite generally has
oscillatory zoning and is commonly corroded containing inclusions of glass,

_ pyroxene and zircon (figures 26, 27). The zones of inclusions are parallel
to the margins of the phenocrysts. The more calcic cores of the zoned pheno-
_crysts may be replaced by calcite. The plagioclase in the groundmass is too
fine grained to get accurate determinations of the composition. Hormblende,
which was not found in the southern flows, occurs in the Cle Elum Point vol=
canics, and is always surrounded by a dark rim of magnetite and alteration
minerals. » |

Pyroxene occurs in most of the sections and is genetally hypersthene.
The pyroxene phenocerysts show no alteration rims,

As Smith did not state the reasons or evidence he had for believing the
mass of rock is intrusive into the surrounding rocks, it was impossible to
check his evidence. The writer believes that a more simple explanation might
explain the field relations better than the intrusive origin. No intrusive
relations could be found nesr any of the contacts. The andesites are more
altered near the Teanaway contact, but this alteration is characteristic of
local arees in the Taneum formation south of Cle Elum Point. The rock always

has an aphanitic groundmass. Columnar jointing is very common on the northern




Figures 26, 27

Photomicrographs of the Taneum formation

showing porphyritic andesites which form Cle
Elum Point, 1In figure 26, the corroded zones
in the plagioclase are very pronounced, In-
clusions in the phenocrysts are mainly pyroxene
and glass, The dark areas in the groundmass
(figure 26) are altered hornblende crystals,




Figure 27——crossed nicols.




slope of Cle Elum Point (figure 28).

In discussing the blue amphibole schists near Cle Elum Point, Smith
(1904, p. 3) states, "Their occurrence close to the intrusive rock of Cle
Elum Point suggests a possible cause of the metamorphism". However, because
the blue amphiboles have been found northwest of this occurrence (Foster,
orsl communication), there is reason to believe the blue amphibole schists
are not localized around the Cle Elum Point andesite and there is no need
to suggeat a local cause for metamorphism.

The writer believes that this occurrence of andesite can be readily ex-
plained as a series of flows. No good flow contacts were seen, but even in
_ the type area, nome could be definitely recognized. Unless more definite
evidence is found to prove an intrusive origin, the field relations, as they
have been determined so far, favor the idea of flow origin,.

The exact age of the formation is unknown as no fossils were found within
it. The only age which caﬁ be assigned is that it is younger than the Manas-
tash formation and older than the Yakima basalt. This gives it a range from
early to 1afe Eocens %o somewhere in the Miocene. Whether the outpouring of
the Taneum volcanics occupied a large percentage of that time or whether it
was confined to one parf of that time is subject to question. There appar-
ently was very little time between flows as no soils or old weathered zones
could be found nor were any sedimentary interbeds found. This, of course,
does not mean that such things do not exist in the formation.

Several things suggest the age of the Taneum is nearer to the Miocene
than to the Eocene. These are: (1) Some relatively fresh flows within the
Taneum formation, although most of them have been altered; (2) Time must be
allowed for the erosion which took place before the Taneum formation was

extruded; (3) The Manastash formation has been involved in strong deformation




Figure 28

Almost vertical columnar jointing in the
andesites at Cle Elum Point. The Yakima River
Valley is in the background.
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and the Taneum has not, so some time must be allowed for this deformation,

although it was probably contemporaneous with the erosion.

With the present study, it is impossible to suggest a correlation of
the Taneum formation to units north and west of the area. Mapping of the
vestward continuation of the Taneum will probably provide more information
on this problem.

Warren (1936, D. 244) after working in the area southwest of the Mt.
Stuart quadrangle states:

"The upper part of the Keechelus extends into the north-
western corner of the Ellensburg quadrangle where it forms the
prominent cliff lmown as the Devils slide. 1t was originally
mapped as Quaternic (Tieton) andesite. However, its position
subjacent to the Yalima seems to differentiate it from the type
Tieton of the lower Naches valley., PFive miles north of the
Devils slide, in the Mount Stuart quadrangle, is the Taneum
andesite which is also overlain by the Ysldms besait. From
their petrologic character, as indicated by Smith, their rela-
tion to the Yakima, and their geologic proximity, close cor-
relation, if not actual identity, of the Taneum and the upper
part of the Keechelus is probable”.

The writer believes that Warren's suggestion is at least in part cor-
rect. The andesite flows of the Tsneum formation which disappear under the
younger basalts in sections 1% and 14, 7,18 N., R.15 E. may be the same rocks
as those which Smith mapped as Tieton andesite in the northwestern part of
the Bllensburg quadrangle. The Ellensburg quadrangle is immediately south
of the Mt. Stuart quadrangle. The distance between these two exposures is
sbout 4 miles; the area in between is covered by Yakima basalt.

The Tieton andesite was named for its occurrences along the Tieton

River farther south in the Ellensburg quadrangle and at its type locality,

the Tieton andesite consists of Pleistocene valley fillings. Smith (1903,

p. 4) statés that "The Tieton andesite, however, is plainly much younger than

either the basalt (Yakima) or the Ellensburg formation, since it occupies canyons

and valleys eroded in these.... Andesite tuff and conglomerate, red and purple
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(‘ , in color, make up the conspicuous cliff lknown as Devil's Slide"., Smith, in

addition, mentions that the flows are very fresh.




Pigure 29

View to the north along Frost Creek
Canyon showing approximate contact between
the Taneum formation (below) and the Yakima
basalt (above).
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Yakima basalt and interbeds

The Yakims basalt and interbeds comprise the youngest rocks in the area.
Originally the writer intended to map the older units up to the Yakima basalt
and make the basal contact of the basalt the eastern and southern margins of
the thesis srea. However, during the summer, field investigations showed
that a study of interbeds both within the Yakima and possibly post-Yakima in
age was esgential to correctly differentiate the rocks of different ages.

It has been pointed out in the description of the Manastash formation
that some of the sediments in the lbwer Taneum Valley which were originally
mapped as Eocene in age, are now believed to be of Yakima or post-Yakima
age.

The Yakima basalt was named by Smith (1903, p. 3) after being called
Columbia lava and Columbia River lava by Russell and others. No type locality
was designated, but Smith described the rock as "a black rock, compact and
heavy.... Petrographically, the Yakima basalt is a normal feldspar-basalt
containing basic plagioclase, augite, and olivine, in erystals or rounded
grains, with varying amounts of glassy base". More recently, detailed petro-

graphy of the Yakima basalt has been included in the theses of Abbott (1953,

p. 114 £f,) and Laval (1956, p. 14 ff.)

The western and northern contacts of the Yakima basalt where it rests
on older rocks represent the erosionally exposed contact of the basalts of
the Columbia Plateau. Evidence for the fact that the Yakima basalt was once
more continuous, probably covering most of the area, can be seen in the
Taneum Valley, in sections 3 and 4, T.18 N., R.15 E. on the northeast flank
of Frost Mountain, on Cle Elum Ridge southwest of Cle Elum Point, and on the
top of Frost Mountain, At all these places, erosional remnants of Yakima

basalt have been preserved resting on older rocks.




Figure 30

View of Frost Mountain from the north.
On the ridges approximately parallel to the
1ine of sight are exposures of the Taneum
formation, diabase and Yakima basalt. The
lookout is on the bare hill in the center of
the picture (arrow).
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The relief of the pre-Yakima erosion surface can only be given in general

terms as the topographic map used for elevations was very inaccurate in places.
The highest relief on the erosion surface is on the north side of Taneum
Valley. The contact between Yakima bagsalt and Easton schist rises from

Taneum Creek, where it is at an elevation of approximately 2700 feet, %o the
crest of Cle Elum Ridge, at an elevation of 4200 feet, making the total relief
about 1500 feet., It must be remembered that the erosional interval represented
here is not only the pre-Yakima—post-Taneum interval. It includes the long
interval after the deformation of the Easton and before deposition of the
Manastash and also the post-lansstash——pre-Taneum interval. The basalt flows
exposed east of this contact are essentially horizontal indicating that there
has been very little deformation in this area since the flows were extruded.
The horizontal flows can be seen quite well from the south side of Taneum
Valley (figure 31).

The difference in elevation between the small area of Yakima basalt north-
east of Frost Nountain and the basalt on top of Frost Mountain is approximately
500 feet. '

A typical specimen of Yakima basalt from Cle Elum Ridge in section 34,
T.19 N., R.16 E, has an intersertal texture and consists of approximately
50% plagioclase, 40% glass and 10% pyroxene. Magnetite is a common é.ccessory

mineral and occurs in varying amounts. The plagioclase ranges in composition

between An38 and Anﬁo, but is predominantly labradorite. The only pyroxens
that could be determined had a small optic angle, along with the other proper—

ties of pigeonite, Polysynthetic twinning is common in the pyroxene. The

glass is probably tachylite as it is black and opaque and contains magnetite

dust,

The writer found that this general description did not apply to every-




Figure 31

Vertical columar joints in the Yakima

basalt on the north side of Taneum Valley.
A1l Yakima flows in this area are nearly
horizontal.
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thing that has been mapped as Yakima basalt in the area, The percentaga of

glass varies at different localities commonly being completely absent. The
pyroxene content in others was as high as 40%.

In thin section, several microporphyritic basalts were noted. Generally
the plagioclase phenocrysts contain inclusions of glass and pyroxene and the
plagioclase has been largely altered to sericite.

The area of Yakima basalt showing the greatest divergence from the
general texture and composition of the basalt in lower Taneum Valley is on
the top of Frost Mountain. However, ‘one sample collected near the northwestern
end of Frost Mountain had an identical mineralogical composition %o the basalt
from the lower Taneum Valley (figure 32). This sample contains approximately
the same percentage of glassy material, feldspar and pigeonite; the only
difference is that it is finer grained.

The only olivine bearing basalts in the area were found on the top of
Frost Mountain. The olivine commonly occurs as large euhedral phenocrysts
which have been largely altered to iddingsite (figure 33). The pyroxens in
the groundmass is predominantly pigeonite, although one thin section showed
large euhedral augite phenocrysts. Calcite occurs locally and generally
has replaced the plagidclaseo. Corroded phenocrysts of plagioclase (composi-
tion between An,, and A:n48) containing inclusions of glass, magnetite and
pyroxéne were seen in another section. However, most of the plagioclase
has a fresh appearance and very little zoning was noted in the phenocrysts.
The fresh plagioclase phenocrysts and all the microlitic feldspar that could
be identified using albite twimning methods was labradorite.

Detailed study of hand specimens and thin sections of the Teanaway basalt
and the Yakima basalt showed that the two are very similar and the only pos-

sible definite way to separate them in the ares is by field relations. Both




Fisure 32

Horizontal columnar jointing in the Yakima
basalt on the top of Frost Mountain just west
of the lookout. The basalt in this exposure
has a large percentage of glass in the ground-
mass. Note hammer for scale.




Figure 33

Photomicrograph of Yakima basalt from the
crest of Frost Mountain. Note the euhedral
olivine phenocryst which is largely altered to
iddingsite, The white phenocryst is plagio-
clase. The groundmass consists of labradorite

microlites, pyroxene, and magnetite. Plane
polarized light.
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basalts are remarksbly similar in mineral composition: labradcrite, pigeonite

and magnetite, However, olivine and tachylite were found in the Yakima basalt,
but not in the Teanaway basalt. Microporphyritic flows were common in the
Yolcima basalt and none were found in the Teanawny basalt.

In general, the volcanica of the Taneum formation can be recognized
fairly easily from the Teanaway or Yakims basalts. The microlitic plagio-
clase in the Taneum volcanics is characteristically altered to sericite making
the determination of the plagioclase very difficult. Most of the flows are
porphyritic with zoned and corroded phenocrysts of plagioclase. Hypersthene
is the most common pyroxere in the Taneum volcanies, although sugite may be
present.

Within the Yakima basalt, palagonite breccias were seén at several
localities at the bases of different flows. One locality in particular was
very outstanding from a diétance and it was first believed to be horizontal
beds of sandstone (figure 34). The locality is in the northwest corner of
section 2, T.18 N., R.15 E. on the east side of Frost Creek near the top of
the canyon. The outcrop of palagonite breccia can be seen from the lookout
on Frost Mountain. Approximately 125 feet of valagonite breccis is exposed
for 200 to 250 yards horizontally. Small, hollow, pillow shaped masses,

8 to 12 inches in longest dimension, are common (figure 35). Some of the
hollows have a thin coating of calcite or quartz on the inside of them. The
pillows are highly vesicular with no definite orientation in the vesicles.,
Ths'stratification in the exposure appears to be horizontal. larger pillows

at the bottom of the exposure grade upward into smaller pillows and finally

only palagonite fragments are present. ILithie tuff fragments are common with

the palagonite.

It has already been mentioned that the sediments exposed west of the




Figure 34

Exposure of palagonite breccia inter-
bedded with flows of Yakima basalt on the
east side of Frost Creek Canyon. Erosion has
accentuated the horizontal stratification.
At the bottom of the exposure are large

pillow shaped masses, These grade upward
into smaller "pillows" and palagonite frag-
ments. The exposure in the picture is sbhout
75 feet high.




Figure 35

Detail of the pillow shaped masses in
the palagonite breccias on the east side of

Frost Creek Canyon. Note the hollow interiors
of the "pillows". The white material in the
broken hollow in the lower richt hand corner
is the remmant of an original quartz coating
on the inside of the hollow.
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 Taneum guard station are believed to be interbeds. The tuffacecus sandstone

exposed in the roadcut between sections 28 and 29, T.19 N., R.16 E. is identi-
cal to one exposed south of Taneum Valley in the NW;SW} of section 32, T.19 N.,
R.16 E. At this locality, the sediments are exposed in several roadcuts and
are clearly underlain by basalt. No basalt directly overlies the sediments,
although farther to the south and topographically higher, are cliffs of
Yaldima basalt. | Basaltic dikes cut through the sediments in ope roadcut,
but it was impossible to determine whether it was a channel filling or actual-
ly a small, intrusive dike.
‘ The other exposure of tuffaceous sandstone is southwest of Cle Elum
Point in section 15, T.19 N.y R.15 E. These sediments were studied because
it is believed that Smith mapped them as part of the Manastash formation on
the folio map. Smith (1904, p. 7) had a small ares of Manastash sediments
exposed just southwest of Cle Elum Point, He states about these:
"Somewhat less certain however, is the determination of the
horizon of some sandstone which is exposed immediately southwest
of Cle Elum Point. These beds rest upon the schist and dip to the
southeast. The presence of the intrusive rock at Cle Elum Point
prrevents any determination of the relation of the sandstone to the
Teanaway basalt., The knowledge, gained farther west, that the Swauk
sediments were not so thick in the southern part of the area as
farther north makes it doubtful that this exposure belongs to the
Swauk formation: more likely it is the northern extension of the
sandstone exposed 2 miles southwest, on Taneum Creek",
The writer made a series of traverses from the Yaldma Valley floor to
the top of Cle Elum Ridge, but these interbeds were the only sediments found,
Topographically, basalt can be found below and above the sediments, but the
age relationships of the sediments to the basalt is unknown,
No accurate thickness can be given to the interbeds described above as
the only exposures were in roadcuts. However, they would probably not be

more than 50 feet thick as there would probably be some indication of a thicker

wit in the topography.
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The youngest sediments in the area were found in” section 19, T.19 N.,
R.16 E. along the road on the crest of Cle Elum Ridge. The sediments consist
of sandstones and conglomerates of volcanic material. The conglomerate unit
is quite distinctive with light—gray, hornblende andesite cobbles up to 4
inches in longest dimension (figure 36). A few hundred yards south of this
area and several hundred feet below it, are exposures of horizontal basalt
flows of the Yakima basalt. It is believed that the sediments probably belong
to the Ellensburg formation, an upper Miocene sedimentary unit consisting of

sediments of volcanic material foreien to this area. The Ellensburg formation

is pfincipally exposed over iarge areas to the east of the thesis area, How—

ever, G. O, Smith and F. C. Calkins have mapped small areas of the Ellensburg
formation much farther west in the Snoqualmie quadrangle, Elevations of these
isolated patches are as high as 5400 feet, The elevation of this locality is
about 3700 feet. There has been much discussion concerning the Ellensburg
formation by laval (1956) and others and because the problem involved deals
with post-Yalkima sediments, it will not be considered further here.
Diabase

Scattered throughout the area south of Taneum Creek are diabase intru-
sions. Diabase is used as a general term in this thesis to describe a basic
igneous rock having the composition of baselt and generally ihtermediate

botween gabbro and basalt in grain size. Although some of the diabase masses

are very large, they will be referred to as dikes for purposes of this dis
cussion, The largest of the diabase dikes is northeast of Frost Mountain
between Frost Mountain and the South Fork of Teneum Creek. Here two large
dike-like bodies have cut through and are now surrounded by the Taneum for-
mation.

In the thesis area, the diabase has definitely intruded rocks of the




Flzure %6

Conglomerate exposed in a roadcut on the
crest of (le Elum Ridge.  This conglomerate
is believed to be part of the Ellensburg for-
mation. The sediments are dipping gently to
the south. The cobbles are all hormblende
andesite. Note hammer for scale.




100
Taneum and Manastash formations, and it is possible that the diabase has
intruded the lower flows of the Yekima basalt.

A large number of dikes are in the area east and southeast of Frost
Mountain., The disbase dikes generally form resistant ridges and are fairly
easy to recognize because the Manastash is not characteristically a ridge
former. In addition, the dikes can be recognized easily because they produce
a reddish brown soil when weathered. Outcrops of the dike rocks are common
in this area and these are mostly large piles of dark colored, rounded
boulders.

Several good exposures of typical diabase can be seen where the road to
Buck Meadows crosses a rather large dike in section 16, T.18 N., R.15 E,
South of the road ascross the small stream, are roumded boulders of weathered
diabase. About 25 yards north of the road, Manastash sandstone crops out and

the diabase is 10 feet away. Although the confact is covered, the sandstone

here has a very high content of iron in the cement and is more highly indurated

than usual.

Most of the dikes have a strong northwesterly trend. This probably
reflects control by the earlier structures in the area. The dikes do not
appear to be controlled by folding in the Manastash as they are located on
the flanks of the folds as well as on the érests and troughs.

G. 0. Smith (1904, p. 8) related these disbase dikes to the Yakima basalt
flows. He believed the dikes represented the conduits for some of the Yakima
basalt., He mapped one dike on the west side of the North Fork of Manastash
Creek that cut the lower sheets of Yakima basalt,

The contact between the Yakims basalt and the diasbase on the east side
of Frost Creek in section 3, T.18 H., R.15 E. was not sufficiently exposed

to determine the exact relationship between the diabase and the Yakima basalt.
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However, in Frost Canyon, the diabase is a distinctive coarse grained rock
and‘ this rock can be traced, by scattered outerops, up the east side of the
canyon., This area is covered with considerable soil and‘ the diasbase outerops
finally disappear. Several hundred feet above the last exposure" of the fliabase
is the vesicular portion of a basélt flow. No diabase could be fomid in place
or as float around the area where the basalt flow was exposed, so it is assuﬁzed
that either the diabase had been eroded before the Yakima basait covered the
area or the diabase represents a feeder pipe for some basalt flows.

In the Ellensburg quadrangle, Smith (1903, p. 2) cited the Bald Mountain
region as one of the centers of volecanic activity during Miocene time. Bald
Mountain is 7 miles south of Frost Mountain. It is possible that the disbase
dikes are part of this volcanic field. Exactly how much bassglt thé dikes
would have been able to contribute to the Yakima basalt is unknown.

In the hand specimen, the diabase is generslly very friable erumbling
into its component grains when struck with a hammer, It varies in color from
g reddish brown to various shades of gray. The only identifiable minerals
in the hand specimen are pyroxene and plagioclase. The plagioclase can be
easily recognized on a weathered surface because it forms white elongate laths
of clay material. v

In thin section, the diabases vary slightly in texture and composition
from one locality to another, but generally thev have an ophitic texture with
several plagioclase crystals inclosed in one crystal of pyrozene. Grains of

pyroxene over 5 mm, in diameter are not uncommon. The plagioclase is generally

gmaller in size. The diabase consists of approximately 60% plagioclase and

3% pyroxene with the remainder composed of varying amounts of magnetite,
apatite, olivine and red and green alteration material., The plagioclase ranges

in composition between An46 and An.m and has been altered, in part, %o seri-




cité, although‘one specimen showed no siens of any alteraticn.; No oscillatory

zoning was seen in any of the plagioclase. The pyroxene is predomihantlj
pigeonite, although augite is present in several sections. One thin section
contained pigeonite with such a small optic angle, it was considered to be
uniaxial at first glance. However, the isogyres parted very slightly in the
45° position, so it is biaxial with 2V=<5°, Augite was distinguished from
pigeonite by its larger optic angle. Polysynthetic twinning was common in
the pigeonite (figures 37, 38). Olivine is rare, but where it is present,
it has been altered, in part, to iddingsite.

The diabase dikés in the pre-Teansway sediments have already been des-
cribed in that chapter. In comparison to the diabase dikes by the Yakims
River, the feldspar in the diabases south of Cle Elum Ridge is much fresher
in sppearance. Although some or most of the feldspar has been altered to
sericite in both places, the degree of alteration is more advanced in the
dikes cutting the pre-Teanaway sediments. In addition, the dikes near the
Yakims River are more fine grained, as a general rule, ihan the diabases

to the south.




Figures 37, 38

Photomicrographs of disbase from the
northeastern side of Frost Mountain. Plagio~
clase and pigeonite are the essential minerals.
This specimen of diabase is unusually fresh in
appearance. Generally the plagioclase has been
altered in part to sericite. Note the polysyn-

thetic twinning in the pigeonite grains under
the scale in figure 38.




Figure 38-——crossed nicols.




INTRUSIVE ROCKS

‘Serpentinite

The Easton schist is in contact with a band of serpentinite south of

~ Frost Mountain in sections 17, 18 and 20, T.18 N., R.15 E. In the hand

specimen, the serpentinite is extremely slickensided giving the rock a waxy
appearance. The slickensided surfaces are light green in color and the non-
_slickensided material is dark blue to black. FExamination under the micro-
scope shows that the principal constituent in the rock is antigorite, For

a more detailed discussion of similar serpentinite bodies which occur in the

Snoqualmie quadrangle, the reader is referred to U. S. G. S, Folio #139, Pe 3,
1‘The significance of the serpentinite in the area is discussed in the structure

_ chapter.




STRUCTURE

The dominant structural features in the area are several southeasterly

plunging synclines and anticlines in the Manastash formation. At the

northermmost occurrence of the Manastash formation in Taneum Valley where

the Manastash is in contact with the Easton schist, the sediments dip to the
southwest off the schist. These sediments form the northern limb of a
fairly large syncline. A small anticline about half way between Frost
Mountain and the South Fork of Taneum Creek disrupts this synclinal structure
to the southwest. Although most of the anticline is covered by the Taneum
formation, exposures at the northwestern end of Frost Mountain along the
South Fork of Taneum Creelk, show high anticlinal dips. Southwest of this
small anticline is the laregest syncline in tﬁe area, PFrost Mountain is direct-
ly on the synclinal axis and thus is a synclinal mountain, although the vol=
_canics capping it have not taken part in the deformation which produced the
syncline. The southern flank of this broad syncline probably extends south
directly to the Easton schist in some places. However, just northwest of
Buck Meadows, sufficient exposures and attitudes were available to determine

that another small snticline occurs at this locality. As anticlinal attitudes

could only be found in this one area, it is not known whether it is just a
local fold in the Manastash. South of the small anticline in this area is

another small syncline; the sediments on the south limb of the syncline dip

to the north apparently off the Easton schist.

The axial traces of these structures are roughly parallel and trend

approﬁ.mately N .500 W. The folds all have open limbs (the limbs of an
anticline diverge downward) and most of the axial planes are slightly in-
clined either to the northeast or to the southwest. All of the folds are

asymmetrical as the axial plane is not a plane of symmetry.
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In the lower portion of Teneum Valley near the Taneum guard station,
attitudes in the Manastash formation indicate Taneum Creek is flowing over the
crest of a small anticline. The structure is not exposed over a large enough
area to describe it in detail.
It has been pointed out in discussing the pre-Teanaway sediments and the
Tesnaway basalt near the Yakima River that these units have a northerly dip.

This would prove the existence of a syncline under Roslyn and Cle Elum. In

discussing the geology of Washington, it has been common to refer to the
Roslyn basin., However, it should be noted that the structure is not a basin
as there is no evidence to indicate the structure has a southeastern limb,
but rather it is a southeasterly plunging syncline. Until this time, the
existence of the southern limb in the thesis area has never been definitely
proven.

As it has been pointed out in the discussion of conditions of deposition
for the Manastash formation, there is evidence indicating some deformation
was contemporaneous with the deposition of the Manastash. In addition to the
evidence furnished by the large thickness of sediments, there is the possibil-
ity that the small anticline on the northeast side of Frost Mountain diéplays
supratenuous folding. ‘Horth of Frost Mountain, along the South Fork of
Taneum Creek, anticlinal dips in the Manastash are as high as 70° to the south
and 64° to the north, East of Frost Mountain, the dips on tﬁe south fiank

of the northwesterly trending anticline are much smaller than those north of
Frost Mountaing the more accurate dips average about 40° gouthwest. These
dips are at approximately the same elevation as those northwest of Frost

Mountain. Consequently, with a goutheasterly plunge, older rocks are exposed

in the axis of the anticline north of Frost Mountain., If this is the case,

the older roclks are more deformed than the younger ones exposed to the south-
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east, This evidence is not infallible as there is no way to determine if the

same stratigraphic unit or its equivalent is involved in the folding‘at the
two localities.

The age of the major period of folding shown by the Manastash sediments
ig believed to be sometime after the deposition of most of the Mansstash, but
before extrusion of the Taneum flows. Field evidence for this statement can
be found along the South Fork of Taneum Creek on the section line between
sections 32 and 33, T.19 K., R.15 E. The exposures at this locality are very
good and andesite flows containing rounded cobbles and andesitic materisl
can be seen dipping gently to the north (figure 39), but less than a quarter
of a mile to the east, Manastash sandstones are dipping 400 to the southwest.
1f the Taneum flows had been extruded directly after the Manastash sediments
had been deposited, the Taneum flows would be dipping to the southwest as well.

Other evidence that indicates the major deformation did not involve the
Taneum formation can only be geined by a study of the areal distribution of

the Toneum formation on the geologic map. It will be noted that the Taneum

in many places is transverse %o the trend of the structures in the Manastash
formation, althouch this in itself is not definite evidence that the Tanesum

has not parficipated iﬁ the major foldinz., The unconformity separating the

two formations could also explain this pattern.
_ In gnother areas, near the central part of the map, the distribution of
the Taneum formation indicates the Taneum was not involved in the major

folding, This arez includes the tongue of Taneum andesite that extends south

from the Frost Creek area to sections 13 and 14, T.18 N., R.15 E. where it
is covered by the Yakima basalt. It is just about impossible to explain this
distribution as a result of the unconformity following Manastash deposition.

The Mansstash formation underlies the Taneum along the tongsue of andesite and




Figure 39

Aiternating light and dark andesitic
flows of the Taneum formation on the north
side of the South Fork of Taneum Creek near
South Fork Meadows. The flows are dipping
very gently to the north and consist of vol=-
canic conglomerates., View 1is to the east.
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the sediments always dip to the southwest. If the Taneum had participated in
the major deformation, erosion would either have completely destroved or in
some way disrupted this tongue of Taneum andesite on the hanoclinal sediments,

It is possible that some of the early flows of the Taneum formation
participated in minor periods of folding following the major deformation. The
Taneum exposed on the flanks of Frost Mountain could be explained in this
manner, although much more likely would be the possibility that strike ridges
é.nd valleys developed on the erosion surface of the Manastash and the earlier
flows flowed into the strike valleys. This would account for the peculiar
distribution of the Taneum formation on the northeast side of Frost Mountain.
0f course, it must be remembered that the topography is the principal reason
for the horseéhoe shaped distribution of the formations around Frost Mountain.

It is believed that the serpentinite in the southern part of the area
has intruded along a large, deep-seated fault. Any detailed information sbout
the fault must be obtained by further field study of the area to the west as
no direct evidence of faulting, other than the presence and aligmment of the
serpentinite and some suggestion of faulting in the topography, was found in
the present area. The area east of the place where the serpentinite contact
_crosses the South Fork of Manastash Creek in section 20, T.18 N., R.15 E. is
so heavily wooded that float as well as outcrops are very rare. The geologic
relationships here are entirely theoretical. It is known that the Manastash
sediments are dipping to the north a short distance from the inferred contact

petween the Manastash and the Easton. This suggests, but does not definitely

indicate, that the contact between the two units is depositional; fhe sediments

dipping north off the Easton schist. However, if a fault is in this area, it
could easily be entirely within the Easton schist and covered by the Yalkima

basalt,
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The presence of the well developed basal conglomerate along‘thé fault’
to the weséssuggests that deposition could Qither have finished before movement
along the fault or deposition was in part contemporaneous with movement on
the fault—uplift on the southern side being great enough to supply Easton
detrital material to the north.
Other than the sbove hypotheses, the writer does not feel that he is

qualified at this time %o make any further statements as to the type of

faulting involved or the relative time of movement. Further study may
answer these questions.

It is impossible to draw a detailed cross section because of poor topo-
graphic maps and limited accurate attitudes along the cross section line in
the Manastash formation. The absence of a good marker bed further 1limits
the sccuracy of the cross section as the exact stratigraphic position of
the Manastash rocks participating in each fold is uninown. However, for

better understanding of the geologic relations involved, the writer has

attempted to construct a generalized cross section at the end of this thesis.




MINERAL RESOURCES

Coal was the most important economic commodity produced in the aresa.

ALl of the coal seams occur in the Manastash formation and most of the coal
’is a fairly low grade, bony variety. Seams of high grade coal have been
mined, but these generally are small and limited in extent. Small coal mines
operated in the early 1900's and have since been sbandoned. Production in
these mines never reached a high enough degree to warrant comstruction of
railroads into the area,

Cimnabar and quicksilver have been mined from the Easton schist in sections
26, 27, 28 and 34, T.19 N., R.15 E. The ore occurs either in fractures

and as coatings on fractures in the shear zone between the graphitic phyllite

and the Manastash formation, or in some places, the quicksilver occurs in

| fi'actured areas entirely within the Easton phyllites., In addition to the
cimmabar, some of the mines have attempted to produce graphite from the
phyllites. A mill was set up to grind the graphite, but the graphite proved
to be of non—commercial value,

Iron ore has been reported by Shedd and others (1922, P. 79-81) from a
locality on the north side of Cle Elum Ridge in sections 9 and 10, T.19 N.,
R.15 E. The ore is chiefly hematite and is reported to occur in a glauco-
phane garnet schist. This deposit has never been of commercial importance

as the ore is quite siliceous with a high percentage of phosphorus,

Malachite occurs as very thin coatings on fractured surfaces in a green=-

schist unit of the Baston schist in the RWNE} of section 34, T,19 N., R.15 E,

At this same locality, altered cubes of pyrite in the greenschist are very
common, Several shallow exploration pits have been dug, but no extensive
work has been undertaken.

In the NWiNW} of section 20, T.19 H.,' R.15 E., a "nickel ledge" rock,
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100 to 150 feet wide, has been reported (Huntting, p. 277) in graphitic

schist. Ores of nickel and chromium occur in a silica-carbonate gangue.

No production has been recorded. This area is accessible by trail only.
The Yalkdima basalt was utilized early in the summer of 1956 when a2 con-

struction firm moved into the area to set up a crushing plant in the Swisw}

of section 32, T.19 N., R.16 E. The basalt was crushed and then trucked

out of the area to be used as road ballast and asphalt aggregate. This

operation lasted until mid-August.
A manganese occurrence has been reported from a deposit in the Easton
schist in the northwestern part of T.19 N., R.15 E. This deposit was not

found and it could not be more accurately located.
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