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PLATE 3
Panoramic Views

Upper Cedar River valley from near Bear Creek in NEZ,
sec. 3, T. 21 N., R. 10 E., looking southwest to west.
Showing valley of South Fork of Cedar River, Goat
Mountain, Goat Creek amphitheater, outcrops of Cougar
Mountain Formation, Seattle Creek valley, cutcrops of
hornfels zone of Snoqualmie granodiorite near Findley
Lake. Looking westward down Cedar River valley,
Chester Morse Lake and Little Mountain are in distance.

Green River valley from Huckleberry Mountain. Looking
northwest to northeast. Showing Cougar Mountain,
Rooster Comb, McCain Creek valley, Goat Mountain,
Meadow Mountain, Sunday Creek valley, Stampede Pass,
and Kelly Butte.
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INTRODUCTION

Location

The map area (pl. 1) covers the west-central part of the
Cascade Range of Washington. It includes the southeastern part
of King County and the west-central bart of Kittitas County
(pl. 4). It spans a part of both flanks of the range, extending
from the western foothills to the east side of the upper Yakima
River valley, about midway on the eastern slope of the range.

The east-west distance is about 30 miles. The Cascade crest
trends through the area from Silver Peak, located about 4% miles
south of the Snoqualmie Pass, southward to Naches Pass for a dis-
tance of about 20 miles. The western edge of the area lies 25
miles east of Seattle and the eastern edge lies 8 miles west of
Cle Elum.

Access.--U.S. Highway 410 follows the White River along the
southern edge of the area. U.S. Highway 10 passes through the
eastern edge of the area in the upper Yakima River valley. The
Northern Pacific Railroad extends along the Green River valley to
Stampede Pass and thence southeastward along the Yakima River
valley. .The Chicago, Milwaukee, Saint Paul and Pacific Railroad
follows the west side of the Yakima River valley.

The Cedar River Watershed of the City of Seattle and the

Green River Watershed of the City of Tacoma lie within the area.
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3
Both watersheds are serviced by an extensive road system., Permis-
sion to enter the Cedar River Watershed must be obtained from the
Sanitation Engineer of the City of Seattle. Access is granted
through the Forestry Division Headquarters at Cedar Falls, about
6% miles south of North Bend. The City of Seattle alsc maintains
the road along the Bonneville Power Administration right-of-way
which enters the map area at Kangley and follows the valley of the
North Fork of the Green River southeastward to near Eagle Gorge
where it joins with the roads of the Green River Watershed. Per-
mission to enter the Green River Watershed must be obtained from
the Sanitation Engineer at Tacoma and the Weyerhaeuser Company at
the White River Mill on U.S. Highway 410 about 2 miles east of
Enumclaw. The Green River road begins at Cumberland, west of the
area and about 6 miles north of Enumclaw, and extends along the
south side of the river. The Weyerhaeuser Company maintains gates
on the road in sec. 27, T. 21 N., R. 7 E., west of the map area and
in sec. 9, T. 20 N., K. 9 E., just north of the bridge across the
Green River. The City of Tacoma maintains a gate in sec. 26,
T. 21 N., R. 8 E., near Eagle Gorge. The Army Corps of Engineers
maintain access to the Howard A. Hanson dam, located in sec. 28,
T. 21 N., R. 8 E. Their road follows the north side of the Green
River, extending from the Tacoma purification plant to the dam.
They maintain gates at the plant and at the road junction with the

Bonneville Power Administration road in sec. 27. The Weyerhaeuser
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Company also maintains roads in the McDonaid Point area located
between the Green River and the North Fork of the Green River, in
the Coal Creek drainage basin and Grass Mountain area, and the
Smay Creek drainage basin. The U.S. Forest Service maintains
other graded roads in the area. The Scott Paper Company, which
has offices at Lester, has a system of logging roads in the Snow
Creek drainage basin and Snowshoe Butte a ... Many of the logging
roads have been constructed since 1959, the date of the map (pl. 1),
and are not shown on 1it.

The intervening areas are locally accessible by trail. The
Pacific Crest Trail follows the crest of the Cascade Range through
the map. It is accessible from U.S. Highway 10 and the U.S. Forest
Service road at Stampede Pass as well as from the many logging
roads in the drainage basins adjacent to the crest. A trail ex-
tends from the Cedar River near Bear Creek northward to Mount
Gardner and thence eastward along the divide between the Cedar and
Snoqualmie Rivers to the crest at Tinkham Peak. The several trails
shown on the map in the vicinity of Lester are not traversable for
their entire lengths. Good trails lead from areas of Blowout Moun-
tain, Pyramid Peak and the Naches Pass into the upper drainage
basin of the Naches River. The trail along the top of Huckleberry
Mountain is discontinuous. The Bone Lake area north of Greenwater
is accessible by the Christoff trail, beginning at the Greenwater

River Camp, about one mile east of Greenwater.



Method of mapping

The field mapping was érimarily reconnaissance. It was mainly
conducted along road traverses. Traverses were also made along
the trails, a few ridges and streams. Aerial photographs were
studied throughout the course of the field work for location of
outcrops, tracing contacts and interpretation of structure. All
data were plotted in the field on advance U.S. Geological Survey
topographic priﬂts, scale 1:24,000, Data from aerial photographs
were transferred to the topographic sheets. Subsequently, the
information was transferred to the base map (pl. 1) of the North
Bend Ranger District, Snoqualmie National Forest, 1959, scale
1:62,500. A few place names and locations on the map have been
corrected or added to agree with the recently published topographic
quadrangles. An index map to the published U.S. Geological Survey
topographic quadrangles covering the area is shown on plate 1. The
elevation points on the geologic sections (pl. 2) were taken from
the topographic maps.

The area wés surveyed briefly from airplane flights made in
1657 and 1962,

All the stratigraphic sections were measured in the field by
pace and compass. The intervals between stratigraphic units were
calculated and the stratigraphic sections were checked for thick-
nesses on the topographic maps. The stratigraphic sections are

described in Appendix A.
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The sketches were redrawn from color photographs and from
field sketches.,

The locations of the important outcrops are listed in
Appendix B. A location in the text, foilowed by a letter and
number, refers to the list in the appendix. The designation P4
indicates that the location is the fourth listed under the Puget

Group.

Previous geologic investigations

The previous geologic investigators in the map area (pl. 1)
are briefly noted below. Their contributions to the understanding
of the stratigraphy of the Tertiary rocks are discussed later in
the report,

The initial geologic investigation was conducted by Smith and
Calkins (1906) as a part of their study of the Snoqualmie Quadrangle,

Fuller (1925) mapped the Cedar River area and extended the
rock units of Smith and Calkins westward.

Mackin (1941) recognized that the embankments at the mouths
of the Snoqualmie and Cedar Rivers were caused by a glacier which
occupied the Puget Sound lowland to.the west of the map area,

Warren and others (1945) mapped the extreme western edge of
the map area as a part of a study of the King County ccal fields.

Cary (1954) reported on the geologic and engineering problems
in the construction of the Howard A. Hanson (Eagie Gorge) dam on

the Grzen River,
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Foster (1955, 1957, and 1960) mapped the northeastern corner
of the map area.

Crandell and Waldron (1956) recognized and traced the Osceola
Mudflow which originated on the northern flank of Mount Rainier
and descended the White River valley to the Puget Sound lowland at
Enumclaw,

Stout (1959) mapped the southeastern cormer of the map area.

Waters (1961) attempted to correlate some of the rocks in
the Green River valley, at Stampede Pass and along Lake Keechelus
with the formations recently established by Fiske (1960) in Mount
Rainier National Park.

An index map showing the extent of previous geologic mapping

in the map area is shown on plate 1.

Present investigation

The writer, as a geologist for the Northern Pacific Railway
Company, conducted his first work in the Lake Keechelus area in
1957. The present investigation was started in 1960 when, as a
part of the expanding geologic program of the Northern Pacific
Railway Company to evaluate the mineral potential of its lands,
a study was begun of the Green River drainage basin. In the field
seasons of 1961 and 1962 the study was expanded to cover an area
of about 800 square miles, of which the map area (pl. 1) is only
a part. The major part of the 1962 fieid season was spent in

tracing stratigraphic units and structures, measuring stratigraphic
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sections, and detailed mapping of potential economic mineral
areas, The report herein concerns only the descriptive geology.

Only a brief petrographic study of the rocks has been made.
The mineral percentages have been determined by visual estimations.
The rock colors have been compared as close as possible to the
Rock-Color Chart (Goddard et al., 1951).

The leaf fossils and imprints are deposited in the Division
of Geology and Paleontology, Thomas Burke Memorial Washington
State Museum, University of Washington, as Lot no. 143. Repre-
sentative petrographic thin sections are filed in the Department
of Geology, University of Washington, as Lot no. 143. Also, many
hand specimens of the rocks are filed in the Thomas Burke Memor-
ial Washington State Museum. The leaf fossil, thin section and

specimen localities are listed in Appendices B and C, respectively.
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GEOGRAPHY

Topography and drainagé

The map area (pl. 1) includes three westward-trending ridges
which join on the east with the north-south-trending crest of the
Cascade Range. The westward-trending ridges are separated ‘by the
valleys of the Cedar, Green and White Rivers., The Cascade crest

separates these drainage basins from the basin of the Yakima River
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to the east, The Yakima River drains the east side of the Cascade
Range.

The ridges terminate abruptly at the western foothills and
rise gradually in altitude to their union with the Cascade crest.
The highest peaks lie along the Cascade crest. Blowout Mountain
at 5,735 feet, in the southeastern corner of the map, is the
highest point. Pyramid Peak, to the southwest of Blowout Mountain,
is 5,715 feet, Sil#er Peak, 5,605 feet, Tinkham Peak, 5,695 feet,
and Meadow Mountain, 5,449 feet, lie to the north along the crest.
Other high points are Mouﬁt Lindsay, 4,380 feet, located south of
Chester Morse (Cedar) Lake, Cougar Mountain, 4,504 feet; in the
central part of the area, Grass Mountain, 4,382 feet, in the south-
western corner, Huckleberry Mountain, 4,901 feet, in the south-
central, and Kelly Butte, 5,409 feet, south of Lester. Within the
map area the Cascade crest lies at its lowest average altitude of
any part of its length between the Canadian border and Mount Adams.

The major passes are Yakima Pass, 3,575 feet; Stampede Pass,
3,710 feet; Tacoma Pass, 3,450 feet; and Naches Péss, 4,900 feet.
Only Stampede Pass is traversable by road.

The Cedar, Green, White and Yakima Rivers flow in broad
valleys. Their gradients are very gentle, averaging about 40 feet
per mile,

The lowest points of altitude occur along the rivers where

they leave the edge of the map: Cedar River, 760 feet; Green
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River, 840 feet; White River, 1,200 feet; and the Yakima River,

2,173 feet.

Climate

The climate is humid and temperate. It is influenced by the
proximity of the area to the Pacific Ocean and the moisture laden,
westward prevailing winds. The winters are characteristically
cool and wet; the summers are dry and mild. At Chester Morse
Lake the temperature monthly average is from 34.4° - 60.3° F.,
averaging 47.6° F. annually; the precipitation ranges from 2.35
- 15.69 inches per month, averaging 104.30 inches per year. At
Stampede Paés the average monthly temperature range is 23.7 -
56.9° F. with the annual average 39.9° F. Here the precipitation
varies monthly from an average of 1.29 - 14.66 inches and averages
93.60 inches per year. On the eastern slope the precipitation and
temperature moderate, At Lake Keechelus the temperature averages
are 25.8 - 60,2° F. per month, averaging 42.7° F. per year, and
the precipitation ranges from an average of 2.35 - 12.57 inches

per month, with a yearly average of 68.07 inches.

Gegetation

The map area spans the Humid Transition (1,000 - 3,500 feet),
the Canadian (3,000 - 5,000 feet) and the Hudsonian (4,500 -
6,500 feet) life zones. Only the higher elevations lie in the

Hudsonian Zone. Dense forests characterize the lower zones.
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Douglas-fir and western hemlock predominate in the lower zone and
true firs in the Canadian Zone. The undergrowth is dense and im-
' passable in the second growth forest but is sparseréneath virgin
timber.
Mixed forest types predominate on the eastern slope. Here the
undergrowth is passable and locally absent. Timberline lies at

about 5,000 feet.

Bedrock exposures

The exposures are generally fair to poor. Thick soil and
organic litter mantle large areas, especially in the forests.
Glacial drift covers large areas in the northwestern part of the
area and along the Yakima River valley. The best exposures are in
resh cuts along the logging roads. Many of the cuts greatly deter-
iorate over a year's time. Many large cuts along the railroads
and highways are excellent. The most continuous exposures occur
atop the higher peaks and ridges--Tinkham, Abiel, and Silver
Peaks; Meadow, Cougar, Blowocut and Huckleberry Mountains; and
Kelly Butte. The area east of Blowout Mountain and south of Big
Creek, in the southeastern part of the area, is sparsely timbered
and has some of the best and most continuous exposures in the

central Cascade Range.

Habitation
Several commmities of population less than 100 persons occur

in the area. Cedar Falls is the headquarters for the Forestry
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tv of Seattle, Selleck and Kangley are now inactive

ivision, C
coal-mining commmities. Greenwater is a resort ealong U.S. High-
way4l0. Lester was an important railroad town, before the advent
of the diesel locomotive. All the railroad shops have been re-
moved. It is now a permanent logging camp for the Scott Paper
Company. Upham, located along Cabin Creek in the southeastern part
of the area, is a logging camp for the Boise Cascade Corporation.
The summit of Smoqualmie Pass, located about 3 miles north of the

northeastern corner of the map, is a way-stop for travellers and

a winter recreation ceiter.

Commerce

Logging is the major commerce in the area. The Weyerhaeuser
Company operates in the White and Greenwater River areas, Mountain
Tree Farm Company in the Cedar River Watershed, Scott Paper
Company in the upper Green River, and the Boise Cascade Corpora-
tion in the upper Yakima River area, In addition there are a few
private logging operations.

Most of the area serves as the major source of water for the
cities of Seattle and Tacoma. For this reason access is restricted

as a precaution to insure the purity of water.
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DESCRIPTIVE GEOLOGY
Classification of Volcanic Rocks

Nomenclature of fragmental volcanic rocks

The nomenclature of fragmental volcanic rocks adopted in this
report closely follows the terminology cf Wentworth and Williams
(1932). In order to make the terminology more useful in the field
the writer defines the volcanic rock on the percentage volume of
its constituents. These percentages are shown in the triangular
diagram in plate 5A. Many references on the classification of
volcanic rocks have been studied but few geologists have attempted
to place parameters to the classification of fragmental volcanic
rocks. Wargo (1960) proposed a similar triangular diagram but de-
fined tuff as containing 90 percent or more constituents less than
4 mm in size., A tuff depcsit with so few size variations is rare
emong the rocks of the Keechelus Volcanic Group. The lower per-
centage limit defined for tuff-breccia is in accord with the A.G.I.
Glossary (1960, p. 306). The writer recognizes Fisher's (1961,

p. 1412) use of the terms lapillistone and lapilli-tuff but fits

the terms to his parameters. The definitions (pl. 5A) proved
useful in mapping the Keechelus volcanic rocks, especially in
attempting to trace a specific lithologic unit and to show its

relationship to the enclosing units.,
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The classification makes no distinction between volcanic
rocks of autoclastic, pyroclastic or epiclastic origin. It will
accommod;te the definition of volcanic breccias by Parsons (1960).
It is also in agreement with the classification proposed by Wright
and Bowes (1963, p. 83), except they have placed a lower size
limit., The adjectives, essential, accessory and accidental
(Wentworth and Williams, 1932), dencting the principle composition
of the fragments can be added as modifiers to the rock name.

The compositional range of the tuffs is shown in plate 5B.
The diagram is similar to that proposed by Cook (1960, p. 33).
His distinction between crystal-vitric and vitric-crystal tuff is
eliminated because this modification is contrary to common petro-
graphic usage. The classification of tuffs isuseful for both
field and petrographic study. Lithic-crystal tuff is a tuff
which contains more crystals than lithic fragments and a ground-
mass composed of a low percentage of vitric constituents. Cook
(1962, p. 15) considered pumice as a vitric constituent but herein
if pumice exceeds 10 percent volume of the tuff, the rock is modi-
-fied by using pumiée as an adjective. The classification of tuffs
can also be applied as adjectives to the description of the tuff-
aceous matrix of lapilli-tuff and tuff-breccia. For example, a
lithic-crystal tuff-breccia is a tuff-breccia in which crystals
exceed the volume of lithic fragments and both exceed the volume

of vitric constituents in the tuff matrix.
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The classification of sandstones containing volcanlic detritus
is shown in plate 5C. Volcanic sandstones with as much as 90 per
cent volcanic detritus are commonly difficult to distinguish from
a tuff, Here a generic origin must be determined; the presence of

the sandstone interstratified with fluvially deposited beds may be

a clue,

Description of rock types

Lava flows, breccia flows, tuff-breccias, tuffs and volcanic
sediments aré the major rock types in the Tertiary volcanic strata
in the west-central Cascade Range. Each rock type described is
given below in order to acquaint the reader with their general
features--composition, outcrop habit, coloring, jointing, contact
relationships, areal distribution and stratigraphic significance.
The features serve as criteria for the identification of the rock
types. Reference will be made to this discussion in the descrip-
tions of the rock units. Reference will also be made in this dis-
cussion to some of the plates which occur later in the report.

The volcanic stratigraphic units are characterized by uncon-
formable relationships; conformable contacts arerare. The units
are lenticular in cross-section and most, where they can be fol-
lowed any distance in the field, are lobate in areal extent. The

units are overlapping in their distribution.

Lava flows.--Lava flowé are easily recognized in the field.
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They are fairly resistant to erosion and commonly crop out as
ledges along ridge slopes. They may be traceable for short dis-
tances in logged and in some forested areas. Their stratification
is the best aid to recognizing structure. The flows can be dis-
tinguished from the other rock types by (1) their resistance to
erosion, (2) dark color, and (3) uniform composition. Additional
features are vesicular and amygdaloidal textures and flow-1iayering,
which may be accentuated by jointing. The rocks are rarely scori-
aceous but the vesicles are commonly attenuated in the direction of
flow. Flow units range in thickness from 5 to 300 feet, the aver-
age being about 30 feet. A further aid to the recognition of lava
flows is the association of lava flows with breccia flows, as is
shown in plate 6A.

The jointing of the flow rock is blocky to platy to columar.
The blocky jointing is regular to irregular (pl. 6A). Locally the
blocks are rounded and the joint faces are curved.  The faces are
variable in size. The rounded blocks decrease in size locally to
form rounded dice, which are tightly fitted together and weather
to form a rubbly outcrop. The rounded blocky jointing is tran-
gitional with ball-like jointing commonly associated with columnar
jointing, Platy jointing is disc- to wedge-shaped.

Columnar jointing produces crude to well-formed columns.
Locally they pinch and swell; extremely irregular jointing pro-

duces wavy colums. The columns may be as small as 4 inches to
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PLATE 6

Sketch of outcrop of interstratified lava and breccia
flows and minor amounts of tuff-breccia in the Eagle
Gorge Andesite, exposed in a railroad cut west of
Humphrey in the NW3NEINEY; sec. 12, T. 20 N., R. 8 E.

Sketch of disconformable stratification between a
45-foot section of lava flow units and volcanic
sediments in the Buckleberry Mountain Formation on
northeast flank of Blowout Mountain in the
NE4XNEYNE%* sec. 14, T. 19 N., 12 E. (see strati-
graphic section in Appendix &).
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as large as 10 feet in diameter. The columns occur singly or in
clusters, joined as twins to form "double barrels" or as poly-
colum clusters. Splintery colummns are rare; they are irregular,
have twisted faces, of which at least one has a prounounced face,
and range in diameter from 2-10 inches.

Well developed flow-layering which is locally contorted and
brecciated is displayed by silicic flows.

The contacts of the flow units are very irregular (pl. 6A).
A few excellent outcrops (pl. 6B) reveal very well discooformable
contacts. Both top and bottom contacts are commonly marked by
brecciated zones which are believed to be caused in part by auto-
brecciation of the flow during its movement and in part by cata-
clastic brecciation along bedding planes during deformation of
the strata. The lava flows are gradational verticaliy with breccia
flows., If the breccia has been altered, which is common in the
map area, the contact between flow units is very difficult to dis-
tinguish. The lava flows commonly grade laterally and terminate
at breccia flows, |

The flow units are lenticular in cross-section; many are
probably valley-fill flows. The lack of continuous outcrop pre-
vents determination of their total distribution and direction of
movement, Most appear to be lobate in plan. The flow units of
andesitic composition are most widespread; those of silicic com-

position are least widespread. All flows are restricted areally;



22

that is, they are not "layer-upon'layer" flows characteristic of

the Columbia River Basalt flows.
The lava flows are one of the more important stratigraphic
markers, mainly because they are most easily traced in the field

and because they form a sequence which can be delineated and

designated as a lithologic unit.

Breccia flows.--A breccia flow is a breccia of essentially

monolithic flow rock composition, containing fragments of variable
size and shape embedded in a comminuted matrix of the same compo-
sition. It is flow of breccia. It consists in part of breccia
which formed through autoclastic brecciation of lava flow during
its movement and block lava. The flow is not a flow breccia
(Holmes, 1928, p. 100) because the fragments are not welded to-
gether or cemented by the fluid parts of the same flow. The
breccia flow differs from a block flow (MacDonald, 1953, p. 182-
i83) because the fragments tend to be rounded and extremely vari-
able in size and shape, and the flow contains a considerable amount
of comminuted matrix. The breccias have been transported en masse
as individual units; that is, they may have been hydraulically ad-
vanced ahead by the fluidal portion behind or they may have been
rafted atop a fluidal interior. They are most common as top or
bottem breccia and less common as an intrabreccia of a flow umit.
They may also compose an entire flow unit as much as 300 feet

thiCko
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The fragments range in size from coarse-grained sand to
blocks as large as 6 feet in diameter. The average size is about
4 inches, They are subangular to rounded and blocky to tabular
in shape. Foreign fragments, which constitute less than 5 per
cent of the flow, are believed to have been picked up during flow-
age, Commonly, the breccias are altered and, ccnsequently, are
light colored in contrast to the associated lava flows, varying
in shades of gray, purple, red, brown, blue and green. Large
blocks of flow rock within a breccia flow are unaltered and retain
their darker color. The comminuted matrix is commonly yellow to
brown and is deeply stained by iron oxides., ieolites, chalcedony,
caicite and hematite are ubiquitous alteration products., Addition-
al alteration products probably include iron-bearing clays--
celadonite, natronite, saponite and chlorophaeite (Fiske, 1960;
Waters, 1955, p. 710; 1961), although no attempt was made to dis-
tinguish them in the present study.

In outcrop the treccia flows are massive; they reveal no
bedding except along their contacts and have no distinctive
jointing. Weathering tends to pluck out the soft matrix and
undermine the blocks.

| accretionary blocks, 3 to 20 feet in diameter, composed of
agglutinated flow rock fragments are rare. The blocks are prob-
ably fragments of flow breccia.

The contacts of the breccia flows are very irregular,

Locally the contact may be vertical. Shear zones are common
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between the solid lava flow and tle brecciated lava and were
probably formed in part by shearing during flowage or by defor-
mation of the strata., Large carbonized tree fragments have local-
ly been incorporated and mascerated in the breccia flow, suggest-
ing some degree of turbulence or roll-over action within the
breccia mass as it moved forward. The fluidal interior of a flow
unit may override the breccia front. This feature is revealed in
an outcrop where the flow layering of the lava flow is parallel to
the contact with the underlying breccia but is not parallel to the
over-all stratification of the flow unit. Part of the brecciation
is due to explosivé steam action in areas where a lava flow moved
over wet ground or into water (see discussion of Eagle Gorge
Andesite).

Breccia and lava flows are integral parts of a sequence of
flow units within the map area. The lava flows grade laterally
into breccia flows; as the flow units are traced outwards from
their source they contain a greater proportion of breccia.
However, local variations in the proportion can be caused by a
flow having come into contact with water or by the irregularity

of the terrain over which the flow had moved.

Tuff-breccia.--The discussion of tuff-breccia also pertains

to lapilli-tuff, lapillistone, lapilli-breccia and volcanic

breccia. The tufi-breccias occur as massively bedded strata

which superficially resemble breccia flows. However, they can be
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PLATE 7
Tuff-breccia and Qolcanic sediment

Lithic-pumice tuff-breccia of the lower part of the
Bear Creek Mudflow Member of the Huckleberry Mountain
Formation, exposed along the Northern Pacific Railroad
in the SEXSE%SE% sec. 20, T. 21 N., R. 8 E. Dark-
colored fragments are aphanitic flow rock. One dark
fragment in upper center is a vitrophyre. Lighter-
colored fragments are pumice, some of which are
attenuated; all are altered.

Well-bedded volcanic sediments, consisting mostly of
lapilii-tuff and volcanic sandstone, in the lower part
of the Snow Creek Formation at the type section
(SEXNWXNE% sec. 35, T. 21 N., R. 11 E.) west of Stampede
Pass. Slump structure occurs at the hammer in the
center. " Slumping is to the left (southwestward).

See stratigraphic section in .appendix A.
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distinguished by their heterolithic composition, the inclusion of
pumice fragments and tuff, and the presence of a fine matrix which
is neither sandy nor granular and is of a composition different
than lava flow (pl. 7A). The clasts are angular to rounded, the
average being subrounded. Their average size is 2 inches, smaller
than the fragments in breccia flows. A fine tuff-breccia consists
predominantly of fragments about 1-2 inches in size and is grada-
tional with lapilli-tuff or lapilli-breccia. A well-sorted tuf £-
breccia consists predominantly of fragments within a narrow size
range. The composition of the clasts and matrix is variable.
Pumice fragments are common. Lithic fragments consist predom-
inantly of flow rock fragments which vary from porphyries to flow-
layered aphanites. In addition there are fragments of tuff and
vitrophyre. Crystals are locally very abundant. The tuff matrix
is extremely altered; evidence of shards could not be found.

The tuff-breccias are believed to be derived through two
modes. Tuff-breccia of mudflow origin (lahar of Mullineaux and
Crandell, 1962) have a crude vertical stratification in which the
coarser clasts occur in the lower part and grade upward into
finer sizes. The upper part of a mudflow unit is generally well
sorted. The tuff-breccia grades laterally and is intercalated
with volcanic sediments., It has’a dense very well-compacted
matrix. The fine tuff fills the spaces between angular pumice

fragments and breadcrust bombs. Trees may be enclosed in the
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tuff-breccia. They may occur at various stratigraphic levels and
have haphazard orientation, suggesting that the breccia had tur-
bulent flow. Others are flattened and aligned in the same direc-
tion along the base of the tuff-breccia, suggesting that the
breccia plowed into a stand of timber.

A tuff-breccia of airbornme origin is essentially a block-
and-ash deposit. It has crude stratification which is drapeq_
over the irregularities of the underlying terrain. The clasts con-
sist of abundant pumice and tuff; their size is variable. The
coarser fragments are not confined to the lower part. The pumice
fragments are not compacted. An airborne tuff-breccia is shown
in plate 8.

An airborne tuff-breccia has a variable heat content at the
time of its accumulation., With an increase in heat content the
tuff-breccia is gradational into a weided tuff. If it were cool,
the tuff-breccia would be highly susceptible to fluvial reworking
and Be redistributed in the form of mudflows or volcanic sediments.
A tuff-breccia unit, grading upward from welded tuff to a pumice
tuff-breccia of mudflow origin, in which the unconsolidated pyro-
clastic debris has been reworked, is shown in plate 9. An
intensely altefed airborne tuff-breccia may be difficult to dis-
tinguish from a mudflow.

Tuff-breccias are similar to breccia flows in that they lack

distinctive jointing. Weathering tends to produce a slabby
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jointing. The slabs peel, leaving a smooth outcrop face.
Lapilli-tuffs tend to peel parallel to their bedding but this
feature is not criteria upon which to determine their bedding.

Mudflow tuff-breccias are variable in their distribution.
Those which are fairly well exposed are lenticular in cross-
section suggesting that they had filled valleys. After descend-
ing several adjacent valleys a mudflow may spread out laterally
and coalesce in an érea of low relief, similar to the lobate-
shaped terminal part of the Osceola Mudflow (Crandell and Waldron,
1956). The airborne tuff-breccias, in contrast, may be local in

extent, up to 5 miles from their sources.

Tuffs.--Tuffs consist predominantly of vitric clasts, cry-
stals, pumice fragments and minor amounts qf lithic fragments.

The constituents range in size and percentage locally te form
lapilli-tuff, lapilli-breccia and tuff-breccia. Fluvial or lacus-
trine deposits of similar material are considered as volcanic
sediments.

Deposits of tuff are recognized as accumulations of either
ash-flow or air-fall. The deposits have a variable heat content
at the time of their accumulation., If the heat content exceeds
the minimum welding temperature, the deposit may contain a zone
of partially to intensely welded tuff, Deposits which form exten-

sive sheets are ignimbrites. They consist of welded and nonwelded
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Overlying mudflow unit
MUDFLOW

40 reddish-brown-weathered zone

Occurs in Snow Creek
Formation

140’ lithic (vitrophyre) pumice-crystal tuff-breccia
massive, well-indurated; grayish-green; fragmenrts
range from 10" to fine grain in size; lithic fragments
are subangular; pumice fragments are anqular, wnite
togreen ard have white rims which grade into matrix.

10’ gradation zone
' IGNIMBRITE

42" pumice-crystal tuff-breccia

Exposed neur East Fork of

: - >
DU Snow Creek ir Nw 114SW /4
SN . NW 174 sec.27, T.2IN,RME.
. . o
oo )
RS ENPN o
C g om0
oS T E o 40 breccia zone
> . O i N
NP~ &
e B
* P =3 D
'w \-
L 40’ crystal zore; re-Hish-black 10 Srown-weathered, contcirs
e flattered green pumice fragments, up to 3“long, and
T few litnic Trogments.

) L : i Base not exposed Total exposed thickness 360 ft

V1 .
Plate 9 Columnar section of ignmbrite and overlying mudfiow
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tuff (Mackin, 1960, p. 86; Cook, 1962, p. 13). A single tuff
deposit which grades upward from a nonwelded zone at the base
thropgh a partially to intensely welded interior zone to a non-<
welded zone at the top is a simple cooling unit {Smith, 1960,
p. 157). Successive deposits of tuff may form a simple unit if

they accumulated rapidly and there was no interruption in their
cooling history. Interruptions in the accumulation of & deposit
are revealed by layers within the deposit of pumice, pyroclastic
material of different composition and volcanic sediment, or by an
erosional unconformity. Such 2 deposit is a composite ignimbrite.
Ignimbrites of ash-flow origin are lenticular in cross-

section and appear to have been confined to valleys; however, they
may descend adjacent valleys and coalesce in broad areas to form
extensive sheets., In the west-central Cascades they are andesitic
in composition and are characterized by zones of intense welding,
forming a vitrophyre (pl. 10). In contrast, ignimbrites of ash-
fall origin are of wide extent and mantle the topography. They
are excellent stratigraphic markers in the Cascade volcanic pro-
vince, They are partially welded and are dacitic in composition
'(pls. 17 and 18). They tend to be well sorted areally with re-
spect to their source. Local thick accumulations may have formed
in depressions by flowage of the unconsolidated ash from adjacent

topographic highs. Textures, sizes and volume percentages of the

constituents vary internally in the ignimbrites studied. These
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PLATE 10
Tuffs

Vitrophyre from the intensely welded zone of the Sunday
Creek Tuff Member of the Snow Creek Formation exposed
at the type section. Rock consists largely of black
glass and minor amounts of crystals, and lithic and
pumice fragments; light-colored fragments are pumice.

Slab of partially welded andesite pumice crystal-vitric
tuff in the Rack Creek Tuff Member (unit c in strati-
graphic section, sppendix ) of the Huckleberry Moun-
tain Formation, exposed in the NWZNEINE%Z sec. 31,

T. 21 N., R. 8 E. Dark-colored lenticular fragments
are porphyritic pumice. Scattered fine black frag-
ments are vitrophyres. Mottled patches are probably
the result of partial devitrification.
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differences aid in distinguishing various units within an ignim-
brite.

The bedding within a tuff is revealed by flattened pumice
fragments or less commonly by the lineation of crystals and
lithic fragments. Compaction produces a eutaxitic layering.

The tuffs range in color from black to brownish gray to greenish
gray. Altered tuffs are breown to green in color.

Moderately to intensely welded tuffs have a blocky to crude
columar jointing. Disc-shaped platy joints are rare except in
the moderately welded zone above the vitrophyric zone in an
ignimbrite (see discussion of Sunday Creek Tuff Member of Snow
Creek Formation). Weathering of partially welded tuffs (those
showing incipient eutaxitic layering) produces a slabby jointing.

The tuffs weather similarly to tuff-breccias. The vitro-
phyre zone is the most resistant and crops out similarly to a

lava flow.

Volcanic sediments.--A sediment with more than 50 percent

admixture of volcanic detritus constitutes a volcanic sediment.
The sediments consist predominantly of lapilli-tuff, volcanic
sandstone and minor amounts of volcanic conglomerate, fine tuff-
breccia and lapillistone. They occur as fluvial and lacustrine
deposits. Lapilli-tuff and fine tuff-breccia consist largely of
pumice and tuff fragments and lesser amounts of lithic fragments

and feldspar crystals, embedded in a tuffaceous matrix. The
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fragments are subangular to rounded. The iithic Iragments rarely
exceed 5 percent of the volume of the rock. Accretionary lapilli-
tuffs (Moore and Peck, 1962) are present. Volcanic and tuffaceous
sandstones are distinguished on the basis of whether they contain
more or less than 50 percent volcanic detritus (pl. 53C). They are
fine to very coarse-grained and consist of tuff and pumice clasts,
abundant feldspar crystals and a few lithic fragments. They grade
laterally into and are intercalated with siltstone, tuff, and
minor amounts of shale. Volcanic conglomerates contain well-
rounded clasts, coarser than very coarse grained in size, and less
than 10 percent tuff matrix. The volcanic sediments are cemented
with clay, calcite, and zeolite.

The volcanic sediments are generally thin bedded. They are
well bedded, commonly are graded bedded, and are of uniform thick-
ness across the extent of their outcrop (pl. 10A). Cross bedding
is a minor feature. Large scale cross bedding and siump structures
are rare. The sediqents grade laterally and are intercalated with
poorly sorted tuff-b:eccias of mudflow origin. They are gray,
brown and green in color, having been altered similarly to tuff-
breccias. They also weather similarly but their bedding is a
criterion for distinguishing them from tuff-breccias. Most of
the detritus in the finer volcanic sediments of the Keechelus rocks

is probably reworked airborne e jecta.
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Kock Units

General discussion

The rock units in the area (pl. 1) mapped in the west-central
Cascade Range have been divided into stratified and intrusive
rocks. The stratified rocks have been subdivided into several
formatiofal units (pl. 11) which, from oldest to youngest, are as
follows: the Tiger Mountain and Tukwila Formations of the Puget
Group; the Guye Formation; the Mount Catherine Tuff (equal in part
to the Mount Catherine Rhyolite, Foster, 1960); the Keechelus Vol-
canic Group which includes the Enumclaw and Huckleberry Mountain
Formations, the Eagle Gorge Andesite, the Stampede Tuff and Snow
Creek Formation, the "Naches Formation" which is equivalent in
part to the Enumclaw and Huckleberry Mountain Formations; the
Cougar Mountain Formation; and the "Ellensburg Formation." Sur-
ficial deposits of glacial drift, alluvium, and a few landslides
are the youngest in the area.

The Puget Group and Guye Formation, of middle to late Eocene
age, are a part of the earliest depositional sequence recorded in
the area. They are overlain unconformably by the Mount Catherine
Tuff, the Keechelus Volcanic Group and the "Naches Formation,™ a
sequence consisting largely of veolcanic rocks, ranging in age from
late Eocene to Oligocene(?). The Keechelus Volcaﬁic Group 1is

overlain unconformably by the Cougar Mountain Formation of early(?)
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Miocene age. Deposition of the Cougar Mountain Formation was
followed by extensive deformation and subsequent extensive intru-
sions of porphyries and the plutons of the Snoqualmie batholith.
Local deposits referred to the "Ellensburg Formation" of late
Miocene to early Pliocene age rest unconformably on older rocks.

The iFtrusive rocks are subdivided into hypabyssal intru-
siong of altered rhyolite, hornblende lamprophyre, altered pyroxene

andesite porphyry, and quartz-pyroxene diorite, all of which are

believed to predate the emplacement of the Snoqualmie batholith,
and transitions between quartz diorite, grancdiorite, and quartz
monzonite which constitute the southern part of the Smogqualmie
batholith. Hornblende dacite porphyry, fresh pyroxene andesite
porphyry and fine-grained andesite were intruded after emplacement

of the Snoqualmie batholith.
Stratified rocks

Puget group.

Definition.-~The name "Puget Group™ was originally

applied to the brackish water and continental coal-bearing arkosic
sandstone and shale in the Puget Sound lowland west of the Cascade
Range by White (1888, p. 447). Willis (1898) made the first de-
scription of the stratigraphic sections of the "Puget Group.™

. Evans (1912) subdivided the "Puget Group" in the Green River area

into a lower Bayne "series," a middle Franklin "series™ and an
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upper Kummer "series" but was unable to correlate his units with
those established by Willis. Warren and others (1945) made a de-
tailed map of the King County coal field. They divided the rocks -
into a lower marine Cowlitz (?) formation (Weaver, 1912, p. 11-13),
a middle Eocene volcanic series, and the overlying "Puget Group."
Warren delineated intertonguing of the Eocene volcanic series with
the sedimentary rocks of the "Puget Group." Waldron (1962) rede-
fined the "Puget Group" to include the Eocene volcanic series in
the Seattle area and the overlying coal-bearing rocks. He named
the volcanic rocks the Tukwila Formation and the overlying sedi-
mentary rocks the Renton Formation. Vine (1962s) extended the
terminology of Waldron to include the Eocene volcanic series and
the overlying "Puget Group" previously mapped by Warren in the
areas of the Hobart and Maple Valley (7%-min.) quadrangles. In
addition Vine subdivided the Cowlitz(?) Formation into the lower
Raging River Formation and overlying Tiger Mountain Formation. He
redefined the Puget Group to inciude tne lower Tiger Mountain For-

mation, the middle Tukwila Formation and the upper Renton Formation.

Tiger Mountain Formation.

Distribution and thickness.--The lowest strati-

graphic unit in the map area consists of interstratified nonmarine
sedimentary rocks, coal beds and minor epiclastic andesitic vol-
canic rocks., They occur in the northwest part of the map area

(pl. 1). They were mapped by Warren and others (1945) as the upper
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part of their "Puget Group" but are assigned by the present writer
to the Tiger Mountain Formation (Vine, 1962a, 1962b) on the basis
of their stratigraphic position and similar lithology.

The strata have a minimum exposed thickness of 2,100 feet.
The formation has a thickness of 2,000 feet in the Hobart quad-
rangle, 4 miles northwest of the map area. This thickness does
not include the 825 feet of epiclastic volcanic rocks of the Tuk-
wila Formation interstratified with the upper part of the Tiger
Mountain Formation.

Lithology.--The rocks of the Tiger Mountain Forma-
tion are very poorly exposed. They are deeply weathered and
locally covered by thick brushy stands of secondary growth timber
and glacial deposits. They consist of light-gray to olive to
brown-weathering interstratified nonmarine arkosic to feldspathic
micaceous fine- to coarse-grained sandstone, siltstone and shale,
carbonaceous siltstcne, coal, claystone, and minor well-rounded
granule-pebble chert conglomerate. Beds-of yellowish-gray to
reddish-brown-weathering lithic-pumice lapilli-tuff and coarse-
grained pumiceous volcanic sandstone are intercalated near the
top. The coarser sandstones are thin- to thick-bedded; the thicker
beds are commonly cross-bedded. The finer sediments are laminated
to thin-bedded. The beds of volcanic sediments are massive. A
coal bed about 7 feet thick and containing many bone partings is
exposed in a trench along the McDonald Point road (P 1, see

Appendix A). Other coal beds are poorly exposed in cuts along
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the road in the same area. Coal has been mined from at least two
beds in the presently abandoned Pocahontas mine (P 2). The prob-
able extension of the Durham-Kanaskat flint-clay bed (Warren and
others, 1945; U.S. Bureau Mines, 1945) is exposed in a trench
along the McDonald Point road (P 3). The bed is about 5 feet
thick and consists of gray oolitic claystone. It overlies a 5-

foot thick coal bed.

Contact relations.--The base of the formation is

not exposed in the map area. Vine (1962a, p. 12) defined the base
of the Tiger Mountain Formation (Puget Group) as conformable and
transitional with the underlying Raging River Formation. In the
exposures along the.McDonald Point road the arkosic sedimentary
rocks above the Durham-Kanaskat flint-clay bed are intercalated
with the epiclastic volcanic rocks of the Tukwila Formation. The

formations are conformable.

Age and correlation.--On the basis of plant fossils

and leaf impressions Jack A. Wolfe (Vine, 1962a, p. 13) considered
the middle part of the formation, beiow the lowermost tongue of
the Tu#wilé Formation, to bemiddle(?) and late Eocene.

The writer regards the Tiger Mountain to be in part equivalent
to the éuye Formation (see discussion of Guye Formation). He also
regards the Tiger Mountain at least in part equivalent to the
Rummer "series" of Evans (1912, p. 46-49), to the "Puget Group"
of Willis (1898) at Carbonado, Pierce County, and the coal-bearing

rocks near Morton and Ashford, Lewis and Pierce Counties (Culver,
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1919; Fisher, 1957). These rocks are overlain by and intercalated
with epiclastic andesitic rocks similar lithologically to the Tuk-
wila and its probable equivalents, the Ohanapecosh Formation
(Fiske, 1960; Fisher, 1957) and the Northcraft Formation (Snavely
and others, 1958; Vine, 1962a, p. 6) (see discussion of Tukwila
Formation).

Leaf impressions are present in the rocks exposed along the

McDonald Point road but none was collected by the writer.

Tukwila Formation.

Distribution and thickness.--Epiclastic andesitic

volcanic rocks overlie the Tiger Mountain Formation in the north-
western part of the map area (pl. 1). They are assigned herein to
the Tukwila Formation. They occupy about the same stratigraphic
position and are very similar lithologically to the Tukwila Forma-
tion in the Hobart quadrangle (Vine, 1962a, 1962b)., Detailed
mapping in the western part of the North Bend and ncffhern part
of the Cumberland (7%-min.) quadrangles may, however, indicate
that the volcanic rocks are a part of a tongue of the Tukwila For-
mation in the upper part of the Tiger Mountain Formation.

' The Tukwila Formation has a maximum exposed thickness of 700
feet in the map-érea. In the Hobart quadrangle the tongues of
the lower part of the formation have thicknesses of 350 and 475

feet and the main body is 6,175 feet thick (Vine; 1962a, p. 18-19).
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Lithology.--The outcrops of the Tukwila Formation
are weathered and the rocks are poorly exposed. They consist of
yellowish~-gray to reddish-brown-weathering pumice tuff-breccia,
lithic crystal tuff-breccia, lithic pumice lapilli-tuff, volcanic
sandstone and fine- to coarse-grained crystal tuff. All are thick-
to thin-bedded. Abundant large boulders of dark-gray fine-
grained andesitic flow rock suggest that the formation may include
some lava flows, although none were observed in outcrop.

Contact relations.--The base of the Tukwila Forma-

tion is conformable and gradational with the top of the Tiger
Mountain Formation. The contact between the Tukwila Formation

and the bverlying Mount Catherine Tuff was not located in the field,
but the writer considers it to be unconformable (see discussion of
Mount Catherine Tuff).

Age and correlation.--On the basis of plant fossils

arnd leaf impressions collected fram the Tukwila Formation in the
Hobart quadrangle, Jack A. Wolfe (Vine, 1962a, p. 14-16) considered
the formation to be late Eocene.

Reconnaissance field mapping for the Northern Pacific Railway
in the Morton area (see Fisher; 1957, pl. 1), in the Rainier Corri-
dor of the Snoqualmie National Forest, Pierce and Lewis Counties
(Hammond, 1960), in the Green River area (Wodzicki, 1960; Hammond
and Rice, 1961), leads the writer to believe that the Ohanapecosh
(Fiske, 1960; Waters, 1961), Tukwila and very likely the Northcraft

(Snavely and others, 1958; Vine, 1962a, p. 6) Formations are
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correlatives. These formations are very similar lithologically;
they consist predominantly of massive thick-bedded epiclastic
andesitic volcanic rocks and dark-colored lava flows; they conform-
ably overlie strata which have been assigned to the "Puget Group"
and are intercalated and transitional with them. Tracing the con-
tact between the Ohanapecosh Formation and the unconformably over-
lying Stevens Ridge Rhyodacite (Fiske, 1960; Waters, 1961) from the
Mowich River in Mount Rainier National Park northward to the Green
River, the writer found that the Ohanapecosh thins from a maximum
exposed thickness of 15,000 feet along the Mowich Lake road to a
minimum thickness of 700 feet in the map area. Further detailed
field mapping between the Cowlitz and Snoqualmie Rivers along the

Cascade foothills is necessary to substantiate these correlatioms.

Guye Formation.

Distribution and thickness.--Interstratified mica-

ceous sandstone, shale, carbonaceous shale and chert conglomerates
constitute the lowest stratigraphic unit exposed in the north-
eastern part of the map area (pl. 1). These rocks were originally
grouped with chert. limestone and rhyolite by Smith and Calkins
(1906) and designated as the Guye Formation. Fostef (1960, p. 111-
113) restricted the clastic sedimentary rocks to the Guye Forma-
tion, assigned thé chert, limestone, and basalt to the Denny For-
mation, designated the rhyolite in the Guye Formation of Smith

and Calkins as the Mount Catherine Rhyolite and extended the name



46
"Naches Formation" to the interstratified micaceous sedimentary
and volcanic rocks overlying the Mount Catherine Rhyolite.

Well-rounded pebble-cobble conglomerate, containing abundant
clasts of dark chert and-quartzite and a few white silicified
pumice in a matrix of arkosic, micaceous coarse-grained sandstone,
is exposed along the southern'slope of Mount Washington (G 1) north
of the map area. This rock is very similar to the conglomerates
present in the upper part of the Guye Formation along the Cascade
crest (G 2) north of the map area. These rocks are considered ten-
tatively as a part of the Guye Formation.

Foster (1960, p. 113) estimated the thickness of the formation
to be about 5,000 feet. A minimum exposed thickness of 4,400 feet
occurs along the line of the tunnel of the Chicago, Milwaukee,
Saint Paul and Chicago Railroad along the east fiank of the Mount
Catherine anticline (G 3).

Lithology.--The formation includes light-gray, olive
to brown lithic, arkosic to feldspathic micaceous fine- to very
coarse-grained sandstone; gray to black micaceous shale; black
carbonaceous shale and black to gray chert, quartzite and pumice
granule-cobble conglomerate. The conglomerate is the most dis-
tinctive lithology and is present in large amounts in the upper
part of the formation northeast of Mill Creek (G 4). The beds
range in thickness from 6-50 feet and are interstratified with
sandstone. The sandétone occurs in thin to thick beds; locally

it is cross bedded. The shale is thin bedded to laminated., Black
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fissile shale, almost like slate, is exposed along U.S. Highway 10
and Coal Creek (G 5). The rocks are gray and intensely indurated
in the road cuts along U.S. Highway 10 northwest of the summit of

Snoqualmie Pass,

Contact relations.--The base of the Guye Formation

is not exposed in the map area. Danmer (1957, p. 249-250) reported
finding the Guye unconformably overlying ribbon chert and chert
breccia of his Stillaguamish Group of Permian age between Snow
Lake and Melakwa Pass, about 3 miles northwest of Snoqualmie Pass.
A fault extends north-northeastward along the east side of the
Snoqualmie River valley between the river and the Cascade crest
north of the map area. Rocks of the upper part of the "Naches
Formation" have been dropped along the west side of the fault and
lie in juxtaposition with the rocks of the Guye Formation.

The Guye Formation is unconformably overlain by the Mount
Catherine Tuff. The contact is exposed along the slope south of
Rockdale Creek (MC 6) north of the map area (see discussion of
Mount Catherine Tuff). The unequal distribution of the Guye For-
mation along the flanks of the Mount Catherine anticline with
respect to the outcrop of the Mount Catherine Tuff suggests an
unconformable relationship between the two formations. The Guye
had been more deeply eroded, possibly as much as a few hundred
feet, in the area along the west flank of the anticline before

deposition of the overlying Mount Catherine. No conglomerate is
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exposed here below the Mount Catherine. Further evidence of the
unconformity is the absence of overlying andesitic volcanic rocks
which would be probably equivalent to the Tukwila Formation.

Age and correlation.--Foster (1960, p. 113) con-

sidered the Guye Formation to be Paleocene or Eocene. He col-
lected leaf fossils from an ocutcrop along the southwestern side
of Coal Creek (G 6) and submitted them to R. W. Brown of the U.S.
Geblogical Survey for identification.

The writer considers the formation to be probably middle to
late Eocene on stratigraphic evidence., The conglomerates along
the south slope of Mount Washington occur stratigraphically at
about the same position as the Tiger Mountain Formation. Proximity
of these outcrops to the exposures of the Tiger Mountain suggest
that the two formations may be correlatives. The writer also con-
siders tentatively that the Guye Formation and the lower part of
the Roslyn Formation (Bressler, 1951, p. 35-39) may be correlatives.
The lower part of the Roslyn Formation is similar lithologiéally
to the Guye Formation. Furthermore, epiclastic volcanic rocks
similar to the Tukwila and Ohanapecosh Formations are exposed in
a position stratigraphically above the Roslyn Formation along the
Northern Pacific Railroad about 6 miles east of Cle Elum (G 7).
Further field work in the area between the southeastern part of the
map area and the Roslyn basin is necessary to establish this

correlation.
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Mount Catherine Tuff.

Definition and type section.--A distinctive lith-

ologic unit consisting predominantly of rhyolitic to dacitic tuff
is exposed in the northeastern part of the map area (pl. 1). This
unit wes originally mapped as rhyolite within the Guye Formation
by Smith and Calkins (1906). Foster (1960, p. 114) separated the
rhyolite and the overlying interstratified sedimentary rocks,
basalt and rhyolite from the Guye Formation. He assigned the
overlying rocks to the "Naches Formation," and he named the rhyo-
lite unit the Mount Catherine Rhyolite for the mountain west of
Mill Creek. He defined the unit as consisting of light-colored
flows, tuff, tuff-breccia, most of which contained fine-grained
quartz phenocrysts, and minor volcanic sediments. He designated
the type section along Mill Creek. The creek flows through a very
steep-walled canyon and the exposures of the Mount Catherine 'are
stream-worn and weathered. A better exposed section of the unit
occurs along the road at the west side of Lake Keechelus near the
north end of the lake (MC 1). Here the unit consists only of
styolitic to dacitic vitric and crystal-vitric tuff. No rhyolitic
intrusions and lava flows, which Foster described at Mill Creek,
are present here. The writer prefers to designate this locality
as the type section and to redefine the unit as the Mount Catherine

Tuff. It consists of rhyolitic to dacitic tuff, in which dacitic

predominates, and a subordinate amocunt of volcanic sediments. The
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sediments are exposed in the cuts aiong U.S5. Highway 10 east of
Hyak (MC 2). Rhyolitic intrusions and lava flows are not con-
sidered a part of characterizing lithology because they occur
abundantly in the overlying "Naches" and Enumclaw Formations.
Also the intrusions are not a stratigraphic unit.
A detailed description of the type section and the contact

relations of the formation are described below.

Distribution and thickness.~-The tuff forms an

arcuate outcrop belt around the nose of the southward-plunging
Mount Catherine anticline {pl. 1). It is exposed in the core of
the northwest-trending Keechelus Ridge anticline along Gold Creek
and in the spur ridges of Kendall Peak north of the map area.

A maximum exposed thickness of 1,420 feet is present at the
type section.

At least 1,400 feet of contact metamorphosed dacite pumice
crystal—%itric tuff is present along the north slope of Mount
Washington (MC 3) north of the northwestern corner of the map area.

Fuller (1925, p. 61) reported a thin "flow" (the quotes are
the writer's) of "amygdaloidal" dacite forming one of the Keechelus
"flows" above the pre-Tertiary basement on the western slope of
Mount Washington. It is light buff in color, weathers dark brown
and is composed of a felted mass of highly altered fine-grained
laths of plagioclase and many small quartz grains. This dacite

may be a part of the Mount Catherine Tuff.
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The exact distribution of the tuff in the northwestern part
of the map area is uncertain. Although float of similar tuff was
observed in the area south of Palmer Junction on the Green River
(MC 4), along the western side of the map area, no tuff could be
found in place. The unexposed interval in which the unit is pre-
sumed to be present between volcanic rocks of the Tukwila Formation
and massive lava and breccia flows of the overlying Enumclaw For-
mation is 210 feet thick south of the Green River and 540 feet
thick along the McDonald Point road to the north. Dense vegeta-
tion, thick soil cover and sporatic veneer of glacial deposits
conceal the bedrock in the area. Erosion may haae partly or
entirely removed the tuff before it was buried by the flows of
the Enumclaw Formation or the tuff accumulated to no great thick-
ness in this area.

Petrography.--At the type section (MC 1) the Mount

Catherine Tuff consists essentially of three tuff lithologies:

a very fine-grained vitric tuff, a crystal-vitric tuff in which
crystals of only quartz are present and a crystal-vitric tuff in
which crystals of both quartz and feldspar are clearly discern-
ible. The percentage of quartz and feldspar and their ratio
ranges widely in this tuff. The crystal-vitric tuff is grada-
tional into minor amounts of lithic-pumice-crystal-vitric tuff
and tuff-breccia. No volcanic sediments of the type Foster (1960,

p. 114) described from the road cut along U.S. Highway 10 east of
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Hyak were noted in the exposures along the abandoned right-of-way.

The vitric tuff is medium bluish gray and stained with iron
oxides (spec. 1). It is dense, has an extremely well-developed
eutaxitic layering, and closely resembles a highly siliceous
laminated fine-grained quartzite. The tuff is devitrified and
recrystallized; the fragmental texture is almost completely oblit-
erated, Microscopically it consists of a’ few scattered lenses,
less than 2 mm in size, of coxcomb and granular quartz and sericite
in a very fine-grained granoblastic groundmass of quarts and
sericite. Granular magnetite and hematite dust accentuate the
layering.

The quartz-bearing crystal-vitric tuff is also medium bluish
gray and stained by ifon oxides (spec. 2). It has a highly com-
pressed vitroclastic texture in which the shards are squeezed
between crystals and a few fine lithic fragments. The groundmass
.is partly devitrified; very fine-grained crystals have developed
within a few shards to form a pectinate texture. A few veinlets
of fine-grained quartz traverse the rock. The quartz crystals
are corroded and constitute up to 10 percent of the rock. Patches
of granular quartz, calcite, sericite, and granular magnetite,
weathering to hematite, are scattered throughout the rock. Some
clusters occur as pseudomorphs of prismatic grains which may be

former feldspar.
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The crystal-vitric Fuff; containing easily discermible cry-
stals of both quartz and plagioclase, is dusky blue to grayish
blue (spec. 3). It contains about 10 percent crystals of corroded
quartz and 25 percent plagioclase which are largely altered to
calcite., The highly compressed vitroclastic groundmass is silici-

fiad. Magnetite, hematite, sericite and a very small amount of

epidote are present.

The intense devitrification and silification is believed due
mainly to hydrothermal alteration. At its eastern exposures,
along U.S. Highway 10 east of Hyak and along the Chicago, Milwaukee,
Saint Paul and Pacific Railroad (MC 5) the tuff is sheared and
intruded by andesite. Additional structural featurgs (see dis-
cussion of Structure) suggest that a fault trends the length of
Lake Keechelus and is very likely the site of hydrothermal alter-

ation,

Stratigraphic section.--The colummar section of

Mount Catherine Tuff exposed at the type locality (MC 1) is

listed in Appendix A. Three tuff uhits possibly can be distinguished
in this section: a lower unit of about 720 feet of gray dense.
vitric tuff, a middle unit of about 330 feet of quartz.plus feldspar
-bearing crystal-vitric tuff and an upper unit of about 320 feet

of only quartz-bearing crystal-vitric tuff. The top 50 feet of
quartz and feldspar-bearing crystal-vitric tuff is perhaps part

of a fourth tuff unit. The diverse tuff lithologies and the
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presence of volcanic sediments which occur above the base of the
formation at its exposure along the northern side of U.S. Highway
10 east of Hyak suggest that the Mount Catherine Tuff is a com-
posite ignimbrite. The intense silicification of the formation
has probably obscured many of the textural features which would
serve to distinguish the cooling units of the tuffs in the outcrop.

Contact relations.--The lower and upper contacts of

the Mount Catherine Tuff are not exposed at the type locality

(MC 1). However, the baée is exdosed in road cuts along the Bonne-
ville Power Administration power line right-of-way south of Rock-
dale Creek and west of the Cascade crest (MC 6), just north of the
map area. Here the basal rocks of the formation consist of a 16-
foot interval of interstratified epiclastic thin-bedded gray tuff
and lithic lapilli-tuff. They are overlain by about 30 feet of
gray lithic tuff-breccia. The tuff rests along a sharp contact
disconformably upon black well-indurated shale of the Guye
Formation.

A sill of pink-weathering, very light-gray, highly slicified
felsite porphyry, with abundant white coarse-grained feldspar
crystals, has intruded the upper contact exposed along Mill Creek
(MC 7). The platy-jointed upper 10 feet of the sill contains
abundant black fine-grained sandstone fragments, ranging from %-5
inches in size. The sill is overlain by 10 feet of dark-gray,

iron oxide-stained, thin-bedded fine-grained sandstone at the base
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of the "Naches Formation."” The base of the sill is in contact
with similar felsite porphyry rock, suggesting the possibility of
multiple intrusions along the contact at this locality.
Although the writer was unable to locate the contact he con-
siders the Mount Catherine Tuff to overlie the Tukwila Formation

unconformably.

Age and correlation.;-The tracing of the distinctive

lithologic unit which constitutes the Mount Catherine Tuff is para-
mount to the understanding of the stratigraphic and structural
geology of the central Cascade Range. By the nature of its lith-
ology and its thickness this unit should have wide areal extent.
However, structural and intrusive complexities greatly hinder the
attempt to trace the unit away from the type area. Similar 1ith-
ologic units have been found not too distant from this area.

Thick dacite crystal-vitric tuff overlies conglomerate identical
to the conglomerate in the uppermost Guye Formation at Mount Wash-
ington, about 12 miles west of Mount Catherine. Fiske (1960)
delineated a thick rhyodacite crystal-vitric tuff in Mount Rainier
National Park and named it the Stevens Ridge Formation. The
Stevens Ridge underlies lavé and breccia flows, which he assigned
to the Fifes Peak Formation, but the writer has traced these same
flows northward to the White River into the Enumclaw Formation.
Likewise, the underlying Stevens Ridge tuff has been traced north-
ward to South Prairie Creek (MC 8) about 8 miles southwest of the

map area. Here it has a minimum exposed thickness of 320 feet.
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- The Stevens Ridge has also been traced northeastward from The
Dalles (Waters, 1961, p. 51) on U.S. Highway 410, in the south-
eastern part of the Greenwater quadrangle, to the Greenwater River
where it is concealed by flows of the "Ellensburg Formation"
(Waters, 1961, p. 50) which underlie the tableland at Naches Pass.
The tuff possibly extends east of Pyramid Peak and forms the mass
of white porphyritic rhyolite, the largest that Smith and Calkins
(1906, p. 8) observed in the Keechelus. In addition the writer
made a one-day reconnaissance into the Quartz Mountain area,

south of Cle Elum (MC 9), to examine the base of the "Naches For-
mation" (Stout, 1959). There, a crystal-vitric tuff very similar
to the tuff at Hyak, greater than 1,000 feet thick, rests upon
amphibolite of pre-Tertiary age. Smith and Calkins (1906) inciuded
the same unit in their Kachess Rhyolite which they considered to”
underlie in part their Naches Formation.

On the basis of these relationships the writer tentatively
correlates the Moﬁnt Catherine Tuff with the Stevens Ridge Rhyo-
dacite. Additional field mapping 1s necessary to substantiate
this correlation. Critical localities for re-checking are (1) the
area east of the Rainier State School at Buckley along the south
side of the White River, (2) the northern slope of Rattlesnake
Mountain south of North Bend, and (3) the areas containing crystal-
vitric tuffs west of Quartz Mountain, at Mount Clifty (Stout, 1959,
p. 80} and from there southwestward to Naches Pass and northward

to the Yakima River.
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Wolfe (1961, p.228-229) identified fossil leaves from the
lower part of the Enumclaw Formation (see discussion of that for-
mation) as late Eocene to early Oligocene. The Mount Catherine
Tuff, underlying the Enumclaw Formation, is considered to be the

same age.

Keechelus Volcanic Group.

Previous work.--The contributions to the geology of the

Keechelus rocks by previous workers are summarized below in their
chronologic order. The geographic locations referred to are shown
in plate 4. The various stratigraphic divisions of the Keechelus
are shown in the comparative stratigraphic chart (pl. 12).

In the Snoqualmie Pass folio, Smith and Calkins (1906, p. 8-9)
defined the ¥eechelus Andesitic Series as a voluminous assemblage
of mainly andesitic volcanic material and a small amount of sedi-
mentary rock. The series occupied most of the western half of the
Snoqualmie Pass quadrangle (30-min) and extended westward and
southward into the adjacent Cedar Lake and Mount Aix quadrangles,
respectively. They determined its thickness at 3,000 to 4,000
feet. The volcanic rocks include lava flows, agglomerates (tuff-
breccias) and tuffs. The fragmental rocks are predominant but
the proportion varies locélly. They are predominant in the north-
ern part of the quadrangle and about Stampede Pass but lava flows

are most abundant to the south. Lithclogically the rocks include



SruthdCalind Weover | Wawven 1941 | Wavren 3 | Abbott -
19o£|x 1916 (Grant 1941 | others 945 1953
Ao one | King County | Mt Aix Quad | King County [NWME Aix Quad
Plioczane UPP”
Keechelus _ _
UP per V4 /E}Iensburgw E
v L ower numclaw | Yokimo
I0CENE | Keechelus W?jf;fs?m Basalt
Middle Yakima 9ranodnon’ce fo;;?‘p’;‘:r Yakima
= per A
lv’]-owe" Guge Frm Keechgius Fifes Peak
iccene
s orendont Andesite
OUPPey R beaving beds
l = Lower
gocene Keechelus
Mddle Keechelus
Ohgecene e Keechelus
| ower I Andesitic
0 jgocens Sevies "
I, O, DO, PO e — — — — M
Upper H™—2—7"— L |
EOPCPQ ne Teanaway Puget Puget Puget '
Basal t Gyoup GvouP G"OUP
Middle ?—?—?—
Focene | Naches Fem
lower [?—?7—71—
EOCQHQ Swauk Frm
P— =
Paleccene

Plate 12 Comparative stratigraphic chart showing various stratigraphic divisions of



58
Abbott | Fisher Stout Foster | Fiske 1960 | Hammond
953 | 1954857 |\evann| 190 | pires19€l) ise3
. Rayruer
Mt AixQuad | E LewisCo | Rivers valleys|L Keechelus | Nat!l  Park Green River
i ' lensburg Fim"
Ellensburg | psopond
Fem”
Yakima
Basalt NCHCNT SN
Yakima
M T A A A AN A A e e ] W?W?M?w——?—-?—?— . '
“ifes Peak "Fifes Peak | Couga¥
Andesite Keechelus | _Frm " _| Mtn Frm
MRt Stevens [t
Keechelus Andesite Ridae
; Frm
Keechelus JPE P Rttt
S P
Uoper now Cv va
Kethelus ot Jtanpede
| Group [T Engle Govge Agdeslte
— —— —Mud Kef;helus R H[ﬁﬁuc;{;wm%z
wev , Mt Catherine Tuff
Puget M Naches |} Naches Frm" Ohanapecosh A Fnm Drns P
Group Puget B’ Fom——  Frm Tukwila Fem
Group Mt Catherine Tger Mitn - Guye
oltte
WLATER MU .
Guye Frm
IR OV S
— 0 ——7—

ic divisions of the Keechelus recognized by previous workers



59
pyroxene andesite, dacite, rhyolite and basalt, the first two
being most abundant. Smith and Calkins believed that the series
overlay the Yakima Basalt and underlay the Ellensburg Formation,
both then dated as Miocene, but included rocks of post-Miocene age
as well. Consequently they were convinced that the Keechelus com-
prised volcanic rocks of two ages. They subdivided the Keechelus
into two parts. The lower part wa; the most extensive; it included
considerably altered rocks and, therefore, was considered as a dis-
tinct lithologic unit. It unconformably overlies their defined
Swauk and Guye Formations and Teanaway Basalt, Their map also
showed that the lower Keechelus rests unconformably upon Eheir
Naches Formation and Yakima Basalt. The upper Keechelus, consist-
ing mainly of lava flows, is exposed in the drainage basins of the
Greenwater and Naches Rivers. It is flat-lying in contrast to the
lower part and is as fresh as lava flows of recent volcanism. Un-
fortunately they did not designate a type area; however, most
geologists have fairly well agreed that Lake Keechelus is the type
area and the rocks exposed there represent the ?redominating lith-
ologies of Smith and Calkins' lower Keechelus.

Weaver (1916, p. 84, 232-235) gavelthe name "Enumclaw Series"
to the sequence of volcanic rocks consisting predominantly of lava
flows extending along the western foothills of the Cascade Range
from Enumclaw northward to North Bend in King County, and cqnsid-

ered them at least in part equivalent to the upper part of the

Keechelus Andesitic Series.
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Fuller (1925) extended the Keechelus westward to the western
border of the Cedar Lake quadrangle and considered the lava flows
at Cedar (Chester Mofse) Lake to be equivalent in part to the
Enumclaw Series and to the lower Keechelus. He used the theory of
magmatic differentiation to explain the increasing acidity upwards
in a stratigraphic sequénce of volcanic rocks. The lava flows are
predominantly of basic andesite so he believed they represented
the basal part of the volcanic sequence. He also believed that
the Keechelus volcanic rocks are the effusive equivalents of the
Snoqualmie granodiorite which was deroofed during its emplacement.
The pyroxene diorite plutons at Meadow Mountain and Silver Peak
are thought to be the rocks formed during the vent phase and final
stage of the emplacement.

Coombs (1935, 1936) extended the name "Keechelus Andesitic
Series™ to include the lithologically similar rocks in Mount
Rainier National Park. These rocks overlie carbonaceous sediment-
ary rock which he assigned to the Puget Group. He recognized two
parts to the Keechelus rocks: a lower unit of altered rocks,
structurally deformed and deeply dissected, and an upper unit of
fresh, well-bedded lava flows and pyroclastic rocks. He regarded
the series as comprising at least two formations. The uncertain-
ties in the determination of- a Miocene age for the Guye Formation
of Smith and Calkins led Coombs to infer that parts of the

"Keechelus" were probably older than Miocene. He considered the

youngest Keechelus to be Pliocene.
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Warren (1936, 1941), having mapped in the northern and east-
ern parts of the Mount Aix quadrangle, restricted the "Keechelus
Andesitic Series" to the volcanic rocks underlying the Yakima
Basalt. He subdivided the "Keechelus" into a lower and upper part,
and named (1941) the upper the "Fifes Peak Andesite." The lower
part was not given formational status. This part consists predom-
inantly of altered andesite and dacite pyroclastic rocks, in excess
of 2,000 feet thick., It unconformably overlies continental arkosic
sedimentary rocks exposed in the Bumping River area and is intruded
by a granodiorite which he considered to be a satellite of the
Snoqualmie batholith in the northwestern part of the Mount Aix
quadrangie° The Fifes Peak Andesite consists of predominantly
pyroclastic rocks and a lesser amount of lava flows. It is about
2,000 feet thick, has gentle dips and is less altered than the
lower "Keechelus." It overlies unconformably the lower "Keechelus™
and is in turn overlain unconformably by Yakima Basalt. Unfortun-
ately he did not designate any type localities. He considered the
lower "Keechelus'" to be Oligocene and the Fifes Peak andesite to
be early to middle Miocene. Without visiting the Naches Pass
locality of Smith and Calkins, he thought his divisions were equiv-
alent to theirs. He did not redefine the fresher flows which Smith
and Calkins found atop their Ellensburg Formation.

Goodspeed and Coombs (1937) described "replacement breccias"

along the east shore of Lake Keechelus in the lower Keechelus (the
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present writer's Stampede Tuff) of Smith and Calkins. They attrib-
uted the formation of what they believed to be porphyroblasts in a
clastic matrix to metasomatic emanations from an igneous source at
depth, possibly the Snoqualmie batholith.

Verhoogen (1937) in describing the Mount St. Helens volcano,
iﬁ Skamania County, 40 miles south-southwest of Mount Rainier
National Park, noted volcanic rocks similar lithologically to the
Keechelus Andesitic Series and overlying sandstones and mudstones
similar to the Eocene rocks in the Puget Sound lowland. On the
basis of their lithology and stratigraphic position, he assigned
the volcanic rocks to the "Reechelus."

Felts (1939) delineated a 1,800-2,400-foot sequence of inter-
calated iava flows and tuffs at Silver Star Mountain in southwest-
ern Skamania County, about 100 miles southwest of the Snoqualmie
Pass quadrangle. He named the sequence the "Skamania Andesite
Series.”™ The lower part of the series is intruded by granodiorite.
He reported that the sequence underlies the Eagle Creek Formation
of Hodge (1938) of lower Miocene age. To the east in Washougal
basin the Skamania is overlain unconformably by the Yakime Basalt.
He considered that the Skamania is about early middle Miocene, and
equivalent in part to the Keechelus Andesitic Series.

Goodspeed, Fuller and Coombs (1941) noted the presence of
plagioclase crystals in coaly material within the lower Keechelus

strata of Smith and Calkins in the southeastern corner of Mount
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Rainier National Park. They attributed the formation of the cry-
stals to low temperate metasomatism. These strata were subsequent-
ly mapped as Stevens Ridge Formation by Fiske (1960).

Grant (1941) reported finding fossil bones of Eporeodon, an
oreodont of middle Oligocene to early Miocene age, in the pyro-
clastic rocks of Warren's lower "Keechelus," northeast of Tieton
Lake in the southeastern part of the Mount Aix quadrangle. He
noted that the volcanic rocks are lithologically similar to those
in the John Day Formation of central Oregon.

Warren and others (1945) designated as the Keechelus Andesitic
Series the thick sequence of intercalated basic andesite lava flows
and tuffs overlying the strata of the Puget Group with a slight
discordance in central King County. To the west they found the
lava flows i"teistratified with marine and continental sedimentary
rocks of middle Oligocene to early Miocene. These rocks.unconform-
ably overlie the Puget Group.

Abbott (1953) remapped the northern part of the Mount Aix
quadrangle. He recognized Warren's division of the "Keecheius
Andesitic Series,™ restricting "Keechelus" to the lower pért and
maintaining "Fifes Peak Andesite" for the upper. However, he
located differently the contact between "Keechelus" and "Fifes
Peak," placing it from 4 to 8 miles west. He described the base
of the "Keechelus" as concordantly overlying arkosic sedimentary

rocks, which he assigned to the Puget Group, in the area north of
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Bumping Lake, He attempted to separate the "Keechelus" into four
lithologic subdivisions, from bottom to top--the Cougar Creek
andesite, the Morse Creek andesite, the Richmond breccia and Mount
Aix andesite pofﬁﬁyry--but could not trace them areally on his map.
The Fifes Peak Andesite was described as unconformably overlying
the "Keechelus" and discordantly underlying the Yakima Basalt.
Abbott relocated the basal contact of the Yakima Basalt, placing
his contact up to 7 miles east of Warren's location in the area
southeast of the Bumping River. He showed the "Fifes Peak" to ex-
. tend northward into the Cedar Lake and Snoqualmie Pass quadrangles.
Unfortunately he neither presented stratigraphic sections of his
nKeechelus™ and "Fifes Peak" nor accurately defined the base or top
of the stratigraphic units in terms of lithology or geographic
location. He considered the "Keechelus" to be mainly Oligocene,
based primarily upon the oreodont find, but ranging from Eocene to
Miocene. He placed the age of the "Fifes Peak Andesite" as prob-
ably early Miocene because it stratigraphically overlies definite
Oligocene and underlies the Yakima Basalt of middle Miocene age.

Fisher (1954, 1957) mapped a succession of interstratified
epiclastic volcanic rocks and continental arkosic, coal-bearing
sedimentary rocks in eastern Lewis and Pierce Counties, southwest
of Mount Rainier National Park., He designated the sedimentary
rocks as part of the Puget Group and the volcanic rocks as part of

the lower "Keechelus Group." Together they constitute a
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stratigraphic thickness of about 8,750 feet. They are in turn
overlain conformably by at least 5,700 feet of predominantly epi-
clastic volcanic rocks which he assigned to the middle "Keechelus
Group." About 5,000 feet of tuffs and lava flows disconformably
overlie the strata of the middle group and comprise the upper
"Keechelus Group." On the basis of leaf fossils which were sent
to R. W. Brown of the U.S. Geological Survey for identification,
Fisher believed the Keechelus rocks ranged from middle(?) Eocene
to Oligocene(?). More recently, Fisher (1961) advised against
assigning formationel names to the strata he mapped until more
detailed work was completed north of his map area.

Stout (1959) remapped the southwestern part of the Mount Stuart
and the southeastern part of the Snoquaimie Fass quadrangles. He
redefined the "Naches Formation® to include the Manastash Forma-
- tion of Smith (1904), part of the Keechelus Andesitic Series,
Teanaway Basalt, Kachess Rhyolite and Yakima Basalt of Smith and
Calkins (1906), The formation has a minimum thickness of 8,000
feet and nonconformably overlies crystalline rocks of pre-Tertiary
age. It also lies in fault contact with the crystalline rocks.
It is overlain unconformably by at least 1,000 feet of volcanic
rocks which he designated as "undifferentiated rocks of Keechelus
type." However, he stated that it was difficult to separate the
two units in the field because of their similar volcanic lithol-

ogies, He included the Taneum Andesite (Smith, 1904) within
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Keechelus type. He described the "Keechelus" rocks as resting
unconformably on both earlier Tertiary and pre-Tertiary rocks and
in turn overlain unconformably by Yakima Basalt. On the basis of
identification of leaf fossils he considered the "Naches" at least
in part Eocene and possibly extending into the Oligocene. No
fossil leaves were found in the "Keechelus type" so he was able
only to estimate its age as post-"Naches" and at least pre-middle
Mioccene.

Foster (1960) remapped a large part of the Smoqualmie Pass
quadrengle., He split the lLower Keechelus of Smith and Calkins and
assigned it to his redefined "Naches Formation." He renamed the
upper part the "Keechelus Andesite" and proposed as its type sec-
tion the more than 3,500 feet of strata exposed on the west face
of Rampart Ridge, 2 miles northeast of Lake Keechelus. He aeither
described the rocks in any detail nor clearly defined the strati-
graphic relationships except to report that the "Keechelus" uncon-
formably overlies the Guye Formation in the area north of Snoqual-
mie Pass and the "Naches Formation" east of Lake Keechelus. He
considered the age to be late Oligocene or lower Miocene; based on
the oreodont find of Grant in the Mount Aix quadrangle.

Fiske (1960) remapped the "Keechelus Andesitic Series" of
Coombs in Mount Rainier National Park. He divided the rocks into
the Ohanapecosh Formation, the Stevens Ridge Formation, and the

n"Fifes Peak Formation." The Ohanapecosh is defined as consisting
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in excess of 10,000 feet of interstratified mainiy andesitic epi-
clastic volcanic rocks and lava flows., He placed the age of this
formation as late Eoceric, on the basis of leaf fossils identified
by R. W. Brown of the U.S. Geological Survey. These rocks are
essentially the same as the lower and middle "Keechelus Group" of
Fisher. The Ohanapecosh is overlain unconformably by 500-3,000
feet of rhyodacite tuffs and minor volcanic sedimentary rocks of
the Stevens Ridge Formation. He correlated the Stevens Ridge
with the tuffs below the base of Warren's Fifes Peak Andesite and,
therefore, thought the Stevens Ridge is stratigraphically equiv-
alent to the beds in which Grant found the oreodont bones. He
considered the age of the formation to be late Oligocene to early
Miocene. The Stevens Ridge is in turn overlain conformably by at
least 2,400 feet of lava flows and minor epiclastic rocks. He
thought these rocks were equivalent to the Fifes Peak Andesite.
Because he restricted his formation to the strata above the light-
colored tuffs which Warren had included in the base of his unit,
Fiske named his strata the "Fifes Peak Formation." The age of
this formation is placed as probably early Miocene. He added that
the Fifes Peak extends northward into the Cedar Lake quadrangle
where the thickness probably exceeds 5,000 feet.

Crandell and Gard (1960) assigned the name "Keechelus Ande-
sitic Series" to at least 2,500 feet of andesitic epiclastic

volcanic rocks conformably overlying strata of the Puget Group
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in the northeastern corner of the Buckley (7%-min.) quadrangle,
lying west of the Cedar Lake quadrangle. Leaf fossils obtained
from the strata enabled them to date the rocks as middle to late
Eocene.

Wolfe (1961), on the basis of leaf fossils collected from
several localities of "Keechelus" and Puget rocks, concluded that
the uppermost Puget Group east of Seattle is correlative with the
lowermost part of the "Keechelus" east of Tacoma. Furthermore,
the fossils indicated that the "Keechelus" is as old as late Eocene
to early Oligocene and as young as late Oligocene to early Miocene.

The comparative stratigraphic chart (pl. 13), showing the var-
ious divisions of the Keechelus as designated by some of the above
workers, reveals (1) the broad time range, from late Eocene to
Pliocene, in which Keechelus rocks have been dated, (2) the tendency
for each worker to date the Keechelus as older than previously
dated, (3) tﬁe lack of stratigraphic correlation among the workers,
and (4) the confusion among the workers as to what constitutes the
Keechelus of Smith and Calkins.,

Waters (1961) aptly indicated the confusion in the interpre-
tations of the previous workers. He emphasized that the earlier
workers, without visiting the Naches Pass loccality of the upper
Keechelus of Smith and Calkins, had extended and redefined the
series so that now the name Keechelus has become a wastebasket of
Tertiary volcanic rocks in central Washington. Consequently he

visited Naches Pass and recognized there that the fresh flows of
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Smith and Calkins were a part of what he believed to be the
"Ellensburg Formation." Furthermore, he interpreted that these
flows rest upon beds lithologically similar and stratigraphically
equal to Fiske's "Fifes Peak Formation." To the east, at Ravens
Roost and along Crow Creek, Waters found Ellensburg resting upon
Yakima Basalt and lapping westward upon rocks very similar to
Warren's Fifes Peak Andesite. Having uncovered these relationships,
Waters concluded that Warren's Fifes Peak Andesite is equivalent to
the lower Keechelus of Smith and Calkins, not to their upper Keech-
elus. In addition, he believed that Fiske's Stevens Ridge and
"Fifes Peak" Formations underlie the southern third of the Snoqual-
mie Pass. quadrangle. He extended his reconnaissance northward
from Naches Pass. 1In the Greén River valley in the map area (pl. 1)
he found "Stevens Ridge" (the present writer's Stampede Tuff) rest-
ing unconformably upon what he thought was the Ohanapecosh Forma-
tion of Fiske, At Stampede Pass and aloﬁg the east shore of Lake
Keechelus he found similar relationships and 1lithologies. There-
fore, he reasoned that Smith and Calkins had included parts of these
formations--Ohanapecosh and Ste&ens Ridge--in their lower Keechelus.
In conclusion, Waters proposed abandoning the name Keechelus Ande-
sitic Series in favor of what he thought are the better defined
Stevens Ridge, "Fifes Peak" and Ellensburg Formations.

The present writer favors retaining the name Keechelus until

the stratigraphy of these rocks in the Snoqualmie Pass quadrangle

is established. Furthermore, it must be determined if the more
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recently designated formations actually comprise the Keechelus in
the quadrangle and are reliable stratiéraphic units. The alter-
native to Waters!' proposal is to go into the Lake Keechelus area,
establish the stratigraphy there, and trace the units outwards.

The Geologic Names Committee of the U.S. Geological Survey
(Géorge Cohee, letter dated February 12, 1963) approved abandoning
the name Keechelus Andesitic Series,

Martin L. Stout (letter dated april 26, 1963) has suggested
including only the Eagle Gorge Andesite, Stampede Tuff and Snow

Creek Formation in the Keechelus Volcanic Group.

Definition.--The Keechelus Andesitic Series of Smith and

Calkins (1906) is redefined herein as the Keechelus Volcanic Group.
It is a thick complex succession of volcanic rocks covering an
area of about 750 square miles in the central Cascade Range, Wash-
ington. The rocks range in composition from basalt to rhyolite,
with pyroxene andesite predominating. In their order of decreas-
ing abundance, the rock types are tuff-breccias, lava flows and
breccia flows, volcanic sediments and tuffs, including ignimbrites.
The group comprises three sequences bounded by unconformities,
shown in plates 11 and 13. Not all the sequences are preserved in
any one local area. The sequences are divided into one or more
formations on the basis of their lithology. These formations are
originally defined and named in this report. The lowest sequence -

consists of the Enumclaw Formation and the overlying Huckleberry
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Mountain Formation. The Eagie Gorge Andesite composes the middle
sequence. The upper sequence consists of the Stampede Tuff and
overlying Snow Creek Formation. All these formations and their
field-delineated correlatives, except the Eagle Gorge Andesite,
are exposed in the Snoqualmie Pass quadrangle proximate to Lake
Keechelus. These strata are undoubtedly the rocks that Smith and
Calkins had in mind when they named them Keechelus.

The formations in the Keechelus Volcanic Group and their sub-
units (pls. 11 and 13) are discussed in the order of supérposition
in the descriptions which foliow. The relationships of the for-
mations are described here in order to better inform the reader of
the regional stratigraphy.

The Enumclaw Formation conformably overlies the Mount Cather-
ine Tuff and its correlative, the Stevens Ridge Formation, along
the west slope of the Cascade Range. The formation consists mainly
of lava and breccia flows which grade eastward near the Cascade
crest into epiclastic volcanic rocks assigned to the Huckleberry
Mountain Formation. These rocks in turn grade further eastward
into the interstratified arkosic, micaceous coal-bearing sediment-
ary and volcanic rocks of the "Naches Formation™ of Stout (1959)
and Foster (1960). The "Naches Formation" conformably overlies
the Mount Catherine Tuff in the Snoqualmie Pass quadrangle. The
present writer prefers to retain quotes about the "Naches Forme-
tion" until a future time when it is ascertained that this forma-

tion is the same section of rocks which Smith and Calkins
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designated as Naches., The Enumclaw Formation extends southward
from the map area into Mount Rainier National Park. The 2,400 feet
of "Fifes Peak Formation" of Fiske (19605 is included in the lower
- part of the Enumclaw Formation. By reconnaissance mapping in the
Greenwater (15-min.) and southern part of the Snoqualmie Pass
quadrangles, the writer determined that the Fifes Peak Andesite of
Warren (1941) does not extend a great distance west of the Cascade
'crest in the Snoqualmie Pass quadrangie. The yellowish-gray-
colored tuff at the base of the Fifes Peak Andesite extends west-
ward from Fifes Peak to the crest at a point about midway south of
Arch Rock and the southern boundary of the quadrangle. From there
it extends northward to Arch Rock where Smith and Calkins (1906,
P. 8) and Waters {1961, p. 50-51) observed it. It rests upon
interstratified iava and breccia flows and subordinate epiclastic
rocks which are probably a part of Fiske's (1960) Sarvent and Cry-
stal Mountain lava complexes of the Ohanapecoshk Formation. From
here the tuff trends eastward and northeastward into the drainage
basin of the Naches River. The writer located outcrops of tuff
of identical lithology along the American, Bumping and Tieton
Rivers in the Mount Aix quadrangle, and, therefore, believes that
this unit is traceable from Arch ﬁock southward to near the Tieton
River where it rests upon the oreodont-bone-bearing beds of Grant
(1941). The writer also believes that the fossil beds, the

yellowish-gray tuff and the overlying Fifes Peak Andesite are

considerably younger than the designated "Fifes Peak Formation"
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in Mount Rainier National Park and the Keechelus Volcanic Group
in the Cedar Lake and Snoquaimie Pass quadrangles. The Enumclaw
Formation extends southwestward from Mount Rainier National Park
and constitutes the upper "Keechelus Group" of Fisher (1957).

The Huckleberry Mountain Formation conformably overlies the
Enumclaw and Naches Formations. Along the Green River within the
map area, the Eagle Gorge Andesite unconformably overlies the
Huckleberry Mountain Formation. The Stampede Tuff, forming the
base of the upper sequence in the Keechelus Volcanic Group, un-
conformably overlies the Huckleberry Mountain, Naches and Eagle
Gorge Formations. This unit is the dacite tuff and tuff-breccia
that Smith and Calkins observed along the Northern Pacific Rail-
road, along the east shore of Lake Keechelus and on the peaks to
the west of the lake. The uppermost formation of the group is the
Snow Creek Formation which conformably overlies the Stampede Tuff.

West of the Cascade crest the Keechelus Volcanic Group is
overlain unconformably by the Cougar Mountain Formation, also
newly described and named in this report. The unit extends east-
ward just to the western boundary of the Snoqualmie Pass quadrangle
and was, therefore, probably not included by Smith and Calkins in
their Keechelus series, This formation is considered to be
younger than the Fifes Peak Andesite, because (1) it lies at a
high structural and stratigraphic position, (2) the lithology is

unlike Fifes Peak which is very similar to the Keechelus, and

(3) the boulder conglomerates which are a major part of the Cougar
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Mountain are suggestive of accelerated uplife and increased tec-
tonic activity prior to the time of emplacement of the Snoqualmie
batholith., Along the western Cascade foothills, west of the map
area (pl. 1), the Reechelus Volcanic Group is overlain by sporadic
remnants of Miocene continental sediments (Mullineaux, Gard and
Crandell, 1959; Gard, 1960) and Pleistocene glacial deposits. A
very small remnant of the Miocene sediments occurs in the south-
central part of the map area. From'?yramid Creek to Naches Pass,
in the southeastern corner of the map area, strata of the Huckle-
berry Mountain, Stevens Ridge, and probable Ohanapecosh Formations
are overlain unconformably by the Naches Pass tableland flows of
Smith and Calkins'! upper Keechelus and Waters' (1961) "Ellensburg
Formation." The writer prefers to enclose this name in quotes
until the stratigraphy of the Ellensburg-like lithology is delin-
eated in this part of the Cascade Range. Only Pleistocene glacial
sediments and alluvium overlie the Keechelus Group in the eastern
part of the map area (pl. 1).

The regional stratigraphic relationships discussed above are
incorporated in the stratigraphic correlation chart (pl. 14), which
is the writer's interpretation, based upon the litﬁologies, stréti-

graphic and structural positions of the units.
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Enumclaw Formation.

Definition and type section.--An extensive section

consisting of lava and breccia flows and subordinate interbedded
tuff-breccia, volcanic sediment and tuff overlies the Mount Cath-
erine Tuff on the western slope of the Cascade Range. This unit
is redefined herein as the Enumclaw Formation. This formation
constitutes essentially the same rocks that Weaver (1916, p. 84,
232-235) described as his Enumclaw Series.

The type section of the Enumclaw Formation is designated as
the western slopes of Enumclaw Mountain and Boise Ridge (E 1) west
of the map area. Here over 9,000 feet of strata, dipping about
20-45° S, are present. The lower part of the formation underlies
Enumclaw Mountain. The middle part of the formation, consisting
of epiclastic volcanic rocks, occurs in the saddle between the two
ridges. Thelupper part of the formation underlies Boise Ridge.
The rocks are generally not well exposed in this area; brush and
second growth timber obscures the outcrops. The best exposures
occur in road cuts along the southwestern slope of Boise Ridge.
The stratigraphic section measured here is shown in Appendix A.
Exposures of the middle part of the section occur along a road on
the northwestern slope of Boise Ridge. The road was impassable in
1962 and a section was not measured.

Two members are recognized in the formation. They are the

Cyclone Creek Flow and the Eagle Lake Flow. The Cyclone Creek
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Flow Meﬁber is exposed near the top of the type section (Appen-
dix A). The Eagle Lake Flow Member could not be traced into Boise
Ridge. The members are degcribed in the discussion of stratigra-
phic sections.

The formation conformably overlies the Mount Catherine Tuff
and underlies conformably the Huckleberry Mountain Formation. The
contacts with these formations are not exposed at the type section.
The strata can be traced in the field and on aerial photographs to
the north and east. The contacts have been examined in other
areas and are described in the discussion of contact relaticns.

Distribution and thickness.--The areal extent of

the formation is confined to the western slope of the Cascade
Range. Within the map area (pl. 1) it occurs along the western
side from Chester Morse Lake southward beyond the White River.

The resistance to erosion of the flows is largely the reason for
the abrupt high front of the west-central Cascades overlooking the
Puget Sound lowland.

The flows have been traced from Greenwater eastward about 3
miles. Here they are interstratified and transitional with the
epiclastic volcanic rocks which grade eastward and upward into the
Huckleberry Mountain Formation. The bold outcrops of the flows do
not persist to the east and the stratification is obscured by ex-
tensive forest cover.

The formation has been traced southward from the White River
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into Mount Rainier National Park where it includes at its base the
2,400 feet of lava flows and mudflows and minor amounts of tuff-
aceous clastic rocks which Fiske (1960) assigned to the "Fifes
Peak Formation."”

Excellent although discontinuous exposures of the formation
occur along U.S. Highway 410, along the White River between the
White River mill, west of the map area, eastward to Greenwater;
along the road and railroad along the south side of the Green River
west of the Howard A. Hanson dam, and along the Cedar River between
Cedar Falls and the Chester Morse dam (E 2).

The formation ranges in thickness from about 3,600 to 9,600
feet. It is about 3,600 feet thick, measured along the axis of
the West Twin Creek anticline from the top of the Stevens Ridge
Formation at The Délles along U.S. Highway 410, about 8 miles
south-southeast of Greenwater, to West Twin Creek, taking into
account the approximate stratigraphic displacement along the Twin
Creek fault. The formation has a thickness of about 8,300 feet
along the McDonald Point road, north of the Green River, and has
a maximum exposed thickness of 9,600 feet along the road and
railroad along the southern side of the Green River (see section
in Appendix A). Fuller (1925, p. 59) estimated the base of his
Keechelus Andesitic Series, which is essentially the same as the
Enumclaw Formation, to be 8,000 feet between Ragnar (Cedar) Hill

(E 3) just north of the map area, and the west side of Fish Creek
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(E 4). The formation thins considerably to the east. The thin-
ing is diagrammatically shown in plate 13.

Stratigraphic sections.--The stratigraphic section

along the socuthwestern slope of Boise Ridge (E 1) and the southern
side of the Green River are shown in Appendix A.

Two members in the formation are shown on the map for dis-
tances as far aé they were traced. They are the Cyclone Creek
Flow and the Eagle Lake Flow Members. They occur in the upper part
of the formation. Their stratigraphic relation and areal extent
are diagrammatically shown in plate 13, Their recognition and
tracing proved to be most helpful in delineating the structural
relationships in the area between Cyclone and Clay Creeks (E 5)
and between Boundary Creek and Eagle Lake (E 6). They probably
occur in the ugper 4,510 feet of unexposed interval in the section
studied along the south side of the Green River and were, there-
fore, not recognized here.

A considerable thickness of primarily epiclastic volcanic
rocks underlies a prominent section of lava flows in the upper part
of the formation. The lava flows are exposed at the Palisade,
which is located along the west side of the West Fork of the White
River (E 13) about 4 miles south of Greenwater. The flows are
ez3ily traceable northeastward to the floodplain of the White
River. A 500-foot thick unit of very pale orange to dusky yellow

fine tuff, very well sorted and probably of lacustrine origin,
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lies directly below the flows. The tuff is well exposed in the
logging road cuts south of the West Fork (E 14) and has been traced
eastward across the White River valley to the exposures along the
U.S. Forest Service Greenwater River rcad (E 15). Epiclastic vol-
canic rocks and subordinate interbeds of thin flow units are ex-
posed below this tuff along the road on Huckleberry Ridge. These
relationships suggest that the flows in the upper part of the for-
mation extend northward and eastward possibly as a tongue. A thin
sequence, less than 300 feet thick, of epiclastic volcanic rocks
has been observed in the middle part of the formation along Cecal
Creek (E 16)., along the southern side of the Green River (E 17),
and in the saddle between Enumclaw Mountain and Boise Ridge (E 18),
west of the map area. These exposures occurring‘at about the same
stratigraphic horizon indicate that a thin continuous unit of epi-
clastics occurs in the middle part of the formation. ‘

Cyclone Creek Flow Member.--The Cyclone Creek

Flow Member consists of a hypersthene andesite porphyry flow
(spec. 4; see pl. 154). The rock consists of about 25 percent
fine~ to coarse-grained equant hypersthene phenocrysts in a very
fine-grained holocrystalline groundmass. The plagioclase pheno-
crysts are about the largest observed in the flow rocks of the
Keechelus; they have oscillatory and some patchy zoning and have
a composition of Angg_gs5. The hypersthene has a very fine over-

growth of augite. The phenocrysts lie in an interg
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PLATE 15
Lava flow rock types of the Enumclaw Formation

Pyroxene andesite porphyry flow rock from the Cyclone
Creek Flow Member, exposed in quarry along Grass Moun-
tain road in the SWYNWiINW% sec. 31, T. 20 N., R. 8 E.
(spec. 4). Note varied size coarse-grained stubby
prismatic crystals of plagioclase. Specimen shows
veinlet of deuteric alterationm.

Typical pyroxene andesite porphyry flow rock of the
Enumclaw Formation, This is also the common rock type
of the flows in the Keechelus Volcanic Group. Few
prismatic crystals are plagioclase; finer dark crystals
are pyroxene. Specimen is from the upper part of the
formation exposed along road near East Twin Creek in
the NE%NW%Ngg sec. 1, T. 19 N., R. 8 E, Compare with
flow rock of Cougar Mountain Formation (pl. 20B).
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pilotaxitic groundmass of plagioclase laths and granular pyroxene
and magnetite. The flow lies about 800 feet below the top of the
formation at the divide between Coal and Bear Creeks (E 7). It
is best exposed in the quarry (E 8) along the road south of Grass
Mountain, along the edge of the map. Here it has a minimum ex-
posed thickness of 75 feet. At the base of the quarry face a 10-
foot zone of well-developed coarse platy jointing is exposed.
The platy jointing zone grades upwards through a 5-foot transition
zone, which has extremely well-developed flow-layering, into a 10-
foot zone of columnar jointing with the columms 2-3 feet in diam-
eter, The columnar jointing zone extends for an additional 60
feet above the exposure in the quarry face. This exposure is
probably of the lower part of the fiow, which may be as much as
150 feet thick. Very similar flow rock is exposed atop Radio Hill
(E 9) and at the south end of Boise Ridge (E 1). This flow over-
lies an extensive and thick section of altered breccia flows, which
are exposed along Cyclone Creek (E 10) within the map area, and
exposed east of First Lake (E 11) and along the southwestern face
of Boise Ridge (E 1), west of the map area. The Cyclone Creek
Flow Member has a linear extent of 6 miles along a north-south

direction and 6% miles east-west.

Eagle Lake Flow Member.--The Eagle Lake Flow

Member consists of porphyritic pyroxene andesite flow (spec. 5).
The flow extends from the south side of Eagle Lake to the east

side of Boundary Creek (E 12). Along the divide between Piling
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Creek and Eagle Lake erosional remnants of the flow occur as huge
blocks capping the ridge. The flow is discontinuous within the
drainage basin of Boundary Creek. On the east side of the creek
it underlies the McDonald Point Tuff and, therefore, forms the top
of Enumclaw Formation here. The flow has a maximum exposed thick-
ness of 650 feet at Eagle Lake and is traceable for about 2% miles.

The flow rock appears as rubble in the outcrop but consists
of very tightly fitting rounded blocks 4-12 inéhes in diameter,
The flow rock is grayish black and weathers to a brownish gray.
It contains about 5 percent phenocrysts in a pilotaxitic ground-
mass of plagioclase microlites and granular pyroxene and magnetite.
The phenocrysts are up to 2 mm in size and consist of about 4 per
cent plagioclase and one percent pyroxene. The plagioclase pheno-
crysts are lath-like to prismatic in habit and have a composition
of An45-67. The pyroxenes are equant to slender prisms and con-
sist of both hypersthene and augite; the latter is subordinate.

Petrography.--The lava flows of the Enumclaw For-

mation consist predominantly of pyroxene andesite porphyry. A few
minor flows of basalt are scattered throughout the formation.
Light-colored flow-layered spherulitic and peflitic silicic flows
occur in the middle part of the formation and are present south of
the map area and north of the Clearwater River (Huntting, 1949,

p. 42-53). |

The pyroxene andesite porphyry flow rock (spec. 6) is grayish
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black to medium bluish gray to dark greenish gray in color
(pl. 15B). It alters to a light brownish gray, a graylsh red
purple, or a pale blue. It is fine-grained to cryptocrystalline.
The rock contains up to 35 percent phenocrysts, of which about 30
percent may be plagloclase and 5 percent augite. The plagioclase
occurs as stubby prismatic crystals. The crystals are subhedral
to euhedral, range up to 7 mm in size but average % mm, have
patchy and oscillatory zoning, and contain a few inclusions of
granular augite. The augite is commonly smaller in grain size,
is anhedral and altered to chlorite, a yellowish-green unidenti-
fied mineraloid and granular magnetite, The groundmass is pilo-
taxitic to intergranular. The latter consists of plagioclase laths
and granular augite and mégnetite. Augite comprises as much as 25
percent and magnetite 5 percent of the groundmass.

The basalt flow rock (spec. 7) is generally medium gray to
grayish black in color and shows a very fine-grained intergranular
texture in which the minerals are similar tc those in the pyroxene
andesite porphyry flows. No olivine was detected in these rocks
although the yellowish green mineraloid may be an alteration pro-
duct of it.

The silicic flows are best exposed along the Weyerhaeuser
Company logging roads east of the Clearwater River. They are mod-
erate pink to light bluish gray in color and show extremely well-

developed flow layering which is locally highly contorted and
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brecciated- Spherulites are abundant and can be observed in the
outcrop.to have developed across the flow layering. The rock is
very fine-grained. Analyses of the perlites (Huntting, 1949,
pP. 48) indicate that the rocks approximate rhyodacites to dacites
in cohpositionc They contain about 10 percent phenocrysts of

plagioclase and a few hypersthene.

The breccia éiows are more extensively altered than the lava.
flows. Plagiocla#l is replaced by calcite and a little chlorite.
Pyroxenes are replaced by calcite, chlorite, and green to brown
unidentified mineraloids. Zeolites are common in the matrix. They
have been identified in hand specimens by their fibrous to bladed
habit, degree of hardness and lack of reaction with dilute hydro-
chloric acid. Petrographically they form small clusters of radial
fibrolamellae with rims of brown to green mineraloids. The indi-
vidual zeolite minerals have not been identified. The altered
flow rocks contain abundant very fine-grained low relief and low
birefringent minerals which are probably clays.

The lithic fragments in air-fall tuff-breccia near Cyclone
Creek (pl. 8) consist of both light-gray perlite and typical darker
colored pyroxene andesite porphyry. -

Contact relations.--The Enumclaw Formation is over-

lain conformably by the Mount Catherine Tuff although the contact
was not located in the map area (see discussion of Mount Catherine

Tuff). South of the map area, along South Prairie Creek and on
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the north slope of Burnt Mountain (E 19), in the southwestern part
of the Enumclaw (15-min.) quadrangle, the formation was found in
contact with the Stevens Ridge Formation. The upper contact of
the formation is not well defined. The lava flows and breccia
flows grade upward into predominantly epiclastic volcanic sedi-
ments of the conformable Huckleberry Mountain Formation. On the
nap the contgct has been located atop the uppermost lava flow in
a local area, or where a diagnostic unit in the lower parg of the
Huckleberry Mountain Formation was located, the contact was placed
at the base of either unit or the lowest epiclastic volcanic rock
exposed below the unit, The contact, therefore, is very irreguiar
and does not represent a definite horizon. The contact zone is
transitional and probably spans an interval of several hundred to
possibly more than a thousand feet. To the east of Greenwater the
Enumclaw Formation thins and the base of the Huckleberry Mountain
Formation probably lies several thousand feet below the horizon of
the contact in the extreme western part of the map. These rela-
' tions are diagrammatically shown in plate 13.

Age and correlation.--Wolfe (1961) collected fossil

leaves in the lower part of the Enumclaw Formation along the road
on the south side of the Green River (U.S. Geological Survey local-
ity 9693) and along a logging road on the south side of Coal Creek

(U.S. Geological Survey locality 9682), and has determined the age
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of the enclosing strata as latest Eocene to early Oligocene
Fossil leaves were collected from the Enumclaw Formation at
Univeréity of Washington localities A2300 and A2302 (see Appen-
dix C). Most of the material was too fragmentary for identifica-
tion. The following leaves were tentatively identified at
locality A2300:

Viburnum sp.
?Salix sp.
Inflorescence

additional fossil leaf material is available at the localities
listed in Appendix C.
| The Enumclaw Formation is considered to be late Eocene.

The lava and breccia flows of éhe Enumclaw Formation give way
eastward to the epiclastic volcanic rocks which are assigned to
the Buckleberry Mountain Formation. Farther eastward, near the
Cascade crest, the lower part of the Huckleberry Mountain Forma-
tion is transitional with the micaceous arkosic sedimentary and
coal-bearing rocks which characterize the "Naches Formation."

The top of the Enumclaw Formation at Greenwater has been projected
in the geologic cross-sections (pl. 2) and lies approximately on
the same horizon as the Twin Creek Flow Member of the lower part
of the Huckleberry Mountain Formation.

aAs mentioned previously the Enumclaw Formation includes the
2,400 feet of "Fifes Peak Formation® in Mount Rainier National Park

and the lava flows above the basal tuffs of the "Upper Keechelus
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Group™ of Fisher (1957) southwest of the park.

Origin.--Within the map area the Enumclaw Forma-
tion has a minimum linear exposure of 60 miles north-south,
extending from the Cowlitz River at the south to the Snoqualmie
River at the north. The minimum exposure east-west is 20 miles
and the formation probably includes the andesitic volcanic rocks
unconformably overlying the Puget Group along the Cedar River
(E 20) and along Fifteenmile Creek (E 21), west of the map area
(Warren and others, 1945; Vine, 1962b). The flows probably do not
extend much farther west, for Warren and others (1945) and Mulli-
neaux (1961) have reported that marine volcanic clastic rockswn-
conformably overlie the Puget Group near Issaquah, along the north-
ern slope of Newcastle Hill and at the eastern city limits of
Renton along the Cedar River., Thils areal distribution suggests
that the formation was deposited in a trough oriented approximately
north-south. Very coarse breccia complexes are exposed sporadic-
ally and poorly in the area of the Three Sisters (E 22) in the
Enumclaw (15-min.) quadrangle, in about the center of this trough.
The breccia consists of angular to rounded pebbles to boulders,
some as large as 10 feet in diameter, of varied colored and altered
pyroxene andesite porphyry very similar to the flow rock which
characterizes the Enumclaw Formation. The Weyerhaeuser Company
locally quarries the knobby outcropping complexes for fill in con-

structing their logging roads. The exposures within the quarries
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indicate that the complexes are several hundred feet in diameter
and the breccias occur as irregular zones cross-cut and surrounded
by fresher dark-colored pyroxene andesite porphyry flow rock or
hypabyssal intrusion. These breccias are the coarsest observed by
the writer in the rocks of the Enumclaw Formation and appear to
lack stratification. The writer is inclined to consider these
breccias as vent breccias and suggests that this area may have
been the source area for the flows. On the north side of The Three
Sisters, south of Canyon Creek, the lava flows are interstratified
with lenticular zones of very coarse breccia flows. In this area
the breccias have been transported only a short distance. Trans-
portation over a greater distahce would comminute and break the

fragments into the small block size characteristic of the breccia

flows exposed north of the White River.

Huckleberry Mountain Formation.

Definition and type section.--An extensive and

stratigraphically complex sequence of predominantly epiclastic vol-
canic rocks conformably overlies the Enumclaw Formation. This
sequence is named herein the Huékleberry Mountain Formation. It
consists of tuff-breccia and associated minor amounts of lapilli-
tuff, lapilli-breccia and volcanic breccia, volcanic sediment,

lava flows, breccia flows and tuff. ‘It is the thickest and most
widespread of all the formations comprising the Keechelus Volcanic

Group within the map area. Locally it is overlain uncaaformably
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by the Eagle Gorge~Andesite, Stampede Tuff, and Cougar Mountain
Formation. The Huckleberry Mountain Formation is lithologically
similar to the Snow Creek Formation overlying the Stampede Tuff,
and if it were not for an intervening diagnostic tuff it would be
impossible to distinguish the two formations, especially in the

eastern part of the map area.

Several members have been distinguished within the Huckleberry
Mountain Formation. They are the McDonald Point Tuff, Bear Creek
Mudflows, Rack Creek Tuff, Champion Creek Tuff, Twin Camp Creek
Flows, Tacoma Creek Flows and the Snowshoe Butte Flow. They are
described under Petrography and Stratigraphic Sections.

The type section of the Huckleberry Mountain Formation is
designated as the section exposed along the Christoff foottrail
from Greenwater to the top of Huckleberry Mountain and from there
necrthward along the western side of Wolf Creek to the contact with
the overlying Eagle Gorge Andesite (HM 1). The section is best
exposed along the upper part of Huckleberry Mountain and along
Wolf Creek. The base of the formation is not exposed. The upper
lava flows of the underlying Enumclaw Formation are exposed
immediately west of Greenwater along U.S. Highway 410 (HM 2).

The lowest unit exposed in the Huckleberry Mountain Formation
along the Christoff trail is a dacite vitric crystal tuff (HM 3;.
see discussion of Petrography and Stratigraphic Sections). Tuff-

breccia is exposed along the upper part of the southern slope of
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the mountain. Volcanic sediments are exposed along Wolf Creek.
All the various rock types in the Huckleberry Mountain Formation
are exposed in this section. None of the members of the formation
could be traced into the section. The top of the formation was

placed at the bottom of the flows assigned to the Eagle Gorge
Andesite., It was located on aerial photographs.

Distribution and thickness.--The formation occurs

mainly in the south-central and western parts of the map area

(pl. 1). The formation extends eastward from Huckleﬁerry Mountain
to the eastern slope of the Cascade Range where it overlies the
n"Naches Formation." Remnants of the formation are preserved east
of the upper Yakima River valley. The lower part of the formation
may be present in the area between Chester Morse Lake and the
western border of the Snoqualmie batholith in the north-central
part of the map area, but here the rocks are so intensely contact
metamorphosed, fractured and weathered that their stratification
and lithologic features are greatly obscured. Most of the forma-
tion in the northern area has been either removed by pre-Cougar
Mountain erosion, covered by the Cougar Mountain Formation, or
engulfed by the emplacement of the Snoqualmie batholith. The
formation extends southeastward from the Cascade crest into the
'southeastern part of the map area, into the drainage basin of the
Naches River and beyond. The formation may include parts or all

of the stratigraphically higher andesitic volcanic rocks in
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Stout'!s (1959) "Naches Formation™ and "keechelus type rocks." .

The formation ranges in thickness from 2,200 to 11,100 feet.
North of Greenwater at Huckleberry Mountain the thickness is
2,970 feet. North of the North Fork of Taylor Creek in T. 22 N.,
R. 8 E., the preserved thickness is 2,200 feet. Along the south
side of the Green River (HM 4; Appendix A) 4,570 feet were meas-
ured. At least 5,700 feet of strata are presenf along the Snow-
shoe Butte anticline between the top of the Blowout Mountain flows
and the approximate position of the Stampede Tuff. A maximum
thickness of 11,100 feet is exposed along the north side of the
Green River in T. 21 N., R. 8 E. The erosional unconformity at
the base of the overlying Eagle Gorge Andesite accounts in a large
part for the wide range in thicknesses of the formation. Also,
the formation thickens considerably to the west, from possibly
more than 5,000 feet to over 11,100 feet (pl. 13).

Stratigraphic sections and petrography.--Partial

sections of the lower part of the formation are well exposed along
the road at West Twin Creek (HM 5). Very good exposures are
located along Twin Camp Creek (HM 6). The lower part of the for-
mation is excellently exposed along the ridges southeast and
northwest of Blowout Mountain (see Appendix A) located along the
Cascade crest in the southeastern corner of the map area. The
lowermost part is also well exposed along the U.S. Forest Service

road in the Gale Creek drainage basin (HM 7). A very well exposed
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section of the formation occurs along the Bear Creek road and
railroad (HM 4; see Appendix A).

Tuff-breccia and associated lapilli-tuff, lapilli-breccia and
volcanic breccia comprise most of the -Huckleberry Mountain Forma-
tion.. It is estimated that they form at least 75 percent of the
rock types, volcanic sediments about 21 percent, thin lava and
breccia flows 3 percent and widely scattered tuffs about 1 percent.
The rock types are distributed uniformly throughout the extent of
the formation. A small amount of micaceous arkosic and carbonac-
eous sedimentary rocks are included in the very lowest part offthe
formation along the upper Yakima River valley.

Several extensive and distinctive units were traced in order
to correlate the stratigraphy and to determine the structures in
the.map area (pls. 11 and 13). The units distinguished in the
western part of the area were not traced into the eastern part,
and vice versa, except for an andesitic crystal vitric tuff, named
the Rack Creek Tuff. Additional field work on the north slope of
Huckleberry Mountain between Wolf Creek and the Green River may
aid in extending the units. The units have been designated as
members. The members occurring in the western part of the area
are, from bottom to top, the McDonald Point Tuff, the Bear Creek
Mudflows, the Rack Creek Tuff, and in the central part of the map
area the Champion Creek Tuff. 1In the eastern part they are the

Twin Camp Creek Flows, the Tacoma Creek Flows and the Snowshoe
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Rutte Flows., The units, with the exception of the Blowout Moun-
tain Flow, and a few additional stratigraphic markers are described
below in the order of their superposition, starting with those in
the west.,

At the base of the formation along the north side of the White
River a thin light-olive gray dacite vitric-crystal tuff is exposed
sporadically. Less than 50 feet of this tuff is exposed along the
Christoff trail (HM 3). The rock is massive and contains about
12 percent fine- to medium-grained corroded quartz crystals, about
8 percent fine- to coarse-grained fractured plagioclase crystals,

5 percent greenish-black porphyritic pumice fragments less than

% inch in diameter, and about 2 percent grayish-red-purple to dark-
reddish-brown rounded lithic fragments, less than % inch in diam-
eter. The remainder of the rock consists of a devitrified vitro-
clastic groundmass. A similar tuff is present along the West Twin
Creek road (HM 8) and farther west (HM 9). The tuff has an exposed
thickness of about 50 feet in sec. 35 and about 20 feet in sec. 28.
| Ihis is the only richly quartz-bearing tuff observed in the map
area other than the Mount Catherine, Stampede and Kendall Tuff.

The latter is located in the lower part of the "Naches Formation"
along the east side of the upper Yakima River valley. The tuff
was not found elsewhere near the base of the Huckleberry Mountain

Formation. Additional field work, however, may reveal this unit

to be more extensive.
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East of West Twin Creek poor exposures prevent its being
traced. The tuff may lie to the east within the 700-foot strati-
graphic interval betwéen the Twin Camp Creek Flows and the densely
welded black andesitic crystal-vitric tuff underlying the Tacoma

Creek Flows.

McDonald Point Tuff Member.--A fairly well-

exposed and distinctive pale greenish-olive andesitic crystal-
vitric tuff is exposed at the base of the Huckleberry Mountain For-
mation along the north side of the Green River (HM 10) and along
the McDonald Point road (HM 11). The tuff is named the McDonald -
Point Tuff but is incompletely exposed at this locality. Only a
50-foot section of tuff crops out at a distance of about 150 feet
below the base of the Bear Creek Mudflow Member. It overlies a
dark-gray pyroxene andesite porphyry flow which is the top of the
Enumclaw Formation. The McDonald Point Tuff is much better exposed
in the road cuts along the north side of the Green River (HM 10).
Here the tuff is at least 250 feet thick. The lower 100 feet is

a pumice cryétal-vitric tuff. The pale olive to grayish-olive
pumice fragments are flattened, less than one inch long and impart
a weakly developed eutaxitic layering. The jointing is ver& ir-
regular. The lower part is overlain sharply by a well indurated
pumice crystal tuff-breccia, containing a small percentage of
altered pyroxene crystals. The tuff-breccia is about 1350 feet

thick and has well-developed eutaxitic layering and columnar

jointing.



98

In general the McDonald Point Tuff contaias up to 30 percent
cryétals (spec. 8). As much as 5 percent of the crystals”are‘
almost completely altered pyroxenes (augite?); the.femaining is
plagioclase which is partly replaced by calcite. Pumice fragments
make up as much as 10 percent of the rock and commonly contain
plagioclase phenocrysts. Lithic fragments comprise up to 5 per
cent; they are rounded, and colored medium bluish gray to dusky
blue. Almost all the fragments appear to be vitrophyres. The
matrix is cryptocrystalline. Columnar jointing and eutaxitic
layering are locally well developed.

The McDonald Point Tuff is sporadically exposed. Its south-
ernmost extent is about one mile southeast of Grass Mountain
(HM 12), where it occurs along a small creek and is believed to
lie about 200 feet above the dacite vitric-crystal tuff of sec. 28.
In the area between the North Fork of the Green River and the
Green River (pl. 1) the tuff has served as a marker bed to deter-
mine the approximate base of the Huckleberry Mountain Formation
and to unravel the structure (pl. 2 B-B'). about 75 feet are ex-
posed along the road east of Boundary Creek (HM 13), and more than
100 feet in the area between the North Fork of the Green Ri§er and
Boundary Creek (HM 14). More than 100 feet is exposed in the
drainagg basin of Piling Creek (HM 15). North of the North Fork
of Taylor Creek (HM 16) 25 feet is exposed; it is grayish purple

colored, and more than 200 feet is present in the outcrop to the
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east (HM 17). 1In the latter area the tuff lies as much as 1,600
feet above the highest lava flows of the Enumclaw Formation. The
McDonald Point Tuff has an areal extent of about 14 miles north-

south and 6 miles east-west.

Bear Creek Mudflow Member.--An unusually well-

exposed sequence of lithic volcanic breccia, pumice breccia and
tuff-breccia crops out along the railroad above Bear Creek (HM 18).
This unit is named herein the Bear Creek Mudflow Member. It has
a maximum exposed thickness of 1,300 feet; neither the top nor
bottom is exposed. It consists of at least five distinctive mud-
flow units, each showing crudely graded bedding and characterized
by slight differences in lithology. The lithic breccia at the
base is the most diagnostic lithology of the member and its recog-
nition elsewhere is the main criteria for extending the member.
At Bear Creek the deposits are intruded by irregular dikes 5-20
feet thick of greenish-blaék pyroxene andesite porphyry. A
‘stratigraphic section of the member is shown as a part of the
Huckleberry Mountain Formation in Appendix A. A hand specimen of
lithic-pumice tuff-breccia is shown in plate 6B. The member is
less well exposed along the road immediately to the north.

About 50 feet of the basal lithic tuff-breccia is exposed on
the McDonald Point road (HM 11). Here the lithic fragments are
subangular to rounded, fine pebble to boulder up to two feet in

diameter, and consist of about 35 percent dark-gray andesite
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porphyry, 10 percent gray flow-layered aphanite, 5 percent dugky—
red to reddish-brown flow-layered andesite porphyry, and 2 per
cent light-greenish-gray pumnice fragments.

About 125 feet of similar rock, grading from large boulder
lithic tuff-breccia upwards into a cobble lithic tuff-breccia,
occurs in the road cuts northwest of Grass Mountain (HM 19). The
basal well-indurated part of the mudflow is also exposed in the
drainage basin of Gale Creek (HM 20) where it outlines the fold
of the Snowshoe Butte anticline.

About 150 feet of lithic tuff-breccia is exposed along the
North Fork of Taylor Creek (HM 21).

The Bear Creek Mudflow Member lies about 1,470 feet above the
base of the Huckleberry Mountain Formation along the Green River,
530 feet above at Gale Creek, and 1,700 feet above at the North
Fork of Taylor Creek. The unit has a north-south extent of 11
miles and east-west for 8 miles. The large carbonized tree frag-
ments in the mudflows at Bear Creek are oriented approximately' '
WSW-ENE. Further study of this member may reveal the direction

of its movement,

Rack Creek Tuff Member.--A diagnostic crystal-

vitric tuff of fairly wide extent was first noted underlying the
Stampede Tuff in the drainage basins of Rack Creek and the North
Fork of Taylor Creek. Subsequently it was located along the

McDonald Point and Bear Creek roads, northwest of Grass Mountain
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and ‘underlying the Cougar Mountain Formation north of the Green
River in the central part of the map area. A very similar tuff
occurs below the Stampede Tuff and above the Snowshoe Butte Flows
south of Borup Creek (HM 22), in the eastern part of the map area
and is tentatively correlated with the Rack Creek Tuff. This unit
is the only one which has been traced across the map area within
the Huckleberry Mountain Formation. It is named the Rack Creek
Tuff for its exposure east of Rack Creek (HM 23). Here the tuff
is about 200 feet thick; well indurated near its base, and is
medium yellowish-brown, becoming greenish toward the top. It is
essentially an andesite crystal-vitric tuff in the lower part and
grades upward into a lithic pumice crystal tuff-breccia. It has
good eutaxitic layering and blocky' jointing. It overlies massive
green tuff-breccia with a well-defined disconformity and immediate-
ly underlies the Stampede Tuff although the contact is not exposed.
About 17 feet 1s preserved beneath the Stampede Tuff along the
west side of the North Fork of Taylor Creek (HM 24). Along the
McDonald Point road (HM 25) the tuff is 110 feet thick and over-
lies the Bear Creek Mudflow Member by about 400 feet.

The tuff is best exposed along the Bear Creek road (HM 26).
Here it is more than 300 feet thick; the top and bottom are not
exposed. The basal 150 feet is dark greenish gray, dense rock
of which a hand specimen very much resembles an aphanite flow rock

(spec. 9). Microscopically it is andesite crystal-vitric tuff.
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It contains about 10 percent plagioclase crystals, ebout % mm in
size, which are corroded, have oscillatory zoning and a composi-
tion of Anjy3_s58. About 2 percent of the rock is altered augite
cryétals. The rock contains about 3 percent lithic fragments,
mainly of flow rock types, and 2 percent flattened pumice fragments.
The crystals and fragments are embedded in a brown feebly devitri-
fied, highly compressed vitroclastic groundmass. The basal part
is overlain by a 50-foot zone of light-olive-gray pumice crystal-
vitric tuff. The tuff of this zone contains about 15 percent
plagioclase, about 10 percent light olive-gray very well-flattened,
up to 2 inches long, porphyritic pumice fragments, forming a good
eutaxitic layering, and less than 5 percent subangular,wp to % inch
in diameter, brownish-black to moderate yellow lithic fragments.
- This zone is in turn overlain by a 75-foot zone of mottled pale
yellow-brown to moderate yellow-brown pumice crystal-vitric tuff
(pl. 9). The pumice fragments are light olive-gray, porphyritic,
and up to 5 inches long and one inch thick. The mottling is be-
lieved due to patchy devitrification. The upper 25 feet is dis-
tinguished by numerous grayish-brown vitrophyre fragments as well
as pumice fragments. |

About 250 feet of Rack Creek Tuff are exposed along the roads
northwest of Grass Mountain (M 27). Lithologically similar tuff
is exposed in a small pit in the Bonneville Power Administration

power line right-of-way north of Maywced (HM 28), and underlying
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basal boulder conglomerate of the Cougar Mountain Formation along
the U.S. Forest Service road between Cougar and Sylvester Creeks
(M 29). Only 20 feet of this tuff is exposed along the road at
the West Fork of Smay Creek (HM 30).

The easternmost outcrops of tentatively correlated Rack Creek
Tuff occur along the Borup Creek road (HM 22). Only the basal 20
feet is exposed here. The tuff is weathered and is gray to pale
red purple to grayish blue green in color, but the outlines of the
plagioclase crystals and scattered, flattened pumice fragments are
distinctive. It overlies deeply weathered pumice lapilli-breccia
and tuff-breccia. The basal unconformable contact is well-exposed.
The tuff lies stratigraphically 300 feet below the Stampede Tuff.

Flow of dark-gray fine-grained holocrystalline andesite is
well exposed in a quarry along the Bear Creek road (HM 31). It
lies 450 feet stratigraphically above the Rack Creek Tuff and is
about 200 feet thick. The floy is massive to flow layered, has
a well-developed platy to blocky jointing with large curved joint
faces. It contains many interbreccia zones in which the rock is
highly altered to a moderate red soft mass. Microscopically the
rock consists of about 88 percent plagioclase (Anj3o_3g) laths,
10 percent anhedral augite and:2 percent granular magnetite, and
has a trachytic texture (spec. iO). The same flow is exposed east
of the Howard 4. Hanson dam and north of the Lemolo fault (HM 32).

Here it has an exposed thickness of about 400 feet.
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Champion Creek Tuff Member.--A pale grayish-

blue-green lithic-crystal-vitric tuff, deeply altered and punky,
es exposed along Champion Creek (HM 33), and is named herein the
Champion Creek Tuff. It has a maximum exposed thickness of 306
feet; the top and bottom are not exposed. It contains about 5 per
cent grayish-blue-green pumice, and about 10 percent grayish-blue
rounded lithic fragments less than one inch in diameter (spec. 11).
It contains about 30 percent crystals of which at least 25 percent
are extensively altered. Up to 5 percent of the crystals were
probably originally ﬁyroxenes that have subsequently been altered
to chlorite or an unidentified green mineraloid. The mineraloid‘
is also common in the cryptocrystalline groundmass. The remaining
crystals are plagioclase. About 20 feet of the tuff are exposed
near the top of Huckleberry Mountain at the head of West Twin
Creek (HM 34). At both localities the tuff is undeflain»by more
than 100 feet of very well-bedded volcanic sediments, most of
which are coarse-grained volcanic sandstone. From the ridge top
in the NW% sec. 10, T. 19 N., R. 10 E., the tuff and the under-
lying light-colored sediments can be traced from their exposures
at Champion Creek southeastward along the homoclinal dip into the
drainage basin of Rack Creek to about the 3,500-foot elevation
below Kelly Butte in sec. 2. The same strata are probably exposed

in the landslide scar at the head of Slide Creek in the SE%, sec. 9.



105

The Champion Creek Tuff lies about 3,700 feet above the base
of the Huckleberry Mountain Formation. It is not exposed in the
section at Bear Creek to the west where the formation is 4,590
feet thick., The tuff may have been deposited in the Bear Creek
area. If it had, it probably had overlain the volcanic sediments
exposed along Bear Creek (HM 35) below the contact with the over-
lying Eagle Gorge Andesite., The formation thickens westward;
therefore, the tuff would be here at a higher stratigraphic
level. The tuff lies about 530 feet below the Eagle Gorge lava
flows at the head of West Twin Creek. West of here the tuff would
have been removed by erosion prior to accumulation of the flows.

The bas=! part of the Huckleberry Mountain Formation is well
exposed at Blowout Mountain along the Cascade crest in the south-
eastern corner of the map area. About 3,200-feet of section is
exposed along the ridge to the southeast to the top of the mountain
(see stratigraphic section in Appendix A). The léwer 1,075 feet
is exposed along the southeastern ridge of Blowout Mountain. The
strata consist entirely of volcanic rocks énd form the southwest-
ern flank of the Snowshoe Butte anticline. The micaceous arkosic
sediments characteristic of the underlying "Naches Formation" are
exposed in the core of the fold in the saddle at the southeastern
end of the ridge. Abcut 580 feet above the arkosic strata along
the eastern side of the saddle (HM 36), an 85~foot lava flow,

named herein the Blowout Mountain Flow, is exposed. This flow
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probably did not extend any great distance to the west, inasmuch
as it is not exposed on the ridge southeast of Blowout Mountain.
Here the same stratigraphic interval is occupied by the upper 25
feet of a 145-foot section of pale grayish-gréen crystal pumice
tuff-breccia (see Appendix A). The Blowout Mountain Flow is desig-
nated as the top of the "Naches Formation" and the overlying vol-
canic strata are assigned to the Huckleberry;Mbuhtain Formation
" of the Keechelus Volcariic Group. The flow is very similar lith-
ologically to the Rampart Ridge Porphyry Flows which are designated
herein as the top of the "Naches Formation" in the upper Yakima
River valley (see discussion of "Naches Formation").

The disconformity between volcanic sediments and lava flows,
illustrated in plate 10B, is exposed in the upper 420 feet of sec-
tion exposed on the northeastern face of Blowout Mountain. The
section of flows is about 45 feet thick and consists of possibly
2-§; 3 thin flow units, suggested by their irregular stratifica-
tion and inclination of the tiers of columnar jointing. The flows
qx#end northwestward of Blowout Mountain (HM 37) and consist of
flows with thin interbreccia zones. The rock is dark-gray fine-
grained basaltic andesite, containing plagioclase, augite, magne-
tite, and some chlorophaeite(?) in a pilotaxitic groundmass.

Twin Camp Creek Flow Member.--The Twin Camp

Creek Flows, named for the flows exposed along Twin Camp Creek

(HM 38), are about 400 feet thick. The flow rock is a medium

?
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dark-gray very fine-grained porphyritic andesite (spec. 12). It
consists of about 75 percent piagioclase, which are largely re-
placed by calcite, 10 percent augite, most of which is pseudomor-
phed by fibrous chlorite, 10 percent granular magnetite, and about
5 percent a yellowish-green unidentified mineraloid. The texture
is intergranular to pilotaxitic, The flows can be traced westward |
for about 2 miles to Colquhoun Peak., They may underiie the ridge
‘between Burns and Whistler Creeks 2 miles west of Colquhoun Peak.
They cannot be traced further westward. They extend eastward
along the north side of Twin Camp Creek. Their total linear oﬁt-
crop is about 3% miles.

The flows have been projected eastward in the geologic sections
(pl. 2G-G', H-H', I-I' and J-J') and lie at about the same strati-
graphic horizon as the Blowout Mountain Flow. In this area the
flows are designated as the base of the Huckleberry Mountain For-
mation. The underlying strata, exposed mainly on the U.S. Forest
Service road to Pyramid Peak (HM 39), consist of volcanic sediments.
The sediments lie about midway in the lithologic gradation between
the Enumclaw Formation to the west and the "Naches Formation™ to
the east.
. A distinctive black crystal-vitric tuff is very poorly exposed
along Twin Camp Creek (HM 40). This tuff is very similar litholog-
ically to the andesite vitric tuff of the Sunday Creek Tuff Member

in the stratigraphically higher Snow Creek Formation. It lies
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about 1,000 feet stratigraphically above the Twin Camp Creek flows.
Similar rock was noted as float along Tacoma Creek at its junc-
tions with the Green Ri&er and Pioneer Creek to the east. Similar
ééck also occurs as float below the western face of Cole Butte
above the lake along the eastern border of the map area. There is
a possibility that these outcrops may be of an equivalent tuff unit.

Tacoma Creek Flow Member.--The Tacaoma Creek

Flows are exposed along the north side of Tacoma Creek. They are
about 250 feet thick and lie 700 feet stratigraphically above the
Twin Camp Creek Flows. The flow rock is a medium-dark-gray,
weathering to an olive-gray, andesite porphyry (spec. 13). The
phenocrysts average one mm in sizé’and consist mainly of plagio-
clase (4nj5.50) which is commonly altered to calcite and sericite.
The groundmass is intergranular, consisting of plagioclase laths,
granular augite and magnetite and fibrous chlorite(?). Plagio-
clase constitutes about 78 percent of the rock, chlorite(?) 10
percent, augite 7 percent, anrd magnetite about 5 percent. The
flow can be traced in the field and on aerial photographs for a

distance of about 4 miles.

Snowshoe Butte Flows Member.--A highly resis-

tant and well-exposed sequence of aphanite flows caps Snowshoe
Butte and extends northwestward along the northwestern slope of
the butte to Sunday Creek in T. 20 N., R. 11 E. This sequence

is named the anwshoe Butte Flows and consists of two or more lava
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flow units. The flow rock is & grayish-black porphyritic ande-
site (spec. 14). It contains about 10 percent phenocrysts in a
merocrystalline trachytic groundmass with interstitial brown glass.
Most of the phenocrysts are plagioclase which are oscillatory
zoned and consist of Ango_57. The remaining are brown augite.
The flows are about 400 feet thick and extend for about 4% miles.
They lie stratigraphically about 2,000 feet above the Taccmea
Creek Flows and underlie the eastern extension of the Rack Creek

Tuff by about 150 feet.

Contact relations.--The lower contacts of the

Huckleberry Mounﬁain Formation are conformable and transitional
with the Enumclaw and "Naches" Formations. The contact with the
Enumclaw is not well defined. As mentioned previously, the con-
‘tact is placed above the upper lava flow, in a local area at the
base of the lowest member in the Huc“lebef;y.MCuntain Formation,
or at the base of the lowest exposed epiclastic volcanic rock
below the member. Along the Green River and McDonald Point road
in T. 21 N., R. 8 E., and in the Boundary and Piling Creeks area
the contact is placed at the base of the McDonald Point Tuff,
Along the north side of the White River the contact is located
below the dacite crystal-vitric tuff. North of the North Fork of
Taylor Creek and south of Chesfer Morse Lake (HM 41) the contact
is placed atop the highest lava flow constituting a part of a

thick underlying sequence of flows. The contact is not a horizon
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but lies within a stratigraphic interval which ranges from a few
hundred to possibly more than one thousand feet throughout the
western part of the map area. In the southeastern part of the map
area the base of the formation is designated as the Twin Camp Flow
Member.

The contact with the "Naches Formation" is placed atop the
Rampart Ridge Porphyry Flows along the west side of the upper
Yakima River valley and atop the Blowout Mountain Flow in the Blow-
out Mountain area. The contact has been extended southwestward
and socuthward on scanty field evidence and uncertain aerial photo-
graphic interpretation from the exposure of the Rampart Ridge
Pérphyry Flows along the Northern Pacific Railroad (HM 42). It
passes through the head of the Cabin Cfeek drainage basin to the
Cascade crest at Tacoma Pass and southward from there along the
crest through the head of the west fork of Log Creek to Blowout
Mountain. A lower part of the formation may be present in the
trough of the Log Creek syncline along Big Creek in T. 19 N.,

R. 13 E.

The upper contact is better defined., It lies at the base of
the unconformably overlying Eagle Gorge Andesite, Stampede Tuff
and Cougar Mountain Formation. The contact with the Eagle Gorge
Andésite is well exposed (HM 43) east of the Howard A. Hanson dam
(see discussion of Eagle Gorge Andesite). The contact can be

located within a few tens of feet along the east side of Bear
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Creek (HM 35), along the Grass Mountain road east of Lynn Lake
(EG 7), and just north of the head of West Twin Creek (HM 44).
The contacts along the north side of the Green River are concealed
by extensive surficial depcsits.

The location of the Stampede Tuff and consequently the top
of Huckleberry Mountain Formation is inferred on aerial photo-
graphic interpretation between the pyroxene andesite porphyry dike
complex at T. 20 N., R. 10 E., and Snow Creek, north of the Green
River.

The contacts with the Stampede Tuff are well exposed along
the west side of the North Fork of Taylor Creek (HM 45) and just
west of Lizard Lake at Stampede Pass (ST 1). The contacts can be
approximately located at the divide between Rack and Taylor Creeks
(HM 46), along the north side of the Green River (HM 47), and along
the Borup Creek road (HM 48) (see discussion of Stampede Tuff).

The contacts with the Cougar Mountain Formation can be placed
only approximéfély: ‘Along the West Fork of Smay Creek (HM 49) an
approximate 260-fo§t thick basal flow of the Cougar Mountain over-
lies by as much as 500 feet the uppermest exposure of the Huckle-
berry Mountain Formatién which consists of a dusky-blue-green
lithic pumice tuff-breccia atop a 75-foot section of fossil leaf-
bearing volcanic sediments (UWA 2303). North of Gale Creek (HM 50)
-éltereh 1éva flows and breccia flows of the Cougar Mountain For-

mation overlie thin lava flows of the Huckleberry Mountain
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Formation, The contact along the North Fork of the Green River
in T. 21 N., Rs. 8 and 9 E., is partly inferred on aerial photo-
graphic interpretation and physiographic expression. To the north-
west the contact is placed at the base of the steep slope below
Ghost Point. The contacts with the Cougar Mountain Formation in
the northern part of the map area are located along stream valleys.

Age.--Leaf fossils were collected from two local-
ities, University of Washington A 2303 and A 2306, in strata of the
formation, shown on the map (pl. 1) and listed in Appendix C. The
leaves are tentatively identified as follows:

A 2303
?Acer sp.

7Tilia aspera

7Populus sp.
Only conifer needles were identified at locality A 2306.

The Huckleberry Mountain Formation is considered to be late
Eocene. The formation is interstratified with the Enumclaw and
"Naches" Formations of probable late Eocene age.

Additional leaf fossils occur at the locations listed in
Appendix C. )

The transitional relationships of the formation with thé’
underlying Enumclaw and "Naches" Formations indicate that the

Huckleberry Mountain Formation is closely related in age and is,

therefore, about latest Eocene to early Oligocene.
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Origin.--The formation consists largely of frag-
mental volcanic rocks which were in a large part ejected explos-
ively from large volcanic centers in prodigious quantities. They
were probably dispersed from these centers by predominantly fluvial
processes and subordinately by prevailing winds. Winds could have
carried the material temns to as much as a hundred miles from these
sources. At their initial site of deposition most of the ejecta
were probably incorporated, reworked and deposited as epiclastic
rocks. The mudflow deposits could consist 6f debris transported
directly from the flanks of the volcanoes or of wind-transported
clastics. Mudflows are known to extend as much as 50 miles from
a volcano (Crandell and Waldron, 1956). Inasmuch as the bulk of
the formation consists of mudflow deposits the formation could be
composed of ejecta derived from sources within the map area or
closely adjacent to it. No evidence of the eroded root of a large
explosive volcanic center was found in the area. Some or most of
the material could have come from the possible volcanic center in
the Three Sisters area south of the White River. The thin lava
flows could have been derived from these centers as well as from
many fissures now expo;ed as the myriads'of dikes of altered hypa-

byssal rocks in the area.
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Eagle Gorge Andesite.

Definition and type section.--A thick section con-

sisting predominantly of andesite lava flows unconformably overlies
the Huckleberry Mountain Formation in the western part of the map
area (pl. 1). It is herein named the Eagle Gorge andesite. The
formation consists of lavae flows, breccia flows, and very minor
amounts of tuff-breccia and tuff. An extensive complex of sub-
aqueous breccia is present along the Green River between the Howard
A, Hanson dam and Humphrey. The formation extends along the Green
River from Bear Creek eastward to just beyond Wolf Creek, a dis-
tance of about 12 miles. |

The formation constitutes the middle sequence of the Keechelus
' Volcanic Group. Although it does nct crop out in the Snoqualmie
Pass quadrangle, it is"sandwiched" between the sequences that are
exposed there.

The type section is designated as the section exposed from
Bear Creek eastward to Eagle Gorge, along the south side of the
Green River valley near the Howard A. Hanson dam (EG 1). The
rocks are discontinuously although well exposed in cuts along the
road. Lava and breccia flows are exposed between Bear Creek and
the south side of Howard A. Hanson dam., To the east the section
consists predominantly of subaqueous breccias (see discussion of
petrography). The lava flows and breccias dip gently eastward.

The lava flows are exposed to the south and eastward beyond Eagle
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Gorge. The base of the formation can be approximately located
at Bear Creek (EG 2; see discussion of contact relations). The
top of the formation is not exposed in the immediate area.
Thickness.--The formation has a maximum exposed
thickness of 4,150 feet along the north slope of Grass Mountain
north to Eagle Gorge. Only 730 feet is preserved near Wolf Creek

at its eastern extent.

Petrography.--The lava flows form thin flcw units.

The flows exposed in the railroad cut west of Humphrey (pl. 6A;

EG 3) are 15 to 25 feet thick; the izmtervening breccia flows are
15 to 30 feet thick. The contacts with the breccia flows are
sharp. The base of a breccia may be marked by a 1-2-foot dark-
reddish brown alteration or saprolite zone. The flows are commén-
ly platy jointed with large curved faces. The flow rock is dark
gray to grayish black and weathers to a grayish red. It is essen-
tially a pyroxene andesite porphyry very similar to the common
flow rocks in the Enumclaw Formation (spec. 15). It consists of
medium- to fine-grained prismatic plagioclase and a fewer number
of equant altered augite phenocrysts in a very fine-grained pilo-
taxitic to intergranular groundmass of feldspér microlites, augite,
magnetite and chlorophaeite(?). The phenocrysts compose up to

30 percent of the rock. The ratio of plagioclase to augite is
about 5:1. The plagioclase has oscillatory zoning and has a com-

position of An4g8-65. The augite crystals are altered to aggregates
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of calcite, chlorite, magnetite and some chlorophaeite(?). The
chlorophaeite(?) occurs commonly as clots with a rim of radial
chlorite. The breccia flows are commonly altered and are green-
ish gray. The fragments are angular to subrounded, range in size
from 3 inches to 2 feet in diameter with the average about 6 inches,
and are colored grayish olive-green to pale red. Intensive alter-
ation has coverted the fine breccia fragments to soft irregular
masses of pale olive to grayish yellow-green. The larger breccia
fragments contain relatively fresh pyroxene andesite porphyry.
The breccias exposed along the south side of the Green River at
the Howard A. Hanson dam site are.intricately intruded by irreg-
ular dikes of pyroxene andesite porphyry. The dike rock is deu-
terically altered. The deuteric alteration probably contributed
to the alteration of the enclosing brecciated flow rocks.

Massive subaqueous breccias are well exposed along the road
near Eagle Gorge (EG 4). At first examination the outcrops appéar
to consist of massive broken rock of uniform composition. From a
distance, however, a crude stratification dipping gently to the
east can be detected (pl. 16A). The breccia mass has a somber
light-olive-gray color and is‘composed largely of angular blocks
from a few inches to many feet in diameter.’ The rock is deeply
altered yet the texture characteristic of the fresh flow rock is
preserved. Scattered throughout the breccia mass are very large

rounded blocks 5-20 feet in diameter that are compbsed entirely of
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PLATE 16
Subaqueous breccia of Eagle Gorge andesite

Outcrop of the upper part of the formation at the type
section in the NE% sec. 35, T. 21 N., R. 8 E. Looking
southwest, Bedding can be discerned in center, dipping
about 30° E.

Close-up of outcrop directly beyond vehicle in above
photograph. Height of outcrop about 50 feet. Note
rounded blocks of radially columnar-jointed flow rock
in center, Largest block is about 20 feet in diameter.



118

PLATE ‘16
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concentrically radiating, small wavy columns about 4 inches in
diameter (pl. 16B). A %-inch rind is present at the ends of the
colums. Most of the rinds, however, have weathered to clay. The
breccia has a maximum exposed thickness of 300 feet but may be
thicker. It appears to lie in the upper part of the formation.
Atop the mass, to the left of the view in plate 16A, unaltered
well-fractured lava flows conformably overlie the breccia. From
the road a spiracle can be seen extending from the breccia up
about 20 feet into the overlying lava flow. The crude stratifi-
cation, the uniform alteration, rhe ball-like blocks with raéial
jointing inside and a periphersal rind,-aud the spiracle into the
overlying flow suggest that the breccias were produced by movement
of lava flows into water, either into a stream, shallow lake or
upon swampy terrain. Consequent brecciation and alteration was
produced by steaﬁ'explosions and concomitant gaseous steeping of
the broken masses. Locally, along the road cut shown on the left
side of plate 164, the breccia is intensely altered to a mottled
mass of moderate yellow, pale olive, dark reddish brown and brown-
ish black. Considerable heuatite, "] {monite," and probable jaro-
site are present. Disseminated fine~grained pyrite is aEundanto,
Widely spaced irregular veins of chalcedony cross-cut the altera-
tion. This alteration may have been caused by subsequent fumarolic

or deuteric solutions derived from the emplacement of the dikes

near the Howard A. Hanson dam. West of the subaqueous breccias
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described above (EG 5), near Eagle Gorge, and aloag the railroad
and road to the east (EG 6), massive yellowish-gray breccias are
exposed. The fragments are predominantly angular to subrounded,
up to 6 feet in diameter. The flow rock is aphanitic and flow
layered. Carbonaceous debris is present. Field criteria for deter-
mining their origin of the yellowish-gray breccias are lacking but
their association with the subaqueous breccias suggest that they
were also formed largely by steam brecciation and concomitant

- alteration.

Contact relations.--The contacts of the Eagle Gorge

Andesite are not well exposed. Along Bear Creek (EG 2) the basal
lava flow crobs out about 50 feet above the level of Bear Creek.
Considerable slough covers the slope below so-volcanic sediments
of the Huckleberry Mountain Formation only are exposed at the
creek. From there northwestward the creek follows the approximate
contact between the two formations. Northeast of Grass Mountain
(EG 7) the base of the Eagle Gorge andesite is marked by a dark-
gray pyroxene andesite porphyry flow overlying a calcified graYish-
green andesite porphyry flow of the Huckleberry Mountain Formation.
The contact is not exposed.

Isolated outcrops of Eagle Gorge Andesite flow rock are ex-
posed along the road oﬁ the northeast side of the Howard A. Hanson
dam (EG 8). Dark-reddish-brown altered breccia flows truncate

platy porphyritic andesite lava fiows, thin-bedded volcanic
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sandstone, and the dark-gray fine-grained andesite flow which lies
stratigraphically above the Rack Creek Tuff of the Huckleberry
Mountain Formation. The breccia flows extend down to the foot of
the slope exposed along the north shore of the lake impounded by
the Howard A. Hanson dam. They are separated from similar breccia
flows underlying the hill in the middle of the valley (EG 9) by the
Lemolo fault which trénds eastward along the Gréen River valley.
The relative differences in the position of base of the Eagle Gorge
Andesite upon the underlying stratigraphic units of the Huckleberry
Mountain Formation along the north side and south side of the Green
River valley in this area suggests thgt the flows were deposited
upon an irregular surface with as much relief as 450 feet. Absence
of the Champion Creek Tuff at Bear Creek also suggests that there
was considerable relief buried by the Eagle Gorge flows. The
stratigraphic gap between the Eagle Gorge Andesite and the Huckle-
berry Mountain Formation between Champion and Bear Creeks suggests
that as much as 1,600 feet of relief eﬁisfed atop the Huckleberry
Mountain Formation. However, this figure does not take into con-
sideration the amount of structural deformation, if any, in the
area following deposition of the Huckleberry Mbﬁhtaiﬁ Formation.

Movement along the Lemolo and Piling Creek faults along the
north side of the Green River valley between the North Fork of the

Creen River and Gale Cireek has truncated the northern extent of

the Eagle Gorge Andesite
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The erosional interval which preceded deposition of the
Stampede Tuff removed the Eagle Gorge Andesite along the north
side of the Green River between Gale Creek and Green Canyom. The
tuff was not located in contact with the Eagle Gorge. The closest
point at which the two units are in contact is along the road'
south of Green Canyon (EG 10), where outcrops of the two are sepa-
rated by about 30 feet. Northwest of Humphrey (EG 11) a covering
of glaciofluvium spans hﬁ interval of about 500 feet between the
hill of Eagle Gorge lava flows and outcrops of Stampede Tuff to
the east. Near the bridge across the Green River (ST 13), west of
Maywood, the tuff crops out at the road about 40 feet above the
Green River. Here flows of the Eagle Gorge Andesite are exposed

in the bedrock and along the south side.

Age.--No leaf fossils or leaf impressions have been
collected from the strata of the Eagle Gorge Andesite. The forma-
tion is considered to be of late Eocene age; it is "sandwiched"
between two sequences of the Keechelus Volcanic Group which range
from late Eocene to early Oligocene.

Origin.--The lava and breccia flows of the Eagle
Gorge Andesite are lithologically similar to the flows of the
underlying Enumclaw Formation. However, the flows of the Eagle
Gorge Andesite do not appear to be as thick and are not interstra-
tified with thick quéntities of epiclastic rocks. Rather, the

lack of intercalated fragmental ejecta and the uniformity of



123
composition and texture suggest that the lava flows were derived
largely from fissures. Much of the formation may have been re-
moved by erosion during the interval prior to deposition of the
Stampede Tuff, so the formation may have had greater areal extent

at one time. The location of the fissures from which the flows

may have been derived is undetermined.

Stampede Tuff.

n and tvpe section.--A unit of dacite

crystal-vitric tuff and a subordinate amount of pumice tuff-breccia
and lithic tuff-breccia has been traced throughout much of the map
area. The unit is herein named the Stampede Tuff. The lithologic
features of the unit vary subtly from east to west but serve as
criteria for correlating the scattered exposures. Study of stra-
tigraphic sections of the unit reveals that the formation is a
composite ignimbrite and had accumulated as an ash-fall tuff
depcsit.' At least four separate tuff units, designated as zones,
compose the formation. This tuff is the most diagnostic strati-
graphic marker of the units in the Keechelus Volcanic Group.
Tracing of the tuff has served to unravel several structural com-
plicatione, especially in the Lake Keechelus area. It forms the
lower unit of the upper sequence in the group. It unconformably
overlies the "Naches" and Huckleberry Mountain Formations and

conformably underlies the Snow Creek Formation. The outcrop

pattern of the formation outlines the structural depression in
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the central part of the map area.

The type section of the Stampede Tuff is designated along
upper Sunday Creek (ST 1), west of Lizard Lake near Stampede Pass.
The base is exposed at the road and the top occurs about 1,500
feet upstream (ST 2). The unconformity at the base is well exposed
along the creek. The top of the tuff is overlain conformably by
volcanic sediments of the Snow Creek Formation. At the type sec-
tion the formation consists mostly of dacite crystal-vitric tuff.
The base consists of 20 feet of pumice crystal-vitric tuff-breccia.
The“section is zone 3 of the formation, as shown in plate 19. The
stratigraphic section at the type locality is shown in Appendix A.
The other zones, composing the formation, are shown diagrammat-
ically in plate 19. The zones.are discussed under stratigraphic
sections. Additional locétions, which serve as reference sec-
tions, are also shown in plate 19.

Distribution and thickness.--The tuff extends from

Lake Keechelus in the east to the drainage basin of the North
Fork of Taylor Creek in the west. It is well exposed along Roar-
ing Ridge, west of Lake Keechelus,ﬁnéar Stampede Pass and along
Sunday Creek. It is‘sporadically exposed along the Green River
valley and in the drainage basin of Gale Creek. It has been re-
moved by the pre-Cougar Mountain erosional interval in the north-
central part and engulfed by Snoqualmie granodiorite in the north-

eastern part of the map area.
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The vent zone and source of the tuff is located at the north
end of the outcrop (ST 3) along the east shore of Lake Keechelus.

The unit has an areal extent of 23 miles east-west and 13
north-south. To the writer's knowledge the tuff is not exposed
outside the Creen River structural depression. The unit may have
extended outside the map area and now possibly is preserved in a
structural depression south of the Tatoosh high (see discussion
on Structure) in Mount Rainier National Park and along the eastermn
flank of the Cascade Range south of the Naches River. However,
the litkologic features--lateral variation in constituents and
thickness--suggest that the tuff may not have had an areal range
of over 50 miles radius from the vent zone at the east shore of
Lake Keechelus and at the present time lies wholly within the map
area (pl. 1).

The tuff is irregular in its thickness. It has a maximum
exposed thickness of 2,820 feet at Lake Keechelus where the top
is not preserved. It is 240 feet along the North Fork of Taylor
Creek (ST 4). Only 40 feet are exposed on Sunday Creek (ST 5).

Petrography.--The Stampede Tuff consists predom-

inantly of dacite crystal-vitric tuff., Lesser amounts of pumice
and lithic fragments ranging in size from tuff to breccia occur
locally and serve to distinguish the various zones in the formation.
The dacite crystal-vitric tuff composes about 70 percent of
the unit, In outcrop it is commonly massive but at closer inspec-

tion an incipient foliation can be detected. Bedding can generally
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be determined by the scattered partially flattened pumice frag-
ments. This tuff contains 20-30 percent crystals, of which 10-20
percent of the rock are plagioclase, and 5-10 percent quartz
(spec. 16). About 1 percent each of augite and magnetite are pre-
sent; about 5 percent pumice and 3 percent lithic fragments are
accessories (pl. 17a). The color of the tuff ranges from a dark
greenish gray to pale olive to grayish yellsw green. To the west
(west of the exposures near Green Canyon) the tuff tends to be
lighter colored, ranging from pale olive to greenish gray to
yellowish gray. The crystal percentage lessens, consisting of
15-20 percent of the rock; 7-10 percent and 5-12 percent are plag-
ioclase and quartz, respectively (spec. 17; pls. 17B and 18a). The
other constituents are about the same as in the tuff to the east.
The plagioclase and quartz crystals range about the same size,
1/8 to 3 mm; % mm is the average. Both are corroded and embayed;
quartz is slightly more corroded than the plagioclase. The plag-
joclase has delicate oscillatory zoning and polysynthetic twinning;
its composition ranges from An3s5-57. The augite is altered in
part to chlorite, a brown uralite(?), and magnetite. The pumice
fragments are up to about % inch in length, generally are lighter
colored than the vitric matrix, and contain plagioclase and fewer
number of quartz crystals. The lithic fragments are smaller and
consist, in order of abundance, of grayish-olive-green pilotaxitic

andesite, grayish-black porphyritic vitrophyres and light-olive-
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PLATE 17
Stampede Tuff

Typical crystal-vitric tuff from zone 2 along the west
side of Lake Keechelus. aAbundant dark-colored pumice
and lithic fragments are present although they compose
less than 10 percent of the rock.

Crystal-vitric tuff from zone 2 along Gale Creek in the
NW4SE%SE% sec. 32, T. 21 N., R. 9 E. Rock is yellowish
gray. Large pumice fragment occurs in the center of
the specimen. Crystals and pumice and lithic fragments
are less abundant than in specimen A above. Compare
with specimen in plate 18aA.
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PLATE 17
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gray mosaic of very fine-grained quartz and feldspar, probably of
former feldspathic sandstone. Carbonaceous fragments are locally
present. The crystals and fragments are embedded in a vitroclas;
tic matrix, composed almost entirely of weakly compressed shards,
which have been extensively altered and devitrified. The tuff has
been only partially welded, The rock is very similar in appear-
ance to specimens shown in Smith (1960; pls. 21B and 21 G). The
devitrificafiﬁn is probably due to both vapor-phase crystallization
and low-grade regional metamorphism (zeolitization). The most in-
tensely altered rock is the grayish-blue-green tuff in unit 4,
exposed in the quarry on the east shore of Lake Keechelus (ST 6).

The pumice crystal-vitric tuff-breccia composes about 25 per
cent of the formation. It is the most diagnostic rock of the for-
mation and has aided in correlating the various stratigraphic
sections (pl. 19). The rock is lithologically similar to the tuff
except for the abundance of the pumice fragments (pl. 18B; spec. 18).
They are rounded to slightly fiattened, range up to 5 inches in
diameter but average about one inch. They comprise 10 to 15 per
cent of the rock.

Lithic tuff-breccia composes the remaining rock of the forma-
tion. This rock is most extensive at the base of two units of the
formation along the east shore of Lake Keechelus (pl. 19). It forms
two well-defined zones, 20 and 80 feet thick. The upper breccia

zone consists of abundant fragments, up to 2 feet in diameter, but
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PLATE 18
Stampede Tuff

Crystal-vitric tuff from zone 2 along the North Fork
of Taylor Creek., Rock is greenish gray. Few dark
fragments are lithic. Large fragments are pumice.
Except for color, rock is very similar to tuff in

plate 17B.

Pumice-crystal tuff-breccia from zone 3 along the west
side of Lake Keechelus. Large light-colored fragments
are pumice, some of which are porphyritic. Small dark
fragments are vitrophyres. Photograph is taken look-.
ing down upon plane of eutaxitic layering.
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averaging one inch, subanguiar to rounded, of various shades of
greenish gray and brownish gray. Most of the fragments are ande-
site porphyry. The lithic fragments are present up to 35 percent.
Altered porphyritic pumice is a minor constituent. The fragments
are embedded in a highly altered dark;greenish-gray groundméss.
West of Stampede Pass, at the type section, the breccia forms a
dark-greenish-gray basal zone up to 20 feet thick, which is com-
posed of fewer number of lithic and more pumice fragments. Farther
west the lithic breccia is not distinguishable.

A darker-colored crystal-vitric tuff occupies the vent zone
along the east shore of Lake Keechelus (ST 3). The rock is mass-
ive, very well indurated, and from all outward appearances is an
intrusive dacite porphyry. It is medium dark gray. The pumice
fragments appear to be greenish-black autoliths. Microscopic
study, however, reveals that this is a tuff (spec. 19). It is
composed of about 20 percent quartz crystals, 15 percent plagio-
clase (Anyg_3g) and one percent each augite and magnetite. Lithic
and pumice fragments, less than % inch in size, compose about 7
percent of the rock. The rest is a cryptocrystalline groundmass
in which the former vitroclastic texture is discernible, The
shards are well compressed and molded against the crystals. The
pumice fragments are flattened but their orientation with respect
to the wall rock contacts and the overlying tuff unit is not known.

The rock is highly welded.
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Goodspeed and Coombs (1937) examined outcrops of the Stampede
Tuff along the east shore of Lake Keechelus which contained large
irregular dark-brown fragments in a greenish-gray groundmass of
typical fragmental volcanic rock. The fragments occurred as either
coarse angular breccia, as lacy-like fragments, or as long tabular
dike-like masses. They were very fine-grained, had a clastic
texture, and consisted of quartz, feldspar, hematite and chlorite.
The plagioclases of the greenish-gray groundmass were interpreted
as prophyroblasts because they had gradational borders, many in-
clusions and filled veinlets. Their composition was Anjs. The
quartz crystals in the groundmass had a vermicular-like texture
(pﬁssibly corrosion and embaymenf). They concluded that the dark-
brown clastic material had been converted into the grayish-green
rock by recrystallization replacement due largely to emanations
from a magmatic source at depth. Unfortunately the outcrops they
studied were excavated in 1957 during the widening of U.S. Highway
10. Although he did not examine every part of the outcrops along
the lake, the present writer did not find rock which completely
fits the description of Goodspeed and Coombs. Their outcrop
possibly was located along the periphery of the vent zone or was
a part of the lithic tuff-breccia at the bases of zones 2 and 3.
The brown clastic material is probably fragments of sandstone
which underlies the amygdaloidal porphyritic flows of the "Naches

Formation" exposed along the highway just north of the vent. The
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presence of abundant pumice fragments in both the vent rock and
the stratified tuff are, in the opinion of the writer, undoubted
criteria for pyroclastic origin. Their (Goodspeed and Coombs,
1937, p. 21) chemical analysis of the grayish-green groundmass
(dacite crystal-vitric or pumice crystal-vitric tuff-breccia) is

as follows:

Si02 50.55%
Al903 16.80
Fep03 2.42
FeO 5.53
Mno tr
Mgo 1.95
cal 3.55
K20 ' .58
Hy0 + 105° C. 2.30
HZO - 105° C. .55
P20s5 14
S 99.97%

Stratigraphic sections.--Some of the distinctive

features of the sections shown in plate 19 and at other localities
are described below, starting with the easternmost outcrops at
Lake Keechelus, Zones 1 through 4 correspond to the subdivisions
exposed in the cuts along U.S. Highway 10 along the east shore

of Lake Keechelus. The east side of Lake Keechelus, Stampede Pass
and Green Canyon localities provide the most complete sectioms.

Criteria for distinguishing the subdivisions within the formation
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have been described in the discussion on Rock Types. The forma-
tion is a composiée ignimbrite.

| Along the east side of Lake Keechelus (column 1 in pl. 19)
the lowest part of the exposure is the vent zone. This zone is
about 250 feet wide. The north side of the zone is marked by a
brecciated zone 10-25 feet wide of angular fragments of predom-
inantly tuff and lesser amounts of the amygdaloidal porphyritic
flow rock, which are a part of the lava flows of the "Naches For-
mation" exposed along the highway just north of the contact. The
zone trends N 72° E into the cut and is vertical. Some fault move-
ment subsequent to the brecciation has taken place but incorpora-
tion of tuff and flow rock fragments in a tuffaceous matrix and
thermal metamorphism of the north wall rock, which diminishes in
effect northward, suggests strongly that the brecciation occurred
during the extrusive process, injecting the tuff into the brecciated
wall rock. Study of aerial photographs indicates that the vent
zone extends eastward about 5,000 feet from the highway. Westward
it extends under Lake Keechelus. To the south the massive, regu-
larly jointed vent rock is overlain apparently unconformably by
tuff of zone 1 with a eutaxitic layering aligned N 65° W and dipping
W 40° SW. The tuff has a slabby jointing which serves to disting-
uish it from the underlying vent rock. The contact is marked by a
discontinuous zone of lithic breccia up to 2 feet iﬁ thickness.

Further examination of the vent zone will be necessary to determine
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the relationships between the compaction and orientation of the
pumice fragments and the wall rock and overlying stratified tuff
unit., At present the kﬁown relations suggest that the vent was the
source of a tuff which preceded deposition of the tuff composing
zone 1, The tuff of zone 1 may have been derived from the vent
zone at a point eastward or westward from the outcrop at the high-
way. This possibility should be kept in mind when reexamining the
other sections and attempting to correlate zocne 1 here with a lower
zone elsewhere.

Zone 3 unconformably overlies a "hill" of tuff, lithologically
similar and correlated with zone 2, about 200 feet south of the
snowshed. The rock of zone 2 probably has been elevated to the
level of the highway by movement along a fault trending N 65° E
and dipping 70° NW exposed in the northern part of the exposed
*hill.n

The exposures of the middle part of zone 4 along the highway
are weathered and iron-oxide stained. The upper part is massive,
very well indurated and has an extremely well-developed joint
system. A prominent joint dips steeply westward toward the lake.
During widening of the highway in October 1957 undercutting of the
rock lying above the joint planes was the primary cause of the
landslide. The rock of the upper part is well exposed in the
quarry just to the southeast of the landslide (ST 6). This tuff

is not typical of the formation because of its intense alteration,
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which is probably due to hydrothermal solutions arising along a
fault underlying Lake Keechelus (see discussion of Structure).

The stratigraphic relationships along the east shoxe of Lake
Keechelus may be considerably more complex than shown in plate 19.
A fault has been recognized about 200 feet south cof the snowshed
but others may exist, so the section may be in part repeated. This
area has the greatest preserved section of the formation. The pre-
servation may be due in part to subsidence of the area. Study of
aerial photographs shows that the zones are overlapping; that is,
zone 4 does not directly overlie zone 1. Zones 1 through 4 could
possibly have been derived from that part of the vent which now is
submerged by the lake. Answers to these possibilities must await
detailed examinations of all the outcrops.

Column 2 (pl. 19) iocated on the west of Lake Keechelus (ST 7),
is incompletely measured. Further field work is necessary here in
order to work out the stratigraphic succession at Lake Keechelus--
to determine the relationships of the units and the presence of
additional units. The pumice crystal-vitric tuff-breccia zone lies
directly across the lake from its exposures on the east so the cor-
relation of this unit is fairly reliable.

Sporadic eprsures west of the lake indicate that the tuff
extends along the top of Roaring Ridge and along the bases of
Tinkham and Abiel Peaks. The bgsal contact of the tuff is not ex-

posed in these areas. The most complete section is exposed on the
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east side of Tinkham Peak where the tuff has amaximum thickness
of 80 feet. Erosion may have removed most of the tuff before
deposition of the Snow Creek Formation. The explosive force of
the extrusion may have directed most of the ash southward of here
so that only a thin layer of ash was deposited. A strong wind at
the time of eruption may also have had the same effect. Or, the
ash may have slid downslope before sufficient amounts of it had
accumulated, insulated and welded. The mechanism envisions is
similar to the avalanche of snow when it accumulates rapidly on
steep slopes.

Southwest of the lake the tuff is exposed on the north side
of Meadow Creek and aiong the Chicago, Milwaukee, Saint Paul and
Pacific Railroad (ST 8). At the latter locality about 300 feet of
massive crystal-vitric tuff is tentatively correlated with zone 2.
Neither the top nor the bottom is exposed.

A section of part of the zones of the tuff is exposed west
of Stampede Pass at the type locality (ST 1) and is shown in
column 3 of plate 19 (see section in Appendix A). The same zones
exposed here are believed to extend southwestward along Sunday
Creek, beyond the west portal of the Stampede Tunnel and westward
to Snow Creek. At Sunday Creek near its junction with Borup Creek
the section has thinned to about 40 feet.

The Green Canyon locality (column 4 in pl. 19; ST 9) excellent

exposure of the tuff is found. The pumice crystal-vitric tuff-
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breccia of zone 3 overlies about 3 feet of very well-bedded coarse-
grained volcanic sandstone, which in turn overlies about 10C feet
of lithic crystal lapilli-tuff of zone 2. Zone 4 overlies zone 3
with a well-exposed disconformity. The base of zone 4 is marked
by a 10-foot bed of volcanic conglomerate consisting predominantly
of cobbles of light-gray quartz aphanite porphyry.

About 15 feet of a pale green dacite crystal-vitric tuff was
noted along a stream (ST 10) east of Rooster Comb. The rock is
very similar to the Stampede Tuff so it is tentatively correlated
with it. However, the exposure is so poor that the writer was un-
able to determine its stratigraphic relationships. Lithic-crystal-
vitric tuff similar to that in zone 2 at the Green Canyon locality
occurs along Smay Creek about 100 yards north of the bridge (ST 1l1)
and along the U.S. Forest Service road between Cougar and Sylvester
Creeks (ST 12). an incomplete section exposed at the Cougar Creek
locality is shown as colum 5 in plate 19.:

Massive, well-indurated, crudely columnar-jointed crystal-
vitric tuff is exposed near the bridge across the Green River
(ST 13), and along the Gale Creek road (ST 14). The exposures are
40 and 200 feet thick respectively. These outcrops represent the
upper part of zone 2 exposed at the Green Canyon locality.

The westernmost locality is shown as column 6 in plate 19
(ST 4). A crystal-vitric tuff with columnar jointing is lithol-

ogically similar to zone 2 described above and is correlated with
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the section at Green Canyon. The zone is overlain here by a
valley-fill lava flow, up to 280 feet thick, of grayish-black fine-
grained andesite with well-developed blocky jointing. The fiow is
best exposed along the road about one mile west (ST 14) and can be
traced eastward to the west side of the valley of the North Fork
of Taylor Creek where it thins out and is not present in the sec-
tion measured on the east side of the creek. The flow is overlain
by massive grayish-blue-green pumice crystal tuff-breccia of
zone 3, which extends across the creek, thereby enabling correla-
tion of this section with that near Green Canyon.

Contact relations.--The Stampede Tuff unconformably

overlies the "Naches Formation" to the east and Huckleberry Moun-
tain Formation and Eagle Gorge Andésite to the west., It is con-
formably overlain by the Snow Creek Formation in the eastern and
extreme western parts of the area. In the middle part of the area
it has been removed during the erosion interval prior to deposition
of the younger Cougar Mountain Formation (see discussion of Cougar
Mountain Formation). The contacts of the tuff are well expcsed
at both sides of Lake Keechelus, Stampede Pass, near Green Canyon
and at the North Fork of Taylor Creek. The contact relations at
these locations are shown diagrammatically in plate 19.

Folding of the underlying strata had occurred prior to

deposition of Stampede Tuff. Evidence of folding is the shallow

syncline in the "Naches" strata underlying the tuff along the east



142
shore of Lake Keechelus and the generally steeper dips prevail-
ing in the immediately underlying Huckleberry Mountain strata
along Sunday Creek and the North Fork of Taylor Creek. If the
flexuring is discounted and the Eagle Gorge Andesite ié presumed
to have covered the entire area, the relief of the erosion surface
upon which the tuff was deposited may have been as much as 4,000
feet. If the thicknesses of the Huckleberry Mountain Formation in
the differentially eroded areas are compared, the relief may have
been as much as 8,900 feet. This figure, however, does not take
into account the amount of erosion prior to deposition of the
intervening Eagle Gorge Andesite. Also, this figure seems unlike-
ly inasmuch as the Huckleberry Mountain Formation thins northward
along the Cascade crest and along the western foothills. This
thinning relationship suggests that the northern part of the map
area had been uplifted prior to deposition of the Stampede Tuff
and possibly before outpouring of the Eagle Gorge Andesite.
Erosion prior to deposition of these units has removed a consider-
able thickness of strata in:the northern part of the area. Taking
into account the differences in thickness of the Huckleberry Moun-
tain Formation along the axis of‘the Lindsay syncline and the
probability that the Enumclaw Formation was as much as 1,000 feet
thicker to the west, the maximum relief upon the surface under-

lying the Stampede Tuff is estimated at 2,500 feet.
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Age.~-No fossils have been found in the Stampede
Tuff. Fossils obtained from the conformably overlying Snow Creek
Formation suggest that the tuff is no younger than Oligocene. It
is considered tentatively as late Eocene to early Oligocene.

Origin.--Separation of the zones of the formation
by a sedimentary deposit, erosional unconformity, and lava flow
indicate that the Stampede Tuff is a composite ignimbrite. The
tuff is incipiently welded suggesting that it was either extruded
with an initial low heat content, or ejected high into the atmos-
phere where it lost most of its heat, or accumulated in thin sheets
in which compaction was negligible before it had cooled below the
minimum welding temperature. Of the above conditions the first and
last ones probably were most important in the formation of this
ignimbrite. The vent rock is considerably more welded than the
stratified dacite crystal-vitric tuff, but is not as welded as the
andesite crystal-vitric tuffs which occur in the Huckleberry Moun-
tain and Snow Creek Formations. It is believed that the lack of
intense welding in the vent rock, where the confing pressure would
be high, is due to the low heat content of the tuff and its rapid
rate of cooling. The extensive devitrification of the stratified
tuffs in the fqrmation suggests that they underwent vapor-phase
crystallization during their cooling history and were not greatly

compacted prior to cooling.
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The areal dimensions of the vent zone, the apparently uncon-
formable relations at the vent, and the zoning of the formation
suggests that the tuff was extruded from a fissure, from various
locations along the fissure at different times. The lithic breccias
at the base of the zones are bedded parallel to the eutaxitic lay-
ering, indicating that they are probably products of the extrusion
and not the result of intrusive brecciation. The interstratifica-
tion of the breccia zones with the tuff units also indicates that
the tuffs were ejected explosively and that the conduit walls were
brecciated and the orifice probably widened. The overlapping of
the zones, their unequal areal distribution, and their differing
lithologies, suggest that they accumulated at separate timesAunder
conditions which varied--the direction and angle at which the ash
was ejected, the direction of the prevailing wind, and the volume
of each eruption. The rather wide distribution of the tuff and
the local varyirng thicknesses of the deposits further suggest that
the ash blanketed the landscape rather than flowed along depres-
sions; although there may have been local areas in which the ash

flowed from topographic highs into depressions and accumulated.

Snow Creek Formation.

Definition and type section.--A thick section of

interstratified fine tuff-breccia and lapilli-breccia, volcanic

sediment, thin lava and breccia flows and subordinate amounts of
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tuff conformably overlies the Stampede Tuff and constitutes the
highest stratigraphic unit of the Keechelus Volcanic Group. The
secticn is named herein the Snow Creek Formation for its extensive
outcrop in the drainage basin of Snow Creek in the east-central
part of the area.

The type section of the Snow Creek Formation is designated
as the exposure along the U.S. Forest Service road about 1% miles
west of Stampede Pass (SC 1). Here volcanic sediment, a mudflow
tuff-breccia and the Sunday Creek Tuff Member are well exposed.
The section is described in Appendix a. Only the lower part of
the formation is exposed in this section. The basal contact with
the Stampede Tuff is exposed along the railroad below the road and
to the north at the type section of the Stampede Tuff (ST 1). The
upper part of the formation, consisting predominantly of volcanic
sediment and tuff-breccia, is exposed discontinuously along the
roads in the drainage basin of Snow Creek to the west. The contact
with the overlying Cougar Mountain Formation is exposed farther to
the west (see discussion of contact relations).

The Snow Creek Formation in the northwestern part of the map
area (see discussion of distribution) consists predominantly of
lava and breccia flows. a reference section in the western area
is designated as the exposures along the road south of the North
Fork of Taylor Creek (SC 2). The flows and the contact with the

underlying Stampede Tuff (ST 4) are well exposed. The contact with
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the Cougar Mountain Formation is approximately located along the

road topographically higher and to the east. -

Distribution and thickness.--The formation occurs

largely in the trough of the Lindsay syncline which extends through
the middle of the map area. The formation has a limited distribu-
tion in the western part of the Lindsay syncline. It occurs in the
area between the North and Middle Forks of Taylor Creek in the
central part of T. 22 N., R. 8 E. Lava flows of the formatién,
resting upon Stampede Tuff, are sporadically exposed along the
trough of the Green River syncline along the Green River in the
eastern and western parts of T. 20 N., Rs. 9 and 10 E., respective-
ly. The formation is most extensive in the area along the Cascade
crest between Tinkham Peak and Stampede Pass. North of Stampede
Pass the strata are structurally complicated. They are intensely
contact metamorphosed in the area south of Tinkham Peak and west

of the South Fork of the Cedar River.

At least 3,600 feet of strata, composing the formation,. are
exposed along the axis of the Lindsay syncline in the eastern part
of the area, 4,800 feet along the syncline to the west, and more
than 2,400 feet are exposed in the north face and south slope of

Thinkham Peak.

Petrography and stratigraphic sections.--The Snow

Creek Formation consists of about 35 percent each tuff-breccia

(most of which is lapilli-breccia) and volcanic sediments, about
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25 percent lava and breccia flows and about 5 percent tuff. The
lava and breccia flows are confined largely to the western area
of exposure and compose almost the entire section exposed there.
They range up to 300 feet thick but average 30-40 feet. They are
commonly platy jointed, range in color from medium dark gray to
grayish black and weather to a light to moderate brown. Textur-
ally the rock is a very fine-grained to prophyritic pyroxene
andesite (spec. 20). The porphyritic type occurs generally in the
upper part of the section. The phenocrysts range up to 20 percent
of the rock and consist entirely of plagioclase. The plagioclase
occurs as stubby to prismatic crystals, which average % mm but
range up to 2 mm in size, has oscillatory and patchy zoning, poly-
synthetic twinning, abundant inclusions of very fine-grained
anhedral augite and brown glass, and has a composition of Angj_g7.
The texture of the groundmass varies from trachytic, pilotaxitic
to intergranular. The trachytic rocks contain up to 65 percent
brown glass and occur predominantly in the lower part of the sec-
tion. Plagioclase constitutes 20-70 percent, augite and possibly
a little hypersthene constitute 10-40 percent, magnetite 2-7 per
cent, and a brown unidentified mineraloid 1-5 percent of all the
flow rocks.

A few of the lava flows are highly amygdaloidal. One exposed

at the head of Rack Creek (SC 3) contains zeolite-filled amygdules

as large as one inch in size.
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The lava flow exposed in the quarry along the Green River
east of Nagrom (SC 4) is at least 40 feet thick. It has a crude
wavy columnar and irregular platy jointing. The rock is a grayish-

black pyroxene andesite porphyry. The phenocrysts constitute about
30 percent of the rock. They include about 20 percent plagioclase,
7 percent hypersthene and 3 percent augite. The plagioclase occurs
as stubby prismatic crystals which average 1 mm but range up to
5 mm in length, has oscillatory and patchy zoning, polysynthetic
twinning, and has a composition of Angn_y5. The pyroxenes are an-
hedral and smgller than the plagioclase. Augite is commonly coarser
grained than hypersthene. Some of the hypersthene crystals have a
jacket of granular augite. The groundmass is intergranular, con-
sisting of plagioclase laths, granular magnetite and a lesser
amount of pyroxene, and a brown unidentified mineraloid. Except
for its color, this rock is lithologically similar to the lava flow
rock of the overlying Cougar Mountain Formation and possibly is a
basal flow of that formation. A similar and possibly equivalent
lava flow overlies the Stampede Tuff south of Green Canyon.
Lapilli-breccia, volcanic sediment, and tuff predominate in
the eastern part of the area. The fragments are predominantiy
pumice. The breccia is thin to thick bedded and commonly weathers
to form a slabby jointing. The breccia is intimately interstrati-

fied with volcanic sediment. The sediment is medium to thin

bedded, locally well indurated, and consists largely of lapilli-
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tuff to fine volcanic sandstone (see pl. 7B).

The tuff is predominantly andesite vitric tuff but varies
in percentage of lithic, pumice and crystal constituents. A tuff
associated with a mudflow in the drainage basin of East Snow Creek
(SC 5), is shown in plate 9.

The most extensive section of the fragmental rocks is exposed
at Tinkham Peak but here contact metamorphism of the Snoqualmie
batholith has obscured some of their primary volcanic features.

An excellent exposure occurs at the type section (SC 1).

Sunday Creek Tuff Member.--An andesite crystal-

vitric tuff with intensely welded zones occurs in the lower part
of the Snow Creek Formation. This tuff is well exposed at the
type section (SC 1). The tuff is essentially a compound cooling
unit marked by two distinctive densely welded (vitrophyre) zones.
The vitrophyre is illustrated in plate 10A. It is an andesite
vitric tuff, containing up to 10 percent very fine-grained cry-
stals of plagioclase (Anj¢_s5¢), augite and magnetite and 3 percent
lithic and pumice fragments (spec. 21). The vitrophyre zones are
separated by partially welded crystal-vitric tuff, which contains
about 15 percent crystals of plagioclase, augite, quartz and
biotite (spec. 22). It contains about 5 percent lithic and pumice
fragments. The entire unit has excellent eutaxitic layering. The

irregularity of the topography buried by the tuff is well shown by
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the outcrop pattern of the upper vitrophyre zone. The lower vitro-
phyre appears to die out to the north.

The Sunday Creek Tuff has a maximum thickness of about 80
feet at the above location. The upper vitrophyre zone is exposed
farther tc the west along the road. The tuff unit is also exposed
in a small quarry along the Bonneville Power Administration power
line right-of-way between the road and the railroad (SC 6). The
unit can be traced about 1,500 feet northward from its type expos-
ure along the road. Considerable float of the vitrophyre was
noted in Dandy Creek (SC 7). The northernmost exposure of the
tuff is along Meadow Creek (SC 8) and the Meadow Creek road (SC 9).
Here the tuff is exposed intermittently for a distance of 110 feet.
The vitrophyre zone is not present. West of Stampede Pass it lies
about 920 feet above and at Meadow Creek about 860 feet abowve the
exposed top of the Stampede Tuff. Exposures of the vitrophyre
zone in the area west of the pass suggest that the zone is a lens
and that the tuff may be largely a valley-fill ash deposit or, in
a strict sense, a true "ash flow." Further field work is necessary
to trace this tuff and to determine the extent of the vitrophyre
zones and their relationship to the enclosing less welded tuff.

In the fall of 1962 a logging road was under construction strat-
ing from the road crossing at the Chicago,Milwaukee, Saint Paul and
Pacific Railroad in the center of sec. 22, T. 21 N., R, 12 E., and

extending westward on the north side of the Cascade crest into the

4
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headwaters of Dandy Creek. This road should cross the tuf £ and
the Dandy Pass fault zone. Another road is scheduled for con-
struction in the very near future along the south side of Lost
Lake in secs. 3 and 4, T. 21 N., R. 11 E. This road should also
cross the stratigraphic interval in which the Sunday Creek Tuff

lies.

Exposures upstream along Meadow Creek indicate that the Sunday

Creek Tuff is overlain in this area by several crystal-vitric tuffs.

None of these, however, have been traced outside the Meadow Creek

drainage basin.

Contact relations.--The Snow Creek Formation con-

formably overlies the Stampede Tuff. The contacts, however, are
generally not well exposed. If the Stampede Tuff did not underlie
this formation it would be impossible to distinguish the rocks from

ically similar strata of the underlying Huckleberry Moun-
tain Formation, especially in the eastern part of the map area.
Along the northeastern ridge of Tinkham Peak (SC 10) the base of
the Snow Creek Formation consists of a very thick boulder lithic
tuff-breccia which contains abundant flow-layered aphanite flow
rock fragments. West of Stampede Pass in the headwaters basin of
Sunday Creek (ST 2), the top of the Stampede Tuff grades upward
into 6 feet of grayish-green coarse-grained lithic volcanic sand-

stone, which is in turn overlain by about 120 feet of tuff-breccia.

Along Sunday Creek near its junction with Borup Creek (SC 11), the
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base of the formation consists of interstratified well-bedded
volcanic sediments. Near Green Canyon and in the drainage basin
of the North Fork of Taylor Creek the base consists of lava flows
which lie with sharp contact atop the Stampede Tuff.
The contacts with the unconformably overlying Cougar Mountain

Formation are very pborly exposed except west of Boulder Creek
(CM 5). Deeply weathered boulder conglomerate of the Cougar Moun-
tain Formation overlies about 200 feet of extremely well-bedded
palé blue to yellowish-gray intersfratified epiclastic fine-grained
tuff and pumice lapilli-tuff. The contact between the tuff and
conglomerate can be located within 20 feet. The tuff contains
abundant conifer needles. It is underlain by a pale red amygda-
loidal very fine-grained lava flow similar to the flows in the
western area of the Snow Creek Formation. The contact along the
north side of the East Fork of Smay Creek in the southern part of
T. 21 N., R. 10 E., and in the drainage basin of Seattle Creek in
secs. 5 and 8, T. 21 N., R. 10 E., is located on study of aerial
photographs and topography.

Age.--Plant fossils have been collected from Uni-
versity of Washington localities. They are tentatively identified
and listed below:

A 2304
Selaginella sp.
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A2305

Magnolia sp.
Castanea orientalis

A2307
conifer needles

The kinds are indicative of an early Tertiary age. In view of
the structural and stratigraphic position of the formation, the
writer considers the Snow Creek Formation to be probably early
Oligocene in age.

additional leaf fossil localities are listed in Appendix C.

Origin.--The predominance of lava flows in the

western area of its outcrop suggests that the flows were derived
from sources either in that area or farther to the west. It is
equally possible that the source area is presently concealed by
the Cougar Mountain Formation. In the eastern part of the area
the fragmental rocks of the Snow Creek Formation are much better
sorted and stratified than those of the underlying formations.
This feature suggests that these rocks were deposited farther from
their source. Sourcés for the flows, epiclastic rocks.and tuffs

have not been recognized in the map area.

“*Naches Formation.”

.Distribution and thickness.--The strata of the Huckle-

berry Mountain Formation grade eastward into a thick sequence of

intercalated epiclastic volcanic rock, basalt to andesite and
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subordinate rhyolite lava and breccia flows, micaceous arkosic
sediment and tuff. Because the strata contain thick intercalations
of micaceous arkosic detritus, they are excluded from the Keechelus
Volcanic Group and are herein assigned to the "Naches Formation."
The formation is considered equivalent to the Enumclaw and part of
the Huckleberry Mountain Formations and is essentially a facies
chénge of the principally volcanic-derived rocks to the west.

The formation crops out mainly on the eastern slope of the
Cascade Range and occurs in the eastern part of the map area. It
conformably overlies the Mount Catherine Tuff and is laterally and
vertically transitional with the overlying Huckleberry Mountain
Formation (pl. 13).

Smith and Calkins (1906, p. 4-5) originally defined the
Naches Formation as "composed of interbedded sandstone and basalt,
the sedimentary rock predominating in the lower, and the volcanic
in the upper portion. The formation is named for the river in
whose basin it is most extensively developed.” They mapped it
extending along the northeastern side of the upper basin of the
Naches River and northward into the area of the upper Yakima River
valley. They considered the formation to be equivalent to the
Swauk Formation because it includes lithologically similar rock
and unconformably overlies pre-Tertiary crystalline rocks. They
added that the basal contact is locally obscured by the Kachess

Rhyolite, and the upper surface, where not in contact with Kachess,
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is unconformably overlain by the Keechelus Andesitic Series.
Unfortunately they did not indicate where the Keechelus rocks lay
unconformably upon the Naches strata. They considered the forma-
tion to be about 4,000 feet thick in the west and to thin toward
the northeast. They regardeé it to be Eocene.

Stout (1959, p. 66-67) redefined the "Naches Formation" to
include rocks of the Teanaway Basalt, Kachess Rhyolite, Yakima
Basalt, and part of the Keechelus Andesitic Series, mapped by
Smith and Calkins, and the Manastash Formation (Smith, 1904). The
Keechelus rocks exposed at Cabin Mountain and along the south side
of the upper Yakima River valley were assigned to the "Naches
Formation" because they are the stratigraphic continuation of the
"Naches" rocks to the south. Stouf considered the best section
to be exposed along relatively inaccessible Bear Creek in the
southern part of T. 19 N., R. 13 E., just beyond the southeast
corner of the map area (pl. 1). He believed that the formation
has a minimum thickness of 8,000 feet. He mapped the formation as
lying either upon or in fault contact with pre-Tertiary crystal-
line rocks, and overlain unconformably by "Keechelus-type" rocks
and Yakima Basalt.

Foster (1960) assigned the name "Naches Formation" to the
upper part of the strata which Smith and Calkins mapped as the
Guye Formation and the lower part of the Keechelus aAndesitic Series.

In addition he assigned to his "Naches Formation" the rocks which
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Smith and Calkins mapped as Teanaway Basalt along the west side
of Lake Kachess east of the map area. His "Naches Formation”
includes basalt, sedimentary rocks, and rhyolite, similar lithol-
ogically to Smith and Calkins' Naches Formation. He estimated the
formation to be about 5,000 feet thick. He defined the formation
as overlying conformably the Mount Catherine Rhyolite and under-
lying unconformably his restricted "Keechelus Andesite." Foster
attempted to delineate the unconformable contact between the
nNaches" and "Keechelus" in the area between Lakes Keechelus and
Kachess but his map shows improbable structural relationships which
need reexamination.

The present writer recognizes Foster's definition of the
"Naches Formation" but is. enclosing the name in quotes until such
time as it is ascertained that the rocks which Smith and Calkins
named as Naches Formation extend northward and constitute the
same strata in the Lake Keechelus area. Structurally, the corre-
lation is favorable, but additional field work is necessary in the
area east of Blowout Mountain and south of the upper Yakima River
area. Stout's map (pl. 2) indicates some of the structural com-
plexity in that area. Aerial photographs of the area reveal some
of the best and most easily diagnosed structural features that the
writer has seen exposed in the central Cascade Range. Tightly
plunging folds can be traced but they are discontinuous suggesting

fault relationships. The ridges traverse the bedding and so
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reveal the major part of the strata in the area. At present the
area 1s accessible only from the trails leading from the ends of
the roads west of Blowout Mountain, to the west, and at Quartz
Mountain, to the east (pl. 4). In the near future a U.S. Forest
Service road will be constructed into the Big Creek drainage basin
in T. 19 N., R. 13 E., and will provide convenient access.

In the map area (pl. 1) the "Naches Formation" has a thick-
ness ranging from 3,600 feet to 9,600 feet. A minimum thickness
of 3,600 feet is preserved betwéen the Stampede Tuff and the Mount
Catherine Tuff, withogt consideration for any displacement on the
Roaring Ridge fault, in the drainage basin of Cold Creek in the
southern part of T. 22 N., R. 11 E. At least 5,400 feet of strata
of the lower "Naches" are exposed along the southwestern ridge of
Kendall Peak, from the top of the Mount Catherine Tuff eastward to
the southeastern face of the peak (N 1) about 3% miles south of
the northeastern corner of the map area. About 9,600 feet of strata
are exposed along Rampart Ridge, measured from the top of the Mount
Catherine Tuff at Gold Creek (N 2) northeastward to the strati-
graphically highest Rampart Ridge Porphyry Flow along the eastern
side of the ridge (N 3). Over 3,300 feet of the middle and upper
parts of the formation are exposed in the cuts along U.S. Highway
10 southeast of Lake Keechelus (N 4)., The formation thickens to
the south, based on a comparison of the stratigraphic intervals

between the Rampart Ridge flows and the Kendall tuff.
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Petrography and stratigraphic sections.--The lith-

ology of the Naches is variable laterally and vertically. The
reader is referred to Stout (1959, p. 66-108) for detailed descrip-
tions of the rock types. The Kendall Tuff Member in the middle
part and the Rampart Ridge Porphyry Flow and B;oﬁout Mountain Flow

Members in the upper part,‘are described sgpéfately below.

/

/
The formation is estimated to be cqmﬁosed of about 50 percent

lava and breccia flows, 40 percent miﬁégeous arkosic sediment and
10 percent fragmental volcanic rock. In general the formation
seems to be richer in micacecus arkosic sediment in the lower part;
flows predominate in thé upper part. Fragmental volcanic rocks
are about equally distributed in the section but increase in vol-
ume southward and westward.

A 1,000-2,000 foot section consisting predominantly of epi-
clastic volcanic rocks, underlies the Stampede Tuff at Roaring
Ridge. The section is exposed along U.S. Highway 10 (N 5) near
Lake Kachess, and extends southeastward between two fault zones
to the Yakima River west of Lake Easton. There it is exposed
along the two railroads. The same unit of epiclastic rocks may
extend southeastward along the southern slope of Cabin Mountain.
Westward the rocks becane finer grained and crop out as fine tuff-
breccia and volcanic sandstone.

The northern slope of Cabin Mountain is a homocline dipping

beneath the Yakima River walley. The homocline is underlain by
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thick basalt and andesite lava flows. These flows underlie the
Rampart Ridge Porphyry Flows and are believed to extend westward
from Cabin Mountain, through the headwaters of Cabin Creek, and
southward along the Cascade crest to Blowout Mountain where they
are well exposed on the ridge northeast of the mountain. On the
north side of the upper Yakima River valley these flows are exposed
along U.S. Highway 10 (N 4) and extend from there northward along
the western flanks of amabilis and Keechelus Ridges. These flows
are well expoéed along east shore of Lake Keechelus just north of
the vent zone of the Stampede Tuff. The same strata of flows are
also well exposed on Rampart Ridge in the area of Laura and Lillian
Lakes and in the upper part of Kendall Mountain. They have been
down-faulted into juxtaposition with strata of the Guye Formation
and intensely contact metamorphosed in the areaalong the east side
of the upper South Fork of the Snoqualmie River along U.S. High-
way 10 (N 6).

The micaceous arkosic sediment occurs in most sections between
the flows and the tuff-breccia and at the base of the formation.
The sediment is fairly well exposed in the areas between Mill and
Cold Creeks (N 7), along the ridge southwest of Kendall Peak (N 8),
along the Chicago, Milwaukee, Saint Paul and Pacific Railroad
(N 9), along U.S. Highway 10 (N 4), at the headwaters of Cole
Creek (N 10), along Cabin Creek (N 11), east of Log Creek (N 12),

and in the headwaters of Log Creek (N 13). Along Cabin and Cole
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Creeks the strata include some impure coal beds and are dishar-
monically deformed.

Extremely well flow-layered and spherulitic rhyolitic flows
are exposed sporadically in the "Naches Formations." They are
readily distinguished in outcrop by their pink to pale reddish-
brown color. The best exposures are east of Goat Peak (N 14)
and atop Cole Butte (N 15). From the latter locality they extend
southwestward along the ridge. They are also exposed interstra-
tified with the Rampart Ridge Porphyry Flows atop Rampart Ridge.
Altered rhyolite(?) dikes intrude the "Naches Formation'" and are
extremely well flow-layered. They can easily be mistaken for

flows if the contacts are not exposed.

It has already been mentioned in the discussion of the Huck-
leberry Mountain Formation that an intensely welded black crystal-
vitric tuff has been noted on the west slope of Cole Butte (N 16)
and is very similar lithologically to the tuff exposed strati-
graphically above the Twin Camp Creek Flows. These tuffs may be
stratigraphically equivalent.

A stratigraphic section of the "Naches Formation" exposed

along U.S. Highway 10 (N 4) is described in appendix A,

Kendall Tuff Member.--A lithic-pumice-crystal-

vitric tuff occurs about the middle of the "Naches Formation" in
the area north and east of Lake Keechelus. It was first recog-
nized and is fairly well exposed on the ridge southwest of Kendall

Peak, hence the name. Here it is about 550 feet thick, lies about
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4,150 feet above Mount Catherine Tutf and about 2,800 feet below
the lower flow of the Rampart Ridge Porphyry Flow Member. The
unit has not been examined in detail. In general it appears to
be richer in pumice fragments toward the base and richer in lithic
fragments toward the top. A crystal-vitric tuff occurs at the
top. In all outcrops it is highly weathered, It is distinguished
from Mount Catherine Tuff by the greater abundance of lithic frag-
ments and from Stampede Tuff by the fewer feldspar crystals. The
quartz crystals average about 3 mm in size. The Kendall Tuff has
a better developed eutaxitic layering than the Stampede Tuff. The
Kendall Tuff is exposed in cuts along the road on the west face
of the Rampart Ridge (N 2) and along U.S. Highway 10 southeast of
Lake Keechelus (N 17)., The tuff has not been traced farther south-
ward, Its stratigraphic position would lie in about the unexpdsed
interval along U.S. Highway 10 (N 4) between the micaceous arkosic
sediment to the west, and the underlying tuff-breccia to the east.

Rampart Ridge Porphyry Flow Member.--A diagnostic

flow rock (pl. 20a), consisting of abundant asterated laths and
scattered stubby prisms of plagioclase in a very fine-grained
intergranular groundmass spotted with numerous amygdules of cal-
cite, chlorite and chalcedony, has been noted in float along
streams draining Rampart Ridge. Subsequently the flow rocks were
found atop Rampart Ridge (N 18). Here the flows are part of a

sequence which consists largely of amygdaloidal porphyritic basic
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andesite and a few rhyolitic flows with well developed flow-
layering. Minor amounts of tuff-breccia are present. The sequence
is 2,130 feet thick. Three flow unité within the sequence con-
stitute the Rampart Ridge Porphyry Flows. The lower unit under-
lies the basin containing Lillian Lake. It is 160 feet thick.
The second unit is 260 feet thick, caps the high point at the
southwestern end of the ridge above the lake, and lies 900 feet
above the top of the lower unit. The highest unit occurs along
the upper eastern slope of Rampart Ridge north of Lillian Lake.
It is 260 feet thick, lies 550 feet above the top of the middle
unit, and is underlain and overlain by light-colored rhyolitic
lava flows.

An identical flow rock was noted as float in Burntboot Creek,
a tributary of the Middle Fork of the Snoqualmie River, in
sec. 15, T. 23 N., R. 11 E. (W. L. Rice, personal communication).
Projection of the trend of the flows northward suggests they lie
in the area of Mount Thompson. Professor Joseph A. Vance reports
that the flows compose the summit of Mount Thompson. Westward the
flow rock is exposed in the contact metamorphic zone of the Sno-
qualmie batholith in cuts along U.S. Highway 10 just south of
Lookout Point (N 19). Southward the flows crop out along the
roads at the south end of Keechelus Ridge (N 20). The outcrops
here are believed to be a part of the lower unit. Farther south-

ward the flows are believed to underlie the well-fractured
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Plate 20

Lava flow rocks of "Naches" and
Cougar Mountain Formation

A. Rampart Ridge Porphyry Flow rock from Rampart Ridge.

B.

Typical flow rock of the Cougar Mountain Formation.
Rock is light gray and has incipient flow layering.
White specks are plagioclase phenocrysts; dark are
pyroxene. This sample is from upper flows along the
North Fork of the Green River in the NWINWINW% sec. 1,
T. 21 N., R. 8 E. Compare with Keechelus flow rock
in plate 15B. :

~
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amygdaloidal flows exposed along the east side of U.S. Highway 10
at the Lake Kachess overpass (N 21). The rock crops out along
the Chicago, Milwaukee, Saint Paul and Pacific Railroad (N 22)
east of Stampede Pass, and along U.S. Highway 10 (N 4; see strati-
graphic section in Appendix A). The outcrops at these localities
are believed to be part of the lower unit. The sequence is present
along the Northern Pacific Railroad to the south (N 23; spec. 23).
The flows have not been traced south of this location.

Blowout Mountain Flow Member.--The Blowout Mountain

Flow, mentioned in the description of the Huckleberry Mountain
Formation, is exposed southeast of Blowout Mountain (HM 36). The
flow rock is much finer grained but is identical to the Rampart
Ridge Porphyry Flows. It consists of medium-grained laths to
stubby prisms of plagioclase and fewer, finer grains of anhedral
augite phenocrysts in an intergranular groundmass of plagioclase
laths, granular magnetite and abundant augite, and brown uralite(?)
(spec. 24). The plagioclase phenocrysts (ansgy_y75) comprise about
15 percent of the rock and tend to be formed in clusters although
not as characteristically as the Rampart Ridge Porphyry Flows.

The augite phenocrysts constitute about 2 percent of the rock.
About 3 percent of the rock is amygdules of brown uralite(?) with
calcite rims. ‘The flow has not been traced northward. The nearest
occurrence of similar rock is characteristic Rampart Ridge Porphyry

Flows along the Northern Pacific Railroad to the north, East of
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Blowout Mountain the flow can be traced easily on aerial photo-
graphs. The flow is shown on the map (pl. 1), extending north-
ward to Big Creek and swinging eastward on the north side of the
creek below the ridge with the Big Creek triangulation point.
Lava flows, very similar to the flows overlying the Rampart Ridge
Flow, along the Northern Pacific Railroad occur above this unit in
the ridge and extend westward to the head of Big Creek and south-
ward. Smith and Calkins (1906, p. 9) noted a fresh "} abradorite
porphyry" in association with sediments of their Naches Formation
in the Big Creek drainage basin. The writer suspects that the
Blowout Mountain Flow is the same rock and becomes more distinctly
porphyritic, similar to the Rampart Ridge porphyry flows, a short
distance to the east. Further field'examination to trace the ex-
tent of this unusual flow rock is warranted.

The linear extent of outcrop of the Rampart Ridge porphyry
flows is about 24 miles, from Burntboot Creek in the north to
Blowout Mountain in the south, and about 8 miles from the outcrops
at Lookout Point eastward to a point due north of Blowout Moun-
tain. East of Rampart Ridge the lower part of the "Naches Forma-
tion" has been uplifted along a north-trending reverse fault and
the flows are not present. Ellis (1959, p. 44-52) did not report
observing a similar flow rock in his "Naches Formation" in T. 23 N.,
Rs. 12 and 13 E. The decreasing grain size of the plagioclase
phenocrysts toward the south suggests that the flows were extruded

in the north and flowed southward.
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Contabt relations.--The contacts of the "Naches rForma-

tion" are not well exposed. The base lies outside the map area
except in the area between Mill and Cold Creeks (MC 7) where the
Mount Catherine Tuff crops out. Along Mill Creek basal sandstone
of the formation is intruded by a felsite porphyry dike. At least
a 960-foot section of micaceous arkosic sediment lies stratigraph-
ically above the contact and is exposed along Mill Creek. The top
is herein defined as the top of the Rampart Ridge Pdrphyry Flows
in the upper Yakima River area and the Blowout Mountain Flow in
the southeastern corner of the map area. At the base of Abiel

and Tinkham Peaks, along Roaring Ridge, and at Lake Keechelus the
"Naches Formation" is overlain unconformably by the Stampede Tuff.
At Abiel and Tinkham Peaks the Stampede Tuff overlies crystal tuff
and pebble lithic tuff-breccia. The contacts are not exposed. At
Roaring Ridge (N 24) a dark greenish-gray flow-layered aphanite
porphyry flow underlies the Stampede Tuff. Westward the Stampede
Tuff caps the sheer cliff on the north side of the ridge. East-
ward the aphanite porphyry flow is underlain by pumice lapilli-
tuff which for@s the top of the fairly thick sequence of frag-
mental volcanic rocks which occupy the lower to middle part of

the "Naches Formation." North of the vent zone of the Stampede
Tuff along the east side of Lake Keechelus the uppermost "Naches"
consists of contact metamorphosed amygdaloidal porphyritic flows

which are a part of the flow sequence immediately underlying the
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Rampart Ridge Porplyry Flows. Alohg the west side of Lake Keech-
elus the upper part‘of the "Naches Formation" consists of pumice
tuff-breccia and andesite porphyry lava and breccia flows. South-
west of Lake Keechelus the contact is not exposed (see discussion

of Stampede Tuff).
Age and correlation.--Smith and Calkins (1906, p. 4-5)

considered the Naches Formation to be Eocene basedon the identifi-
cation of fossil plants by F. H. Knowlton. They also considered
the formation equivalent to the Swauk Formation because of similar
lithology and stratigraphic relationships. The Swauk Formation,
however, is not known to contain intercalated volcanic rocks
(Ellis, 1959, p. 18-29; Stout, 1959, p. 87; Hammond, 1961).

Stout (1959, p. 83-94) aptly summarized the ages and corre-
lations previously determined for the strata assigned to the
"Naches Formation." In addition he found fossil leaves which were
determined to be probable middle Eocene by R. W. Chaney of the
University of California and of definite Eocene age by M. B. Pabst
of Western Washington College. In conclusion Stout believed that
the "Naches Formation" is Eocene and possibly is young as Oligocene.

Foster (1960, p. 116) considered tentatively the "Naches
Formation" to be Eocene.

Waters (1961, p. 52, 56) considered the "Naches Formation" to

be mainly upper Eocene and equivalent to the Ohanapecosh Formation

of Fiske (1960).
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Plant fossils were collected from the "Naches Formation"
at the following University of Washington localities.

tentatively identified as:
A2308

?Selaginella sp.

A2309

?Tetracera oregona

A2310
?Salix sp.
Additional leaf fossil localities are listed in Appendix C.
The "Naches Formation" is considered to be late Eocene.
Origin.--The interstratification of volcanic and non-
volcanic rocks suggests a complex environment of accumulation. The
increase in volcanic constituents southward and westward suggests
that the primary source of the volcanic material lay in that direc-
tion and that the micaceous arkosic detritus were derived from the
north and east. Some volcanic material, however, may have been
derived from elsewhere., The lateral change in texture of the
Rampart Ridge Porphyry Flows suggests that they have been derived

from a northward source.

Cougar Mountain Formation.

Definition and type section.--A thick succession of lava

flows, minor amounts of breccia flows, interstratified thick

boulder conglomerate and subordinate volcanic sandstone unconformably
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overlies the Keechelus Volcanic Group in the central part of the
map area. It is herein first defined and named the Cougar Moun-
tain Formation. Because this formation is not present in the
Snoqualmie Pass quadrangle and, consequently, was not included
as a part of the Keechelus Andesitic Series by Smith and Calkins
(1906), it is separated from the Keechelus Volcanic Group.

The type section is designated as the southern slope of Cougar

Mountain (CM 1). Here the section is generalized as follows:

Upper flows 1,010 feet

Middle boulder conglomerates 1,940 v

Basal flows 260
3,210 feet

The basal flows are exposed along the road along the West Fork of
Smay Creek. The upper flows underlie the crest of Cougar Mountain.

A well-exposed section occurs at Ghost Point, along the north
- side of the North Fork of the Green River (CM 2), and is designated
as a reference section. This section is described in Appendix A.
The basal contacts are not exposed at these sections (see discus-
sion of contact relations).

Distribution and thickness.--The Cougar Mountain Forma-

tion is confined largely to the trough of the Lindsay syncline
which lies to the south., An erosional remnant of similar lava
and breccia occurs between Goat Peak and Stampede Pass (CM 3) and

is tentatively considered to be a part of the formation. The
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formation is intruded and'contact metamorphosed by the Snoqualmie
batholith along the south side of the Cedar River between the south
fork of the river and Rex River. In the drainage basin of the
South Fork of the Cedar River the formation is intruded by altered
pyroxene andesite porphyry, quartz-pyroxene diorite and a satel-
lite of the Snoqualmie batholith. The formation is not known to
extend outside the map area.

The formation has a maximum exposed thickness of 5,300 feet
in the area of Boulder Creek south of Chester Morse Lake. About
3,210 feet of section is exposed on the southern side of Cougar

Mountain, and 4,010 feet crops out at Ghost Point.

Stratigraphic sections.--The formation consists of about

two-thirds lava and breccia flows; the remainder is coarse volcanic
sediment. The lava flows are readily distinguished from those of
the underlying Keechelus flows. They are commonly quite thick,
ranging up to 300 feet, and are well jointed. The lower flows

tend to be darker colored and have a wavy columnar and platy joint-
ing. These flows are exposed along the south side of the Cedar
River valley, southeast of Little Mountain (CM 4), and along the
West Fork of Smay Creek (CM 1). A basal flow is well exposed
along a recently constructed logging road (CM 5) west of Boulder
Creek. The flow shows excellent jointing and overlies thick
breccia flows and boulder conglomerates. The lower flows exposed

between the North and Middle Forks of Taylor Creek (CM 6), and
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south of Gale Creck (CM 7) resemble the upper flows. The middle
flows, which are exposed only on the northeastern area of the
Cougar Mountain Formation, south of Findley Lake (CM 8) northwest
of Goat Mountain (CM 9), and in the amphitheater at the head of
Goat Creek (CM 10), are a rubbly-weathering flow-breccia. They
are well stratified, forming beds 15-25 feet thick, and consist
'predominantly of fragments of flow rock. Within the beds the
breccia locally forms accretionary masses up to 4 feet in diameter.
Th? remnant‘outlier, east of Goat Peak (CM 3), consists of rock of
this type. The upper flows of the formation are generally much
thicker, have better colummar jointing, are more resistant and
can readily be traced from a distance in the field and on aerial
photographs. Several of the flow units are shown on the map.

The upper flows are best exposed along the north side of the
North Fork of the Green River from Ghost Point to near Cougar
Mountain. They contain equally well-developed columnar and platy
jointing. The columns tend to be four-sided, range in diameter
from 2-6 feet, pinch and swell slightly, and extend up to heights
as much as 80 feet but are commonly 15-20 feet high. The platy
jointing ranges in widths of 1-4 inches and is parallel to the
commonly well-developed flow-layering which intersects the
columnar jointing at an angle less than 90°. Weathering along
the joint planes tends to form rhombic-shaped blocks.

The breccia flows are intercalated with the lava flows. They
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are well exposed in the Goat Creek amphitheater (CM 11), between
the North and Middle Forks of the Taylor Creek (CM 12), and along
the east side of Rex River (CM 13). Top breccias are exposed on
the west side of Boulder Creek (CM 14). Here the breccias are
intensely altered and stained with iron oxides. Breccia flows also
occur in the type and reference sections.

The volcanic sediments of the Cougar Mountain Formation are
of fluvial origin. The boulder conglomerates are massive, and
contain a sand matrix and scattered lenses of well-sorted sand-
stone. At least 90 percent of the clasts are Cougar Mountain flow
rock; the remaining are grayish-black fine-grained andesite flow
rocks of questionable Keechelus derivation. The sandstone consists
predominantly of granular pumice and feldspar crystals. The sand-
stone lenses and the sand matrix of the conglomerates are light-
colored and stained locally by iron oxides. Their light color and
susceptibility to weathering enables the conglomerates to be recog-
nized from a distance. |

The detailed stratigraphic relationships within the formation
are not known. No individual unit has been traced throughout the
extent of the formation.

The middie conglomeratic section is shown in plate 1. It
extends from the southwest side of Goat Mountain westward along
the north side of the Smay Creek drainage basin, through Cougar
‘Mountain and along the North Fork of the Green River. Between

the North and Middle Forks of Taylor Creek the conglomerate is
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considerably thinner. A little conglomerate is exposed west of
Boulder Creek (CM 5) and along the roads east of Boulder Creek
and north of Rex River. This conglomerate interval may be in the
middle of the formation. Very little conglomérate was noted in
that part of the formation which lies in the trough of the Green
River syncline.

The distribution of the conglomerates indicates that they
have filled a former valley which trended west-northwestward
south of the present location of tﬁe axis of the Lindsay syncline.
The width of the valley was about 3 miles. It is uncertain what
part of the formation is exposed in the trough of the Green River
syncline. Only flow rock is exposed. Conglomerates were found
only along the Green River (ST 10) atop Stampede Tuff.

Petrography.--The flow rocks vary in color from olive

black to light gray. The lower flows are the darker colored
(specs. 25 and 26). The rocks are distinctly porphyritic, con-
taining between 20 and 40 percent phenocrysts which range up to

3 mm in size (see pl. 20B). The plagioczlase phenocrysts comprise
15-35 percent of the rock, pyroxenes 5-10 percent. The plagio-
clase occurs as stubby prismatic crystals, has oscillatory and
patchy zoning and is commonly corroded. Their composition is
An,s5_¢5. The pyroxenes are augite and hypersthene, They tend to
be finer grainéd than plagioclase but locally augite is quite

coarse grained, up to 5 mm in size, as exposed in the flows east



175
of Seattle Creek (CM 15) and in the contact metamorphosed breccia
flows along the east side of Rex River (CM 16). Augite is slight-
ly more abundant than hypersthene, which commonly has a jacket of
very fine-grained anhedral augite. Granular magnetite is present
in quantities up to about 2 percent of the rock and commonly is
altered to hematite, producing reddish-brown specks on the
weathered surface of the rock, The groundmass ranges from mero-
crystalline to holocrystalline. The glass is brown, The texture
of the groundmass varies from felty to pilotaxitic to intergran-
ular,

A pinkish-light-gray friable brecciated flow rock (spec. 27),
probably altered by deuteric or fumerolic solutions, is exposed
west of Boulder Creek (CM 17). The pyroxenes are replaced by
magnetite which has been partially altered to hematite. The
groundmass is cloudy with dust of hematite and contains scattered
patches of radiating chalcedony(?). All the groundmass pyroxenes
have been completely replaced by iron oxides.

The flow rock exposed along the west side of the amphi-
theater at the head of Goat Creek (CM 18) has been partially
altered by contact metamorphism of the pyroxene and hornblende
andesite porphyry stock. The rock is dark gray. The plagioclase
has been largely altered to calcite, the pyroxenes to chlorite

and magnetite, and the groundmass contains abundant magnetite.
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Contact relations.--The unconformable basal contact of

the Cougar Mountain Formation is not well exposed except locally.
The base is fairly well exposed west of Boulder Creek (CM 5). A
breccia flow lies at the base of the formation in the area between
the North and Middle Forks of Taylor Creek. The basal contact was
located by aerial photographic interpretation and topographic evi-
dence in the area between the South Fork of Taylor Creek and the
head of the North Fork of the Green River. From the road below
Ghost Point the lower breccia flow (see stratigraphic section in
Appendix A) extends along the North Fork cf the Green River.
Similar flow breccia is exposed along the roads south of the North
Fork of the Green River (CM 19). A covered interval of about 100
feet separates exposures of lava flow of the Cougar Mountain and
Stampede Tuff along the Gale Creek road (CM 20). The contact was
not located between these units in the area north of Humphrey

(EG 11) but it is presumed that the formations are very near in
contact here. East of the bridge across the Green River (CM 21)
basal boulder conglomerate overlies outcrops of zone 2 of the
Stampede Tuff. Similar conglomerate is exposed along the road
between Cougar and Sylvester Creeks (CM 22). A few boulders are
of Stampede Tuff and Rack Creek-Tuff, but most, as usual, are of
Cougar Mountain flow rock. The boulders lie in a clayey sand
matrix. The contact is located approximately at the base of the
260-foot unit of flows exposed at the type section (CM 1).

Between here and Goat Mountain the contact was located by aerial
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photographic interpretation. It has been placed below the light-
colored conglomerate zone which can be traced on the photographs
along the north side of the East Fork of Smay Creek. From Goat
Mountain northwestward to Seattle Creek the formation is in con-
tact with intrusions. Dikes of deuterically altered pyroxene a&i
hornblende andesite porphyry have intruded & columnar-jointed flow
and richly augite-bearing tuff-breccia and volcanic sediments east
of Seattle Creek (CM 15). Along Seattle Creek the base of the
formation has been located by topographic and aerial photographic
interpretation. The formation has been intruded by the Snoqualmie
batholith in the area west of Seattle Creek and south of the Cedar
River. The contact is located approximately here because the area
is densely forested. A few dikes of quartz diorite similar to the
rocks of the batholith intrude the formation near Findley Lake and
provide evidence that the Cougar Mountain is older than the Sno-
qualmie batholith.

The stratigraphic relaticnships as indicated by the cortacts
in the area between the Middle Fork of Taylor Creek and Smay Creek
reveal that erosion prior to deposition of Cougar Mountain had
removed all the Snow Creek Formation and Stampede Tuff and a con-
siderable part of the Huckleberry Mountain Formation. Because
folding of the strata has occurred before and after accumulation
of Cougar Mountain, it is not possible to estimate the relief

underlying the formation. The removal of the underlying strata
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along the north flank of the Snowshoe Butte anticline is attrib-
uted in part to local structural uplift and valley cutting. The
valley is now filled by predominantly conglomerates of the middle
part of the formation.

Age.--Wood and leaf fossils have been collected from
the Cougar Mountain Formation at University of Washington locality
A2301. The material has been tentatively identified as:

Metasequoia occidentalis

The unconformable relationship to the underlying'Keechelus
rocks, the distinctive lithology, and the structural position of
the Cougar Mountain Formation indicate that the formatiom is
younger than the Keechelus Volcanic Group. The formation has
been intruded by the Snoqualmie granodiorite of middle Miocene
age. The formation is tentatively dated as early (?) Miocene.

Additional fossil material may be present in the volcanic
sediments exposed in the road cuts in the NW% sec. 11, T. 21 N.,
R. 8 E., and in the SE% sec. 28, T. 21 N., R. 9 E., in the drain-
age basin of the North Fork of the Green River.

Origin.--No source area for the Cougar Mountain lava
flows has been located in the map area. A source area may have
existed to the north but has become engulfed by the emplacement

of the Snoqualmie batholith.
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"Ellensburg Formation,'"--The Naches Pass lava flows (Waters,

1961, p. 50) and volcanic conglomeratic sandstone,lsimilar to
the continental sediments of Miocene age (Mullineaux, Gard and
Crandell, 1959), exposed between Cyclone and West Twin Creeks
(EB 1) north of the White River; are assigned to thé n"Ellensburg
Formation." The volcanic sediments are lithologically similar
to the Ellensburg Formation (Smith, 1903, p. 2-3) but the quota-
tion marks should be retained until the stratigraphy of these |
rocks is delineated in the central Cascade Range.

The Naches Pass lava flows were examined along the east edge
of the tableland south of Naches Pass (EB 2). Here the flows
form a 350-foot cliff which extends for about 3,500 feet along
the east side of the Cascade crest. A flow unit is exposed at

f;the south end of the cliff. The flow has a wavy colummnar joint-
ing, in which the columns average about 4 feet in diameter at
the base and thin upwards. At this locétion the columns are in-
clined to the south. The rock is a black porphyritic andesite
(spec. 28). It consists of about 8 percent plagioclase (Ansv_45)
crystals, which are twinned, zoned and contain abundant inclu-
sions of glass; 2 percent hypersthene with jackets of augite;
2 percent granular augite and magnetite. The remaining 88 percent
is brown merocrystalline pilotaxitic groundmass, containing abun-
dant feldspar microlites and granular pyroxene and magnetite.

The rock is very similar to that described by Waters (1961, p. 50).
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A light-gray porphyritic pyroxene andesite with fairly well-
developed platy jointing and flow-layering is exposed atop the
cliff at its north end. This flow occupies a channel about 50
feet wide and 10 feet deep cut in the underlying black colummnar-
jointed porphyritic andesite flow.

The centact relations of the main flow were not observed.
The extent of the Naches Pass lava flows as shown on the map are
.based on topographic expression and aerial photographic interpre-
tation. Reconnaissance mapping and study of the aerial photo-
graphs indicate that the Naches Pass lava flows overlie at least
part of the Sarvent lava complex in the upper part of the Ohana-
pecosh Formation‘(Fiské, 1960, p. 18), the Stevens Ridge Rhyo-
dacite and the Huckleberry Mountain Formation (see discussions of
the Mount Catherine Tuff and definition of the Keechelus Volcanic
Group).

The stratigraphic relationships of these flows are much
better exposed in the road cuts east of Ravens Roost lookout
(EB 3), about 3 miles southeast of the southeast cormer of the
map area. Here a lava flow identical to the one exposed at Naches
Pass overlies more than 100 feet of conglomeratic sandstone. The
clasts are well rounded and range from pebbles to boulders. They
consist of abundant dark-gray fine-grained andesite flow rock and
light-gray hornblende andesite porphyry with coarse-grained

phenocrysts of stubby prismatic plagioclase and long prismatic
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hornblende (Waters, 1961, p. 53-54). The conglomerate rests un-
conformably upon a 15-foot bed of deeply weathered well-strati-
fied light-gray pumiceou§ conglomeratic sandstone, which in turn
rests upon a deeply weathered dusky red saprolite zone, which had
developed on lava flows of the Fifes Peak(?) Formation. Farther
eastward along the road the weathered pumiceous conglomeratic
sandstone is interstratified with lava flows of the Yakima Basalt.

The volcanic conglomeratic sandstone exposed between Cyclone
’and West Twin Creeks on the western side of the Cascade Range is
similar lithologically tc the sandstone immediately underlying
the black porphyritic andesite flow at Rave;s Roost. The sand-
stone is exposed in an outcrop about 30 feet long and 10 feet
high, It is light gray where freshly exposed and weathers to a
dark reddish brown. The clasts range in size from pebble to
coarse cobble. About 5 percent of them are light-gray hornblende
andesite porphyry and one percent is white pumice.

The deposit near Cyclone Creek is very similar lithologically
to the continental Miocene sediments, exposed west and southwest
of the map area along the Green River and South Prairie Creek and
described by Mullineaux, Gard and Crandell (1959). The present
writer has examined the deposits at these localities,

Gard (1960) and Waters (1961, p. 53-55) attriBute the source
of the hornblende andesite debris in the late Miocene sediments

to the eruptive phase of the emplaéement of the Snoqualmie
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batholith. Similar volcanic sediments along the eastern slope
of the Cascade Range have been dated as late Miocene to early
Pliocene, thus suggesting that the emplacement occurred during
the same time. Gard believed that the source volcanoes have been
removed by erosion, and subsequent erosion has deroofed the bath-
olith. Shallow plutons structurally, texturally and mineralog-
ically similar to the intrusions of the Snoqualmie batholith are
sporadically exposed along the length of the Cascade Range. The
distribution suggests that the range may be underlain by an ex-
tensive batholith (Knopf, 1955, p. 695). The presence of horn-
blende andesite porphyry intrusions as evidence of an underlying
pluton has been sought in the map area. No intrusive rock lith-
ologically identical to the hornblende andesite porphyry of the
"Ellensburg Formation" has been found in the map area. A possible
source, however, may be the altered hornblende-bearing andesite

porphyry stock along the South Fork of the Cedar River.

Surficial Deposits.--Surficial deposits consist of glacial

drift, landslide debris and alluvium, and are confined largely
to the valleys.

Glacial deposits are extensive in the valleys of the Cedar,
Green and Yakima Rivers. Mackin (1941) recognized that Chester
Morse (Cedar) Lake had formed behind an embankment of debris
built across the Cedar River valley by a continental glacier

which had formerly occupied the Puget Sound lowland. The
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r Morse Lake consists of detritus of

~
Code b AN & o

embankment west o
northern Cascade and British Columbia provenance (Crandell,
Mullineaux, and Waldron, 1958). Similar material extends south-
ward from the Cedar River to the White River. The same material,
forming till and glaciofluvium, extends along the valley of the
North Fork of the Green River and along the Green River valley
to near Green Canyon in the central part of the map area.
Lacustrine silts and sands overlain by gravels are exposed along
the Green River from Charley Creek eastward to near Maywood,
indicating that the Green River valley had a history similar to
the Snoqualmie River valleys (Mackin, 1941). Deeply weathered
gravels of northern Cascade provenance occur at higher elevations
along the Gale Creek and Sylvester Creek drainage basins, in the
central part of the map area, suggesting that at least two epi-
sodes of glaciation are recorded in the map area. Scattered
boulders of northern Cascade provenance also occur along the
Green River valley between Champion Creek and Lester. Terraces,
deltaic deposits and fanglomerates graded to the level of the
terraces occur along the Green River valley west of the Howard
A. Hanson dam. |

Glacial deposits containing detritus of central Cascade
provenance are exposed in the upper part of the Cedar River

drainage basin and in the Sunday and Snow Creek drainage basins

west of Stampede Pass. Both Boulder Creek and Rex River were
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occupied by glaciers which left deposits at the mouths of the
streams south of Chester Morse Lake.

Extensive gravel deposits occur along the Yakima River val-
ley. Weathered deposits of older glacial episodes are exposed
at higher elevations along the east side of the valley. Glacial
deposits occur at Lost Lake. The lake may be impounded by gravels
deposited by the glaciers which occupied the Yakima River valley.
Deposits, too scattered to be shown on the map, occur on the
south side of Meadow Creek. They may have been derived in part
from a local glacier and the Yakima valley glaciers., Glacial
outwash is extensive in the Swamp Creek valley, in the east-central
and along Cabin Creek in the southeasternm parts of the map area.

Deposits of the Osceola Mudflow (Crandell and Waldron, 1956)
occur along the White River ;valley°

Several landslides occur in the alunit alteration zone along
the White River (Huntting, 1949). They are in part due to solu-
tion and subsidence of the leached rock, sapping of the unaltered
rocks within the landslides, and undercutting the foot of the
slopes by the White River.

Among the many landslides occurring in the area, the follow-
ing may be mentioned. A landsiide occurs in the volcanic sedi-
ments of the Cougar Mountain in the area between Gale Creek and

the North Fork of the Green River. Another lies along the north
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side of the Howard A. Hanson dam., a third landslide occurs

along the north side of the Green River at the western edge of

the map area.

Intrusive rocks

General discussion.--The intrusive rocks have been separated

into major and minor intrusions. The ma jor intrusion is the Sno-
qualmie batholith, consisting principally of rocks ranging in
composition'from quartz diorite to quartz monzonite. The minor
intrusions are hypabyssal rocks which consist of altered rhyolite,
hornblende lamprophyre, altered pyroxene and hornblende andesite .
porphyry, quartz-pyroxene diorite, horﬁblende dacite porphyry,
fresh pyroxene andesite porphyry, and fine-grained andesite.

They occur as stocks, dikes and dike complexes.

Minor intrusions.--The minor intrusions have been distinguished

primarily by petrography and contact relationships. They predate
and postdate the emplacement of the Snoqualmie batholith.

Altered rhyolite.--Many scattered pink-weathering fel-

sites and felsite porphyries, which occur mainly in the upper
Yakima River area, have been mapped as altered rhyolite. The
rhyolites occur as discontinuous dikes with irregular and ccmmon-
ly brecciated contacts. Many are Qell flow-layered. Most are

too small to be shown on the map (pl. 1). They are well exposed
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along Cabin Creek (N 11) and along the Chicago, Milwaukee, Saint
Paul and Pacific Railroad (N 9). The exposure along the same
railroad west of Easton and just east of the map (I 1), may be
the location at which Smith and Calkins obtained their sample of
Kachess Rhyolite for analysis and petrographic study. The roche
moutonnee in the middle of the Yakima River valley (I 2) is a
thick dike of rhyolite about 2,500 feet long and 500 feet wide.

The;dikes are possibly the feeders to the many scattered
rhyolite flows in the “Naches Formation" and lower part of the
Huckleberry Mountain Formation. Because these dikes do not
intrude rocks younger than the Huckleberry Mountain Formation,
they are dated as probable late Eocene.

Hornbiende lamprophyre.--A few scattered dikes of horn-

blende lamprophyre are exposed in the drainage basins of Snow and
Meadow Creeks. They are exposed along the U.S. Forest Service
road east of Lester, along the Dandy Pass fault zone (I 3), and
southwest of Meadow Mountain {I 4). A dike is fairly well ex-
posed south of the West Fork of Snow Creek where the Scott Paper
Company is quarrying the rock for road ballast. The dike is
about 200 feet wide and is traceable for 3,500 feet. It trends
N 40° E and dips 50° SE. The aike pinches and swells and has
irregular contacts. It has a poorly developed blocky to columnar
jointing. It has contact metamorphosed the wall rock up to a

distance of 20 feet on either side of the contact. The rock is
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greenish gray and consists of about 10 percent phenocrysts in a
very fine-grained intergranular groundmass of feldspar micro-
lites, granular magnetite, and hornblende and/or pyroxene
(spec. 29). sbout 8 percent of the rock is phenocrysts of
brownish-green euhedral hornblende which occurs as prisms as long
as 2 cm. The average length is one mm. Abcut 2 percent of the
rock is phénocrysts of fine-grained stubby prismatic plagioclase
with a composition of about Angs.

The areal relationships at Meadow Mountain suggest that the
hornblende lamprophyre dike had been engulfed by a cortege of
altered pyroxene andesite porphyry dikes and is, therefore, older,
probably middle Miocene (see discussion of altered pyroxene and
hornblende andesite porphyry which follows).

Altered pyroxene and hornblende andesite porphyry.--

These intrusive rocks are characterized by uralitizationof the
pyroxenes, chloritization of the hornblende, and some replacement
of the plagioclase by calcite and epidote. These rocks are dis-
tinguished from the much fresher and darker coiored pyroxene
andesite porphyry which occurs at the Rooster Comb and Kelly
Butte and will be described later.

The altered pyroxene-hornblende andesite porphyry is the
most common intrusive rock in the map area. They form stocks,
dikes and dike complexes. Most are considered to have been em-

placed prior to intrusion of the Snoqualmie batholith., The largest
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stock is exposed in the drainage basin of the South Fork of the
Cedar River. Dikes are exposed between Rex River and Cedar River,
along the fault zone at the junction of Sunday and Snow Creeks
(I 5), along the Green River valley and lower Sunday Creek near
Lester, along the south slope of Roaring Ridge north of Cotton-
wood Lake and along the southwest slope of Little Mountain. They
are widely scattered in the drainage basin of Snow Creek. Many
dikes occur along the Green River valley between Eagle Gorge and
the Howard 4. Hanson dam and to the south in the headwaters of
Charley Creek northwest of Grass Mountain. The dikes in the
Green River valley are believed to have been emplaced along zones
of weakness adjacent to the Lemolo and Piling Creek fault zones.
They may have caused much of the alteration in the breccia flows
of the Eagle Gorge Andesite at the dam and west to Bear Creek.
Many dikes cross-cut the Bear Creek Mudflow (HM 18). Dikes or
small stocks are exposed in the upper Yakima River valley and
along the divide between Friday Creek and the South Fork of the
Cedar River.

The dike complexes occur at the divide between Twin Camp
and Sawmill Creeks, at Pyramid and Colquhoun Peaks, in the Green
Canyon area east of Rooster Comb, at Meadow Mountain and at
Stampede Pass., The complexes are a mass of "dike-upon-dike"”
intrusions. The dikes are cross-cut or intruded along their con-

tacts and both dike and wall rock are intensely brecciated and
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altered by the younger dikes.

The porphyry is commonly grayish green to dark grayish
green. The rock which occurs at Colquhoun and Pyramid Peaks, at
Stampede Pass, and at the south side of Meadow Mountain is olive
black. This rock is probably the porphyry which Smith and Calkins
(1906, p. 9) considered to be forming the periphery at Meadow
Mountain (spec. 30). It is slightly fresher and contains fewer
mafic phenocrysts than the lighter colored variety with the ex-
ception of the hornblende-rich stock along the South Fork of the
Cedar River,

The rocks contain 20-30 percent phenocrysts of which 15-25
percent is plagioclase and the rest is ferromagnesian minerals.
Augite exceeds hypersthene in amount. If hornblende is present,
as in the stock, it exceeds the amount of augite. Plagioclasg is
generally the coarsest phenocryst, up to 3 mm but averages 1 mm.
A few prisms of hornblende are as long as 1 cm. The plagioclase
phenocrysts form stubby prisms and commonly show oscillatory and
patchy zoning. Their composition is aAnjy_s5g and they are altered
in part to calcite, sericite, and epidote. Epidote is especially
abundant in the stock. Hypersthene is largely altered to uralite
and magnetite, augite to chlorite, magnetite and calc;te, and
hornblende to chlorite and calcite., The groundmass has a very
fine-grained allotriomorphic granular texture. The Stampede Pass

intrusion has a pilotaxitic groundmass. Much quartz is



190

disseminated in the groundmass of some porphyries and indicates
a transition to dacite in composition. Zeolites and unidentified
olive-green to brown micaceous mineraloids are commonly present.

The contacts of the dikes are not well exposed. Wide massive
vertical dikes are well exposed on the north side of Meadow Moun-
tain. They have a columar-like horizontal jointing. The dike
complex north of Twin Camp Creek consists of a network of sills
an& dikes. The brecciation of the Stampede Pass complex is well
exposed along the Bonneville Power Administration right-of-ways
east of Sunday Creek. Sizeable blocks of stratified volcanic
rocks occur between parts of the complexes.

Most of the dikes and dike complexes have been emplaced along
or adjacent to faults, suggesting that the dikes postdate the
ma jor structural deformation of the area. The pyroxene andesite
porphyry is believed to intrude the hornblende lamprophyre dike
at Meadow Mountain, although the contacts are not exposed; The
stock in the South‘Férk of the Cedar River is intruded by quartz
diorite of the Snoqualmie batholith. The contact is exposed
along the road south of Bear Creek (I 6). These rocks are not
younger than middle Miocene.

The writer reconnoitered the area northeast of Blowout Moun-
tain for the pyroxene diorite intrusion of Smith and Calkins
(1906, p. 9) and the basalt porphyry and quartz gabbro intrusion

of Stout (1959, p. 143-146). He could find no evidence of an
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intrusion in the area. The rock is primarily pyroxene andesite
porphyry lava flow which overlies the Blowout Mountain Flow
Member of the "Naches Formation." These rocks are exposed along
the crest of the Snowshoe Butte anticline and are well fractured,
which has in a large part obscured their generic features. The
writer does not know the location from where Stout (1959, fig. 59)
obtained his specimen for study.

The writer did not visit the Tacoma Pass area where Smith and
Calkins located another pyroxene diorite and Stout (1959, fig. 51
and 52) mapped an olivine diabase.

Quartz-pyroxene diorite.--Several dikes and small stocks

of quartz-pyroxene diorite have been mapped. The dikes are located
along the Bonneville Power Administration right-of-way west of Lake
Keechelus (I 7), along the road between Seattle Creek and the

South Fork of the Cedar River, along the ridge of Findley Lake,

and in the dike complex at Meadow Mountain. The stocks are loca-
ted at Grass Mountain, on the floor of the upper Yakima River
'valley near the Chicago, Milwaukee, Saint Paul and Pacific Rail-
road. On the southwest slope of Mount Kent, which lies off the
edge of the map, at Silver Peak along the Cascade crest, east of
Goat Mountain south of the South Fork of the Cedar River, and along
Roaring Ridge north of Los Lake west of Lake Keechelus. The rock
also occurs as lenticular bodies along the contact between the

altered hornblende-rich andesite porphyry stock and the Snoqualmie
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batholith and is probably a border phase of the larger pluton.

The rock is medium to dark greenish gray, fine- to medium-
grained, and has a holocrystalline allotriomorphic granular tex-
ture (spec. 31). It consists of about 60-75 percent prismatic
plagioclase, as much as 15 percent augite and 5-15 percent inter-
stitial quartz. Uralite, magnetite, calcite, sericite, and
epidote are accessory and secondary minerals. The plagioclase
has patchy ané oscillatory zoning and a composition of An,j_go.
It is partially altered to calcite, sericite and a very little
epidote. augite is almost entirely replaced by uralite, calcite
and magnetite.

The contacts are generally poorly exposed except along the
road south of Bear Creek (I 6). Here the diorite has a sharp
irregular contact with contact metamorphosed hornblende andesite
porphyry. Metamorphosed xenoliths, 1 inch-3 feet in size, of
the porphyry and fragmental volcanic rock is exposed along the
intrusive contact. The xenoliths have probably not been trans-
ported very far from their original position within the melt
because the areal distribution of the andesite porphyry, which
here intrudes stratified volcanic rock of the Snow Creek Forma-
tion, indicates that this aréa is near the northern border of the
porphyry pluton.

The border relationship and its position within the Meadow

Mountain dike complex indicate that the quartz-pyroxene diorite
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is younger than the pyroxene-hornblende andesite porphyry and is
slightly older or the same age as the Snoqualmie granodiorite.
It is no younger than middle Miocene.

Hornblende dacite porphyry.--Small stocks, bosses, and

irregular dikes and dike complexes of hornblende dacite porphyry
are exposed in the eastern half éf the map area. These rocks are
recognized by the presence of quartz and hornblende phenocrysts.
They may in part be transitional with the altered pyroxene and
hornblende andesite. porphyry dikes and, therefore, some of these
rocks may be older than the Snoqualmie batholith. Bosses are ex-
posed at Mount Gardner in the north-central part of the map area
where the porphyry intrudes the Snoqualmie batholith and north of
Kelly Butte. An intensely argillized intrusion is exposed north
of Lake Albert along the South Fork of the Cedar River. Dikes are
exposed between the West and Middle Forks of Snow Creek, along the
abandoned logging railroad grade south of the Cedar River (1 8),
where the dacite porphyry intrudes the Snoqualmie batholith. East
of Rex River the porphyry intrudes the Cougar Mountain Formation.
The porphyry also occurs along the east side of Champion Creek.
The hornblende dacite porphyry forms a dike complex in the area
between McCain Creek and Green Canyon in the central part of the
map area.

The rock is dark greenish gray and weathers to a greenish

gray {spec. 32). It is distinctly porphyritic and contains up
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to 35 percent phenocrysts which lie in a cryptofelsite ground-
mass. The phenocrysts range up to 8 mm in length and include
about 25 percent prismatic plagioclase, 5 percent quartz and 5
percent hornblende. The plagioclase is zoned and has a composi-
tion of ANge_s7. The crystals are embayed and the mineral is
partly replaced by epidote. The quartz is also embayed. The
hornblende is almost entirely replaced by chlorite, calcite, and
magnetite. A few pseudomorphs have squarish outlines, suggesting
the former presence of pyroxene.

The contacts of the hornblende dacite porphyry intrusions
are very poorly exposed except in the dike complex along McCain
Creek., Contacts with the Snoqualmie batholith were not observed.
Generally the rock has a very narrow contact zone,_lesé than
about 3 feet, except at McCain Creek, .t -McCain Creek the wall
rocks are contact metamorphosed and highly fractured, suggesting
the presence of a subjacent satellite of the Snoqualmie batholith,
Intense fracturing of the wall rock proceeded emplacement of the
satellite making avenues for the cdrtege of dacite porphyry dikes
which followed. The relationship of the dacite porphyry dikes to
the altered pyroxene porphyry dike complex is not known. The
contact between the two rock types was nét located in the field
but is determined by the positions of a few scattered outcrops
of the rocks and interpretation of the general outcrop features

shown on aerial photographs. Because the rock intrudes the
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Snoqualmie batholith at Cedar River and Mount Gardner, the horn-
blende dacite porphyr& is considered to be post-Snoqualmie bath-
olith in age and about middle Miocene.

Pyroxene andesite porphyry.--This pyroxene andesite

porphyry is distinguishable from the altered pyroxene andesite
porphyry by its darker color and freshness. It has been found
at only two locations--Rooster Comb and Kelly Butte--in the central
part of the map area. Rooster Comb is a small stock. It has a
well-developed eXfoliation jointing. Weathering has peeled slabs
from the mountain and has formed a cone-shaped landmark, hence
the name. Kelly Butte is a well;exposed dike complex. Large
blocks of horizontally stratified lapilli-tuff and coarse vol-
canic sediment of the Huckleberry Mountain Formation are exposed
between the dikes atcp the butte (see pl. 1). The dikes are
vertical, have a well-developed horizontal columnar jointing,
and are up to 400 feet thick.

The rock is olive gray to dark greenish gray (spec. 33).
The phenocrysts range from %-2 mm in size and make up about 40
percent of the rock. They include 25-35 percent plagioclase and
5-15 percent pyroxene, most of which is augite. The texture of
the groundmass is variable. It is cryptocrystalline at Rooster
Comb and is coarse grained and subophitic at Kelly Butte. The
phenocrysts are finer grained at Rooster Comb. The plagioclase

phenocrysts occur as stubby prisms, have oscillatory zones and
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contain abundant pyroxene inclusions. The plagioclase composi~
tion is An,g_7s5. The average An-content of the plagioclases at
Kelly Butte tends to be higher. The pyroxenes are finer grained
than the plagioclase phenocrysts and are altered slightly to
chlorite, The groundmass consists mostly of plagioclase laths
and granular pyroxene and magnetite.

The intrusions have a very narrow contact metamorphic aureole.
along Smay Creek the Rooster Comb intrusion has not indurated the
wall rock beyond 15 feet from the contact. The stratified vol-
canic rocks of the Huckleberry Mountain Formation are locally dis-
rupted. Contact metamorphism at Kelly Butte had the same effect.
There is little evidence of disruption of the strata even in the
blocks exposed at the butte.

The Rooster Comb and Kelly Butte intrusions are tentatively
considered to be post-Snoqualmie granodiorite in age. This con-
sideration is based on the relatively fresh appearance of the
rock in comparison with the other hypabyssal intrusions. The
fresh pyroxene andesite porphyry was not found in contact with
other intrusive rock.

Andesite.--sndesite dikes are scattered throughout the
map area. They are generally narrow and are irreguiar., Most of
andesite intrusions are not shown on the map. They are most

abundant in the highly fractured contact metamorphic aureole of

the Snoqualmie batholith along the slopes above Chester Morse
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Lake and Little Mountain, along Roaring Ridge north of Cotton-
wood Lake where théy form a small complex, and at Tinkham Peak.
Several dikes intrude the Huckleberry Mountain Formation north
of the Howard a. Hanson dam site.

The andesite is dusky blue green to greenish gray, averages
about % mm in grain size, and contains less than 5 percent plag-
ioclase phenocrysts {spec. 34). They appear to be a fine-grained
equivalent to the quartz-pyroxene diorite intrusionms. They are
holocrystalline and have a hypidiomorphic granular texture. Some
have a weakly developed pilotaxitic texture. They contain about
85 percent zoned plagioclase of Angg_gp, 10 percent anhedral
augite which is altered in part to uralite and chlorite, and
about 5 percent interstitial quartz. THey contain minor amounts
of magnetite and calcite. The contacts are irregular although
sharp. Little to no thermal effects are present. Along the east
side of Rex River an andesite dike has intruded along the contact
between altered pyroxene andesite porphyry and metamorphosed
Cougar Mountain Formation. along the north side of Chester Morse
Lake the dikes have weathered leaving wide fissures in the con-
tact metamorphosed country rock. One dike cuts the small stock
of quartz-pyroxene diorite near Mount Kent (I 9). These relation-
ships suggest that the andesite dikes were intruded after emplace-

ment of the Snoqualmie batholith.
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Snoqualmie granodiorite.

Distribution.--A large pluton of predominantly grano-

diorite, quaftz diorite, and a minor amount of quartz monzonite
occurs in the north-central part of the map area (pl. 1). The
rocks were originally described by Smith and Mendenhall (1900)
and later mapped by Smith and Calkins (1906) who named it the
Snoqualmie granodiorite. Subsequently, Fuller (1925) showed that
the pluton extends westward from the Snoqualmie Pass area and
consists of at least four phases. He designated the pluton as
the Snoqualmie batholith. Now the name Snoqualmie batholith is
used indiscriminantly (Knopf, 1955, p. 695; Waters, 1955, p. 711)
without regard for the original designation as Snoqualmie grano-
diorite. The present writer retains the name Snoqualmie grano-
diorite for the plutonic rock in the map area because (1) the
pluton is continuous with that mapped by Smith and Calkins, and
(2) the name designates a lithologic unit which occupies a posi-
tion in the geologic column.

Only parts of the pluton in the map area have been examined
in the course of this study. It is generally poorly exposed.
The interpretation of the rock types and their distribution is
based primarily on the exposures along the Cedar River, Bear
Creek, the ridge between the Snoqualmie and Cedar Rivers, Hansen
Creek and the Chicago, Milwaukee, Saint Paul and Pacific Railroad

north of the map area.
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Most of the pluton appears to consist of granodiorite. It
has a border zone of quartz diorite. The zone is very irreg-
ular and much of the pluton in the area may consist entirely of
quartz diorite. Quartz monzonite is exposed for about 1,000 feet
along the road along the Cedar River (I 10). Transitions between
the rocks cannot be followed in the field because of poor exposure.
The small pluton along the South Fork of the Cedar River and the
many dikes at Findley Lake, along the Cedar River to the west of
the main body, and north of the Rex River consist of quartz
diorite. The pyroxene diorite which Fuller (1925, p. 72-76)
recognized along the south side of the Cedar River may be one of

these isolated quartz diorite intrusions.

Petrography.--The rock consists aimost entirely of

plagioclase, quartz, orthoclase, biotite and hofnblende. It is
massive; the biotite and hornblende are uniformly scattered
through the rock. It has an allotriomorphic granular texture

in which the grains average 1 mm in size. Change in the propor-
tion of plagioclase, quartz and orthoclase accounts for the var-
jation in the composition of the pluton. Quartz and orthoclase
increase at the expense of plagioclase in the transition of quartz
diorite to quartz monzonite. The variations can be distinguished
in the field by their color. Quartz diorite (spec. 35) is a very
light greenish gray, granodiorite (spec. 36) a light pink greenish-
gray, and quartz monzonite (spec. 37) is a very pale brownish gray.

The rock contains 45-55 percent plagioclase, 18-35 percent
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quartz, 12-18 percent orthoclase, 4-7 percent biotite and 2-6
percent hornblende. Magnetite, apatite, rutile, and zircon are
accessory minerals. The plagioclase is prismatic, has patchy

and oscillatory zoning, and generally ranges in composition from
ANg3_48- Greenish-brown biotite and green hornblende are anhedral
and rarely poikilitic. Quartz and orthoclase are interstitial.
The orthoclase is a product of late magmatic crystallization, for
no evidence of replacement of plagioclase could be found in the
thin sections.

4Along the north side of the Cedar River and Bear Creek the
pluton is intensely fractured, altered and locally contains dis-
seminated sulphide minerals. alteration is intense along the
fracture zones., Chlorite has replaced biotite. Chlorite and
sphene have replaced hornblende. Sericite and minor amounts of
epidote have partly replaced plagioclase. In the most intense
alteration zones the rock is largely replaced by quartz, sericite,
and smail amounts of tourmaline. Some fractures are lined with
quartz, chlorite and tourmaline. Sulphide minerals, consisting
mostly of pyrite, a little chalcophyrite, and very minor amounts
of molybdenite occur along the fractures or disseminated in
chlorite patches. The alteration is probably hydrothermal,

because it equally affects quartz diorite, granodiorite and

quartz nonzonite and occurs adjacent to the fracture zones.
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Contact relations.--The contacts of the pluton are not

well exposed and have not been traced in the field. They have
been approximately located at various points and traced between
these points on the aerial photographs. The contacts, where
exposed, are both gradational in one area and sharp in others.
The contact exposed along the Cedar River road (I 11)'is grada-
tional. Here along a zone about 200 féet tuff-breccia is grada-
tional into biotite-diopside hormfels, in which none of the frag-
mental texture is preserved, and the hornfels is gradational into
chloritized hornblende-quartz diorite. No clean separation occurs
between the rocks. The zone is intricately intruded by diorite
dikes 1-2 feet thick. & few quartz-tourmaline veinlets and clus-
- ters of epidote and tourmaline occur in the hornfels. About one
mile east the hornblende-quartz diorite is transitional into the
quartz monzonite in the W% sec. 32.

The contact is sharp where exposed along the road south of
Bear Creek (I 6) (see discussion of minor intrusive rocks). It
is very irregular. Rounded to subrounded xenoliths, 1 inch-
3 feet in size, of hornfelsed hornblende andesite porphyry and
tuff-breccia are randomly distributed and oriented in a zone
averaging about 50 feet wide., Irregular shaped bodies of pyroxene
diorite occur within the zone adjacent to the contact. Many
dikes, up to 2 feet wide, of diorite extend irregularly along

fractures in the adjacent hornblende andesite porphyry.
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The contact is probably more irregular than is shown on
the map.

The grade and extent of contact metamorphism (see discussion
of metamorphism) around the pluton and the distribution of small
diorite intrusions provide some information regarding the shape
of the pluton. The distribution of contact metamorphism and the
many dikes and small stocks of pyroxene diorite and quartz diorite
to the west suggest that the pluton underlies almost all the area
north of the Cedar River and that it has probably an irregular top
consisting of many apophyses. In contrast, to the east there are
no small diorite intrusions and the metamorphic zone is uniformly
distributed along the eastern contact of the pluton. The outcrop
pattern suggests that the southern end of the pluton has two
prongs, an east prong extending under the South Fork of the Cedar
River and a west prong extending beneath Findley Lake. The lack
of contact metamorphism in the area of the South Fork suggests
that the east prong terminates at the hornblende andesite por-
phyry stock. An apophysis with steeply dipping contacts and pre-
sumed to have risen from considerable depth, is exposed along the
southern side of the porphyry stock., In contrast the extent of
metamorphism and the few diorite dikes at Findley Lake indicate
that the west prong extends farther to the south and probably
underlies Findley Lake at a shallow depth.

The hornfels zone west of the pluton is irregularly fractured
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and intruded by many fine-grained andesite dikes which in part
cut the small diorite intrusions. These relationships suggest
that scme deformaﬁion occurred after emplacement of the pluton.

Age.--The Snoqualmie granodiorite has been dated radio-
genically as 17.0 million years, about middle Miocene. Specimens
were collected along U.S. Highway 10 east of Olallie Creek (I 12).
The dating was determined by the K-Ar method, using biotite.ob-
tained from the specimens (Curtis, Savage and Evernden, 1961,
p. 347; Lipson, Folinsbee and Baadsgaard, 1961, p. 460). The
rock exposed at Olallie Creek is hornblende-biotite quartz diorite
identical to the rock in the border zone along the Cedar River.
Larsen, Keevil and Harrison (1952, p. 1050), using the zircon
method, obtained an age of 63 million years, upper Paleocene,
which they considered as a poor measurement, for Snoqualmie grano-
diorite, but did not specify the location from which they tock
their sample., The youngest stratified rock intruded by the Sno-
qualmie granodiorite is the Cougar Mountain Formation, which is
tentatively considered as early (?) Miocene.

Fuller (1925) believes that the Keechelus volcanic rocks
were the effusive equivalents of the Snoqualmie granodiorite
which was deroofed during the emplacement and that the pyroxene
diorite plutons at Silver Peak and Meadow Mountain formed in the
vents during the final phase of the emplacement. Waters (1961)

likewise believes that the upper Keechelus of Smith and Calkins



204
(which Waters redefined as Ellensburg Formation) was formed dur-
ing a volcanic phase accompanying the emplacement of the Snoqual -
mie and Tatoosh plutons. He (p. 53-55) believes that the glassy
nandesites" which constitute a large portion of the voicanic
materials in the Ellensburg'Formation were derived in part from
the stocks exposed north of Naches Pass (see Waters, 1961, pl. 1).
Fuller's and Waters' reasoning is based in part on the belief of
Smith and Calkins (1906, p. 9) that these stocks represented the
roofs of the volcanoes from which the Keechelus volcanic rocks
were derived, At Meadow Mountain Smith and Calkins believed there
is evidence showing the transition of intrusive rock into flow
rock. The intrusions may be sources of a part of the volcanic
detritus in the Ellensburg although this possibility cannot be
clearly demonstrated by petrologic comparison of the rock types.
However, it can be reasoned that these plutons, including the
Snoqualmie granodiorite, are not the sources from which the Keech-
elus rocks were derived. All the plutons are intrusive into the
Keechelus,; they stand in relief almostas much as 1,000 feet above
the adjacent stratified rocks, including the upper part of the
Snow Creek Formation, and they were emplaced after the Keechelus
rocks had been structurally deformed, zeolitized (see discussion
of alteration and metamorphism) and eroded. The intrusive rock
at Meadow Mountain is petrographically similar to the flow rocks

of the Keechelus, as well as to Ohanapecosh, Fifes Peak and
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Cougar Mountain . However, the relationships exposed at Meadow
Mountain do not indicate that the rocks are transitional into
flows. No intrusive rock can be traced laterally into a strati-
fied flow rock. The probability that such a relationship should

exist at Meadow Mountain is highly implausible in view of the

time, since about middle Miocene, that the mountain may have been
exposed to erosion. It is not improbable that some of the plutons,
possibly the ones west of Meadéw Mountain or at Goat Mountain,
contributed material to the Cougar Mountain Formation. If the
stocks are the exposed vents of volcanoes, it is more likely that
their effusive products accumulated as deposits which have long
since been eroded from the central Cascade Range, very likely

before the outpouring of the Columbia River basalts.

Alteration and metamorphism

General discussion.--The alteration and metamorphic features
of the Keechelus volcanic rocks were originally noted by-Smith
and Calkins (1906, p. 8-10) and summarized by Waters (1955,

p. 710). A detailed summary of these features and their relation-
ship to the structures and intrusions in the area is beyond the
scope of this study. Only a brief discussion is made herein of
some of the characteristics of the alteration and metamorphism,
based primarily on the field study and examination of a few thin
sections. The discussion concerns alunitization, zeolitization

and contact metamorphism.
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Alunitization.--Kirkemo (1940) and Huntting (1949, p. 46-47)

described the occurrence of alunite along the Green River in

Tps. 19 and 20 N., R. 8 E. Here lava flow and tuff-breccia of
the Enumclaw Formation are locally brecciated and replaced by
quartz, alunite, jarosite, pyrite and minor amounts of clay
minerals. An intensely silicified area, consisting of gray jas-
peroid quartz with a vuggy texture, occurs at "Quartz Mountain”
between the White River and U.S. Highway 410 (A 1). The silici-
fied area is surrounded by a zone of alunitization. The alunite
and jarosite have locally replaced the pyroxene andesite porphyry,
converting it to a soft clayey, very light-gray to grayish-yellow
mass in which the plagioclase phenocrysts outlines and some flow
lines are preserved. Disseminated fine-grained euhedral pyrite
is abundant. In contrast, intense brecciation and silification
has obliterated the original textures cf the rock. Additional
alteration was noted by the present writer between Clay and
Cyclone Creeks (A 2).

The alunitization is irregular in its distribution although
it is common along the White River valley near the mouth of the
Clearwater River., The alteration is of fumarolic or epithermal
origin. The solutions may have migrated in part along the Twin
Creeks fault, located north of the White River. The silicified
zone may lie along an undetected northeast-trending fault,

paralleling the course of the White River in that area.
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Zeolitization.--Zeolitization of the early Tertiary volcanic

rocks.in the Cascade Range has been noted by Waters (1955,

p. 704-710). It consists of partial replacement of the rock by
prehnite, zeolites (heulandite, laumontite, stilbite, and natro-
lite) and iron-bearing clays (celadonite and nontronite). Fiske
(1960, p. 92-100) described zeolitization of the Ohanapecosh For-
mation and considered.the alteration equivalent to the zeolitic
facies of regional metamorphism (Fyfe, Turnmer and Verhoogen,
1958, p. 215-217). A zeolite in the Ohanapecosh Formation has
been recognized as wairalite by Wise (1959).

The writer suspects that the zeolitization is partly a re-
sult of diagenesis and very low-grade regional metamorphism. The
alteration, regardless of its cause, is characteristic of the
fragmental basic andesite rocks in the lower Tertiary of central
Washington, including the Tukwila and Ohanapecosh Formations; the
Keechelus Volcanic Group, the Silver Pass volcanics (Foster, 1960,
p. 105-107), and probably the Fifes Peak Andesite. It is a fea-
ture characteristic of most of the volcanic rocks deposited prior
to the middle Miocene orogeny which culminated with the emplace-
ment of the Snmoqualmie granodiorite and related plutons. The
zeolitization has indurated the rocks, making them massive and
dull colored. These features aid in distinguishing these rocks
from the younger volcanic formations, the Cougar Mountain and

Ellensburg Formations.
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In the west-central Cascade Range, zeolite, calcite and a
minor amount of chalcedony occur as amygdaloidal fillings, as
fracture fillings, as fillings along the boundaries of iithic
and pumice fragments, especially in breccia flow and coarse tuff-
breccia, and as replacement of feldspars. The zeolites are
recognized by their crystal habit (prismatic to sheaflike aggre-
gates), hardness, and lack of reaction with dilute HCl. They
occur in rocks in which the vitric constituents have been altered
to clay, producing a dull-éolored rock, in various shades of gray,
green, and blue, Weathering and oxidation cf the altered rock
changes the color to brown. The alteration affects the entire
rock, except large dense lithic fragments. It is most common,
decreasing in the order given, in breccia flow, tuff-breccia,
volcanic sediment, tuff, and lava flow. The alteration is not
restricted to a particular'rock type, formation or structural
horizon. It is erratically distributed in all the formations of
the Keechelus Volcanic Group and is rarely present in the Cougar
Mountain Formation. Unaltered volcanic rock occurs in the Enum-
claw as well as the Cougar Mountain Formation. Some argillic,
hematitic and possibly zeolitic alteration occurs in the Cougar
Mountain Formation along Boulder Creek and in the Goat Creek
amphitheater. At Boulder Creek the alteration is probably deu-
teric, and at Goat Creek, it has probably been caused by deuteric

solutions arising from the adjacent andesite porphyry stock.
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The zeolitic alteration is spatially related to the geologic
structure. It is most intense along the Snowshoe Butte anti-
cline, from Snowshoe Butte westward to Piling Creek. Zeolites
are especially abundant as fracture fillings within the rock in
the axial part of the fold. The alteration 1is structurally con-
trolled and related to the isogeotherms which rose to a higher
level along the zones of maximum compression in anticlines. In .
addition, the isogeotherms were probably locally elevated over
subjacent plutonic bodies. The extent of zeolitization possibly
fluctuated during the early Tertiary in relation to the time and
location of volcanic activity, occurring in different areas at
various times and advancing at the culmination of the middle
Miocene orogeny. In middle Miocene the distribution of zeoliti-
zation was transected by the zones of contact metamorphism ad-

jacent to the plutons (see fig. 1).

Contact metamorpﬁism.--The small plutons have narrow contact

metamorphic aureoles less than 25 feet wide, except at the quartz-
pyroxene diorite stock at Grass Mountain. The most extensive and
varied contact metamorphism is associated with the Snoqualmie
granodiorite. At least four grades of hornfels are recognizable
in hand specimen and thin section: actinolite, biotite, biotite-
diopside and biotite-hypersthepe hornfels. The distribution and
grade of hornfels is related primarily to the composition of the

country rock and the spatial distribution of the adjacent
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Figure 1. Cross-section showing hypothetical relationship
between zeolitization and contact metamorphism,
based on field observations in the west-central
Cascade Range.

Zeolite isograd is generally shallow but rises over
subjacent plutons. It rises steeply into the core of an anti-
clinal fold (Snowshoe Butte anticline). The zeolite isograd is
transected sharply by a narrow contact metamorphic zone about a
hypabyssal intrusion. The isograd about the hypabyssal intru-
sion and the zeolite isograd are transected by a moderately
jnclined biotite isograd, marking the outer limit of contact
metamorphism of the Snoqualmie batholith., It is assumed that
the shallow plutons moved upward faster than the isotherm and
overtook the zeolite isograd.

Snoqualmie granodiorite. -The grade of hornfels is further

affected by hydrothermal alteration.

The original textures of the contact metamorphosed volcanic

rocks are best preserved on a weathered surface. However, the
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fragments are not easily discernible in a fresh hand specimen
or thin section. The fragments can be identified microscopically
by clusters of minerals. a tuff or pumice fragment has been
commonly converted to a cryptofelsite aggregate containing abun-
dant fine-grained brown biotite. Biotite also occurs in stringers
or trains outlining the former vitroclastic texture of a vitric
tuff. A probable flow rock fragment has been metamorphosed to
either a mosaic of biotite, feldspar and a few diopside crystals
or much diopside and blastoporphyritic crystals of plagioclase.
Disseminated fine-grained granular magnetite is ubiquitous.
Hypersthene occurs as disseminated very fine-grained crystals.
Hypersthene is most common in the contact zone along the south
side of the Grass Mountain pluton. Epidote is commonly.a minor
constituent in all the contact metamorphic rocks in the map
area. Hornblende is common in the western contact zone grada-
tional with the Snoqualmie granodiorite along the Cedar River.
Actinolite is possibly indicative of low grade contact metamor-
phism and hydrothermal alteration. The hydrothermal alteration
is characterized by the formation of chlorite (penninite is common
in veinlets), quartz, tourmaline and pyrite. Epidote is more
abundant in the altered zones than in hornfels. Plagioclase is
partly replaced by aggregatés of calcite and sericite. Locally
intense zones of pyritization, which weather to form a brownish-

red gossan, are discernible in the field from a distance.
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Biotite hornfels is extensive along the eastern side of the
Snoqualmie granodiorite pluton. Diopside hornfels is common at
the western side and along the Cedar River valley to Little Moun-
tain. The Cougar Mountain Formation has been converted tc diop-
side hornfels southeast of Little Mountain (A 3). Epidote and
tourmaline are abundant along Seattle Creek (a 4). Along Tinkham
Creek (A 5) tuff-breccia has been replaced almost entirely by
coarse-grained aggregates of epidote and chlorite. Hydrothermal
alteration occurs along the northern side of Grass Mountain (4 6),
and within the annette Lake cirque at the head of Humpback Creek.
Pyritization is sporadically located in the saddle between Silver
Peak and Abiel Mountain and along the lower north slope of Abiel

Mountain.
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STRUCTURE
Regional structure

The map area (pl. 1) includes the structural downwarp of
probable middle Miocene age between the Tatoosh pluton, in Mount
Rainier National Park (Waters, 1961), to the south, and the Sno-
qualmie batholith, centered approximately in the northeastern
part of King County, to the north (see pl. 4). The southeastern
extension of the Newcastle Hills-Tiger Mountain anticlinal high
(Weaver, 1916, pls. IVB and XXX) lies along the western border of
the area. The Thorp Mountain-Cle Elum Ridge anticlinal high, a
ma jor structure which extends from the Cascade crest to Lake
Kachess and the southern side of the Yakima River valley to the
Columbia Plateau, trends southeastward east of the area. The
eastern part of the area lies athwart the north-south axis of the
late Pliocene arching of the Cascade Range.

The structures are shown simplified in plate Z1.

Folds

Generzl features.--The stratified units have been warped to

form an intricate system of open, upright; en échelon folds. The

Lindsay syncline has a maximum width of 6 miles. The tight folds
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within the strata of the "Naches Formation™ southwest of Lake
Keechelus have a minimum width of one-quarter of a mile, Extreme-
ly tight disharmonic folds occur in the carbonaceous sedimentary
strata of the "Naches Formation" exposed north of Cole Butte in
the southeastern corner of the area., The folds trend generally
northwestward except north-northwesfward along the Cascade foot-
hills between the White and the Cedar Rivers and between the
Naches River and Cle Elum Ridge in the southeastern part of the
map area. The folds are doubly plunging. Those located south of
the Green River plunge very gently northwestward. The Lindsay
syncline, along the north side of the Green River, plunges about
20° toward the center of its trough, located in the headwaters
of Rex River. The Mount Catherine and Cabin Creek anticlines
plunge as steeply as 45° along short distances of their lengths.

Locally the crestal parts of .the folds are disrupted by
minor foiding and faulting. The Snowshoe Butte anticline, in
the central part of the map, is disrupted in the area between
Gale and Boundary Creeks and along the west slope of Snowshoe
Butte. The Cabin Creek anticline, in the southeastern cornmer of
the area, is disrupted between Cabin Creek and the upper Yakima
valley.

In the Cyclone Creek area along the north side of the White
River, in the North Fork of the Green River area, and in the Lake

Keechelus area the axial planes of the folds are either terminated

by faults or coincide with the strike of the fault planes.
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The irregularity of the folding is probably due to: (1) the

wide variation in competence of the rocks, which range from mas-

sive lava flow and tuff-breccia to thin-bedded carbonaceous sedi-
mentary rock, (2) the variable thickness and lenticularity of the
stratigraphic units, and (3) the variable depth to crystalline

bedrock.

Lindsay syncline.--The Lindsay syncline is the major

structural feature within the map area. It is the axis of the
structural downwarp between the Tatoosh pluton and the Snoqualmie
batholith. It trends westward and northwestward through the
center of the area between the Green River and Cedar River valleys
from Stampede Pass beyond the map area to Rattlesnake Mountain in
the North Bend quadrangle for a distance of at least 35 miles.
The Cougar Mountain Formation is preserved largely in its trough.
The fold is most tightly compressed in the northwestern part of
the area. At its eastern end the fold is mildly disrupted by
faulting along Snow and Sunday Creeks, by the emplacement of the
dike complex at Stampede Pass, and it is terminated by the Dandy
Pass fault. In the northwestern part the fold plunges 50° SE and

in the eastern part 20° W.

Green River syncline.--The Green River syncline lies

south of the Lindsay syncline, trending along the Green River
valley. It extends from Boundary Creek, where it aligns north-
westward with the Piling Creek fault zone, southeastward into the

drainage of the Naches.River, a distance of 24 miles in the map
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area. The fold has been traced for an additional 15 miles along
the Naches River southeast of the map area. The fold is sinuous
along its length and plunges irregularly. It plunges southeast-
ward from Boundary Creek to the area just north of Humphrey; from
the Cascade crest it plunges northwestward and southeastward.
The plunge is 15° NW in the area between Nagrom and Hot Springs;
elsewhere the plunge is 5° to 10°, The abrupt increase in degree
of plunge and minor faulting along the fold in the Green Canyon-
McCain Creek area is probably caused by the emplacement of the

dike complexes there.

Snowshoe Butte anticline.--The Snowshoe Butte anticline

separates the Lindsay and Green River synclines. The fold
parallels and has about the same length as the Green River syn-
cline. It is disrupted where it coincides with the Piling Creek
fault zone, in the area of the East Fork of Smay Creek and on the
west slope of Snowshoe Butte. The fold is well exposed along Gale
Creek and in the ridge northeast of Blowout Mountain, It plunges
5-25° NW from Blowout Mountain to the area between Céugar and
Sylvester Creek where it flattens. 'Along the west slope of Snow-
shoe Butte it plunges as steeply as 40° W.

Keechelus Ridge anticline.--The Keechelus Ridge anti-~

cline is the major fold along the eastern border of the map area.
It trends southeastward f£rom the west slope of Kendall Peak north

of the map area through Keechelus and Ambalis Ridges. The fold
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plunges about 5° SE toward Swamp Creek. The position and atti-
tude of the sandstone beds exposed along the road north of Swamp
Creek suggest that the axial plane of the fold dips eastward.

Cole Butte syncline.--The Cole Butte syncline lies in

the southeastern part of the map area, extending northward from
Cole Butte along Ccle Creek to the upper Yakima River valley.

Here the fold is truncated by the northwestward-trending Dandy
Pass fault, which has displaced the syncline to a position where
it lies along the west slope of Keechelus Ridge. The fold plunges
beneath the upper Yakima River valley.

Minor folds.--The Coal Creek anticline, Cyclone Creek

syncline, West Twin Creek anticline, Colquhoun Creek syncline

and Sawmill Creek anticline lie south of the Green River and are
open gentle folds trending northwestward ﬁo north-northwestward
diagonally across the broad gently northward-dipping homocline
which extends from the Tatoosh pluton to the Green River. The
Coal Creek anticline extends along the western border of the map
area from south of the White River to west of Palmer Junction, a
small community located on the Green River west of the map area.
The fold is probably the northwestward continuation of the Huckle-
berry Park anticline mapped by Fiske (1960, pl. 1). The fold had
been previcusly delineated by Warren and others (1945). North of
Palmer Junction the fold is probably truncated by the Lemolo

fault which trends northwestward along the north side of the
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Green River. Thelfold plunges about 25° SSE into the area near
Grass Mountain. South of the White River it plunges 10° NW.
The fold is tight in the area between Coal Creek and Palmer
Junction,

The Cyclone Creek syncline and the West Twin Creek anticline
trend northwestward from the White River. They are not traceable
in the area between Grass Mountain and Eagle Gorge. The Cyclone
Creek syncline plunges about 15° NNW. The West Twin Creek anti-
cline plunges an estimated 15° NW. It is probably thenorthwest-
ward continuation of the Chinook Pass anticline (Fiske, 1960,
pl. 1). These folds are offset by the northwestward-trending
Twin Creek fault.

The Colquhoun syncline and Sawmill Creek anticline are so
gentle that they are not traceable along the northern slope of
Huckleberry Mountain.

The Mount Washington anticline plunges an estimated 30° éE
along the southwestern side of the Cedar River, Ihe fold is not
traceable in the Cougar Mountain Formation because in the area
south of the Cedar River the rocks are highly contact metamor-
phosed and are intricately intruded by dikes.

The Mount Catherine anticline trends south-scutheastward
from north of the map area through Mount Catherine to Lake Keech-
elus. The fold plunges 30-45° SSE.

The Meadow Mountain anticline is a broad open northwestward

plunging fold which extends from Dandy Pass northwestward through
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Meadow Mountain. In this area the fold is horizontal; northwest
of the mountain it plunges 30° beneath the North Fork of the
Cedar River. The fold is traceable northwestward through the
contact metamorphic aureole along the southern side of the Suo-
qualmie batholith. West of Mount Gardner the fold is not trace-
able in the intensely metamorphosed zone. The fold has been
traced for a distance of about 10 miles.

Between Silver Peak and Meadow Mountain along the Cascade
crest minor folds trend across the regional southward dip and
. form structural terraces. East of the crest the folds plunge
gently northwestward. They die out in the area between Meadow
Creek and Lost Lake. The Mount Baldy anticline is the best ex-
posed of these structures. It is tightly folded at the northwest
where it is truncated by Snoqualmie granodiorite. To the south-
east it plunges gently toward the crest.

The Hyak anticline plunges about 40° S beneath Lake Keech-
elus. The Lake Keechelus syncline is poorly exposed in the
highway cuts along the east shore of the lake. It plunges about
5° S and underlies the southern part of the lake. The Whittier
anticline separates the Lake Keechelus and Cole Butte synclines.
It plunges about 20° S beneath the upper Yakima River valley south
of Lake Keechelus. The fold is named for the station along the
Chicago, Milwaukee, Saint Paul and Pacific Railroad in the SE%

sec, 22, T. 21 N., R. 12 E., located along the fold. It is



221
probably terminated on the south by the Dandy Pass fault. The
Log Creek syncline trends along the Cascade crest and plunges
about 10° SE into the drainage basin of Log Creek. Cabin Creek
anticline lies between the Log Creek and Cole Butte synclines.
It trends Qorthwestward to northward and plunges as steeply as
45° N beneath the upper Yakima River valley. The trace of this
fold cannot be clearly delineated in the field. It may be offsét
locally by minor faults in the area between Cabin Creek and the
upper Yakima River valley. Stout (1959, pl. II) delineated the

Cabin Creek anticline east of Log Creek.

Faults

General features.--The faults were mapped almost entirely

upon stratigraphic evidence. Termination of formational contacts,
abrupt changes in bedding attitudes, and local large linear zones
of highly fractured rock, especially along the Roaring Ridge fault
north of Roaring Creek, were guides for locating faults. The
faults cannot be delineated on the basis of topographic evidence.
No major fault contacts were located in the field. Consequently,
the attitudes of the fault planes is uncertain. Their relation-
ship to the topography suggests that they are high-angle. They
are interpreted in the structure crcss sections (pl. 2) as dipping
90°., Only the faults with a measureable stratigraphic displace-

ment in excess of 100 feet are shown on the map (pl. 1).
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Twin Creek fault.--The Twin Creek fault trends northwestward

along the north side of White River, in the south-central part of
the map area, for a distance of about 3% miles. It is not trace-
able east of Twin Creeks or northwest of Cyclone Creek because
the fault separates rocks of similar lithology in these areas.

It may trend northwestward into the Grass Mountain pluton. The
north side has been dropped down. The vertical stratigraphic
displacement is estimated to be 1,000 feet (pl. 2 D-D').

Lemolo fault.--The Lemolo fault strikes northwestward along

the north side of the Green River between Palmer Junction and
Eagle Gorge, in the west-ceatrel part of the map area. The fault
was first delineated by Warren and others (1945). It has been
traced northwest into the Cumberland quadrangle by H. D. Gower
(personal communication, June, 1961; Preliminary Geologic Map of
the Cumberland Quadrangle, King County, Washington: Wash, Div.
Mines and Geol., in press). It extends for a distance of 8% miles
in the map area. The fault probably connects with a branch of
Piling Creek fault system north of Eagle Gorge. It has an aver-
age stratigraphic displacement of 4,500 feet horizontally and
8,000 feet vertically determined by the offset between the out-
‘crops of the contact of the Eagle Gorge Andesite with the Huckle-
berry Mountain Formation. The nortn side has been uplifted and/or

moved eastward with respect to the south side.
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Piling Creek fault zone.--The Piling Creek fault zone

is named for the branching fault zone which trends northwestward
in the area between Boundary Creek and the North Fork of the
Green River in the northwestern part of the map area. The three
branches of the fault zone join northwest of the North Fork of
Green River and trend northwestward into the Hobart quadrangle
where the fault has been delineated as the Hobart fault.by Vine
(1962b). The fault zone has a length of at least 15 miles. To
the southeast the fault zone merges with the Green River syncline
and Snowshoe Butte anticline. The stratigraphic displacement is
greater than 2,000 feet along the southern branch, about 1,000
feet along the middle branch, and estimated to be 1,500-2,000

feet along the northern branch (pl. 2 B-B'). The total strati-
graphic displacement along the fault near Barneston may be

several thousand feet. Movement along the fault zone has resulted
in the uplift of a block between the northern and southern branches.

Dandy Pass fault.--The Dandy Pass fault trends northwestward

along the Cascade crest in the east-central part of the map area.
The nerth side has been dropped. The trend of the fault northwest
of Dandy Creek is indefinite. The fault may terminate at the
Meadow Mountain intrusive complex, coincide with the synclinal
fold along Meadow Creek or trend into the Mount Baldy fold. To
the southeast ihe fault extends along the upper Yakima valley to

near Lake Easton. It extends southeastward beyond the map area

and probably joins with the fault along the south side of the
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Easton Ridge, separating Easton Schist fromthe "Naches Formation"
to the 'scuth (Stout, 1959, pl. II). The fault is at least 10
miles long in the map area. North of Stampede Pass the fault has
a stratigraphic displacement of 4,500 feet (pl. 2 F-F'). To the
southeast the horizontal displacement measured along the offset
of the Cole Butte syncline is 5,000 feet.

Roaring Ridge fault.--The Roaring Ridge fault extends from

Cole Creek southeastward along the east side of the small quartz-

pyroxene diorite pluton at Roaring Ridge and along the east side
of the upper Yakima valley south of Roaring Creek (pl. 2 E-E',
E-E") in the area west of Lake Keechelus. The fault probably
extends along the valley and joins the Dandy Pass fault east of
Stampede Pass. The fault may extend northwestward to Olallie
Meadows although no evidence for a fault was found in that area.
The fault has truncated minor tight folds in the Snow Creek and
"Naches Formations" along Roaring Creek. The stratigraphic dis-
placement is about 500 feet at the mouth of Roaring Creek, The
displacement probably increases to the southeast. The fault is
at least 6 miles long.

Minor fault.--A fault trends northwestward near the junction

of Snow and Sunday Creeks west of Stampede Pass. The northeast .
side has been dropped, offsetting the Stampede Tuff. The strati-
graphic displacement is about 150 feet. The fault has been

traced a distance of 2% miles.
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Structures in the Lake Keechelus area

Geologic sections, plate 2 E-E", F-F', and especially I-I',
reveal complex structural relationships in the area of the south
end of Lake Keechelus. Section I-I! shows that the Stampede Tuff,
which has its greatest stratigraphic thickness on the éast shore
of the lake, thins abruptly in the central part of the lake. The
minor folds near Roaring Creek (pl. 1) trend east-southeastward
toward the lake yet do not extend across the lake. Part of the
complication is due to the lack of bedrock exposures south of the
lake. The Mount Catherine and Hyak anticlines, the intervening
syncline and the Lake Keechelus syncline plunge southward under
. the lake but are not traceable southward. However, the relation-
ships indicate the possibility of a fault extending southward
from the east side of the outcrop of sheared Mount Catherine Tuff,
located east of Hyak, through the middle of the lake and joining
the Roaring Ridge fault beneath the surficial depoéits in about
sec. 22, T. 21 N., R. 12 E. Foster (1960, pl. 1) placed a fault
trending north-northeastward along the east side of the Gold
Creek valley. The fault does not extend this far north because
the strata of the "Naches Formation" strike northwestward from

Rampart Ridge across Gold Creek through Kendall Peak.

Arching of the Cascade Range

Evidence of the late Pliocene arching of the Cascade Range

is not well shown in the map area, Absence of Yakima Basalt and
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aly remnants of Ellensburg Formation preclude determination of
the precise age and extent of the uplift. The axis of uplift
cannot be located in the area. The topographic crest is not
necessarily the crest of uplift. The arching has probably been
broad and the crest subsequently has been deeply eroded. The
elevations at the base of the outcrops of the Ellensburg Forma-
tion, described within and adjacent to the map area, increase
eastward to Ravens Roost., However, this does not necessarily
indicate that the axis of uplift lies east of the present topo-
graphic crest. The outcrops are remnants of deposits which accum-
ulated in topographic lows during late Miocene to Pliocene or

within slight downwarps preserved since early Pliocene.

Interpretation

The northwestward structural trend in the map area parallels
the regional trend in central Washington shown in the Tectonic
Map of North America, 1962. The intricate relationship of the
folds and faults indicates that the structures are the result
of the same stress system. The direction of release in the
stress system has been primarily vertical, producing structurally
higher blocks resembling the horst-wedges of Pratt (1961, p. 1548).
The Newcastle Hills-Tiger Mountain structural high west of the '
area, and the Thorp Mountain-Cle Elum Ridge structural high, to

the east are the major wedges adjacent to the map area. The
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southeastward-plunging folds north of Chester Morse Lake and
Mount Catherine may overlie two other horst-wedges ad jacent to
the area. The major structural depression in the map area over-
lies primarily a graben, and the adjacent folds and faults are
the adjustment of the strata to the compression in the zones
bordering the horst-wedges.

The curved trend of the Lindsay syncline around the southern
end of the Snoqualmie batholith may indicate a slight warping of
the strata in response to uplift of the pluton during or since
its emplacement.

The compressional stress system was active in late Eocene
prior to deposition of the Mount Catherine Tuff. The compression
may have been initiated earlier; however, evidence to date fold-
ing earlier -than late Eocene is not present in the map area. The
deformation probably has persisted to recent time. In the order
of their decreasing intensity, the following periods of deforma-
tion have occurred in the map area:

(1) middle Miocene (pre-Yakima Basalt)

(2) 1late Eocene (pre-Mount Catherine Tuff)

(3) 1late Miocene to early Pliocene (pre-Ellensburg
Formation), and

(4) late Eocene to early Oligocene (pre-Stampede Tuff).
Most of deformation during late Eocene to early Oligocene was the
result largely of continued subsidence of the area south of the

Green River.

~
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GEOLOGIC HISTORY

1. In the middle (?) and late Eocene a broad flood plain

sloping westward existed in the map area. The sea coast lay
several miles to the west. The climate was warm and humid.
arkosic and volcanic sediments and lava flows accumulated upon
the plain as it gently subsided, accumulatibn roughly equalling
the rate of subsidence so that the area was never submerged by
marine waters. The deposits form the Puget Group and the Guye
Formation. The arkosic and volcanic sediments are interstrati-
fied and were derived from different sources. The arkosic sedi-
ments came from a gfanitic crystalline source north and east of
the area. The volcanic detritus and lava flows were derived from
an extrusive source which was projected above the flood plain
some distance to the west (Crandell and Gard, 1960).

2. In the late Eocene the deposits were deformed and the
entire area subjected to erosion. Uplift was greater to the north
and east where much of the upper part of the Puget Group was re-
moved. Erosion lowered the area to a low-lying hilly terrain.

3. In the late Eocene extensive sheets of rhyodacite and
dacite ash accumilated. They form ;he Mount Catherine Tuff.

4, Then followed a period of less violent volcanic erup-

tions, in which a great quantity of lava was extruded from a



source immediately southwest of the area and accumulated within
a long nerth-south trough as a thick succession ©
breccia flows. These rocks are preserved as the Enumclaw Forma-
tion. Fragmental ejecta blanketed the area to the east. They
were in part interstratified with arkosic sediments and a few
lava and breccia flows. The arkosic sediments were derived, as
in Puget time, from a crystalline source to the north and east of
the map area. A few lavas, e.g., the Rampart Ridge Porphyry
Flows, were derived from scattered sources in the immediately
surrounding area. The interstratified arkosic sediments and vol -
canic rocks ére the "Naéhes Formation." Subsidence of the area
was in progress at the same time.

5. Outpourings of large quantities of lavas ceased but were
followed by prodigious volumes of fragmental volcanic ejecta de-
rived from probably large explosive volcanic centers lying out-
side the area. a few lava flows, extruded from local sources,
were interstratified with the deposits of ejecta. The accumula-
tion is the H;Eklgberry Mountain Formation. The rate of outpour-
ing exceeded the réEé of subsidence; Irregular, gentle warping
of the strata accompanied the subsidence.

6. Probably still in the late Eocene, explosive volcanic
activity ceased. Subsidence of the area continued but probably
at a rate slower than during Enumclaw and Huckleberry Mountain

times.
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7. Near the close of Eocene time the area was buried be-
neath a thick succession of lavas which filled the previously
cut valleys. These lavas form the Eagle Gorge Andesite., Mild
warping of the area proceeded during the same period.

8. Warping and subsidence continued, especially the latter
in the southern part of the area, after cessation of extrusion
of the Eagle Gorge Andesite.

9, In the late Eocene or the early Oligocene the area was
again blanketed by sheets of dacite ash, forming the Stampede
Tuff. The ash was derived from a fissure in the northeastern
part of the area, and distributed over the area primarily as ash
falls, The ash filled the topographic iows in the area.

10. The dacite ash falls were succeeded by explosive volcanic .
eruptions and relatively mild upwellings of lavas, which contrib-
uted to thick accumulations of fragmental ejecta in the eastern
and western parts of the area respectively. These deposits were
preserved as the Snow Creek Formation. Gentle warping of the
area continued at the same time,

11. Accumulation of volcanic rocks past Snow Creek time may
have continued in the area but record of such deposition has been
removed by erosion probably in the very early Miocene. The
climate during the erosional interval was more temperate than

previous, being probably cool and moist.
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12. In probably early Miocene time lava flows descended
the valleys and were attacked by the streams. Much of the new
flow rock accumulated as coarse conglomerates and filled the pre-
existing valleys. Later flows covered a subdued terrain. The
conglomerates and flows constitute the Cougar Mountain Formation.

13, During the middle Miocene the area underwent ma jor
deformation, followed by intrusion of hypabyssal porphyries and
the emplacement of the Snoqualmie batholith. Deformation did
not, however, cease. The major structures within the area were
formed during this period. The area was elevated, the northern
part to & greater extent, and the total area was subjected to
more severe erosion then during earlier Tertiary time. During
this erosional period the major drainages were formed.

14, By.the beginning of the late Miocene the area was sub-
dued topographically but yet had moderate relief. The Yakima
Basalt flows may have extended across the southern part of the
area,

15, Deformation of the area occurred again at the end of
Yakima time during late Miocene to early Pliocene. The deforma-
tion was along the same trends established in the late Eocene amd
reenforced in middle Miocene. The climate was now temperate, cool
to cold and moist. The topography was hilly, of low to moderate

relief, not mountainous.
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16. In the Pliocene products cf andesitic volcanism accum-
ulated as sediments and flows in the topographic lows and prob-
abiy did not bury the high points of relief. These deposits con-
stitute the Ellensburg Formation.

17. Ellensburg deposition culminated when the Cascade Range
was arched, in the late Pliocene. Deformation has probably con-
tinued to the present time. The present valleys began to take
shape.,

18. In the Pleistocene erosion continued to deepen the
valleys; alpine glaciation sculptured the high peaks and the
westward-fiowing rivers were impounded two or more times by large
masseé of ice which occupied the Puget Sound lowland. The im-
pounding of the rivers resulted in diversion of their courses.

19. Erosion of the area has continued to the present time
_ although the landscape is little modified since the end of the

Pleistocene.



APPENDIX A

Stratigraphic Sections

Type section of Mount Catherine Tuff

Location: Center of sec. 22, T. 22 N., R. 11 E., along west
side of U.S. Forest Service road about one mile

south of Hyak (MC 1).
Mount Catherine Tuff Feet

Top is concealed by glacial gravel
19 Crystal-vitric tuff, quartz and feldspar, pale
red-purple, eutaxitic layering . « « « « ¢« ¢ ¢ « o 50
Top unit (3201')
18 Crystal-vitric tuff, medium-bluish-gray, coarse-
grained quartz, speckled with hematite (spec. 2) . . 320
Middle unit (330*) i
17 Lithic-pumice crystal-vitric tuff, grayish-red-
purple to greenish-gray, scattered % mm grayish-
red-purple lithic fragments, light-gray flattened
punice fragments, 2 mm long, abundant scattered
fine- to coarse-grained prismatic plagioclase and
rounded quertz crystals. Lower 5 ft. has abundant
cobble-size pumice fragments (spec. 3). « « « + o o 40
16 Pumice crystal-vitric tuff, variegated gray, purple,
pale green, pale pink to pale red, a few pale red-
purple lithic fragments, abundant pale green pumice
fragments, with plagioclase and pyrite crystals,
3 mm long, abundant scattered fine- to coarse-
grained rounded quartz crystals; decreases in
plagioclase crystals upwards; blocky jointing;
well-developed eutaxitic layering . . . ¢ « « « o © 140
15 Covered interval . . o« o o o o o o o o o o o o o o o 150
Lower unit
14 Vitric tuff, light gray, iron oxide-stained, very
few quartz crystals, dense, very well-developed
eutexitic layering (spec. 1) ¢« ¢« ¢« ¢« ¢ ¢ o « o o o o 30
Covered interval . . . ¢ ¢ o ¢ o ¢ o o o o o o o o @ 20
Pumice vitric tuff, light gray, very light gray-
weathering, abundant flattened pumice; well-devel-
oped platy jointing; contains a few dark gray
veinlets Of QUATEZ o & o « o o o« o o o o o o o o o o 80

1=
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Feet
11 Vitric tuff, light-gray, hematite speckled,
scattered flattened pumice, 3 x % mm in size, 50

dense, eutaxitic layering, blocky jointing . . . .

10 Andesite dike, dark greenish-gray, fine-grained,
trends N8O°E, dipping 70°NW . o ¢ o o o ¢ ¢ o o o o o 4

9 vVitric tuff similar to ll; very well fractured,
very light-gray weathering; anastomosing veinlets

of quartz occur in lower 10 feet . « « « &« ¢ o ¢ o o & 30
8 Covered Interval . « ¢ o o o s o ¢ o o o o ¢ o o s o o 100
7 Vitric tuff similar tc 11l . ¢ ¢ ¢ ¢ ¢ o o o ¢ o o o o 20
6 Covered Interval . ¢ ¢ ¢ o o o o ¢ ¢ ¢ o s o ¢ s o o o 25
5 Andesite ‘dike, dusky-brown-weathering, fine grained. . 5
4 Vitric light-gray tuff, moderate brown-weathering,
few scattered coarse-grained rounded quartz . . . . . 40
3 Covered interval . o ¢« ¢ o o ¢ o o o o o o o o s o o o 120
2 Crystal-vitric tuff, light-gray, quartz-bearing,
blocky jointing . ¢« o ¢ « o ¢ o o ¢ s o o o o o o o o 75
1 Covered interval . . « ¢ ¢ ¢ o o o ¢ o s ¢ o o o o o 160
Thickness of Mount Catherine Tuff . . . . « « « « « « « « 1,420

Type section of Enumclaw Formation (upper part)

Location: Measured along road in SWk sec. 15 and W% sec. 22,
T. 20 N., R. 7 E. (E 1). Top of section lies in
the NW4SE%SWX sec. 22, at the south end of Boise
Ridge.

Enumclaw Formation Feet

Glacial gravel and clay lenses

13 Breccia flow, rounded fragments, grades downward
into pyroxene andesite porphyry flow, dark gray,
with zones of preferential weathering, light gray
to pale red brown; crude columnar jointing,

colums 6 ft. diameter . « « ¢« ¢ ¢ ¢ ¢ ¢ ¢ o ¢ ¢ o o o 150
12 Covered interval . . o« o« ¢ « ¢ o o ¢ s o o o o ¢ o o o 600
11 Cyclone Creek Flow Member: pyroxene andesite
porphyry flow, medium gray . . « « ¢« ¢ o ¢ ¢ o o o o o 20
10 Breccia- flow, pale blue, pale red purple to pale pink. 120
9 Covered interval . ¢« o « o ¢ ¢ ¢ o o o o ¢ o o ¢ s o 450
8 Breccia flow; flow rock fragments have well-developed
plagioclase phenocrysts and are flow-layered . . . . . 90
Covered interval . . o « o o ¢ o ¢ ¢ ¢ o o o o o o o & 230

7 Pyroxene andesite porphyry flows, pyroxene increases
in content upwards; incipient flow layering; platy
and crude columnar jointing. Basal flow is 40 ft.

thi Ck L I~ L L) L L4 ® L] L] - L] L] [ ] [ ) L ] L ] L] L ] L] L L L ] L] . 1 20
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Feet
6 Covered interval . o« « « o o ¢ o o o o ¢ 2 o s o o o 1,600
5 Breccia flow, yellowish gray to moderate greenish
vellow; abundant chalcedony . . « ¢ ¢ o o ¢ o o o o 120
4 Covered interval . « « o o o o o o ¢ o o+ o o & 90
3 Aandesite porphyry flow, glassy to aphanitic, black
platy jointing; greenish black splotches . . . . . . 85
2 Breccia flow, vesicular aphanitic andesite porphyry
fragments, 6 ft. diameter, finer towards top . . . 100
1 Andesite porphyry flow, highly vesicular to scori-
aceous, aphanitic; fiow layering; chalcedony
amygdules; black and less vesicular toward base . . 120
Covered interval ‘
Base is not exposed ‘
Thickness of Enumclaw Formation . . « ¢ ¢ ¢ ¢ ¢ ¢ o o o 3,895

Stratigraphic section of Enumclaw and Huckleberry Mountain
Formations

Location: Along the south side of the Green River valley from
Bear Creek westward. Section is measured along
logging roads in Bear Creek drainage basin, in the
W5 sec. 28 and sec. 29, and along the Northern
Pacific Railroad and Weyerhaeuser Company road in
the NW% sec. 28, S% see. 20, N% sec. 19, SW% sec. 18,
T. 21 N., R. 8 E., and sec. 13, T. 21 N., R. 7 E.

Base of Eagle Gorge Andesite not exposed

Huckleberry Mountain Formation Feet
Covered Interval . o o « o « o o o o o ¢ o s o o o o o o 50
24 Interstratified lapilli-tuff and accretionary

lapilli-tuff, light brownish-gray to yellowish-gray. 5
23 Covered interval « o « ¢ ¢ ¢ ¢ ¢ ¢ o ¢ o o o o o o o 315
22 Andesite £1lOW . ¢ o o o o ¢ ¢ o s o s 6 o o 0 2 o o 30
21 Lapilli-breccia, green to dusky red; coarse volcanic

sandstone at the tOp « « o o ¢ o o ¢ ¢ o o ¢ ¢ o o o 50

20 Andesite flows, dark-gray; massive to flow-layered;
platy to blocky jointing; interbreccia zones

(spec. 10) v o o ¢ o ¢ o o o o o 5 o s s s o o o o o 200
19 Covered interval . . . « « ¢ ¢ o ¢ o o o o o s o o o 130
18 Tuff-breccia; abundant dusky red pumice fragments. . 50
17 Tuff-breccia, greenish-gray; intruded by dark-green

andesite dike, 25 ft. thick, trending N30°E80°NW . . 55
16 Pumice lapilli-breccia, greenish-gray; intruded by

irregular andesite dike, 10 ft, thick . . . . . . & 75

15 Covered interval . 3 . . e o [ . L) . . . cA . [ . ] . 190 ‘



236

14, Rack Creek Tuff Member Total Thickness . . . .

11
10

NWHsUNOoOV 00 O

1

d. Lithic-pumice vitric tuff. « . « « + + o . 23
c. Pumice crystal-vitric tuff, yellow-

brown; mottled (see pL. 10B) . « « « « ¢« « 75

. 50

b. Pumice crystal-vitric tuff, olive-gray .
a, Crystal-vitric tuff, dark-greenish-gray
* L] * L] L] L ] * L] L] L L] * ] 150
13 Covered interval; a few flows exposed intermittently
12 Bear Creek Mudflow Member Total Thickness. . . « «

(spec. 9) . . .

h.

Mudflow, light-greenish-gray lithic-pumice
tuff-breccia; pumice fragments increase in
size up to 12 in. at base, flattened . . . 285
Mudflow, similar to above mudflow; pumice

and breccia fragments 12 in diameter at
base; abundant carbonized tree fragments . 325
Lithic tuff-breccia, green . « « « o « o o 0
Lithic pumice lapilli-tuff; light-
greenish-gray; flattened pumice fragments;
scattered carbonaceous fragments . . . . . 15

Shear zone

d.

C.

b.

Mudflow, lithic-pumice tuff-breccia and
pumice lapilli-tuff, gray to light-green;
iithic fragments up to boulder in size
(see Ple 7A) o o o o o o s o o o o o o o o 150
Mudflow, lithic-pumice lapilii-breccia,
light-green; carbonized tree « « + + « « » 73
Boulder lithic tuff-breccia; fragments up

to 3 ft. in diameter . . + ¢ ¢+ ¢ ¢ ¢ o o o 10
Mudflow, lithic-pumice tuff-breccia, light-
green to dark-greenish-gray; lithic frag-
ments up to 4 ft, in diameter . . . . .

Covered interval . . .

Tuff-breccia, slabby weathering. .
Aphanite flow, brecciated, dense .
Flow, curved fracture faces; lower

altered . « ¢ ¢ o o &
Covered interval . . .
Breccia flow « ¢« ¢ « &
Lithic tuff-breccia .
Covered interval . . .
Tuff-breccia; abundant

L ] L] [ ] [ o L 4 L 4 ]

e o o o [he o
N a

e o o o o nne e o

is

carbonaceous fragments.

Pyroxene andesite porphyry flow; platy to irregular
JoInting . o o ¢ ¢ ¢ ¢ o ¢ ¢ o s o 0 o s o s o o o o
Covered interval, McDonald Point Tuff Member occurs
in this interval . . « ¢ ¢« ¢ ¢ ¢ o ¢ o o ¢ ¢ o o o o
Thickness of Huckleberry Mountain Formation

Feet
300

400
1,300

810
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Enumclaw Formation

32

31
30
29
28

27
26
25

24
23
22
21
20
19
18
17
16
15
14

13
12
11

Interstratified lava and breccia flows; medium
gray, pale green, grayish purple;Jaltered.

Flow, platy jonting . . . . .
Breccia flow, moderate red .

Flow, irregular jointing . . .
Flow unit Total thickness . .
d. Vesicular zone . « « « =«
c. Irregular to platy jointi
b. Platy jointing zone. . .
a., Bottom breccia . . . . .
Volcanic sediments . « « « « .
Saprolite, very dusky red. . .
Flow unit Total Thickness . .
c. Top breccia . . . . . .
b. Flow, platy to irregular

a. Breccid flow,
Flow, curved platy jointing
Breccia flow, altered . . . .
Flow, platy jointing . . . . .
Covered interval . . . « « « &

L]
o
L d
L
0
L ]
L 4
*

L] L] ] L] .

g zone

jointing

10 ft. blocks

Lithic-pumice tuff-breccia, pale green
Tuff-breccia, grayish red, fissile .
Lithic tuff-breccia, pale green .

Tuff, fine, pale green tc light-gray,

Lithic tuff-breccia; grayish red .

Covered interval . . ¢ « ¢ ¢«
Flow unit Total thickness . .
c. Breccia flow, altered .
b. Flow, irregular jointing

a, Breccia flow, grayish green,

fragments . . . - s &

Flow, andesite porphyry . .
Covered interval . . . . . .
Flow unit Total thickness .
b. Flow, blocky jointing
a., Bottom breccia . . . .
Saprolite, very dusky red . .
Lithic tuff-breccia (mudflow),

soft, deeply weathered . . . .
Covered interval . . « « « .
Flow unit Total Thickness

a., Pyroxene andesite porphyry flow, brown-
1sh black to dark greenish gray; blocky

2]

L] 3 . [ [ ] [ ]

fissi

L] L] L] [ [ ]

:

Qe o o ¢ o oo o o o o o e o
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L d
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dusky yellow green;
fine cobble to boulder size fragment; altered. . .
Pumlce crystal tuff-breccia, plagioclase crystals,

L J e L] L L] . L ®

j o i nting [ ] [ ] L] L L] * L 4 L4 L] L] L] L ] L ® [ ] [ ]

N
o

60

Feet

100
25
10
20
60

30
50
15
45
20

600
20
20

40
70

390
25

110
50

470

60
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Feet
5 Saprolite, very dusky red . . . o « o o o o o o o o 3
4 TFilow unit Total thickness . . « ¢ o ¢ o o o o o o o 160
c. Breccia flow, grayish green, grayish
red towards LOD « « « o« o o o o o o s o o &0
b. Flow, brownish black, blocky to irreg-
ular jOinting [ L L] L] L L * [ ] ® [ ) [ ] L) L] [ ] 40
a. Breccla flow, graylish green, grayish red
towards DOCLOm + o« « o o o o o ¢ « o o o o 40
3 Flow, blocky irregular jointing . . « . . ¢« « ¢ o & 30
2 Covered interval . ¢ o o o o o o o o o o o o o o o o 180
1 Interstratified breccia flows, grayish green, medium
gray, yellowish gray; zeolitic; 2-foot interbeds of
335

pale green lapilli-tuff . . . ¢ ¢ ¢ ¢ o o o o o ¢
Covered interval

Thickness of Fnumclaw FOrmation .« « o « « o o o o o o o 4,560

Stratigraphic section of lower part of Huckleberry Mountain
Formation and upper part of "Naches Formation"

Location: Blowout Mountain and along the ridge to the south-

east. Section starts atop Blowout Mountain in the
NENEXNEX% sec. 14, T. 19 N., R. 12 E., and extends
southeastward to the saddle in the NWINE%SW% sec.
18, T. 19 N., R. 13 E.

Huckleberry Mountain Formation Feet
Top of Blowout Mountain
26 Pumice tuff-breccia, brown; massive; slabby

weathering « « o o o o o o o o o o o s o o o o o o o 65
25 Pumice tuff-breccia, green . . « « o« ¢ o o o o o o o 60
24 Lithic-crystal tuff-breccia, yellowish-gray; grades

upward into crystal tuffin upper 10 ft. . . . . . . 35
23 Lithic tuff-breccia, massive, light-gray to grayish-

blue; crystal and vitric constituents increase and

lithic fragments decrease upwards . . « « « ¢ o o o 20
22 Lapilli-tuff, grayish-yellow-green to green . . . . 30
21 Pyroxene andesite porphyry flows, grayish-black;

consists of 2-3 flow units (see pl. 10B) . . « « « & 45
20 Crystal tuff, brownish-black, massive, concretionary

weathering « « « s o o o o o ¢ ¢ o o o o o o o o o o 10
19 Crystal tuff, dusky green, soft . . . . . . . . . . 5
18 Pumice tuff-breccia, dusky green . . « . « « s « ¢ o 50
17 Volcanic sandstone, olive-gray to yellowish-gray,

thin‘bedded..................... 10
16 Pumice tuff-breccia, light-greem . . . . ¢« ¢« « « ¢ & 30
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12

11
10
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Crystal-vitric tuff, light-green to greenish-
ay.........l..0.......00.0
Crystal-pumice tuff-breccia, green, brown-weathering
massive; slabby weathering in upper 15 ft. . . . . »
Unmeasured interval on northeast side of Blowout
Mountain from saddle to north of mountain to pond
DElOW o« « o o o o o o o o o o o o o o o o o o o o o
Pyroxene andesite porphyry flow, black; vesicular
zone at base; columnar jointed; breccia flow caps
unit. Flow unit caps southeast ridge . « « « . . .
Crystal-pumice tuff-breccia, massive; coarser flow
rock fragments occur nea&r tOP .+ o + o o ¢ ¢ o o o o
Interstratified fine tuff, crystal tuff, and
lapilli-tuff . . ¢ ¢ ¢ o o o o o o o o o o o o o o o
Tuff-breccia, brown, massive; concretionary weather-
ing; vesicular flow rock fragments; angular pumice
fragments 2 in diameter; wood fragments occur at
40 ft. above base . . ¢ ¢ ¢ o ¢ o o o o o o o e o o
Saprolite zone, dusky red . . . ¢ o o ¢ o o o o o
Interbedded crystal tuff-breccia and pumice lapilli-
tuff, massive; thin- to thick-bedded; fine tuff at
TOP + o o o o o o o o o ¢ o a4 o o s s o o o o 0 o 0
Interbedded fine and coarse crystal tuff, pale
greenish-yellow todive; fine tuff is flinty . . . .
Vesicular andesite flow, brown-weathering; locaily
brecciated; chalcedony fillings in geodes . . . . .
Tuffaceous sandstone, pale olive, coarse-grained,
thin-bedded.....-..............
Tuff-breccia, yellowish-gray; deeply weathered . . .
Crystal-vitric tuff, olive-gray, brown-weathering;
MaSSIVEe =« o ¢ o o o o 5 s o ¢ o s ¢ o o o o o o o @
Interbedded lapilli-tuff and coarse-grained tuffa-
ceous sandstone, yellowish-gray; gray-weathering;
leaf fossils occur at 20 ft. above base (see
Appendix C) v v o o ¢ ¢ o s o o o o s 0 e 0 0 e oo

Thickness of Huckleberry Mountain Formation

(lower part) L L L ] L} L L] * [ ] L ] L L] [ ) L L L ] L L L ] L L

"Naches Formation" (upper part)

9

Crystal-pumice tuff-breccia, pale grayish green;
consists of . 2-3 units of air-fall detritus; gray
zone in upper 25 ft. is approximate stratigraphic
interval of Blowout Mountain Flow Member; 15-ft.
zone of yellowish-gray tuff occurs at base . . . . .

Feet
20
50

6007F

25
60
20

45
75
10

15
30

15

160
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Feet
8 Porphyritic andesite flows, "felsitic,” dusky red;
bl OCky jOinting [ ] * * [ L L] L ] L ] L ] * [ ] [ [ ] L L ] * L 4 L 9 5
7 Pumice crystal-vitric tuff, very light-gray . . . . 15
6 Pumice'cr}'Si’.al tuff-breCCia’ gl’een e o o e o e o o o 80
5 Porphyritic andeesite flows; derk-green; vesicular, . 50
4Cryst&ltllff-breCCia......a...o..... 15
3 Volcanic sandstone, light-gray; tuff occurs at top . 150
2 Interstratified tuffaceous sandstone; siltstone and
t‘ﬁf ® L L ] L ] [ ] L ] L ) L o o [ [ ] L ] [ * ® [ ] * L] L] L ) e L 4 * 100
1 Interstratified black micaceous siltstone and gray
tuffaceous sandstone . « « o « o o o o ¢ o o o o o o _20+
Measured Thickness of "Naches Formation" . . « « ¢ ¢« « « 685

Type section of Stampede Tuff

Location: Along Sunday Creek west of Stampede Pass in the
NW% sec. 25, T. 21 N., R. 11 E. The base of the
formation is exposed along the road about % mile
west of the pass in the NW3SE¥NWY sec. 25 (ST 1;

see pl. 19).

Snow Creek Formation Feet
Lithic volcanic sandstone, grayish-green . . . . . . 6
Stampede Tuff
8 Zone 4. Lithic crystal-vitric tuff, yellowish-gray. 15
7 Covered interval . . . o ¢ o ¢ ¢ o o o o o o 0 o o 25

6 Zone 3. Crystal-vitric tuff, light greenish-gray;
scattered %-% in. angular grayish-green pumice

fragments . o o« o ¢ ¢ o o o o 0 0 o o o e 0 0 s s e 25
S5 Covered interval . . « « ¢ o o o s o o o s o o s o o 160
4 Crystal tuff, olive-gray . « « « ¢« o o o o ¢ ¢ o o & 10
3 Covered interval .« « ¢« ¢ o ¢ o o o ¢ o o s o o o o o 100
2 Pumice crystal-vitric tuff, light-gray to pale olive;
1-6 in. compressed pumice fragments; good eutaxitic
layering . « o o ¢ o ¢ ¢ o s o s o 0 o o o 0 e 0 oo 70
1 Pumice breccia, greenish-gray . . . « « « ¢ o ¢ o« & _20
Thickness of Stampede Tuff . . « . « ¢« ¢ ¢ ¢ ¢ & ¢ ¢ o & 425

Huckleberry Mountain Formation
Volcanic sediments, volcanic sandstone and lapilli-
breccia, variegated
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Type section of Snow Creek Formation

Location: Along the north side of the U.S. Forest Service
road, about l¥mile west of Stampede Pass, in the
SEXNWANEY% sec. 35, T. 21 N., R. 11 E. (SC 1).

Snow Creek Formation Feet
14 Sunday Creek Tuff Member . . « « ¢ o o o ¢ o o o o & 80+

e. Lithic-pumice-crystal lapilli-breccies,
moderate blue-green to olive-gray . . . . 15
d. Upper vitrophyre zone. Black crystsi-
vitric tuff, colummnar-jointed. . . . . . 6-20
¢, Pumice-crystal tuff-breccia, light-
EYCEINL .+ o o o o o o o o o o o o o o o »
b. Lower vitrophyre zone, thins to north. ..
a, Lapilli-tuff, green . « ¢ ¢« ¢ ¢ ¢ & o &
13 Crystal-vitric tuff, greenish-gray . . . . . . .
12 Lithic tuff-breccia, boulder size fragments; abun-
dant carbonaceous fragments at base; mudflow . . . 40-75

10-4
.
.
.

11 Tuff, yellowish-gray to greenish-gray; well-bedded . 1
10 Tuff. dusky red to light olive-gray . . . . . « . & 4
9 Lapilli-tuff, yellowish-gray; soft . . . . . . « . & 1
8 Interstratified yellowish-gray volcanic sandstone
and dusky red laminated siltstone; slumped bedding
(5 PLe 7B) ¢ 4« o « o o o o o o o o o o o o o o 2 o 1
7 Interstratified tuff, lapilli-tuff, volcanic sand-
stone, yellowish-8ray .« o« o« o « o o« s o o o o o o 1%
6 Lapilli-tuff, yellowish-gray; well-indurated . . . . 1
5 Interstratified, fine- to coarse-grained volcanic
sandstone, dusky red to green . . « ¢ ¢ ¢ o o o o o 6
4 Interstratified lapilli-tuff and tuff, yellowish-
gray to greenish-gray . . . ¢« ¢« ¢« ¢ ¢ o ¢ ¢ ¢ o o o 2
3 TUFE, OLIVE-BTaY « o « « ¢ o o o o o o o o o o o s o 1%
2 Lapilli-tuff, yellowish-gray . . « ¢« ¢« ¢ ¢« ¢ « o« ¢ & 2
1 Interstratified lapilli-tuff, dusky red to light-

green L ] L] - L] [ ] ® [ ] * L ] » ® - ® [ L ] L] L] L] L ] L ] L ] L] [ 2
Base not exposed
Thickness of Snow Creek Formation . . ¢ & « « ¢ o & o & 182+
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Stratigraphic section of "Naches Formation™

Location: Along the north side of U.S. Highway 10, about

5 miles northwest of Easton. Section starts in
the NWiSEXNWX sec. 31 and extends into the MW

NW3Sw% sec. 37, T. 21 N., R. 13 E. (N 4).

1Naches Formation"

61

60
59
58
57

56

55
54

53
52

51
50
49

47
46
45

43
42
41
40
39
38
37

Rampart Ridge Porphyry Flow Member . . . « « « « . &
- ¢c. Andesite flows, dark greenish-gray;
amygdaloidal; porphyritic toward top . . . 400+
b. Andesite flow, amygdaloidal. Has a 10-
ft. breccia at top « ¢« ¢ ¢ ¢ ¢ o o o o .
a., Lower porphyry flow, greenish-black. .
Covered Interval . o ¢ o ¢ o ¢ o o o o o o o
andesite flows, clive-gray; amygdaloidal . .
Covered intexrval « « ¢ o o o ¢ o o o o o o o o o o
Andesite flow, greenish-gray; amygdaloidal toward
top . L] [ ] L [ ) L * L] L] ] L] L [ ] L] L ] ® L ] . [ ] L ] L] [ L] .
Micaceous volcanic sandstone, greenicsh-gray to
medium light-gray; thin-bedded . . . ¢« ¢ ¢ ¢« « « . &
Sandstone, light-gray; fine-grained . . . . . ¢+ . »
andesite flow, greenish-gray; amygdaloidal toward
top [ [ ] L ] [ ) [ L[] L] ® [ ] [ ] . . [ L ] [ ] [ 4 L ] L[] [ ] L] * * L] L)
Porphyritic andesite flow, dark gray to dark green-
ish gray; upper 5 ft. is breccia . . « ¢« ¢ ¢ o« ¢ « &
sndesite flow, dark gray; columnar-jointed; a few
amygdules . . ¢ ¢ ¢ o o o o o 0 o o v 0 e o
Andesite flow, dark gray; vesicular . . . .
Covered Iinterval . « ¢« ¢ ¢ o o o ¢ o o o o &
indesite flow, medium gray; vesicular and
amygdaloidal toward tOP « « o o ¢ ¢ o o o o o o o o
Unleantirs sandstone, light olive-gray to greenish-
gray; thin-bedded . « ¢« « ¢+ o o o o o o ¢ ¢ ¢ o o« &
sndesite flow, medium gray; vesicular and
amygdaloidal in upper 15 ft. . . . o « ¢ o ¢ ¢ ¢ ¢ &
Volcanic sandstone, light olive-gray to light-gray,
fine-grained . . « « ¢ ¢ ¢ o o o o o s s o o e o e
Covered interval - small creek ¢ « « ¢« ¢ ¢ ¢ o o &
Volcanic sandstone, light olive-gray tolight-green
Tuff, green, fine-grained . . . « . ¢« « & ¢ + o &
Micaceous sandstone, light-gray, coarse-grained .
Tuff, light-green . . « ¢ ¢ ¢ ¢ o ¢ ¢ o o o o o o
Micaceous arkosic sandstone . . ¢« o ¢ ¢ ¢ ¢ o o o o
Micaceous tuffaceous sandstone, light greenish-gray.
Sandstone, light-gray, coarse-grained . . . . . ¢
Interstratified tuff and volcanic sandstone, medium
1ight-8Yay . o+ o o ¢ ¢ o o ¢ o ¢ o o o o ¢ o o o o »

o [ ] LY

L] L] L] [
[
*

L ] L ] L ] ° L] L

Feet
510+

75
300
450

30

10

20
70
40
20
400
150
35
50

10
100

OPWLWLWUYW



36
35

34
33

32
31
30
29
28

27
26

25
24
23
22

21
20
19
18
17
16

15
14

13
12

11
10

WU u

" Fine pebble chert conglomerate . . .
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Tuffaceous sandstone, medium gray to brown;
poOriy exposed « « o o o o o o o o o s e e o 0w s
Lithic arkosic sandstone, light-gray, coarse-
grained .« . . . o s ¢ o e o e s e 0 s s s e e e e
Carbonaceous siltstone « « o ¢ o o ¢ o o o o o ¢ o @
Interstratified volcanic sandstone, fine- to coarse-
grained, greenish-gray . « « « o o ¢ ¢ o ¢ o o ¢ o
Volcanic sandstone, light olive-gray, fine-grained .
Mf,lightOIive-graYoooooocooo-oo.o
Lithic arkosic sandstone, light-gray, coarse-grained
Volcanic sandstone, olive=gray . . ¢« ¢ o ¢ s o ¢ o o
Arkosic sandstone, light olive-gray to medium-gray,
angular clay g8l18 o« « c o ¢ o ¢ o ¢ o o o o o o o ¢
Volcanic sandstone, dark greenich-gra2y ., . . . . . .
Sandstone, light olive-gray to medium gray, coarse-
grained with tuff interbeds . . . . . ¢« « o « ¢ &
Siltstone, light olive-gray . « « ¢« « ¢ ¢ o o o &
Arkosic sandst one, light-gray, coarse-grained. .
Covered Interval « + o« ¢ ¢ o o ¢ o ¢ o & 0 o o
Lithic micaceous arkosic sandstone, medium 1light-
gray, with light olive-gray micaceous siltstone
interbeds .« « ¢ ¢ ¢« o o ¢ o o o ¢ 6 o o s o o
Micaceous arkosic sandstone, dark-gray . . . .
Covered interval . . « « o o ¢ o o ¢ o o o o o
Tuff, carbonaceous . « ¢« « o o o o o o ¢ s o &
Basalt flow, brecciated, dark greenish-gray .
Pyroxene andesite porphyry flow, dark greenish-gray.
Interstratified fine- to coarse-grained volcanic
sandstone, gray to green; few carbonaceous layers. .
Lithic pumice crystal tuff, dark greenish-gray . . .
Interstratified dark green to gray volcanic sand-
stone, micaceous sandstone and pumicelapilli-tuff. .
Lithic tuff-breccia, greenish gray; few boulders of
aphanitic flow rock .
Covered interval . . .
Tuff, dark-green . . .
Micaceous siltstone .
Micaceous arkosic sandstone
gray, coarse-grained . . .
Covered interval . . . . « « .
Lapilli-tuff, light olive-gray .

L] o [ ] L]

L] [ o o

igh

o Pt e o o o

t olive-gray to

Micaceous arkosic sandstone, olive-gray. . . . .
Micaceous siltstone, greenish-gray to light-gray .
Micaceous arkosic sandstone, light-gray, laminated

CtOSS‘bedded e 6 e 6 e © 6 @ o & o o & o o o o o o o '

Feet
25
10

60

15

30

10
10

30
10

45
10

25
35

25

40
20

20
50
10
20

20



N
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Covered interval . . ¢ ¢ ¢ o e ¢ o o o o
Interstratified sandstone, siltstone and

conglomerate « « o o ¢ o o o o o o o o o o o e o e 0

Extensive covered interval

Thickness of "Naches Formation" . . . « « &

Stratigraphic section of Cougar Mountain Formation

Location: Along road along north side of North Fork of Green
River, at Ghost Point (CM 2). Section starts in

MW% sec. 11, extends through SW% sec.

sec, 11, T. 21 N., R. 8 E.

Cougar Mountain Formation
Upper flows: pyroxene andesite porphyry, well-
developed columar jointing; 50-ft. breccia

15

14
13
iz
11
10

9

8
7
6
5
4
3
2
1

flow Gt DESE & « o o o o o ¢ o o o o o
Covered interval . ¢ ¢« o o o ¢ o o o o o

Boulder conglomerate with sandstone interbeds.

~ -
wUvesL Cd inte:‘."v'al a o ®© e e o o & o o o o

Boulder conglomerate . « « « ¢ ¢ o o o &

Interstratified sandstone and conglomerate . . .

Interstratified conglomeratic and clayey
Boulder conglomerate . . « '« « o o o o o
Pumice conglomeratic sandstone . . . .
Boulder conglomerate « « « « « « o -« .
Covered interval . . « « « ¢« ¢ o o o .
Fine pebble conglomeratic sandstone .
Covered interval . .« « « o o ¢ o o & .
Breccia flows, light-gray to pale purple

Basal lava flOoWwS . « « o ¢ o s ¢ o o o

Thickness of Cougar Mountain Formation . .

sandstone

L ] L] [ ) L) [ ] L ] L] L
[ ] [ ] [ ] [ ] [ ) .
[ L] L ] L] L] * L ] L]
* L ] [ ] L] L] [ ] L ] L ]
L] L] L] *® L] L] L]

2 into NE%

Feet

1,660
100
150

50
50
30
50
100
20
200
100
50
100
590
410
4,010




APPENDIX B

d

Locations of Important Qutcrops

Puget Group
P1 NEXNW3Sw% sec. 2, T. 21 N., R. 7 E.

P 2 NWYSEINEX sec. 23, T. 21 N., R. 7 E. (Warren and others,
1945)

P 3 NEYNEXNEX% sec. 2, T. 21 N., R. 7 E.

Guye Formation

G1l swk sec. 36, T. 23 N., R. 8 E.

G 2 S% secs, 16 and 17, T. 22 N., R. 11 E.

G 3 Secs, 16 and 17, T, 22 N., R. 11 E.

G 4 SE% sec. 16, T. 22 N., R. 11 E,

G5 SE% sec, 9 and NW% sec. 15, T. 22 N., R. 11 E.

G 6 NW% sec. 15, T. 22 N., R. 15 E.

G 7 NE% NE%¥ MWX% sec. 11, T. 19 N., R. 16 E., between the

Northern Pacific Railroad and U.S. Highways 10 and 97.

Mount Catherine Tuff
MC 1 Center of sec. 22, T. 22 N., R. 11 E.

MC 2 N SE% sec. 15, T. 22 N., R. 11 E.
MC 3 Sec. 32, T. 23 N., R. 9 E,
MC 4 Sec, 23, T. 21 N., R. 7 E.
MC 5 SWXSE% sec. 15, T. 22 N., R, 11 E.

MC 6 SWiSWk% sec. 17, T. 22 N., R. 11 E.
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MC 7 NwkSwiswk sec. 22, T. 22 N., R. 1l E.

MC 8 Sec. 5, T. 18 N., R. 7 E., Enumclaw (15-min.) quad.

MC 9 Sec. 4, T. 18 N., R. 14 E., Snoqualmie Pass quad.

Enumclaw Formation

E 1 Central part of T, 20 N., R. 7 E., Enumclaw quadrangle.
The road is along the southwestern slope of Boise
Ridge in secs. 15 and 22.

E 2 Secs. 3, 10 and 11, T. 22 N., R. 8 E.

E 3 E% sec. 35, T. 23 N., R. 8 E.

E 4 Sec., 10, T. 22 N., R. 8 E.

E 5 Secs. 27 and 34, T. 20 N., R. 8 E.

E 6T, 21 N., Rs, 8 and G E.

E 7 Sec., 31, T. 21 N., R. 8 E.

E 8 SWiNWwiNW% sec. 31, T. 20 N., R. 8 E.

E 9 Swk sec. 27, T. 20 N., R. 7 E.

E 10 NWINE% sec. 34, T. 20 N., R. 8 E.

E 11 N% sec. 28, T. 20 N., R, 7 E.

E 12 Sec. 24, T. 21 ¥N., R. 8 E., to the center of sec. 30,

T. 21 N., R. 9 E.
13 Sec. 31, T. 19 N., R. 9 E.
14 Secs. 25 and 26, T. 19 N., R. 10 E.
15 EINE% sec. 30, T. 19 N., R. 10 E.
16 Sec. 35, T. 21 N., R. 7 E. |

17 NW% sec. 19, T. 21 N., R. 7 E.

M m m ot m m

18 Wk sec. 11, T. 20 N., R. 7 E.
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19 Sec., 29, T. 18 N., R. 7 E.
20 Sec., 23, T, 22 N., R. 6 E., Maple Valley quad.
21 Sec. 14, T. 23 N., R. 6 E., Maple Valley quad.

M m m

22 T. 19 N., R. 7 E.

Huckieberry Mountain Formation
HM 1 Secs. 2 and 3, T. 19 N., R. 9 E., secs. 25, 35 and 36,
T. 20 N., R. 9 E., and sec. 30, T. 20 N., R. 10 E.

2 SWZNEZBE% sec. 3, T. 19 N., R. 9 E.
4 secs. 28, 29 and 30, T. 20 N., R. 8 E.

5 Secs. 24 and 26, T. 20 N., R. 8 E.

B B B B

6 from sec. 9 downstream to the NWZNW% sec. 2, T. 19 N.,
R. 11 E.

7 Secs. 29, 30 and 32, T. 21 N., R. 9 E.
8 NWINEZNE% sec. 35, T. 20 N., R. 8 E.

NEZSWZNE% sec. 28,
10 SWASEZNW% sec. 20,
11 NEYSWZNW% sec. 16,
12 SW%SWZNW% sec. 27,

T. 20 N., R.
T.
T.
T.
13 SE%SWiNE% sec. 30, T. 21 N., R.
N.
N.
T,
T.

21 N., R.

21 N., R.

B 8B B B B B

20 N., R.

O 0 o0 © 0

d

HM 14 NE% sec., 19, T. 21 » Re 9 E.

HM 15 SW¥% sec. 24, T. 21 N., R. 8 E.
HM 16 NEYSWiNW sec. 16,
HM 17 SWZNW%SE% sec. 15,

HM 18 SE% sec. 20, NW% sec. 28 and NE%; sec. 29, T. 21 XN.,
R. 8 E.

22 N., R. 8 E.

22 N., R. 8 E,



5 5 5 5 EEE E 5 5 EE S S EEEEEEEEE S

19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
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NW%Sw%Sw% sec. 7,T. 20 N., R. 8 E.

SWk sec. 29 and NE% sec. 32, T. 21 N., R, 9 E.

NW% sec. 22, T. 22 N., R. 8 E.

SW% sec, 2, T. 20 N., R. 11 E.

SE3NW% sec. 23, T. 22 N., R. 8 E,

SEXNWINWY sec. 22,
SEXNWEZNWZ sec. 16,
NWANEINE% sec. 31,

SWYNEANE% sec. 7 and SE%SWHNWY sec. 18, T. 20 N., R. 8 E.

T.
T.

T.

22 N., R. 8 E.

21 N., R. 8 E.

21 N., R. 8 E.

NEXNW%Sw¥% sec. 11, T. 20 N., R. 9 E.

NWXSE%SW% sec. 3, T. 20 N., R. 9 E.

NW%SW%SE% sec. 36,
SEZNW3SW% sec. 28,
SWAINEZSW¥ sec. 27,
SEZNWZNW% sec. 33,
NW%SW%SW% sec. 24,
SE%SW% sec., 28, T.
NW%SEZNE% sec. 18,
SW% sec. 11, T. 19

T.
T.
T.
T.
T,
21

T.

21 N.,
21 N.,
21 N.,
20 N.,
20 N.,
N., R.

19 N.,

N., R. 12

Sec. 9, T. 19 N., R, 11 E,

NW% sec, 21, T. 19 N., R. 11
SE4¥SENW% sec. 34, T. 20 N.,

Sec, 19, T. 22 N., R. 9 E.

R.
R.
R,
R.

R.

9 E.
8 E,
8 E.
10 E.

8 E.

8 E.

R.

13 E.

11 E.

Center of sec. 6, T. 20 N., R. 13 E.
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HM 43 SWANE¥SW% sec. 27, T. 21 N., R. 8 E,

HM 44 NWiSWiSW% sec. 24, T. 20 N., R. 8 E.

HM 45 SE¥WYNWX% sec. 22, T. 22 N., R.8 E.

HM 46 SEXSEXWX% sec. 23, T. 22 N., R. 8 E.

HM 47 SE%SE¥NE% sec. 20, T. 20 N., R, 10 E.

HM 48 SWHSE®WZX% sec. 2, T. 20 N., R. 11 E.

HM 49 NEXNWXNW% sec. 36, T. 21 N., R. 9 E.

HM 50 NWXSEXNWX% sec. 32 and SWINE%SE% sec. 29, T. 21 N., R. 9 E.

Eagle Gorge Andesite

EG 1 Secs. 27, 28, 34 and 35, T. 21 N., R. 8 E., and
secs. 1 and 2, T. 20 N., R, 8 E,

NEXNW% sec. 33, T. 21 N., R. 8 E.

NWANEXNEY sec. 12, T. 20 N., R. 8 E,

EG 2
EG 3
EG & S% sec. 35, T. 21 N., R. 8 E.
EG 5 NE%NW%SE% sec, 34, T. 21 N., R. 8 E.
EG 6 Secs. 1l and 2, T. 20 N., R. 8 E.
7 SWANEXNW%, sec, 22, T. 20 N.. R. 8 E,
8
9

NE%SW% sec. 27, T. 21 N., R. 8 E.

EG
EG
EG S% sec. 27, T. 21 N., R. 8 E.

EG 10 NE¥NW3NW% sec. 20, T. 20 N., R. 10 E,
EG 11 SW%SE% sec., 36, T. 21 N., R. 8 E.
Stampede Tuff

ST 1 NW4SE%¥W% sec. 25, T. 21 N., R, 11 E,

ST 2 SWHINWZW% sec. 25, T. 21 N., R. 11 E.



ST
ST
ST
ST
ST

0o N o0 o W

ST
ST 9
ST 10
ST 11
ST 12
ST 13
ST 14

SEXNEZSW%, sec.
NEXSWINW% sec.

_ SWZSWYSE% sec.

NWENWINWY sec.
NEXSEXNEZ% sec.
Sec. 22, T. 21

NW4SW3SE% sec.
NEZNEXNWY, sec.
SE%SE%SW% sec.
SWENWZSW% sec.
NEXNEZWY sec.

Snow Creek Formation

SC 1
SC 2
sC 3
SC

w &

SC
SC 6
sC 7
sC 8
scC 9
SC 10

SC 11

SEXNWZNE% sec.
Wx sec. 22, T.
NE%SW%SW% sec.
SW4%SEXNW% sec.
NW%SWiNW% sec.
SWENWZNEZ sec.
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26, T. 22 N., R. 11 E.
22, T. 22 N., R. 8 E.
35, T. 21 N., R. 11 E.
1, T. 21 N., R. 11 E.
34, T. 22 N., R, 11 E.

N.’ R. 12 E.

N% sec. 20, T. 20 N., R. 10 E.

5, T. 20 N., R. 10 E.
13, T. 20 N., R. 9 E.
3, T. 20 N., R. 9 E.
10, T. 20 N., R. 9 E.

21, T. 22 N., R. 8 E.

35, T. 21 N., R. 11 E.
22 N., R. 8 E.

23, T. 22 N., R. 8 E.
18, T. 20 N., R. 10 E.
27, T. 21 N., R. 11 E.

3’ T. 20 N.’ R. 11 E.

NEX sec. 22, T. 21 N., R. 11 E.

NWINWZSW% sec.
NEXNE%SW% sec.
SWESWRNWZ sec.

NE% sec. 3, T.

13, T. 21 N., R. 11 E.
14, T. 21 N., R. 11 E.
32’ Ta 22 N.’ R. 11 Eo

20 N., R. 11 E.
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"Naches Formation"

N

24

2 o7 2 7 2 2 = % 2z % =2 &A=z =Z 2z =

N

1

O 00 N o0 LN

P T O e o
0 ~N O U & W N M O

19
20
21
22

23

-]

NwiSE4Sw% sec. 35, T. 23 N., R. 11E.
Nwk% sec. 14, T. 22 N., R. 11 E. |
SW sec, 10, T. 22 N., R, 12 E.
Secs. 31 and 32, T. 21 N., R. 13 E.
SE* sec. 32, T. 21 N., R. 13 E,
Secs. 5 and 8, T. 22 N., R. 11 E.
SW% sec. 22 andNW% sec. 27, T. 22 N., R. 11 E,
NW% sec. 2, T. 22 N., R. 11 E,
Center of sec. 26, T. 21 N., R. 12 E,
NW% sec. 34, T. 20 N., R. 13 E.
Sec., 21, T. 20 N., R. 13 E.
E% sec. 30 and W% sec. 29, T. 20 N., R. 13 E.
SW% sec. 31, T, 20 N., R. 13 E.
SEXSE% sec. 27, T. 20 N., R. 13 E.
SE% sec. 33 and SW% sec. 34, T. 20 N., R, 13 E.
NEXSE% sec. 33, T. 20 N., R. 13 E.
SEXSWY NW% sec. 10 and NWINERNE% sec. 15, T. 21 N., R. 12 E.

Sec. 12, T. 22 N., R. 11 E., and W% secs. 10 and 15, T. 22 N.,
R. 12 E.

SEXNW% sec, 8, T. 22 N., R. 11 E.
NE% sec. 11, T. 21 N., R. 11 E.
Center of sec. 24, T. 21 N., R. 12 E.
NE% sec. 35, T. 21 N., R. 12 E.

W% sec, 6, T. 20 N., R. 13 E.
SWANWANEY% sec. 33, T. 21 N., R. 11 E.



Cougar Mountain Formation
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CM 1 Secs. 35and 36, T. 21 N., R. 9 E,

CM 2 Seecs. 2, 10 and 11, T. 21 N., R. 8 E.

cM
CM
CM
cM
cM
cM
CM
M
M
CM
cM
CM
CM
CM

cM
CM
CM
CM

CM

3
4
5

10
11
12
13
14
15
16
17
18
19
20
21

22

SE% sec. 25 and NE%Z sec.

NE%SEANE% sec. 28,
NEINE¥NW% sec. 36,
SWZNE%SW% sec. 27,
NEZNW%SW% sec. 32,
SEXNEXNW%, sec. 18,
NE%SE%SW% sec. 21,

T.
T.
T.
T.
T.

T.

22
22
22
21
21
21

36, T.
N., k.
N., R.
N., R.
N., R.
N., R.

N., R.

21 N., R. 10 E.
9 E.

8 E.

8 E.

9 E.

10 E.

10 E.

Ex sec. 20 and W% sec. 21, T. 21 N., R. 10 E.

E% sec. 20 and W% sec. 21, T. 21 N., R. 10 E.

NEZNE3SE% sec. 28,

NESEXSEX sec. 34,.

NWANE%SW%; sec. 31,
SWINE3SW% sec. 17,
NE¥SE%SE% sec. 34,
SEZSWINW% sec, 31,
NE%SW%SE% sec. 17,

T

T.
T.
T.
T.
T.

T.

22
22
22
21
22
22
21

SW% sec. 21 and SE¥% sec.

N., R.
N., R.
N., R.
N., R.
N., R.
N., R.
N., R.

29, T.

Sec. 32, T. 21 N., R. 9 E.

NWANE%SW% sec. 10, T. 20 N., R.

Secs, 3 and 4, T, 20 N., R. 9 E.

8 E.
9 E.
9 E.
10 E.
9 E.
9 E.
10 E.

21 N', R. 9 EO

9 E.
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"Ellensburg Formation'
EB 1 NWZNE%SE% sec. 35, T. 20 N., R. 8 E.

EB 2 SE% sec., 2, T. 18 N., R, 11 E.
EB 3 SE¥WWXSE% sec. 22, T. 18 N., R. 12 E.
Intrusive Rocks
I 1 NWAHNEZSWY% sec. 11, T. 20 N., R. 13 E.
I 2 NWksec. 5, T. 20 N., R. 13 E,
I 3 N%sec. 22, T. Z1 N., R. 11 E.
I 4 SE% sec. 19, T. 20 N., R. 11 E.
5 SE¥SW%5w% sec. 2, T. 20 N., R. 11 E.
6 Sec. 3, T. 21 N., R. 10 E.
I 7 NEAXSWYNWX% sec. 27, T. 22 N., R. 11 E.
I 8 SWZSEINE% sec. 31, T. 22 N., R. 10 E.
I 9 SE% sec. 15, T. 22 N., R. 8 E.
I 10 W% sec. 32, T. 22 N., R. 10 E,
I 11 NWwX% sec. 31, T. 22 N., R. 10 E.
I 12 NW% sec. 18, T. 22 N,, R, 11 E,
Alteration and metamorpﬁism
A 1 SEX% sec. 6, T. 19 N., R, 8 E.
A 2 E% sec. 28 and W% sec. 34, T. 20 N., R. 8 E.
3 SE% sec. 27, T. 22 N., R. 9 E.
4 Sec. 5, T. 21 N., R, 10 E.

5 SE% sec. 1 and NE% sec. 12, T. 21 N., R. 10 E.

> > » »

6 W% sec. 16, T. 20 N., R. 8 E.
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APPENDIX C

Leaf Fossil Localities

University cf Washington localities:

UWA 2300.--Along the access roads to the penstocks above Cedar
Falls and below Chester Morse dam, between 1,28G-1,480 feet
elevation, about 240 feet above the Cedar River on the north
side, in the SWZW% SE% sec. 3, T. 22 N., R. 8 E.

UWA 2301.--Along the south side cf the logging road spur, between
Boulder Creek and the Middle Fork of Taylor Creeks, about %
mile west of Boulder Creek at 3,240 feet elevation, in the

NEXNEXNWY% sec. 36, T. 22 N., R. 8 E.

UWA 2302.--Located on the north side of the Burma Road between
Cedar Falls LO and Rattlesnake Mountain, at the second
switchback above the LO at 2,200 feet elevation, in the
NW%SE%SW% sec. 32, T. 23 N., R. 8 E., outside of map area.

UWA 2303.--In cut on the west side of the road along the West
Fork of Smay Creek, at 1,880 feet elevation, about 3/4 mile
north of road junction, in the NW%SW}SE% sec. 36, T. 21 N.,
R. 9 E.

UWA 2304.--In cut along the west side of rcad, located between
Seattle Creek and the South Fork of the Cedar River, at
3,400 feet elevation, in the SEZINWXNW% sec. 9, T. 21 N.,
R. 10 E.

UWA 2305.--On north side of road north of U.,S. Geol. Survey
gaging staticn on East Fork of Smay Creek, at 2,160 feet
elevation, 0.1 mile east of road junction, in SW3SEZNWY
sec. 32, T. 21 N., R.10 E.

UWA 2306.--In cut on north side of spur road at 4,000 feet
elevation, in the SE%SW%NE% sec. 15, T. 20 N., R. 11 E.
This road is the third level up in the headwaters basin
of Intake Creek.

UWA 2307.--In cut on north side of Northern Pacific Railroad,
about ¥ mile west of Sunday Creek trestle, at 2,560 feet
elevation, in the SE%SE%SE% sec. 34, T. 21 N., R. 11 E.



255

UWA 2308.--In cut along south side of Northern Pacific Railroad,
about midway between gullies at 2,600 feet elevation, in
the NWXSW%4NE% sec. 1, T. 20 N., R. 12 E.

UWA 2309.--In cut along south side of Northern Pacific Reilroad,
about 1/8 mi. north of UWA 2308 and % mi. southeast of
abandoned rock cut, at 2,600 feet elevation, in the NE%SW%
NE% sec. 1, T. 20 N., R. 12 E.

UWA 2310.--In road cut along east side of East Fork of Log
Creek, about 3/8 mi. south of road junction and bridge, at
3,360 feet elevation, in NWiSE¥SW% sec. 31, T. 20 N.,

R. 13 E,

U.S. Geological Survey localities (Wolfe, 1961, p. C-229):
9682 NWyNWX% sec. 36, T. 21 N., R. 7 E.
9693 NEYNW% sec. 13, T. 21 N., R. 7 E,

Localities where leaf fossils are available:

NWANE%SE% sec. 26, T. 19 N., R. 9 E., scuth of the junction of
the West Fork of White River and the White River, at the
base of a thick grayish-white siliceous tuff.

SWLNEYSW% sec. 17, T. 21 N., R. 10 E,, along east side of Seattle
Creek in cut along south side of road, at 3,920 feet
elevation.

SEXNWINWY sec. 23, T. 20 N., R. 11 E., along east side of Intake
Creek, in cut along east side of road at 3,120 feet
elevation.

SWiSW3SE% sec. 26, T. 20 N., R. 11 E., exposed along trail on
north side of Tacoma Creek at 2,400 feet elevationm.

NEY¥SE¥MW% s-c. 22, T. 22 N., R. 11 E,, along west side of road
about :,300 feet side of Milwaukee ski jump south of Hyak,
at 2,720 feet elevation.

SWANW4SE% sec. 13, T. 20 N., R. 12 E., in cut on north side of
road, along east side of north branch of Cabin Creek, at
3,200 feet elevation.
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NWANEXSWY sec. 18, T. 19 N,, R. 13 E., at end of ridge extending

southeast from Blowout Mountain, above bench at 5,040 feet
elevation.

SWLSEINE) sec. 18, T. 20 N., R. 13 E., on south slope of Cabin
Mountain, north of junction between Log and Cabin Creeks,
in road cut at 3,920 feet elevation.

NEXNWASEX sec. 18, T. 20 N., R. 13 E., on south slope of Cabin
Mountain north of junction between Log and Cabin Creeks, in
road cut at 3,800 feet elevation,

SEYNEXNWY sec. 21, T. 20 N., R. 13 E., in road cut along south
side of Cabin Creek, about 100 feet east of Cabin Creek

bridge, at 2,480 feet elevation.

NWASEXSW% sec. 29, T. 20 N., R. 13 E., in road cut south of Cabin
Creek, at 3,760 feet elevation.

NWYNEYXNEX% sec. 34, T. 20 N., R. 13 E., in road cut southwest of
Goat Peak LO, at 4,800 feet elevationm.
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APPENDIX D
Locations of Specimens and Thin Sections

The field numbering scheme for specimeas and thin gsections is
as follows: -

1 1l213ja]ls's8!l7 8}

0,111 {12 [13 {14 15 16|

NW 1/4 L NE 1/4
17118 {19 |20] 21 | 22 | 23 {24

©
)

251206} 27 28129130 3132

33|34 (3513637 {38139 40

41 |42 |43 |44 |45 140 147 148

sSw 1/4 SE 1714
49 (50|51 |52]53 |54 {55156

57 |58 |59 160161 (6263|064

sec.10,T.20N_,R.8E.

Each square is a quarter of a quarter of a quarter of a
section. Specimen 21B-10-20-8-is located in the NWESWINER
sec. 10, T. 20 N., R. 8 E. "B" indlcates that at least two
specimens were collected in square 21. The material is
located in Lot no. 143.

Thin Section and
Number in Text Field Number

Spec. 1 43E-22-22-11

R.J. Foster (1957) slide no. 304
43B-22-22-11
11 -31-20-8
44A-24-21-8
59 -36-21-7

Ovwoo~NonunpWN

[



Number in Text

Spec. 11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37

(Lower flows)
(upper flows)

N

(o ]

Thin Section and

Field Number

10 -33-20-10
41 - 9-19-11
47 -26-20-11
19 -10-20-11
19E-28-21-8
24A~34-22-11
56 -32-21-9
32 -34-22-11
44 ~26-22-11
47 -28-22-8
14E-35-21-11
14B-35-21-11
36 - 6-20-13
23B-18-19-13
4A-36-22- 8
52 -23-21- 9
26 -31-22- 9
62- 2-18-11
3 - 5-20-11
63 -18-21-11
554-18-21-11
13A-15-20-10
13A- 5-20-10
56B-34-22- 9
38 -34-22-10
31 -31-22-1C
9D-32-22-10
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