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ABSTRACT

The Elbe-Packwood area includes 350 square miles in Lewis, Plerce
and Thurston counties, Washington, between west longltude 122020°'-
122040' end north latitude 46930'-46°50' in the western foothills of
the Cascade Mountains,

The rocks are continental in origin and are early Tertiary and
late Pliocene(?) in age. The early Tertiary rocks are divided into
(1) the middle(?) Eocene Older Volcanics, (2) the upper Focene Puget
Group and (3) the upper Eocene-0Oligocene(?) Keechelus Group.

The Older Volcanics are an unknown thickness of andesite flows
and pyroclastic rocks. They are tentatively correlated with the
Eocene Volcanic Series near Seattle, and with the middle Eocene North-
craft formation in the Centralia-Chehalis area. The Older Volcanics
are pre-Puget in age, possibly Middle or lower Upper Eocene, and may
be a lower tongue of the Keechelus Group.

The Puget Group crops out in the Tilton River and Nisqually
River districts. In the Nisqually River district, the Puget Group
intertongues with the lower Keechelus Group., In the Tilton River
district, undifferentiated Puget rocks consist of over 9000 feet of
sandstone and shale interbedded with volcanic rocks which may be tongues
of the Keechelus Group.

The Keechelus Group, ranging in age from upper Focene to Oligo-
cene(?), consists of at least 10,000 feet, but possibly over 20,000
feet of volcanic breccias, conglomerates, graywackes, pyroclastics

end volcanic flows. The clastic rocks are more sbundant than the vol-
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canic flows, and volcanic breccias of mudflow origin (lahars) are
apparently the most abundant rock type of the region. Andesite is
the dominant type of flow; daclte and basalt are subordinate in
amount, The Keechelus Group is divided into lower, middle end upper
based primerily upon general lithology, and is correlated with the
Eagle Creek formation exposed near the Columbia River in southern
Washington. V

The sequence of early Tertiery rocks has been intruded by sills
and dikes which are basic to acidic in composition, although basic
intrusions are apparently most abundant.

Unconformably overlying the early Tertiary rocks is the Younger
Volcanics, a series of nearly flat lying, Pliocene(?) hypersthene
basalts, felsites and volecanic brecciésx ‘They may be equivalent to
the Pliocene(?) Deep Creek Andesite exposed along the Bumping River
in the Mt. Aix quadrangle,

Deformation has produced large, gentle northwest trending folds,
and northwest and northeast trending minor faults. Dips average 259
to 350, The major folding episode of the area probably occurred during
late Oligocene and/or early Miocene time,

At least two periods of Wisconsin(?) valley glaciation have
occurred, somewhat modifying individual stream shapes and histories,

but not the regional drainage pattern.
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STRATIGRAPHY OF THE PUGET AND KEECHELUS GROUPS IN THE ELBE-
PACKWOOD AREA OF SOUTHWESTERN WASHINGTON

INTRODUCTION

LOCATION AND ACCESSIBILITY

Approximately 350 square miles have been mapped in parts of the
U.S, Geological Survey Eatonville and Mount Rainier 30! quadrangles
in Lewis and Thurston counties about 100 miles south of Seattle,
Washington between west longitude 122020'-122°40' and north latitude
46°80'-46°507, The area is approximately bounded by branches of
State Highway &, and access 1s easy from the east, north and west by
well maintained state highways (pl. I, p. 3),.

Numerous logging roads facilitated field mapping, affording
fresh outcrops, and greatly increasing the ease of transportation,
Any locallty may be reached in three to four hours,

A thick forest and soil cover limited mapping to logging roads
and logged areas, to a few excellent stream exposures, and to the
tops of a few resistant ridges,

RELIEF AND DRAINAGE

The average relief is approximately 5000 feet, increasing from
R500 feet in the western part to 3500 feet in the eastern part of
the area. In general, less resistant sedimentary rocks ocour in the
western, and more resistant volcanic rocks occur in the eastern part
of the area,

High Rock (5687) is the highest peak, and is located‘oﬁ the
southeast end of Sawtooth Ridge from which several other small knobs

rise mbove 5000 feet, Osborne Mountain, Allen Mountain, Skate Mountain
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and other peaks in the Mount Rainier quadrangle exceed 5000 feet,

Two major river systems drain the area (pl. XXXV, p. 144). On
the north, the Nisqually River heads from the Nisqually Glacier on
Mount Rainier, and empties into Puget Sound near Tacoma, Its south
flowing tributaries are Goat Creek and Copper Creek; its north flowing
tributaries are Horse Creek, Berry Creek, Big Creek, Catt Creek,
Roundtop Creek and Fast Creek, On the south is the Cowlitz River,
also flowing from Mount Rainier, but emptying into the Columbia River
near the town of Castle Rock, The drainage south to the Cowlitz River
consistes of Skate Creek at the eastern border of the area, Willame
Creek, Davis Creek, Silver Creek, Kiona Creek and the Tilton River,
The Tilton River drains a large part of the western side of the area
with South Fork, Fast Fork, West Fork and Connelly Creek its main
tributaries,

In general, tributeries of the Cowlitz and Nisqually Rivers
parallel structural trends, Some streams, however, cross structure,
notably Silver Creek, which flows in a deep narrow gorge and empties
into the Cowlitz River near Randle., Most streams flow in glaciated
valleys and head in dissected cirques or c¢cirque lakes, Waterfalls
and rapids are characteristic of all but the large rivers,

Valleys cut in volcanic rocks are narrow and steep-walledj the
ridges are narrow and serrated, Valleys underlain by sedimentary
rocks are broad with adjacent rounded hills, especially along the

Tilton River near Morton,
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FIELD WORK

In the summer of 1953, 61 days were spent in mapping., Occasional
weekend visits to the area were made during the school year of 1953-54,
and, in the summers of 1964 and 1855, 22 additional days were spent
checking field data and in detailed mapping of critical areas,

U.S. Geological Survey aerial photographs (scale, 1347,000) were
used for mapping in the Eatonville quadrangle, but photographs of the
Mount Rainier quadrangle could not be obtained at the time of field
work, Topogrephy for the geologic map was traced from photostatic
enlargments of the Eatonville and Mount Rainier quadrangles (scales,
13125,000), The tracing used for the final geologic map (scale,
1:62,500) has a contour interval of 500 feet, All cross sections were
made from the enlargedvmap.

The rock material 1s deposited in the Petrography Collection,
Department of Geology, University of Washington as Lot No. 6, The
fossil material is deposited in the Peleontology Museum, Department of
Geology, University of Weshington as Lot No. 20,
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STRATIGRAPHY
GENERAL STATEMENT

The purpose of this study is to determine the stratigraphic
relationships between the upper Eocene Puget Group and the Keechelus
volcanics, currently believed to be of Oligocene age, Both groups of
rocks are part of an incompletely known, north-south belt of rocks
extending in the Cascade Mountains from west-central Washington into
southern Oregon, In Washington, the Puget Group crops out in the
lowlands and foothills to the west, and the Keechelus Group forms a
major portion of the Cascade Mountains to the east,

The Keechelus Group is divided into three partsj lower, middle
and upper, The lower Keechelus interfingers with the upper Focene
Puget Group near Ashford (Nisqually River district), and may inter-
finger in the headwaters of the Tilton River (Tilton River district),
This part of the Keechelus is therefore regarded as upper Focene, The
terms middle and upper Keechelus are used for the early Tertiary vol-
canic rocks which lie stratigraphically above the Puget Group. The
middle Keechelus is regarded as upper Eocene on the basls of fossil
1eaves, The upper Keechelus is regarded as Oligocene, but the fossil
leave evidence is not conclusive,

Volcanic rocks that occur stratigraphically below the Puget Group
are deslgnated as Older Volcanics, and they may be a lower tongue of
the Keechelus (roup, Plate II (p. 7) is a graphic representation of
the supposed early Tertiary rock relationships,

A sequence of Pliocene(?) volcanic flows and breccias unconform-
ably overlies the early Tertiary rocks, |

The correlation chart (pl. III, p, 8) shows the probable age

=
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relationships of the rocks in the Elbe-Packwood area and the rocks
of adjacent areas,
TERMINOLOGY
Pyroclastic

The word pyroclastic is an adjective applied to rocks produced
by the serial ejection of fragmental material from a volcanic vent
(Wentworth and Williams, 19352, p. 25)., The writer uses the term as
strictly defined,

Volcenic Breccia

A volcanic breccia is a pyroclastic rock, an indurated aggregate
of fragments larger than 32 mm.,Acomposed of rocks which were solid-
ified before their expulsion from a volcanic vent (Wentworth and
Williams, 1932, p, 51). However, since breccias composed of volcanic
material can originate by processes other than explosive, the writer
uses the term pyroclastic breccia for '"volcanic breccia" and the term
lahar (Cotton, 1944, pp., 239-247) for a "volcanic breccia" transported
and deposited by & mudflow, The name "volcanic breccia" is used as
a descriptive term for brecclas composed of volcenic material but of
an unknown mode of deposition,

Volcanic Graywacke

In this report, the term volcanic graywacke is used to describe
a dark colored, poorly- to well-sorted sandstone composed predominant-
ly of volcanic fragments. Microscopically a volcanic graywacke is
seen to contain about 10% or more argillaceous matrix, A volcanic
graywacke can grade vertically or laterally into volcanic conglomerate

by an increase in particle rounding and in grain size above 2 mm., or
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into a volcanic breccia by an increase in particle angularity and in
grain size above 32 mm,
Volecanle Conglomerate

A volcanic conglomerate (Wentworth and Williams, 1932, p. 50) is
a sedimentary rock containing abundant large, chiefly rounded, water-
worn fragments resulting from the erosion and redeposition of volcanic
rocks by running water or by mudflows. It is suggested that the lower
grade limit be 2 mm.,, as in sedimentary rock clasgsifications.

Clastic-volcanie Breccia

This term is used by the writer for breccias in which angular
volcanic fragments larger than 2 mm, greatly exceed rounded fragments,
Thege brecclias originate by erosion and redepcosition of volcenic rocks
by running water or by mudflows., "Clastic-volcanic rock" is used as a
general term for all water transported and deposited volcanlc meterials,

Tuffaceous Sandstone

This 18 a rock formed by volcanic particles blown directly from

the volecano into the accumulating sediment,
OLDER VOLCANICS
General Statement

Restricted to the Nisqually River district are outcrops of ande-~
site flows and pyroclastic rocks, Exposures are few, about 1% of the
area, and are limited to roadcuts along the State Forestry Depart-
ment fire access roed traversing secs. 19 and 20, T15M, R6E. These
rocks lie stratigraphically below(?) the Puget Group. They may under-
lie the Puget Group or may be down-faulted Keechelus rocks, Within

the mapped ares, the contact between these volcanlic rocks and the
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lowest part of the exposed Puget Group is obscured by glaclal deposits,
but about five miles north in NE} sec. 32, T16N, R6E, Yolcanic breccias
clearly underlie the Puget Group, It is a reasonable assumption that
contact relations are the same in the mapped area., Volcanic rocks
appear to underlie the Puget rocks in the headwaters of the Tilton
River, but reconnaissance mapping does not permit the differentiation
of rock units in the Tilton River district.
Lithology

Six specimens from the Older Volcanics were studied, Significant-
ly the mineral epidote (often megascopic) occurs in all except a tuff-
agglomerate in sec, 19, T15N, R6E, However, there is no single criter-
ion to distinguish these rocks from those of the Keechelus formation,

The andesites are various shades of gray and greenish-gray, are
usually porphyritic, and show little alteration megascopically. The
tuff-agglomerate has a gray matrix contalning green porphyritic, and
light gray, fine-grained volcanic fragments which grade in particle

alze from tuff through lapilli-tuff to agglomerate.

Petrographic Description

Specimen 13 Porphyritic andesite from NW; sec, 19, T1EN, R6E in

road cut along State Forestry Department fire access road,
Megascopics Gray to green-gray, contains abundant anhedral
to euhedral, microscopic to 1 mm., plagioclase phenocrysts
and minor amounts of anhedral pyroxene(?) and epidote grains.
Microscopic: Matrix (60%) is composed of green-tinted, very
fine-grained, weskly birefringent, unidentifiable minerals,
Plagioclase (25%) has a composition of less than An 50 and
is partly altered to kaolin and some quartz., Chlorite (4%)
occurs mainly in the matrix in extremely finely divided form,
causing a greenish tint, and as a few discrete gralns., Epi-
dote (4%) is altered from pyroxene(?). Antigorite (3%) also
has altered from pyroxene(?) and is intergrown with some
feldspar crystals., Magnetite (2%) occurs as a fine dust in
the matrix, and as rims around some feldspar and epidote
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grains, Kaolin (1%) occurs as an alteration product of
feldspar along feather fractures and cracks., Quarts (19)
is present as a secondary mineral in altered plagioclase
crystals.,

Specimen 2: Tuff-agglomerate from SWi sec, 20, T15N, RGE in

road cut along State Forestry Department fire access road,
Megascopic: Green, angular and irregularly shaped andesite(?)
fragments as much as 35 mm. in size are contained in a gray
matrix,
Microscopic: Matrix (15%) is brownish, tuffaceous(?), and
contains tiny indeterminate crystals.

Rock fragments (75%) are anguler; some grade imper-
ceptably into the matrix material, and some have well de-
fined borders, They are andesitic(?) in composition., A
faint alignmwent around some fragments suggests compaction
and agglutination, There are two main rock types among the
fragments: one type has a pilotaxitic and felty texture, is
very high in plagioclase (50-75%), with recrystallized glass
matrix and abundant opaque (magnetite ?) dust throughout,
and averages about 0.1% epidote. The second type of frag-
ments have ragged borders and in places grade into the matrix,
One such fragment contains plagioclase (10%), magnetite (5%)
as an alteration product of pyroxene(?), and apatite (0,1%),
The matrix of this second type is 85% of the entire fragment,
is very fine-grained, brown in color and contains unidenti-
fied, weakly birefringent mineral specks. This second type
has highly irregular internal flow structures. Some frag-
ments have very irregular borders (pl. 1V, p. 13), suggest-
ing a pyroclastic origin (p. 71).

Mineral fragments (10%) are mainly plegioclase with a
composition of less then An 50. Some of the plagloclase
grains contain included epidote as an alteration product.

Age and Correlation

The Older Volcanics appear to be older than the Puget Group,
possibly lower Upper or upper Middle Focene in age, but a positive
age determination is not possible,

They are tentatively correlated with the Eocene Volcanic Series
(Warren, 1945) which crops out east of Seattle near Issaquah, north
of the present area, According to Warren this series is 7000 feet
thick, underlies the Puget Group, and overlies the marine Cowlitz(?)

formation (upper Eocene). Fossils in the upper part of the Cowlitz(?)
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PLATE IV

Specimen 2: Pyroclastic breccia, Older Volcanics; highly
irregular borders of endesite fragment., X240, plain light.
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formation indicate an upper Eocene age.

The Older Volcanics are believed to be equivalent to the North-
craft formation exposed in the Centralia-Chehalis area to the west of
the present area (Snavely, et al,, 1951), because the Skookumchuck
formation, which overlies the Northcraft formation, seems to be equive

alent to the Puget Group (pp. 58-59).

PUGET GROUP AND LOWER KEECHELUS GROUP
General Statement

The Puget Group consists of a series of uéper Eocene continental
and estuarine sandstones and shales estimated to be 10,000 to 14,000
feet thick (Weaver, 1937, p. 54). The sandstones are gray and buff to
dark brown in color, commonly arkosic in composition and usually con-
tain muscovite., They ere massive to thin-bedded, interbedded with
shale, and may be cross bedded or show ripple marks, The shales are
black, gray, and brown to yellow in color, They are hard to soft,
massive to fissile, boney, hackly, and contain concretions, fresh
water pelecypods and leaf impressions, In places coal seams are found,

The Puget Group includes 20% of the surface exposures in the Elbe-
Packwwod area, and occurs in two districts, each of which is discussed
under separate headings, One area of Puget exposures (Nisqually River
district) occurs along the Nisqually River near Ashford, The other
area of Puget rock exposures (Tilton River district) is in the Tilton
River drainage basin between Mineral and Morton,

The Puget Group exposed in the Nisqually River district is at the
southern end of a north-south trending belt of sedimentary rocks which

orops out discontinuously from Seattle southward, In the Nisqually River
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district, the Puget Group interfingers with the lower part of the
Keechelus Group. Along the north side of the Nisqually River the
Puget and Keechelus tongues dip homoclinally eastward on the northeast
flank of a large, northwest trending anticline (pls. V and VI, pp. 18-19),

The Puget Group in the headwaters of the Tilton River is litho-
logically similar to the Puget Group of the Nisqually River district,
but containg more interbedded flows, The Puget rocks of this district

appear to form a small, south plunging anticlinorium.

Previous Work

Bailey Willis (1880, pp. 769-771), whose chief interest was the
coal bearing deposits north of the mapped area, was the first to study
the geology of the western side of the Cascade Mountaing, He mapped
gouthward within the Puget Group almost to the Nisqually River, al-
though he did not describe any sections south of the Carbon River,

In 1914, Daniels (pp. 23-51) discussed the coal deposits and pro-
spects of Pierce County in almost the same area worked by Willis, and
extended the Puget Group south to the Nisqually River,

H.E, Culver briefly described the Puget Group south of the Nis-
qually River, and the economically more importent area of sedimentary
rocks in the Tilton River distriect (1919, pls. XX and XXII, pp., 108-
119), He correlated these rocks with the Puget Group on the basis of
1lithology.

J.H, Mackin published on the geology of the Morton Cinnabar dis-
trioct, 13 to 2 miles east of the town of Morton (1944, pp. 5-47),

Nisqually River District

Intertonguing units of the Puget and Keechelus Groups which total
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approximately 8750 feet in thickness, crop out on the north side of
the Nisqually River near Ashford (pls. V and VI, pp, 18-19). The
Keechelus tongues apparently thin northward, a conclusion supported
by observations of the writer and Leanard Gard of the U.S., Geological
Survey which indicate that there are no volcanic tongues in the Puget
Group along the Puyallup River, eight miles to the north. Further
supporting evidence is that no volcanic rocks occur in a well exposed
easterly-dipping, 8000 foot section of the Puget Group along the Mow-
ich Lake Road, 13 miles north of the area (Gard, oral communication,
1955)., The Puget tongues appear to thin rapidly southward; north of
the river they aggregate 6600 feet in thickness, whereas south of the
river, only 1000 feet of the upper tongue of the Puget Group is ex-
posed,

The best exposures in the Nisqually River district are on the
north side of the Nisqually River (Ashford-Goat Creek section) where
the intertonguing units occur as part of the northeast flank of the
large, southeast plunging Skate Creek anticline. Many excellent out-
crops ocour in the Copper Creek drainage basin and in several other
small streams from Goat Creek to the vicinity of Ashford, The only
outcrop along State Highway 5 is a few yards west of Goat Creek.

On the south side of the Nisqually River (Osborne Mountain sub-
area), exposures are limited to a northwest trending ridge in sec,
32, T15N, R7E and sec. 4, T14N, R7E; and on the north-facing slope of
Osborne Mountain along the Cowlitz-Nisqually treil, Outcrops of light

gray sandstone on this slope can be seen from State Highway 5.
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Ashford-Goat Creek Section

Eastward dipping units of the Puget Group and lower Keechelus Group
occur on the north side of the Nisqually River from about one mile west
of Ashford to the vicinity of Goat Creek, a distance of six miles, The
intertonguing section is approximately 8750 feet thick as measure in
cross section, The Puget rocks total about 6500 feet, and the Keech-
elus rocks total about 3300 feet in thickness (pl. VI, p. 19).

There are five tongues which are designated as follows:

5. Third Puget Tongue
4, Second Keechelus Tongue
3. Second Puget Tongue
2. Lower Keechelus Tongue
1. Lower Puget Tongue
These units are desoribed in ascending order, beginning with the

lower Puget tongue,

Lower Puget Tongue
This unit is -composed of more than 3150 feet of interbedded

sandstones and shales, The thickness is doubtful because the lower

contact is not exposed,

Contacts
The contact of this tongue with the underlying Older
Volcanics is dram in the position shown on the map (pl. V, p. 18) be-
cause of a single andesite outcrop a few yards downslope from a Puget
sandstone exposure in NW: sec. 21, T16N, R6E, It is not known whether
the andesite is an interbedded flow, sill, dike or the top of the under-
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lying Older Volcanics. It is assumed to be the latter because (1)
volcanic rocks are the only rock types found west of and stratigraphic-
ally below the andesite outcrop and (2) the presumed contact is almost
exactly on strike with the contact between the Older Volcanics and
the Puget Group which is exposed about five miles due north of the
locality under discussion,

The contact of the lower Puget tongue with the overlying Keech-
elus tongue can be located within a few feet in the fleld, and can be
traced on aerial photographs. The two tongues are conformable.

Lithology

The rocks are friable to well-indurated, massive to
well-bedded, medium to fine-grained, light and dark gray to brown
muscovite-bearing arkose and sandstone with interbedded shale. Many
of the sandstones show cross bedding, and some are ripple marked
(pl. VII, fig. 2, p. 21). Plant fragments are locally abundentj one
outecrop of sandstone contains rounded shale fragments. Interbedded
silty shales, from one inch to several feet thick, are friable to
fairly well-indurated, fissile (pl. VII, fig. 1, p. 21) to massive
and conchoidally fractured, medium gray to black and brown in color,
and contain muscovite. Some shales contain leaf fossils, and in one
massive, brown, conchoidally-fractured shale outcrop, poorly preserved
brackish(?) water pelecypods were found, Thin lignitic to bituminous
coal seams occur within the sequence.

Toward the upper contact, the sandstone becomes dark gray to
black., The change upward from the sedimentary rocks of the lower Puget

tongue to the coarse volcenic graywackes and volcanic conglomerates of
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PLATE VII

Outcrop of fissile shale near the base of
the lower Puget tongue. Attitude of shale
is NSE 25S8E.

J A / ¢
Translation ripple marks in lower Puget
tongue, Attitude of sandstone is N2OE 40SE.
Ripple marks are at right angles to the
dip, and assymetry indicates water flowed to
the northwest.,
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the lower Keechelus tongue is rapld with little or no mixing of
rock types. There may be some mixing at the immediate contact, but

the immediate contact is not exposed.

Petrographic Description

Specimen 33 Sandstone from NW} NW} sec, 22, T1SN,

R6E about one mile northwest of Ashford.
Megascopic: Medium gray to buff, well sorted
pandstone containing some carbonaceous fragments,
Microscopic: The average graln size is 0.08 mm.,
about 30% is quartz grains and 1% is plagioclase
(An 27 to An 29). Staining revealed 5% potassium
feldspar. Biotite and muscovite are 5% each, The
biotite is disseminated throughout the rock, and
in part is slightly altered to a very pale green
chlorite (1%). In places the biotite is bent a-
round resistant quartz and feldspar grains. The
matrix was lost during preparation of the thin
gection,

ecimen 431 Sandptone from SEi sec. 22, T15N, R6E,

about § mile northeast of Ashford near the upper con-

tact of the lower Puget tongue,
Megascoplic: Medium to dark gray with slight
brownish tinge, well-sorted, fine-grained sand-
atone,
Microscopics Average grain size is 0,10 mm.,
about 35% 1s quarts (some strained) and 5% is
plagioclase (An 26 to An 29), Many plagioclase
graing appear to have been altered to sericite
before deposition. Staining revealed 1% potas-
gium feldspar. Biotite comprises 10% of the rock,
some altered to chlorite, and many of the grains
are bent around more resistant grains. Mus-
covite is 10%, and like the blotite it has been
bent (pl. VIII, p. 28). Chlorite is 5% and 1is
mainly altered from biotite, although some
appears to be primary(?). There is 2% cherty-
looking fragments, and about 0.1% opaque min-
erals (magnetite?). The matrix (30%) consists
of dirty brown, clay-size material and second-
ary calcite,

Lower Keechelus Tongue
This unit is about 1800 feet thick, and is the lowest tongue

of the Keechelus formation exposed in the Ashford-Goat Creek section,
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PLATE VIII

Specimen 4: Sandstone, Puget Group. Note bent musco-
vite grain and strained quartz particle in center of
photograph. X 240, crossed nicols,
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Contacts

The lower contact of this tongue can be ssen in two
places from State Highway 5; on the steep vallsy slope north of Ash-
ford, and on the steep valley slope about one mile east of Ashford
in 8% sec. 23, and Nj sec., 26, T15N, R6E (pl. IX, p. 25).

The upper contact is not exposed, but on the basis of muscovite-
bearing arkose found in E} sec. 25, T15N, REE at the base of the ridge,
the contact was placed slightly southwest of the ridge crest. It
strikes to the northwest.

Coarse-gralined rocks oceur near the base, and grade upward to

finer—grained rocks toward the top of the unit,

Lithology

The rocks are well indurated, massive, medium gray,
gray-green, green-brown, and brown clastic-volcanic breccias and vol-
canic graywackes, Only one andesite flow was found,

The clastic-volcanic breccias contain angular to well-rounded
cobbles as much as 4 inches in size, most of which are angular to
subangular, black, gray, green or red andesite porphyries, None of
the observed fragments are vesicular, The matrix is volcanic gray-
wacke with a few disseminated carbonaceous fragments,

The interbedded volcanic graywacke is medium- to fine-grained
and is often difficult to distinguish from flows, but the fragmentary
shapes of the feldspars, occasional andesite pebbles, and faint lam-
ination plenes distinguish them. They are dark green to medium gray-

green in color and usually very well indurated,
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PLATE IX

Contact between the lower Puget tongue and lower
Keechelus tongue. View is north from State
Highway 5. Outcrop is in N sec. 26, T15N, REE.
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The flow is a slightly porphyritic andesite that weathers to
a reddish-buff color, and is found in SE} SW} sec, 25, TL5N, R6E at
the contact between the lower Puget tongue and the lower Keechelus
tongue,
Pe aphic Descriptio:

Specimen 8: Graywacke matrix of a clastic-volcanic

breccia from near the lower contact of the lower Keech-

elus tongue in SW} sec, 23, T15N, R6E,
Megagoopic: Medium green-gray in color, well in-
durated, fairly well sorted, with medium to fine-
grained fragments.
Microsoopic: Fragments are rounded (pl. X, p. 27)
to angular in shape and are usually surrounded by
matrix material, although some touch and have a
somewhat agglutinated appearance. This squeezing
together is the result of later compaction., The
matrix comprises sbout 15% of the rock and ie a
dirty brownish color. It contains rock and mineral
fragments of 0,0004 mm, in size and probably small-
er, There are many very tiny felty feldspar laths
and some possibly devitrified glass fragments,
Under crossed nicols with the low power objective
lens, the matrix looks somewhat isotropic because
it is so fine grained, There are all gradations
from the smallest particle of the matrix to a
maximun of 0.8 mm, Plagioclase grains (An24 to
An 30) are 30% of the rock and are mainly fragments
of larger crystals, Some plagloclase grains have
centers altered to calcite, Chlorite is 16% and
gsometimes is rimmed with magnetite, It is mainly
a secondary mineral altered from pyroxene(?).
Magnetite is 5% and occurs as disseminated grains
and as alteration rims around chlorite., Calclite
is 5% and is the result of alteration from some
of the plagioclase grains, There are 4 to § diff-
erent types of endesite rock fragments comprising
30% of the rock, They appear to be somewhat sim-
jlar in composition but are different in texture,
color and percentage of phenocrysts.

Specimen 9¢ A rounded andesite cobble of the clastic-
volcanic breccia from near the lower contact of the lower
Keechelus tongue in SW} sec. 23, T1SN, REE,
cs The rock is a gray porphyritic andesite.
Microscopic: The matrix is composed of a bromn-
1sh glass, devitrified to a low birefringent, very
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PLATE X

Specimen 83 Graywacke matrix of clastic-volcanic breccia,
lower Keechelus tongue, Photograph shows rounding of
andesite and plagioclase fragments. X 520, plain light,
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fine-grained indeterminate mineral or minerals,
Plagloclase (An 39) has a ragged appearance with
obscure twinning planes. Chlorite has altered
from pyroxene(?). Magnetite, clogely associated
with chlorite, 1s an alteration product of ferro-
magnesian minerals, There has been considerable
alteration of the rock to chlorite, magnetite and
calcite,

Specimen 103 Volcanic graywacke from near the lower
contact of the lower Keechelus tongue in SW} sec, 23,
T15N, R6E, stratigrephically slightly above specimens
8 and 9, The specimen is from a highly fractured zone,
Megascopic: The rock is medium olive-green in
color, contains abundant small milky plagioclase
crystals. On first appearance the rock looks
like a highly porphyritic flow, but. occasional
faint laminations due to slight changes in grain
glzes, or in feldspar concentrations, indicate its
sedimentary origin.

Microscopics Plagioclase grains (30%) are frag-
ments of larger crystsls, and are untwinned except
for one small crystal (An 38). The plagioclase
has largely been altered to kaolin, There are
small bits of hornblende (2%) and augite (5%)
scattered throughout the rock, Most of the ferro-
magnesian crystals have been altered to chloritic
substances, The matrix comprises about 60% of

the rock and is a mixture of devitrified glass
fragments, poorly developed and irregularly-sheped
plagioclase fragments, chloritic matter and small
rock and crystal fragments which were not identi-
fied,

Second Puget Tongue

This unit, about 650 feet thick as measured in cross section,
trends northwest and dips about 500 eastward, It crope out in a small
unnamed creek in sec. 24 and 25, T15N, R6E, The tongue appears to thin
southeastward,

Contacts

The lower contact is not exposed, but was placed in the

position shown on the map (pl. V, p. 18) for reasons stated on page
24,

The upper contact of this Puget tongue appears to be conformable
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and transitional with the overlying Keechelus tongue, but the reletion-
ship 1s somewhat obscured by minor faulting and landsliding in secs,
24 and 25, T15N, R6E, Toward the upper contact, the sandstone becomes
fine-grained and dark gray, and the interbedded shales become black in
color, Above the éontact, black friable shale is found interbedded(?)
with volcanic conglomerate and breccia, but upward, the section soon

becomes entirely volcanic,

Lithology
The rocks, similar to those of the lower Puget tongue,

are massive and well-bedded, well- to fairly well-sorted, medium- to
fine-grained, light to dark gray and brown, muscovite-bearing sand.
stones interbedded with gray to black and brown, massive to fissile
shales, Cross laminations are found in some of the sandstones (pl. XI,
p. 30), and one outcrop of black, well indurated shale shows well de-
veloped spheroidal weathering (pl. XI, fig. 1, p. 80). Carbonaceous
fragments and poorly preserved leaf fregments are found along bedding

planes in the shales and in the fine-grained sandstones.

Petrographic Description

Specimen 11: Impure muscovite-bearing sandstone from
near the upper contact of the second Puget tongue in
NW; NE} sec. 25, T15N, R6E. The specimen was collected
from a sequence of interbedded black to dark gray, well-
indurated shales and light to dark gray, fine-grained
sandstones,
Megascopic: The rock is well-indurated, well-
sorted, fine-grained, medium to dark gray in color
and has wavy lamination planes,
roscoplic: The rock contains 25% angular quartz
grains and 9% plagioclase grains (An 27 to An 30),
It contains 10% carbonaceous fragments and 5% chert
grains, Biotite and muscovite are 5% each, with
gome grains bent around the more resistant quartz
and feldspar grains., Chlorite (1%) is pennine,
and like the mica, has been bent around resistant
grains, The matrix (40%) is a very fine-grained
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PLATE XI

-
R g 4% ¢
g 14

Figure 1. Spherolidally weathered black shale near
the upper contact of the second Puget tongue.

Figure 2, Cross lawinations in 1light gray muscovite-
bearing sandstone of the second Puget tongue,
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silt mixed with dirty brown argillaceous and
organic matter.,

Specimen 12: Impure muscovite-bearing sandstone from
near the upper part of the second Puget tongue in SWi
sec, 24, TSN, R6E, It was collected from a sequence
of interbedded dark gray siltstone and shele,

' Megescopic: The rock is well sorted, fine- to
medium-grained, and is medium gray to gray-brown
in color. It is well indurated,

scopic: The rock contains 25% quartz (much
is strained) and 8% plagioclase (An 26 to An 27).
It contains 15% biotite and 5% muscovite, both of
which have been bent around more resistant grains,
Chert is 5% and magnetite is 2%, One grain of cor-
undum was observed, The matrix (40%) is composed
of calcite. ‘

Specimen 13s Muscovite-bearing arkose from near the
middle of the second Puget tongue in S NEj sec. 25,
T15N, R6E. The rock was collected from & massive sand-
stone outcrop with sbundant carbonaceous fragments,
Megascopic: The rock is well-indurated, light to
medium gray in color, coarse- to medlum-grained,
and is fairly well sorted.
Microgcopics: The rock contains 35% angular
quaertz grains some of which are strained and some
of which are derived from vein quartz., There
is 20% angular, somewhat kaolinized plagioclase
grains (An 29 to An 35), Staining shows 5% potas-
gium feldspar., Blotite is 15% and muscovite is
4%3 both have been bent around resistant mineral
grains, There is 10% chert and quartzite frag-
ments, 5% secondary calcite, and 1% leucoxene,
Chlorite (0.1%) is an alteration product of bio-
tite. Two sandstone granules end a possible vol-
canic fragment were observed, The matrix (5%)
is argillaceous, and is stained by iron oxide,
The mineral grains average 0.06 mm., and vary
from 0.08 mm. to submicroscopic in size,

Second Keechelus Tongue

This unit is about 1500 feet thick, trends northwest, and is
1ithologieally very similar to the lower Keechelus tongue,
Contacts
The lower contact is described on page 29.

The upper contact, exposed in SWi sec. 19, T15N, R7E,
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trends N1OW, dips 20° eastward, and is conformable with the overlying
Puget tongue,
Lithology

The rocks are volcanic conglomerates, clastic~volcenic
breccies, volcanic graywackes and tuffacecus(?) sandstones, One out-
crop of medium-gray porphyritic andesite was observed near the lover
contact, Two outcrops of flow(?) rocks are exposed near the top of
the sequence, one a light gray-green andesite with a few milky plag-
ioclase phenocrysts as much es 3 mm. long; the other a very fine-
grained black basalt. The prevailing colors of the rocks are gray and
gray-green, and the weathering colors are medium brown to buff.

The sequence begins with a volcanic pebble conglomerate and is
succeeded upward by volcanic breccias, conglomerates and graywackes,
At the top of the unit is a medium- to fine-grained well bedded vol-
canic graywacké in contact with muscovite-bearing sandstone and shale

of the overlying Puget tongue,

Petrographic Desoription

Specimen 143 Volcanic pebble conglomerate from near
the lower contact of the second Keechelus tongue in
NE} NE} sec. 25, T15N, R6E. The specimen is from an
outerop of pebbly conglomerate to coarse sandstone with
occasional cobbles up to 4 inches in size,
Megascopic: The rock is very well indurated, is
gray-brown to olive greenlgh-brown in color, and
containg scattered carbonized wood fragments.,
Most of the grains are angular to subangular in
shape, and are composed of olive green, gray and
black andesite porphyry fragments,
Microscopict The rock contains 85% rock and min-
eral fragments and 15% matrix. The matrix is a
dirty brown argillaceous(?) material with minute
fragments 0.0004 mm, and less in size. In places
there are secondary calclite grains,

Angular quartz grains comprise about 1%, end
untwinned plagloclase grains about 20% of the rock.
There are 5% cerbonized wood fragments., Most of
the andesite fragments (about 20% of the rock)
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have been completely altered to calcite. Some

of the andesite fragments are fresh and very

well rounded, but most are angular to subangular

in shape, and usually have very irregular borders.
Microscoplcally the rock appears to be

pyrroclastic in origin, except that some rock frag-

ments are very well rounded, Field relations in-

dicate a sedimentary mode of deposition,

Specimen 163 Tuffaceous sandstone from NE} NEF sec. 25,

T15N, R6E, about 400 feet stratigraphically sbove the

lower contact of the second Keechelus tongue,
Megescopic: The rock ig poorly sorted, is dark
gray, and contains consplouous light olive green
andesite fragments. One black vesicular fragment
was observed in the hand specimen.
Microscopic: The metrix (50%) is dark brown to
black in color and is opaque, It appears to be
composed of glassy material heavily charged with
dust-sized mineral grains.

The rock contains 20% primery quartz grains,

5% untwinned plagloclase and 2% chert fragments.
Andesite fragments compose 20% of the rock, and
may be almost all partially altered to chloritic
material. Many of the rock fragments show vesicles.
Some contain secondary quartz growths between min-
eral grains. All the fragments are angular,

hi et Tongue
This unit, about 1900 feet thick, trends north to northwest
and appears to thin southward. It crops out extensively in the Copper
Creek drainage basin, and has an outcrop width of about two miles due
to repetition in e minor anticline and syncline.
Contacts
The upper and lower contacts diverge slightly to the
north, suggesting thickening of the unit in that direction, although
the widening of the outcrop area may be entirely due to the folding
mentioned above,
The lower contact is described on pages 31-32.

The immediate upper contact is not exposed, but the overlying.



34
Keechelus rocks appear to be conformable on the Puget rocks., This
contact extends continuously to the Puyallup River, approximately

eight miles to the north (Willis, 1880, geologic map) .

Lithology
Lithologically this tongue is similer to the lower and

gsecond Puget tongues, displaying a rather monotonous sequence of
muscovite-bearing, gray and brown colored, well sorted sendstone and
arkose interbedded with gray and black shale and thin coaly layers.
Leaf fossils were collected in two localities near the middle of the

unit (pp. 54-56).

Petrographic Description

Specimen 163 Sandstone from NE} sec. 50, T15N, R7E,

The specimen was collected from an outerop of inter-

bedded sendstone and dark gray to black friable shale

containing fossil leaves and thin coaly layers.
Megescopic: The rock is light to medium gray,
fine-grained, well sorted, and is fairly well
indurated, It contains discontinuous and wavy
lamination planes,
Microscopics The rock is well sorted with grains
that average about 0.12 mm, in size, Lamination
planes are caused by concentrations of sub-parallel
biotite flakes, The matrix (85%) is composed of
very fine-grained clastic fragments with 1ittle
or no admixed arglllaceous material., Quartz grains
are 35% of the rock, many of which have highly ir-
regular borders. Plagioclase grains (An 24 to An
34) are 10% of the rock, are angular in shape, and
have been altered slightly to calcite. Muscovite
and blotite grains are 5% each, and both have been
pqueezed and bent around resistant grains. Most
of the biotlite has been bleached and altered, and
grades into chlorite and into muscovite(?), Chlor-
ite and calclte grains are 5% each, The chlorite
has altered from biotite, and the calclte has al-
tered from plagioclase grains. DMagnetite is about
0.1% of the rock and has formed mainly by the
breakdown of biotite.
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Osborne Mountain Subarea

The third Puget and second Keechelus tongues are exposed in
limited outcrops along the south side of the Nisqually River, and
are continuations of those tongues from north of the river,

In SE} sec, 32, T15N, R7E, and NE} sec, 4, T14N, R7E are outcrops
of Puget arkose with some interbedded shale that are underlald by
tough, gray-green(ééégigreen andesite flows. The arkose and shale,
estimated to be 1000 feet thick, is correlated with the third Puget
tongue on the basis of lithology and attitude, The underlying andesite
18 correlated with the second Keechelus tongue because of its strati-
graphic position below the third Puget tongue, although north of the
river in SW} sec., 19, T15N, R7E, the uppermost part of this Keechelus
tongue is a fine-grained, well bedded volcanic graywacke, This dif-
ference in lithology of the Keechelus tongue probably represents a
facles change.

The rocks in the Osborne Mountain subarea are folded across the
nose of a large, southeast plunging anticline, The surface trace of
the Puget tongue therefore bends at almost 45°, changing its strike
from about north-south to east-west, Arkose on the south side of the
fold in secs. 6 and 7, T14N, R7E, half way up the north side of/Os-
borne Mountain, is correlated with the arkose on the northeast side
of the fold in NE} sec. 4, T14N, R7E on the basis of similar lithology,
and because the arkose in both places are overlaid by the middle
Keechelus Group (Tek A, pl. XXXVI, p, 154).

Contacts
The contact of the third Puget tongue with the overlying
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middle Keechelus Group is not exposed, but similar attitudes in both
groups indicate that they are conformeble. On Osborne Mountain, the
arkose appears to be directly overlaid by a Keechelus volcanic pebble
conglomerate which grades upward into coarse-grained volcanic breccias,
The arkose in NE} sec, 4, T14N, R7E is overlaid by Keechelus volcanic
graywackes and breccias, but the contact between the two formations at
this place is covered,

No arkose could be found along the Nisqually River west of Os-
borne Mountein, but because of the structural trends in the overlying
Keechelus rocks, thé arkose is assumed to extend northwest beneath
the Nisqually River valley. It may thin out in that direction or,
as shown on the geologic map (pl. XXXVI, p. 154), it may be cut out by
the Catt Creek fault,

Lithology

The arkose exposed in SE} sec, 32, T15N, R7E, in NE} sec, 4,
T14N, R7E and on Osborne Mountain are lithologlcally very similar,
They are light gray, medium- to coarse-grained, well sorted, fairly
well indurated erkoses with conspicuous muscovite flakes and occasion-
al thin carbonaceous bands, In SE} sec, 32, T15N, R7E the sandstone
is underlaid by gray silty shales containing fossil leaves (upper Eo-
cene?)., These shales are interbedded with gray and buff colored sand-
stones and black lignitic coal layers,

In both NE} sec, 4, T14N, R7E end SE} sec. 82, T15N, R7E, the
sedimentary rocks are directly underlaid by tough, gray-green to green,
porphyritic andesite,

Petrographic Description

Specimen 173 Arkose from NE} sec, 4, T14N, R7E, from an
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outerop south of the Nisqually River along Skate Creek
Logging Company logging road., This specimen is from the
third Puget tongue,
Megascopics Light gray rock with some small dark
reddish-brown weathering spots, well sorted, medium-
grained, and fairly well indurated.
Microscopics The matrix (5%) is composed of quarts
and feldspar grains averaging about 0.04 mm, in size,
and is restricted to pockets between the larger clastic
greins., Quartz grains (80%) are mostly strained, and
some have a metamorphic pavement texture (pl. XII,
p. 88). Plagioclase grains (10%) vary in composition
from An 26 to An 34, Orthoclase, microcline and per-
thite are about 16% of the rock. Biotite (0.1%) is
largely altered to a pale brown mineral., Muscovite
grains (2%) are generally oriented parallel to the
bedding planes of the rock, Chert fragments are 10% of
the rock, One possibly volcanic fragment was observed,
All the mineral grains are angular in shape, and aver-
age about 0.4 mm. in size,

Arkoge from an outcrop slightly higher in the
gsection is somewhat similar to specimen 17, but the
feldspar graing are more kaoliniged, and the rock con-
tains some secondary calcite.

Specimen 18: Arkose from S4 sec. 6, T14N, R7E, about half

way up the north slope of Osborne Mountain,
Megascopics The rock is light gray in color, well
sorted, fine-grained and fairly well indurated.
Microgcopics Quartz grains (30%) are mostly strained;
one grain has a metamorphlc pavement texture, Plagio-
clase grains (20%) vary in composition from An 26 to
A 34, Some plagioclase grains show bent twinning
planes. Staining revealed 2% orthoclase, Biotite
flekes (15%) are fairly fresh in appearance, although
some have been altered to a bleached tan variety with
weak pleochroism. The biotite graing have been mechan-
ically squeezed into cracks within some of the minerals
and around resistant grains, and in some places have
been slightly granulated. Some of the biotite has
been altered to chlorite (5%). Muscovite (5%) has
been mechanically squeezed, but much less so than the
biotite. Calcite grains (10%) are secondary in origin,
and in part are an alteration product of plagioclase.
The matrix is 15% of the rock, and has a cherty appear-
ance.

Most of the mineral grains are angular, but some

are subangular in shape. They average about 0.2 mm,
in size,
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PLATE XII

Specimen 17: Arkose, Puget Group. Pavement-textured
quartz pebble and strained quarts grain., X 400, crossed

nicols,
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Tilton River District

Exposures of the Puget Group in the headwaters of the Tilton
River extend from the latitude of Mineral to about three miles south-
east of Morton, a distance of approximately 12 miles. The maximum
width of exposed Puget rocks is nine miles. The sequence is composed
of over 9000 feet of sandstone, shale, and intertonguing Keechelus(?)
units including volcanic flows and volcanic graywacke, Numerous dikes
and sills intrude the layered sequence, The rocks are folded into a
gmall anticlinorium that plunges south and southeast beneath the over-
lying Keechelus volcanics and appear to be underlaid by the Older
Volcanics,

In the northern part of the Tilton River district are exposures
of volcanic graywackes and clastic-volcanic rocks of Keechelus aspect
that are interbedded with rocks of the Puget Group, but because of the
reconnaissance nature of the field work in this district, these var-
ious rock types have not been differentiated on the geologic map., In
the upper portion of the Puget Group of the northern part of the dis-
trict, sedimentary rocks are more prominent than volcanic rocks, To-
ward the bottom of the section in this same areas, volcanlc rocks are
more prominent, and because of thelr stratigraphic position are be-
lieved to be equivalent to the Older Volcanics,.

In the southern part of the district, the Puget Group does not
contain volcanic rocks of Keechelus aspect. The dividing line between
the northern and southern part of the district, along the valleys of
West and South Fork, seems to be fairly sharp., It is not known whether

this line 1s due to a rapid facies change or is due to faulting,
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Outerops of the Puget Group occur along the many logging roads
of the area, and in the tributaries of the Tilton River. Good ex-
posures of light gray arkose occur along State Highway 6 about two
miles north of Morton in SE} sec. 25, T8N, R4E and SWi sec, 19, TL8N,
R5E, in sec, 18, T12N, RSE along the new hlghway cut three miles south-
east of Morton, and } mile northwest of Morton on the west side of
the bridge over the Tilton River in sec, 54, T13N, R4E, Shale ex-
posures can be seen along State Highway 5, north and east of Morton.

A detailed investigation of the Tilton River district was not
undertaken, consequently the stratigraphic and structural relationships
are imperfectly kmown. The information gathered, however, is of value

since it adds to Culver's work (1919, pp. 108-118).

Contacts

The lower contact of the Puget Group in the Tilton River district
is unknown, It is presumed, however, that Puget rocks overlie the
Older Volcanics, since numerous exposures of volcanic rocks are found
in the Tilton River valley stratigraphically below many hundreds of
feet of Puget Group rocks, The volcanics appear to be exposed in the
uplifted center of the south-plunging anticlinorium.

The upper contact on both sldes of the Tilton River valley is
obscured by talus snd vegetation, but on the basis of slightly diverg-
ing rock attitudes in the two groups, the middle part of the Keechelus
Group (Tek A, pl, XXXVI, p. 154) is believed to lie unconformably a-
bove the Puget Group. Also, cross sections indicate that the thick
gection of Puget rocks exposed on the western side of the valley may

be cut out on the eastern side of the valley by an unconformity(?)
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(fig. 1, p. 41). There are, however, the possibilities of elther a
rapid eastward thinning of the Puget Group to the east, or of fault-
ing at the eastern contact.

On the western side of the Tilton River valley, the contact of
the Puget Group with the overlying Keechelus Group was crossed in
two places, To the north, in SE} sec. 23, T14N, R4E, the uppermost
Puget Group rocks are coarse- to fine-grained, cross bedded, tan
colored sendstone with thin interbedded coaly lsyers and fossil leaves,
that 18 overlaid by a fine-grained porphyritic basalt belleved to be
part of the Keechelus Group. The rocks deposited above the basalt are
obscured by talus from a succession of greenish-gray, and gray volcanie
breccias and pebble conglomerates that are definitely part of the

Keechelus Group.
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Figure 1, Diagrammatic section across the Tilton River valley
showing the possible unconformity between the Keech-
elus Group and the underlying Puget Group. The
Older Volcanics presumably underlie Puget rocks.

The western Puget-Keechelus contact was crossed again about four

miles south of the above described outcrop in NW} sec. 8, T13N, RAE,
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Here, the upper part of the Puget Group is a well bedded, fairly well
indurated, well sorted, yellow-brown sandstone overlald by a dark
brown volcanic breccia of Keechelus type that contains red and black
angular to subangular-shaped fragments that average about % inch in
longest dimensions,

On the eastern side of the Tilton River velley, in secs. 21 and
22, T14N, R5E, is a succession of voleanic graywackes and flows with
gome interbedded gray to buff-colored, well-bedded, fine-grained,
muscovite-bearing sandstones and arkoses. The volcanic rocks may be
lower tongues of the Keechelus Group. The Puget-Keechelus contact
located in NW} sec. 22, T14N, RSE is placed at the top of a two foot(?)
bed of light gray, medium-grained muscovite-bearing sandstone that
clearly overlies a black basalt flow. East of this sandstone outerop
are only volcanic breccias and volcanic flows,

Farther south, in the South Fork and Fern Gap areas, the contact

is covered, and its trace is only generally known,

Lithology
e Ro:

The sedimentary rocks in the southern part of the Tilton
River district are very simlilar to the rocks of the Nisqually River
district, The sandstones are well-bedded to massive, thick- to
thinly-bedded, with some beds showing well-developed lamination planes,
and are coarse- to fine-grained., They range in color from 1light gray
to brown, have occasional ripple marks, and sometimes contain angular
shale chips. The sandstones usually, but not alweys, contain musco-

vite end biotite, Conspicuous light gray sendstone and arkose beds
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sometimes are as much as twenty feet or more thick, and usually show
some cross bedding,

In the northern part of the Tilton River district are beds of
dark gray-green to green-colored, medium- to coarse-grained graywackes
very similar to the rocks in the lower and second Keechelusg tongues
in fhe Ashford-Goat Creek section, and to the rocks of member B of the
Keechelus Group near the eastern border of the Elbe-Packwood area.
These green-colored graywackes appear to be interbedded with arkoses
and shales, but the exact relationships are unkmown. The graywackes
crop out southward from the northernmost Puget outcrops in SW; sec. 6,
T14N, RSE to West Fork in F} sec. 35, T14N, R4E, but are not found far-
ther south, West of Mineral, graywackes grade downward into coarse
andesite cobble conglomerate, and are succeeded upward by light gray
massive arkose beds near the contact with the Keechelus Group.

Shale is found throughout the area and is commonly interbedded
with sandstone., It varies in color from black to gray and brown, is
fissile to massive, well-indurated to very friable, and sometimes is
conchoidally fractured, Occesional thin lignitic coal layers are found,
and in many places carbonaceous material occurs along bedding planes
within the shale, Some areas of the Puget Group in the Tilton River
district have been mined for coal, but thick coal outcrops are not

numerous,

Po! ¢ _Depgeription
The megascopic as well as the microscoplc characters of the
sedimentary rocks are remarkably similar to those of the Nisqually

River district., Individual mineral percentages vary, but in general
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the mineral composition of the rocks in the two districts are sim-
ilar (fig. 2, p. 52).
A few specimens from scattered localities are described geograph-

ically from north to south., Not attempt is made at correlation,

Specimen 19: Volcanic graywacke from SE} sec, 12, T14N,

R4E near East Creek. This specimen may be from a tongue

of the lower Keechelus Group in the Puget Group.
Megascoplics The specimen is a coarse- to fine-grained,
greenish-gray, poorly sorted, well-indurated graywacke,
Microscopics The matrix (10%) is difficult to disting-
uish from the rock fragments because of similar composit-
ions and alteration, but is apparently a mixture of
finely divided argillaceous material and very fine
grained rock and minersl fragments, Antigorite (&6%)
occurg in the matrix, and as a thin film around many
of the grains, In places the antigorite grows in
voids between grains as small fibrous crystals,

Andesite fragments (75%) are of several types with

differing textures and colors. Colors are red (al-
teration of magnetite to hematite), black (abundant
megnetite? dust in the matrix), gray and white. Most
of the fragments have micro-porphyritic textures, and
none are vesicular, Among the mineral fragments,
plagioclase (5%) is probably andesine and is mainly
keolinized, Only one observed plagioclase grain is
zoned, but most show albite twinning planes in varying
degrees of clearness., Pyroxene grains (1%) are small
fregments of larger crystals, most of which are clear,
but some are rimmed with antigorite. The rock and
mineral fragments are angular to subangular in shape
although some are rounded, and average about 0.8 mm,
in size,

Spe n 203 Impure arkose from N4 sec, 13, T14N, R4E a-

long a logging road near Fast Creek.,
Megascopict A light-medium gray-green, fine-grained,
well-sorted sandstone containing some muscovite flakes.
Microscopics The matrix (35%) is composed of argillac-
eous(?) material and very finely divided quartz and
feldspar(?) grains. Angular quartsz grains comprise
25% of the rock, and some show strain shadows. Ortho-
clase (10%) is usually slightly cloudy with kaolin,
Plagioclase (5%) varies in composition from An 28 to
An 40. Ohlorite (5%) is altered in part from biotite
grains and in part from matrix material., Muscovite
and sericite(?) are 1% each, Microcline is approxim-
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ately 0.1% of the rock, Magnetite (0.1%) occurs as

a few isolated grains, some of which have formed due to
the release of iron during the alteration of biotite

to chlorite, but most of the magnetite grains are
transported particles., Rock fragments are composed of
chert (10%) and andesite (5%). The andesite fragments
have very small feldspar laths set in a matrix altered
to a reddish hematitic material. The rock and mineral
grains are mostly angular in shape, and they average
0,16 mm, in size.

Specimen 211 Arkose from C., sec. &, T13N, R4E near the

upper contact of the Puget Group on the west side of the

Tilton River wvalley.
Megagcopics A medium gray, medium-grained, well-
sorted, muscovite-bearing arkose.
Microscopics The matrix (5%), composed of finely
divided quartz(?) and feldspar(?) grains and brownish
argillaceous material, occurs in isolated pockets be-
tween rock and mineral fragments, Rock and mineral
fragments comprise 95% of the rock. Quartz grains are
%0% of the rock, Orthoclase grains (R0%) are usually
slightly altered to kaolin, Plagioclase grains (5%)
vary in composition from An 25 to An 35, Some plagio-
clage grains have bent twinning lamellae, and are
partially altered to kaolin and calelte, Microcline
grains are 1% of the rock., Biotite flakes (15%) ere
in all stages of alteration from a dark brown, strongly
pleochroic variety to a light brown, weakly pleochroic
biotite(?), and some are partially altered to a green-
ish-brown chloritic material. In places biotite grains
are intergrown with muscovite, and, like in some spec-
imens from the Nisqually River district, the micas are
squeezed between more resistant grains (pl. XIII, p. 46).
Muscovite 1s 8% of the rock. Chlorite is 5% of the
rock, and most of it is an alteration product of biotite.
Magnetite grains (2%) ocour as an alteration product of
biotite(?), and as transported grains. Chert fragments
4% of the rock, Fine-grained shale ships (2%) contain
abundant carbonaceous material between bedding laminae,
The mineral grains are angular to subangular in shape
and average 0.8 mm, in size,

Specimen 221 Arkose from SW} sec. 19, T13N, RGE along State
Highway 5 just north of South Fork,
Megascopics Light grey, medium-grained, well-sorted,
muscovite-bearing arkose,
Microscopics = Most of the matrix was lost during the
preparation of the thin section, but that which is left
is fine-grained quartz and feldspar gralns. Argillac-
eous material is absent., Quartsz, the dominant mineral
of the rock, is angular in shape and shows strain sha-



PLATE XIII

Specimen 21: Arkose, Puget Group. HNote broken and
bent muscovite grain in center of photograph,
X 400, crossed nicols,
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dows, Many of the quartsz grains have highly irregular
borders due to a secondary addition of silica, Ortho-
clase, 15% of the rock, has been kaolinized, Plagio-
clase grains are minor in amount, and vary in composit-
lon from An 25 to An 35, Mleorocline, muscovite, cal-
clte and siderite grains are minor in amount, Chert
fragments are rather abundant, One highly carbonaceous
sandstone fragment was observed, The rock and mineral
particles are angular in shape, and average about 0,3
mm, in slze,

) 288 Arkose from SE} sec. 25, TLBN, RAE along State
Highway 5, 1% miles north of Morton,

Megascoplcs Light gray, medlum-grained, well-sorted
arkose.

crogoopics The matrix (50%) consists of finely divid-
ed quartz(?) and feldspar(?) grains, secondary calcite
and cliachite crystals, and a minor amount of argillace
eous material, The e¢liachite is altered from an un-
known material within the matrix, Quarts grains are
about 30% of the rock, and some have streain shadows,
Orthoclase is 10% of the rock, Plagioclase grains (1%)
vary in composition from An 26 to An 34, Myrmekite 1s
0,1% of the rock, Chert fragments are 10% of the rock.
The mineral gralns are angular to subangular in shape,
and average 0.2 mm, 1n size,

Specimen 24: Shale from NW} sec, 88, T13N, RAE along State

Highway 5 about one mile north of Morton.
Megascopic: A dark gray, silty, well-indurated, fissile
shale,
Microscopic: The matrix (25%) is composed of finely
divided qusrtz and feldspar(?) grains along with brown-
colored argillaceous material., Quartz grains (B5%) are
angular in shape, Orthoclasse fragments are 15% of the
rock, and many show a cloudy kaolin alteration, Plag-
ioclase grains (2%) are mostly clear, although some
are slightly altered to kaolin, Biotite grains (15%)
are concentrated along bedding planes within the rock,
and are bent around resistant quartz and feldspar
grains, ©Some of the biotite grains are altered to
a light tan-colored, weakly pleochroic mineral, Mus-
covite grains (5%) are bent around resistant grains in
a manner similar to the biotite grains, Chlorite (1%)
occurs as an alteration product of blotite. Leucoxene™
grains are about 5% of the rock, magnetite is 0.1%,
calcite is 0.1% and keolin is 1% of the rock, There
are 1% carbonaceous fragments concentrated along indis-
tinct bedding planes, and usually are closely assoclated



48

with the blotite grains. The mineral grains are angu-
lar in shape and average about 0,04 mm, in size.

Specimen 253 Pebbly arkose from an outerop in C,, sec, 18,

T12N, RSE along State Highway 6 about three miles southeast

of Morton,
Megascopics Pebbly, coarse-grained, fairly well in-
durated, poorly sorted arkose that contalns abundant
quartz, chert and feldspar fragments,
Microscopics Although most of the matrix was lost dur-
ing the preparation of the thin section, this specimen
is included because of its unusual coarseness and be-
cauge of the high percentage of large chert fragments
and quarts grains., Quarts and chert fragments comprise
most of the rock, Most of the quartz grains occur
within the chert fragments as small veins, some of which
display cockscomb structure (pl., XIV, p., 49), Some of
the quartz grains have secondary replacement borders.
Other observed mineral grains are microcline, muscovite
and sericite(?). The maximum grain size in the thin
section is 5,0 mm, Most of the mineral grains are sub-
angular in shape, although some are angular and some
are well-rounded.

Extrusive Igneous Rocks

Because of the reconnaissance nature of the field work in the
Tilton River district, it is difficult to extimate the number of vol-
cani flows, or to give a significant summary of their composition., In
the field, many of the flows appear to be basalt, but every sample
examined under the microscope is andesite,

In the Tilton River district, the relationship of an outcrop of
volcanic rock to surrounding sedimentary rocks is of'ten obscure, al-
though in a few places the volcanics can be positively identified as
flows, It is usually diffiocult to distinguish between flows, dikes
and sills,

A few specimens from scattered localities are described petro-
graphically, and since exposures are few, no attempt is made at

correlation,
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PLATE XIV

Specimen 25: Pebbly arkose, Puget Group, Quartsz
veinlet in chert pebble with coxcomb structure. X 320,
crossed nicols,
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Petrographic Description

Specimen 263 Andesite from SW} sec, 19, T13N, R5E

along State Highway 5, just north of South Fork. The

specimen is from a flow that is interbedded with sand-

stone and shale,
Megascopic: Dark gray to dark green-gray andesite
with abundant feldspar phenocrysts,
Microscoplcs The rock has a felty texture and
contains about 70% plagioclase (An 45)3 20% are
phenocrysts, and 50% are matrix feldspar crystals.
Many of the plagioclase grainsg are cloudy due to
their partial alteration to kaolin., Pyroxene crys—
tals (25%) are generally altered to a yellow-brown
chloritic material. Calcite (2%) is altered from
the feldspar crystals and matrix material, Chlor-
ite is about 20%, antigorite is 1%, end opaque min-
erals (magnetite?) are 2% of the rock,

Specimen 273 Andesite from SW} sec., 9, T13N, R4E,
Megascopics The rock is dark medium green in
color and contains plagioclase phenocrysts,
Microscopics The rock is fine-grained, holocrys-
talline and porphyritic in texture., Phenocrysts
of plagioclase reach a maximum size of 0.5 mm,
Matrix plagioclase crystals are equant in shape,

Plagioclase grains are 50% of the rock, Pheno-
crysts of plagioclase (An 45) are 20%, many of
which show aligned inclusions of small pyroxene
grains that are partially altered to chlorite,

Some of the phenocrysts have been altered to kao-
lin, The matrix plagioclase crystals (An 30) have
been considerably altered to kaolin, and in general
are twinned and zoned, Relatively fresh, fine-
grained pyroxene grains comprise 22% of the rock;
2% are phenocrysts, and 20% occur in the ground
mass, Chlorite (80%) is an alteration product of
an originally glassy(?) matrix,

Specimen 283 Andesite from C., sec, 14, T13N, R4E,
along a logging road about two miles west of the Til-
ton River,
Megascopics The rock is gray-green to green in
color, and has scattered milky plagioclase pheno-
crthS ®
Microscopics The rock has a felty texture and is
hemicrystalline, Plagioclase crystals are 45% of



51

the rock; 15% are phenocrysts (An 60), and 25%
occur as fine-grained matrix grains (An %0),

Many of the feldspar crystals have been kaolin-
ized, Kaolin is about 10% of the rock, Augite
crystals are 5% of the rock, some of which are
included in the feldspar phenoerysts, Chlorite
(15%) occurs as an alteration product of the pyrox-
ene crystals, Calcite (5%) is an alteration pro-
duct of plagioclase grains., Glass is 15% of

the rock, Magnetite grains are 1%, Quarts orys-
tals (5%) occur as very small crystals, some of
which appear to be secondary in origin,

Specimen 293 Andesite from C,, sec, 22, T13N, R4E,
about three miles northwest of Morton along Connelly
Creek,
Megascopics The rock is medium gray apple green
in color, is aphanitic in texture, and contains a
few large, scattered feldspar phenocrysts.
croscopic: The matrix (95%) is composed of small,
felty, mostly keaolinized and partially calcified
plagloclase laths, The original glassy matrix hes
been altered to chlorite(?), and has relatively
large irregular-shaped patchy areas of quartsz.
Euhedral plaglioclase phenocrysts (An 50) are 5%
of the rock, mamy of which are kaolinized, and some
of which are completely altered to calcite and
small clear guartsz orystals. Matrix feldspar
laths (An 30) comprise 20% of the rock, Chlorite
. crystals are 35%, secondary quartz crystals are
20%, secondary calcite 1s 15%, and scattered mag-
netite gralns are 0.1% of the rock,

Relationship between the Tilton River
and Nisqually River Digtricts
A.dirqct correlation of the Puget Group between the Tilton River
and Nisqually River districtg cannot be made because of a cover of
younger volcanic flows and glacial debris, but for the reasons stated
below, they appear to be essentially equivalent,
Fossil leaves indicate that the Puget Group of both aress was de~

posited in the upper Eocene epoch (pp. 54-57), although refined cor-
relation by leaves is virtually impossible,
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The Puget rocks in both districts are lithologically very sim-
ilar, The significence of the mineral percentages listed in figure 2,
p. 52, however, is questionable because the samples were selected for
thin section study on the basis of degree of induration. The results,

however, do indicate a similar composition of source areas of the

rocks,
Nisqually River Tilton River
District Disgtrict
Quartz 50%..........‘................50%
Orthoclage 9%0-.-...0.--ooo-uoo-oono-ocol4%
Plagioclase 20%0..-.--....cs-o-oo.no-oo.-- 5%
Muscovite 4%...-....-0..---....---oo-c- 5%
BiOtite 10%.--.-......................12%
Chlorite 5%...;00---ooooo-otu-oco.o.o- 5%
Calcite ll%oouoo.o--oa.oo--o-ooooooo'c].s%

Figure 2, Comparison of mineral percentages of sandstones
from the Puget Group from the Nisqually River
and Tilton River districts,

The sandstones of both districts are generally fine-grained,

well-gorted and contain dominantly angular, but some subangular and

a few rounded grainsg., The matrlces of‘tha sandstones vary from "clean"
arenaceous to "dirty" argillaceous material, Quartz, muscovite and
plagloclase grains are consistently present in all the samples. Or-
thoclase 1is occasionally present, and is most abundant in samples from
the southern part of the Tilton River district. Microcline, perthite
and chert fragments are occasionally present. Bilotite occurs in al-
most all the samples, Some of the blotite grains are altered to a
light brown, "bleached" variety which may be calciobiotite, a type

containing 14% CaO (Dana, 1950, p. 664). Chlorite is a common alter-
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ation product of biotite. Magnetite grains are present in slight
amounts in almost all the studied thin sections, but are inconspic-
uous because of their small percentage. Accessory minerals are very
minor, and usually occur as finely divided crystals within the matrix,
None of the examined Puget Group rocks contain recognizable volcanic-
derived materials,

The regional structural pattern suggests a possible equivalence
between the Puget rocks exposed in the Tilton River and Nisqually

River districts (pl. XXXVI, p. 154).

Age of the Puget Group
General Statement
The age of the Puget Group was first thought to be Cretaceous
(Willis, 1880, p., 759). Willls states that
Collections made by the Northern Transcontinental Survey
have been submitted to Professor J.S, Newberry, who con-
siders them the equivalent of the Laramie east of the
Rocky Mountains, and of greater antiquity than the Tert-
laries of Bridge Creek and John Dgy's Valley in eastern
Oregon;, ..
A hint of their (Cretacecus) existence is found in some
indistinct agatized casts, of oval cross section and about
2" long, which were brought from a conglomerate on the
upper Skookumchuck southeast of Teninoj they were unfor-
tunately lost but were apparently casts of baculites,
White considered the Puget Group to be equivalent to the Tejon
Group of California (at that time thought to be lower Eocene), but
sald that the marine Tejon Group (probebly the Cowlitz formation of
Washington) and the Puget Group could not be correlated by fossils

because one fauna is marine and the other is estuarine, He tentative-

1y dated the Puget Group as Eocene because marine Eocene fossils
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("Tejon Species") on the Duwamish River are stratigraphically related
to nearby typical exposures of Puget rocks, but he does not state
what the stratigraphic relationships are (White, 1888, p., 448),

Weaver (1937, p. 55) concludes that the major portion of the Puget
Group was deposited in middle and late Eocene time, but that the lower-
most deposits may be early Eocene in age, and that the uppermost de-
posits may be of earliest Oligocene age.,

Fossil leaves found in the Puget Group of both the Nisqually
River and Tilton River districts indicete an Eocene age, but do not
permit a more accurate age determination, It seems likely, however,
that the Puget Group rocks of both districts were deposited during

the latter part of the Eocene epoch,

Nisqually River District

The following floras were collected in the uppermost member
(third Puget tongue) of the Puget Group from the Copper Creek drain-
age basin, and, although the stratigraphic relationships are indefinite,
the leaves apparently are from near the middle of the unit, The in-
exactness of floral age determinations justifies the treatment of
these fossils as an assemblage, even though the third Puget tongue is
at least 2000 feet thick, Collections made by the writer and by Holand

W, Brown of the U,S. National Museum are listed separately,

University of Wa ton Loca WA 231: NE} sec. 19, T15N,
R7E,

Carya magnifica (Knowlton) La Motte (No. 13700)

Cercidiphyllum arcticum (Heer) Brown (No, 13701)
Glyptostrobus dakotensis Brown (No, 13702)

Ulmus sp. (No. 13703)




55

University of Washington Locality WA 232: NE} sec. 18,
TIEN, R7E

Cercidiphyllum arcticum (Heer) Brown (No. 13704)

Carya magnifica (Knowton) La Motte (No., 13705)

U.8, Geological Survey Copper Creek Locality
Metasequoia occidentalis (Newberry) Chaney
Cereidiphyllum sp.

According to Brown (1953, written communication), the fossils
from the Copper Creek area are Eocene, "perhaps late", Since these
fossils are from the upper part of the Puget Group, it seems likely
that they are of upper Eocene age, That the Puget rocks of this dis-
trict are not as young as Oligocene, is indicated by upper Eocene
leaves (Univ. Wash. Locality WA 235, p. 111) collected from the middle
part of the Keechelus Group hundreds of feet stratigraphically above
the uppermost Puget-Keechelus contact.

Statements of the environmental conditions of deposition that
are based upon such a small collection of leaves are at best general-
izations. Brown, however, states that Carya, Ulmus and Metasequolia
"eould be regarded as streamside or lowland inhabitents" and that
Glyptostrobus may indicate " a moist environment", but he hesitates

to make definate statements (Brown, 1964, written communication),

Tilton River District
Fossll leaves in the upper portion of the Puget Group west of

Mineral indicate an upper Focene age. Leaves collected by Brown are
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included in the localities listed below,

U,8, Geological Survey Mineral Locality: SE} sec, 12,
T14N, R4E,

Woodwardia sp.

Equigetum sp.

Pinus sp,

Cercidiphyllum elongatum Brown

Cinnamomum dilleri Brown

Alnus sp,
Calyptranthes sp.
Laurophyllum sp.
Platanophyllum sp.

Of this assemblage, Brown states "That the flora has species in
common with the Comstock flora in Oregon, said to be of late Eocene
age, and also with the McIntosh and Renton floras" (1953, written
communication), The Renton flora is probably late Eocene, but the
McIntosh formation is supposedly middle Eocene, an age determination
by W. Rau (Snavely, et al., 1951) based upon microfaunal evidence,

The writer, however, believes that the Puget Group in the Tilton River
district is equivalent to the partially marine, upper Eocene Skookum-

chuck formation rather than equivalent to the McIntosh formation (p, 58).

University of Washington Loc WA 2388 SE} sec, 12,
T14N, R4E (same as U,S.G.S. Mineral locality).

Sparaganium antiquum (Newberry) Berry (No. 13706)
Platanophyllum whitneyi (Lesquereux) MacGinitie (No., 13707)
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University of Washington Locality WA 2343 SEg sec. 25,
T14N, RAE,

Equigetum sp. (No. 15708)
Laurus sp. (No., 13709)

Brown states that Equisetum and Sparagenum indicate a moist
environment., The general fossil types and rock associations of the
Tilton River district indicate a depositional environment similar to
the depositional environment of the Puget rocks in the Nisqually

River district,
Correlation

Nisqually River District

The Puget Group exposed in this district extends continuously
northward to the Puyallup River, but cannot be traced farther north
because of an unconformeble(?) cover of young volcanic flows (Leanard
Gard, 1955, oral communication), However, the north-south structural
trend and the lithologic character of the rocks in the Nisqually River
district, strongly indicate that they are equivalent to a thick section
of Puget rocks exposed along the Mowich Lake road, thirteen miles
north of the present area,

The correlation of Puget rocks in the Nisqually River district
with Puget rocks exposed near Seatile is not as positive, but on the
basis of lithology, fossil leaves, and stratigraphic position, they
appear to be equivalent,

A direct correlation between the rocks in the Nisqually River and
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Tilton River districts cannot be made, but they are probably

essentlially contemporaneous (pp, 51-53),

Tilton River District

The rocks of this district are correlated by Snavely, et al,
(1951) to the middle Eocene McIntosh formation of the Centralia-
Chehalis area on the basis of fossil leaves. The rock patterns shown
on the compiled geologic map (pl. XV, p. 60), however, suggests the
equivalence of the upper Eocene Skookumchuck formetion to the Puget
Group, As shown on the compiled map, the Skookumchuck formation in
the southeast corner of Snavely's map can be easily correlated to the
Puget Group shown on the western side of Culver's plate XIX (1919,
p. 103), With this 1% mile gap bridged, the Skookumchuck formation
(Puget Group) can be followed southeast to within five miles of Puget
rocks exposed in the Tilton River district. The attitudes of Puget
rocks in the Tilton River district and those of the area to the west
indicate an intervening syncline, and the Puget rocks are probably
continuous beneath the Keechelus rocks which are exposed in the gyn-
cline. The Skookumchuck formation is lithologically similar to the
Puget Group of the Tilton River district, but in the Centralia-Chehalis
area 1t has interbeds of marine rocks., The marine interbeds contain
upper Eocene megafossils, identified by H.E. Vokes, that "correlate
with the fauna from the upper Eocene Cowlitz formation of the type
locality in Cowlitz County, Washington" (Snavely, et al., 1951), A
meager fauna of shallow-water foraminifera, studied by H,G, Billman,

1s considered to be the same as the fauna found in the upper Eocene
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Cowlita formation exposed along Olequa Creek near the town of Winlock,
Washington, Since the Skookumchuck formation of the Centralia-Chehalis
area appears to be laterally equivalent to the Puget Group exposed in
the Tilton River district, the age of at least part of the Puget Group
is considered to be upper Focene rather than middle Eocene as suggested
by Snavely.

If the Skookumchuck formetion and the Puget Group are equivalent
to each other, then the Older Volcanics which lie stratigraphically
beneath the Puget Group must be equivalent to the volcanic rocks of
the Northoraft formation which lie beneath the Skookumchuck formation
in the Centralia-Chehalis area,

A diagrammatic, east-west stratigraphic section drawn from the
Centralia-Chehalis area to the Cascade crest graphically represents

the above assumptions (pl. II, p. 7).



60
MIDDLE AND UPPER KEECHELUS GROUP
General Statement

The Keechelus Group, first named as the Keechelus andesitic
series by Smith and Calkins (1906, pp. 8-9), is part of an extensive
volcanic field extending from the Snoqualmie Pass region of Washing-
ton into Southern Oregon. Similar volcanie rock types extend as
restricted patches north of Snoqualmie Pass into northern Washington.
The type section for Keechelus rocks is not designated, but is con-
sldered to be the greenish daciteibreccias exposed along Lake Keech-
elus east of Snoqualwie Pass, The thickness of the Keechelus volcan-
ics in the type region is estimated to be 4000 feet (Smith and Calkins,
© 19086).

Keechelus rocks of the Elbe-Packwood area have been divided into
the upper, middle and lower Keechelus Group (pl. XXXVI, p. 154).
Tongues of Keechelus rocks which are interbedded with the Puget Group
in the Nisqually River distriet (pp. 15-38) are included within the
lower Keechelus Group. The middle Keechelus Group includes upper
Focene volcanic rocks which lie above the Puget Group and below vol-
canic rocks of Oligocene(?) age. The Oligocene(?) volcanic rocks are
designated as the upper Keechelus Group.

As described in the literature (Smith and Calkins, 1906, pp. 8-9;
Coomba, 1936, pp. 150-165; Abbott, 1953, pp. 42-76), the Keechelus
rocks are primarily andesitic pyroclastics with a subordinate amount
of volcanic flows, The volcanic flows are composed principally of por-
phyritic pyroxene andesite, followed in order of decreasing abundance

by dacite, basalt and rhyolite. These rocks are generally altered and
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are characteristically green, but vary widely in color,

In the Elbe-Packwood area, the Keechelus Group is composed mainly
of clastic-voloanic rocks and a subordinate amount of pyroclastics and
volcanic flows, Most of the rocks are andesitic in composition, al-
though basalt and dacite occur, The rocks are commonly various shades
of green and brown, but are also red, pink, gray and black,

The Keechelus Group in the mapped area is at least 10,000 feet
thick, and may be as much as 20,000 feet thick (pl. XXXVII, sec., DD',
p. 165), although undetected faulting may repeat the section,

The age of the Keechelus Group, generally regarded as Oligocene,
is, in the present area, believed to be in part upper Eocene because
of its intertonguing relationship with the Puget Group (pp. 17-38),

It may extend into the Oligocene(?), and its lower part may be as old

as middle(?) Eocene,

Previous Work

Swith and Calkins (1906, p. 8) found that Keechelus rocks con-
slsted stratigraphically of two parts, "lower" and "upper", but were
unable to separate them. Warren (1941, pp. 795-802) working in the
Mt. Aix quadrangle south of the area worked by Smith and Calkins,
differentiated the upper and lower parts of the Keechelus and pro-
posed the name Fifes Peak Andesite for the upper part of the Keechelus.
The name Keechelus was restricted to the lower part of the Keechelus
seriea, Abbott (1963, pp. 42-70), also working in the Kt. Alx quad-
rangle, divided the restricted Keechelus into four parts: the Cougar
Creek Andesite, Morse Creek Andesite, Richmond Breceias, and Mount

Alx Andeslite, but these units cannot be recognized in the present area.
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The name of Keechelus is used for the volcanic rocks in the
Elbe-Packwood area because Coombs (1936, pp. 150-165) traced Keechelus
volcanic rocks from the type area near Snoqualmie Pass into Mount
Rainier National Park, snd similar rocks cen be traced from the
park into the Elbe-Packwood area.

On the basis of an Oreodont jaw discovered by Grant (1941, pp.
591-593), the Keechelus is currently regarded as Oligocene in age,
although Abbott (1953, p. 46) suggests that the Keechelus may include
rocks as old ag upper Eocene. Work in the Elbe-Packwood arsa sub-

stantiates Abbott's assumption.

Distribution

The middle and upper Keechelus Group includes about 60% of the
surface exposures in the Elbe—Packwood.area. Excellent outcrops occur
in the eastern part of the area along Skate Creek road, in road cuts
along Willame Creek, on the northeast slope of Sawtooth Ridge, and
throughout the Catt Creek and North Fork Mineral Creek drainage basins
in an extensive network of logging roads. In the western part of the
area, Keechelus rocks are easily reached by one of the region's many
logging roads. The most easily accessible exposures occur along State
Highway 5 from Randle to the vicinity of Packwood, but most of these

exposures are south of the mapped area,

Contacts
Nisqually River District
The middle Keechelus Group and the Puget Group in this district

appear to be conformable, and their contact can be followed eight
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miles northward to the Puyallup River, The beds in both Groups strike
slightly west of north, and dip about 200 to the east. This contact
reappears five miles north of the Puyallup River along Mowich Lake
road, but cannot be directly connected with the present area (Leanard
Gard, 1955, oral communication).

The immediate Puget-mlddle Keechelus contact is covered by talus
near Mount Beljica in the Copper Creek drainage basin, In this area,
the first Keechelus outerop that occurs stratigraphically above the
Puget Group in SE} sec, 17, T15N, R7E is a crudely bedded, well indur-
ated, chaotlcally sorted volcanic breccia believed to be laharic in
origin,

Fast of Goat Creek in NE} sec. 33, T15N, R7E almost three miles
southeast of the above mentioned outorop, is a similar volcanic breccia
believed to be equivalent to the breccia near Mount Beljica, It con-
taing fragments of dark gray to black, dense basalt(?) and olive-green
and gray porphyritic andesite that average about one inch in longest
dimension, although they are extremely variable in size. The frag-
ments are angular, subangular and rounded in shape. The rock has no
visible bedding planes and is very poorly sorted, The matrix of this
breccia is gray to gray-green in color, and contains abundant small
(3 nm.) plagioclase crystals believed to be partly authigenic in origin
because some of the crystals invade the borders of the rock fragments,

The Puget-middle Keechelus contact was orossed on Osborne Moun-
tain in SW} sec, 7, T14N, R7E. The Keechelus here 18 a coarse-grained
volcanic graywacke that directly overlies a light gray, muscovite-

bearing, cross-bedded arkose (specimen 18, p. 35), The graywacke is
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poorly sorted, well indurated (siliceous?), and olive-green to gray in
color, with volcanic fragments as much as 2 mm, in size, The frag-
ments are 95% of the rock and are of four to five rock types, ranging
from aphanitic to porphyritic in texture, and light to dark gray and
olive-green in color, There are quartz(?) grains, abundant feldspar
fragments and some auglte(?). The exact bedding plane separating the
arkose and volcanic graywacke was not observed, An outcrop found
farther up the slope (stratigraphically higher) consists of a volcanic
breccia similar to the breccia near Mount Beljica and to the breccia

exposed near the park entrance,

Tilton River District
Rocks considered to be middle Keechelus disconformably(?) over-
lie Puget rocks in this district, although the exact contact could

not be found (pp. 40-42).

Subdivision of Units

The lower Keechelus Group, which is interbedded with the Puget
Group in the Nisqually River district, is discussed on pages 14-38,

The middle Keechelus Group is divided into two parts based upon
lithology., Member A, the lowest part of the middle Keechelus consists
of a serles of undifferentiated volcanic breccias, conglomerates,
graywackes, and flows that are interbedded with shales, There are
several short discontinuous clastic-volcenic units that can be traced
as much as five miles, but are not continuous enough to be regarded as
members,

The upper part of the middle Keechelus Group, designated as mem-

ber B, conformably overlies member A, It is a relatively homogeneous
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unit composed of a minimum of 5700 feet of coarse pebbly volcanic con-
glomerates, volcanic graywackes and fine-grained, dark colored shales
containing coaly layers., This member can be differentiated only near
the eastern border of the area, and apparently thins westward. Rocks
gsimilar to those of member B occur as lenses(?) in member A.

The upper Keechelus Group, perhaps es much as 5000 feet thick,
includes tuffaceous rocks which crop out in the central part of the
region in the Silver Creek depression, and volcanic flows along the

eastern border of the area. In both areas the upper Keechelus rocks

appear to be disconformable above the middle Keechelus Group.
Lithology

Middle Keechelus Group

Vember A

Member A, about 60% of the surface exposures of the Keech-

elus Group, includes a great variety of volcanic rocks. It can be
compared with, but not correlated to the Richmond Breccias in the
Mount Aix quadrangle to the east (Abbott, 1953, pp. 62-70), because
flow rocks similar to Abbott's Cougar Creek Andesite, Morse Creek
Andesite and Mount Aix Andesite also occur within member A. Rocks in
member A are also similar to those described by Coombs in Mount Rainier
National Park (1936, pp. 152-161).

Rock types include volcanic breccias of laharic and pyroclastic
origin, tuff, lapilli tuff, tuffaceous sandstone, volcanic graywacke
and conglomerate, tuffaceous siltstone and shale, and andesite, basalt

and dacite flows. In places the rocks are interbedded with Puget-type
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sediments. The rocks vary widely in color, but are prevailingly
green and gray-green, The important rock types are described in more
detail,

\ ¢ Breccias

Volcanic breccias, estimated to be 55% of the rocks in
member A, are generally massive, usually chaotically sorted, and well
lithified, Some of the beds are as much as 100 feet thick in a single
outerop without vieible bedding, as 1s best seen along the northern
slde of Sawtooth ridge where glaclers have carved cirque walls as much
as a thousand feet high. Here, bedding planes in the massive breccias
cannot be distinguished except at a distance, because the only expres- '
gion of bedding are changes in color and in fragment sizes. The
breccias are interbedded with andesite flows, volcanic graywackes,
shale and tuff beds., Some breccias contain disseminated carbonaceous
fragments.

The rock fragments of the brecclas are aphanitic and porphyritic
in texture, although some are vesicular and amygdaloidal, These frag-
ments may show varlous shades of red, gray, green and occasionally
they are black, They are angular to subangular to well rounded in
shape, and average about two inches in longest dimension, although
some are as much as six feet in diameter, There are commonly four to
five distinguishable rock types within a single brececia deposit, al-
though occasionally only one or two rock types occur, In places, car-
bonized wood fragments ocour, In some breccias the fragments blend
(grade?) into a usually lighter colored green-gray matrix, but more

often they have sharp outlines, In places, the breccias grade later-
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ally and/or vertically into volcanic conglomerates or volcanlc gray-
wackes, |

The matrix of the volcanic breccias, composed of mineral grains
and small rock chips which are similar to the larger fragments, varies
in color from light green-gray to medium green and black, The green
color 1s caused mainly by secondary chlorite, Milky-white plagloclase
grains consisting mainly of broken fragments of larger orystals are
ublquitous., Augite is present in many of the rocks, and hornblende
1s a very rare consgtituent,

The breccias are exposed extensively from Skate Creek to the
west side of the Tilton River, and from Mount Rainier National Park
to the southern border of the area,

The most abundant type of volcanic breccie in the Keechelus
Group of the mapped area is apparently of laharic origin., Pyroclastic
breccias appear to be less abundant than laharic brecciss. Since the
recognition of these two types of volcanic breccias is considered im-
portant in the stratigraphic evaluation of voloanic deposits, the

criteria used to distinguish between them 1s discussed below,

Distinguis Feature aric and clagtic

Brecoias

Sorting
Sorting of particles transported by mudflows
1s chaotic, a criterion used by several authors to recognisze laharic
deposits (Anderson, 1933, p. 260; Curtis, 1954, p. 4583 Rouse, 1937,

p. 12813 Williams, 1949, p., 321). As a result of chaotic sorting,
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lamination planes are absent, and the rock and mineral fragments are
not eligned., Within a single deposit, clay- to boulder-sized frag-
ments occur mixed together heterogeneously. The lack of sorting in
mudflow deposits is believed to be due to the mechanics of mudflow
transportation, in which all the particles move as a unit at about
the same rates of speed, Each particle is part of the fluid, and be-
cause of the high viscosity does not rise or sink (Anderson, 1933, p.
260), However, since there is a complete gradation from extremely
viscous mudflows to the "normal" fluldity of streams, gradations from
ungorted breccias to fairly well sorted volcanic breccias and conglom-
erates can be expected,

Pyroclastic breccias have a distinct though crude sorting, Alr-
borne fragments, influence by wind velocity, force of initial explos-
ion and size, are sorted according to size as they fall back to the
earth, The smaller particles travel farther from the volcano and are
last to reach the earth, and, as a result, there is a lateral grada-
tion as well as a vertical gradation in fragment size (Shrock, 1948,

pp. 350-334),

Bedding Charscteristicg

Since mwovement is along the ground, loose
material is plcked up from the ground and mixed with the particles of
the mudflow, Rocks within the lahar may therefore be mixed with
ground material, depending upon the induration of the underlying de-
posit.,

A'supposed laharic deposit that illustrates this is exposed at
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the junction of Skate and Johnson Creeks (pp. 75-79). Here, volcanic
breccia unconformably overlies a pebble conglomerate with a distinct
though irregular contact., In places, the pebble conglomerate is tran-
sitional with the overlying breccia, Also, three laharic deposits
exppsed near Randle (pp. 79-85) have indistinct bedding planes and
show a slight mixing at the contacts of the underlying and overlying
deposits. The mixing of material along bedding planes at both places
indicates that the overlying material moved along the ground rather
than through the air,

Bedding planes between pyroclastic brecclas and thelr underlying
deposits are usually distinct, regardless of the amount of induration
of the underlying material at the time of deposition. Rouse (1937,
pp. 1280-1281) states that the "explosion breccias" in the Absaroka
volcanics are well bedded, and Anderson (1985, p. 246) states that
", ..volcanian explosions are usually separated by frequent intervals,
so that the deposits are more or less stratified and sorted.”

Bomb sags (Shrock, 1948, pp., 384-335) give further evidence that
fragments have fallen from the air rather than have traveled along
the ground, and are used as one way to distinguish pyroclastic debris

from a minor lahar in Oahu, Hawali (Stearns, 1935, pp. 19-20).

Co ion of e ent
Fragments composing laharic deposits may be
of one or several types., Lahars of the Mebrten formation in the Sierra
Nevada are of two types; monolithologlc breccias containing one rock
type and heterolithologic breccilas with four or five distinguishable
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kinds of andesite fragments (Curtis, 1954, p. 458).

A lahar will plck up and transport all available loose debris
from its source throughout its course, Because of this, heterolitho-
logic lahars are probably more abundant than monolithologic lahars,

Identified laharic deposits in the Elbe-Packwood area are hetero-
lithologic lsehars, although monolithologic breccias found in the region
may be laharic in origin,

Pyroclastic breccias are more likely to be monolithologic because
single explosions usually extrude rocks of one composition, although
some foreign material may be torn from the vent or crater walls and

be included in the deposit,

Rounding and Texture of Large Fragments

Fragments of lahars are usually angular in
shape, although they may show perceptible rounding at considerable
distences from their source (Curtis, 1954, p. 458)., Because mudflows
are very viscous end move as a unit, abrasion of the fragments is re-
duced to a minimum (Anderson, 1933, p. 260), and originally angular
fragments do not become rounded as quickly as in streams. Since the
amount of water will vary from lahar to lahar, the amount of rounding
of the rock fragments may be different in each,

Liquid pyroclastic particles become rounded during flight. Will-
iams (1949, pp. 20-25) uses lack of rounding of the fragments as a
oriteria to distinguish mudflow deposits from glowing avalanche de-
posits (nuees ardentes), but this criterion can be also used to dis-

tinguish mudflow deposits from pyroclastic deposits,
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Liquid particles aerially ejected from a volcano become vesicu-
lated during flight, and consequently have delicate projections around
their peripheries. The projections normally are preserved after de-
position unless the rock fragments are reworked by running water or
by mudflow transportation. Although abrasion is at a minimum in mud-
flows, the more delicate projections could easily be destroyed. In
thin section, pyroclastic fragments are commonly amygdaloidal, and
matrix material may invade former vesicles (pl. XX, p. 85), a micro-
scopic criterion used to distinguish the pyroclastic breccias from
laharic breccias in the mapped area. It is recognized, however, that

vesicular fragments may also occur in lsharic deposits.

Agglutination
Pyroclastic debris may be agglutinated. Liq-

uid particles exploded from a volcano may be in a semi-liquid state
when they are deposited, and therefore may adhere and crystallize to-
gether, Since rock fragments of mudflows are transported as solids,
there can be no agglutination in laharic deposits.

In the Elbe-Packwood area, none of the observed volcanic breccia
deposits are agglutinated, although some have an agglutinated appear-

ance which 1s apparently caused by post depositional deformation,

Rock Associations

Leharic deposits are often associated vertic-
ally and laterally with volcanic conglomerates, volcanic graywackes
and shales which are definitely stream transported deposits. Williams

(1949, pp. 20-25) was able to recognize lahars because they contain
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water worn boulders and grade laterally into volcanic conglomerates,
Lahars of the Mehrten formation in the Slierra Nevada are occasionally
interbedded with leaf-imprinted laminated clays, angular-shaped pebble
conglomerates and coarse-grained sandstones (Curtis, 1954, pp., 457-
458),

In the Elbe-Packwood area many of the volcanic breccia beds are
interbedded with shales, volcanic graywacke beds, pebble conglomer-
ates and cobble conglomerates, In places there are gradual vertical
gradations from pebble conglomerates to coarse-grained volcanic brecclas
containing angular fragments.

These agsoclations, although highly indicative of mudflow origin
are not conclusive evidence, since pyroclastic rocks may also be de-
posited upon water laid debris, Gradational contacts, however, would
not be expected between a pyroclastic deposit and the deposit upon
which it lies.

Initial Dip
Fenner (1937, p. 237), in a discussion of

the Early Basic Breccias of the Absaroka Mountains, remarks that hun-
dreds of square miles of nearly horizontal breccla deposits are diffi-
cult to reconcile with the fact that breccias should have high initial
dips on the sides of volcanoes, such as on Mount Etna and Vesuvius,
and states, ",..the masses set in motion have an ability to move in
their lower courses for long distances over gentle slopes in a manner
difficult to conceive but that is attested by abundant evidence,"
Mudflows are the answer to Fenner's dilemma, for (1) given enough

volume to initiate the flow, they are able to move over extremely gentle
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slopes (Anderson, 1933, p. 289), (2) they are able to flow over ex-
tremely long distances, the longest cited by Anderson (1933, p. 259)
is 150 miles through a stream valley, and (3) because of their high
viscosity, mudflows are able to carry boulders weighing many tons
(Anderson, 1933, p, 2603 Cotton, 1944, pp. 243-247).

In the Elbe-Packwood area, dips range from horizontal to 850, and
average 28° to 35°, The structural pattern is in no way suggestive of
a cone shape, and dips are directly related to the major tectonic
structures (pl. XXXVI, p. 164). This relationship indicates that in-
itial dips were low. The conformity of Keechelus breccias over the
estuarine Puget Group in the Nisqually River district, and the flat
surface beneath the Keechelus contact in the Mount Aix quadrangle
(Abbott, 19535, pp. 46-47) strongly indicates that at least part of the
brecclas were sgpread out for many square miles over a region of low
relief,

Because of the geologic rapidity of erosion, volcanoes are short
lived, and since coarse-grained pyroclastic debris is usually de-
posited on or close to the parent volcano, it is probable that coarse,

unreworked pyroclastics are extremely scarce in the geologic columm,

Matrix Characteristics

In the Elbe-Packwood region, most of the vol-
canic brecclas contain angular and rounded, broken mineral grains and
altered arglllaceous material. Not one of the examined breccias con-
tains glass shards, which are to be expected in pyrociastic deposits,
Commonly, both fresh and altered plagioclase grains ;f similar compo-

sitions occur within the same rock, thus indicating different source
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rocks and different lengths of time for alteration before deposition,
Similarly, augite grains are both altered and fresh within a single
rock specimen, Arglllaceous material is expected in mudflow deposits.

In pyroclastic breccias, at least some glass shards should be in
evidence, but none of the exaemined breccias showed even devitrified
glass shards, This negative evidence is not conclusive, but indicates
that the breccias may be laharic rather than pyroclastic, 8ince one
layer of pyroclastic debris is expected to be deposited from one ex-
plosion, it is likely that mineral grains of the same composition
would be in the same stage of alteration, and should not show any

rounding,

Carbonaceous Fragments

Disseminated carbonaceous fragments are
found in many breccias of the Elbe-Packwood region., Although frag-
ments in a mudflow move as a unit, some mixing by turbulence is ex-
pected, As the mudflow moves forward it would pick up fragments along
the way, including carbonaceous material from forested region which
may occur around a large volcano undergoing active erosion, Stearns
(19385, p. 20) uses this criterion to distinguish a mudflow from pyro-
clastic rocks,

Coarse pyroclastics could, of course, also contain disseminated
carbonaceous material if forests were growing within the c¢rater at the
time of explosion, but forests would not be expected within the cone
of an actlive volcano, If an explosion did destroy a forest within a
cone, the wood fragments would be sorted as to size, and would be more

likely to form as layers rather than be disseminated throughout the
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deposit., If pyroclastic debris fell on a forested region around a
volcano, carbonaceous layers would result rather than the dissemin-

ation of wood particles throughout the deposit,

Leharic Brecclas

Exposures of volcanic brecclas are generally too
small to determine their origins, Two places, however, are excellent
for study; one is near Randle along State Highway &, the other is a-
long Skate Creek Road, These are discussed below in more detail,
Volcanic breccias found throughout the area are very similar to these

deposits,

Skate Creek Laharic Deposit

At the junction of Skate and Johnson Creeks
in 8W}, projected sec, 22, T14N, RBE is a well exposed outcrop of
massive green volcanic breccia lying unconformably above a thin (0-2
feet) dark gray pebbly sandstone layer. The sandstone is underlaid
by slate gray to olive-green, silty to clayey shale and mudstone.

The volcanic breccia is massive, poorly sorted and without visible
bedding, although the subparallel alignment of authigenic feldspar
crystals may be nearly parallel to the depositional surface., Fragments
of the breccia are porphyritic or aphanitic in texture, are black, red
and olive-green in color, and are angular, subangular, and well rounded
in shape, They average about 4", but are as large as eight inches in
size, Some scattered, reddish, vesicular bomb shaped fragments are
present, and show signs of reworking, Mineral grains consisting of
angular to rounded feldspar fragments, and ferro-megnesian mineral

grains (pyroxene?), average about 10% of the rock, The breccia con-
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tains scattered carbonaceous fragments and one well preserved pine

cone (Picea sp.).
The following is a petrographic description of part of the breccia,

Specimen 34: Volcanic breccla of laharic origin from SW}
projected sec, 22, T14N, RBE near the junction of Johnson
Creek and Skate Creek,
Megascopics The rock is a gray-green to green, poorly
sorted volcanic breccia with light to dark green angu-
lar to rounded and irregularly shaped andesite frag-
wents, The rock has white authigenic plagioclase grains
with irregular borders, some of which grade into the
surrounding matrix materiasl. The rock is c¢lastic in
appearance, but shows no alignment of any of the freg-
ments, In the outcrop, the authigenlc feldspar crys-
tals have a orude parallel alignment,
Microscopics The rock contains about 15% fragments,
50% mineral fragments and 35% matrix material, Frag-
ments are predominantly angular, but some are rounded,
and range in size from submicroscopic to 2 mm, Authi-
genlc plagioclase grainsg are as much as 4 mm, in size.
The matrix is composed of very fine-grained mater-
ial that is partially altered to chlorite, some shadowy
feldspar(?) grains that can be observed only in polar-
ized light, and weakly birefringent, unidentified min-
erals,
Quartz orystals (65%) are secondary in origin,
Some of the quartz grains enclose matrix material,
Plagioclase grains (20%) occur as authigenic growths
(pl. XVII, p, 78), and as remnants of primary grains
which are altered to calcite and quarts crystals., Some
of the plagioclase grains show faint traces of destroyed
twinning planes, Some of the primary plagioclase grains
show internal alterations to a clear plagioclase of
different orientation, Calcite grains (20%) are often
irregularly shaped crystals surrounding a core of plag-
ioclase, Ohlorite (3%) occurs as part of the matrix
and as part of some of the rock fragments, Kaolin (2%)
is an alteration product of some of the plagiloclase
grains, Magnetite (0.1%) occurs as scattered granules
within the matrix,
Rock fragments are of two different types. One
type is aphanitic with a felty to pilotaxitic texture.
The other rock type may be of sedimentary origin,

The underlying pebble sandstone unit conteins well rounded and

occasionally spherical pebbles, The pebbles are brown and gray to
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PLATE XVII
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Figure 1, Specimen 84: Laharic Breccia, Keechelus Group.
Authigenic plagioclase with highly irregular
borders. X520, plain light.

Figure 2, Specimén 34: Same view as above., X320, crossed
nicols,
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gray-green in color, and occasionally are dense in texture.

The following is a petrographic description of one of the typlical
pebbles from the pebbly sandstone.

Specimen 353 Andesite pebble from a pebble sandstone that

directly underlies a massive laharic breccia.
Megascopict The rock is dark gray in color, contains
inconspicuous small dark gray euhedral feldspar pheno-
orysts, and a few small augite(?) phenocrysts,
Microscoplcs The rock is holocrystalline and fine-
grained, Feldspar crystals (60%) are almost complete-
ly altered to calcite and kaolin, Twinning planes are
largely destroyed, The altered plagioclase phenocrysts
are often lined with secondary albite(?) laths., Magne-
tite 1s 5% of the rock, Calcite crystals (5%), often
with euhedral crystal outlines, is an alteration pro-
duct of plagioclase.

In places there is a gradational mixing of the pebbly sandstone
with the overlying breccia, The mixing indicates that the breccia was
transported along the ground rather thean through the air,

Evidence indiceting a laharic rather than a pyroclastic origin
for the breccia is (1) chaotic sorting, (2) lack of visible bedding,
and mixing of the breccia and the underlying conglomerate layer, (3)
rounding of some of the fragments and signs of reworking of bomb shaped

fragments and (4) disseminated wood fragments,

Rendle Leharic Deposit

Near Randle, raodouts along State Highway 5 ex-
pose a magnificent section of Keechelus rocks. The rocks are domlnant-
1y volcanic breccias, conglomerates and graywackes, but andesite flows,
sandstone and siltstone occur, All the rocks dip southward and strike
northeast,

One mile west of Rendle, in S} sec., 7, T12N, R7E, are three well

exposed massive volcanic breccia-conglomerate beds, The sorting of the
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beds is chaotic, with no vertical or horizontal grading of fragment
sizes, no alignment of fregments, and no laminations (pl. XVIII, p.
81). |

The fragments, composed of porphyritic to aphanitic, very well
rounded to angular andesite fragments, range from silt-sized particles
to boulders as much as 4 feet in diameter., They are typically green,
but are also gray and black in color., Dissemlnated carbonized wood
chips occur, The matrix, composed of gilt- to sand-sized particles,
is irregularly distributed around the larger fragments.

These deposits are believed to”ﬁg laharic in origin because (1)
the sorting is chaotic, and lamination is absent, (2) the bedding is
crude, (3) fragments are generally rounded, which is indicative of
much abrasion, (4) the matrix is clastic textured with no trace of
glass shards, and (5) the beds contain chips of carbonized wood frag-
ments, presumably picked up and broken by transport along the ground,

The following is a petrographic description of a rock from the
middle bed shown in figure 2, page 81.

Specimen 363 Volcanic breccia of laharic origin from S

sec, 7, T12N, R7E, one mile west of Randle,
Megascopid: The specimen is a dark gray to black, poor-
ly sorted rock that contains abundant well rounded rock
fragments, some angular feldspar grains and some possible
ferro-magnesian orystals, Rock fragments are dominantly
dark gray in color, although some are greenish-gray,
black and red, Conspicuous white calcite grains appear
in places within the rock,
Microscopic: Rock fragments comprise about 76% of the
rock, calcite cement about 15%, and mineral fragments
about 10% ° :

Rock fragments consist of several types of angular

to well rounded andesite fragments in various stages
of alteration (pl. XIX, p. 82), The largest fragment
in the thin section (3 mm,) is part of a basalt pebble
that is very well rounded in shape., The basalt pebble
has a dirty brown matrix, authigenic plagloclase(?)
grains, auglte grains (5%) altered in part to chlorit-
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, Flgure 1, Three
' erudely bedded
| lahars near Ran-
dle. Layers dip
toward camera.,
' View is north,

Figure 2, Clos-
er view of part
of figure 1,

Figure 3, Close
up of lower bed
in figure 2,
'Note poor sort-
ing, absence of
laminase and par-
* ticle rounding,




Speclmen 363 Laharic breccia, Keechelus Group. Photograph
ghows well rounded endesite fragments, Note the abundance
of small plagioclase grains in the matrix,

X 240, plain light,
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ic material, and some secondary quartz grains., Pri-
mary plagloclase grains (An 55) in the basalt pebble

are unaltered, are well twinned and show some zoning.
Other rock types are (1) andesite(?) fragments with

an aphanitic matrix containing extremely altered plaglo-
clage grains, (2) micropilotaxitic andesite(?) frag-
ments with small feldspar laths, ssg a very fine-grained
holocrystalline andesite(?), and (4) a few fragments
with amygdaloidal texture,

Mineral grains within the breccia are (1) very
small augite grains (1%) some of which are fresh, (2)
plagioclase grains (6%) with compositions of An 35 to
An 45, that are angular to rounded in shape, and part-
ially altered to kaolin, (3) secondary chlorite (3%)
that is scattered throughout mineral and rock frag-
ments, and (4) magnetite which occurs as a few scattered
grains,

Calcite cement surrounds all grains and in many
places includes sparsely scattered submicroscopic matrix
material,

Pyroclastic Breccias

Pyroclastic breccias are difficult to recognize be-
cause of post-depositional deformation, compaction and mineral alter-
ation; consequently their abundance in the Elbe-~Packwood area may be
underestimated, Pyroclastic breccias identified under the microscope
are megascoplcally similar to other breccias found throughout the area,
Pyroclastic breccias, however, aepparently are limited ln extent with-
in the mapped area,

Three pyroclastic breccias from widely scattered localities are
described., None of these rocks can be distinguished megascopically
from other breccias.

Specimen 37: Pyroclastic breccia from SW sec, 5,
T13N, R6E along a rallroad cut in Mineral Creek
valley.

Megascopic: The rock has a dark brown and

black matrix containing red-brown, dark brown-
green, dark brown and black subangular to
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angular fragments which blend (grade?) into the
matrix, Some of the fregments are porphyritic,
none are megascoplcally vesicular, and one "area"
(probably a fragment) contains small quartz amyg-
dules,

Microscopics Under the microscope, the specimen
shows little alteration, Fragments constitute a-
bout 65% of the rock, although many are difficult
to distinguish from the matrix material, Many of
the fragments show highly crenulated borders, the
best example of which shows the crenulations filled
with matrix material (pl. XX, p. 85). The matrix
(85%) in which the rock fragments are set, is com-
posed of angular plagioclase fragments (15%) that
are mostly fresh, although some are altered to
kaolin, Most of the plagloclase grains are ande-
sine(?) although twinning is generally absent,
Pyroxene (augite?) grains, 5% of the rock, are
broken fraegments of larger crystals., The rest of
the matrix is composed of very small rock frag-
ments (andesite?), unidentified submicroscopic
material, and a very small percentage of secondary
chlorite,

This rock is believed to be pyroclastic in
origin because of the crenulated boders and the
amygdaloidal structure displayed by many of the
fragments,

Specimen 38¢ Pyroclastic breccia from NE} sec, 33,

T15N, R7E near the west entrance to Mount Rainier Nat-

ional Park along State Hlghway 5,
Megascopics The rock has a light gray-green matrix,
and angular rock fragments ranging in color from
light gray-green (slightly darker than matrix) to
dark green, and black, The green and gray rock
fragments are mainly porphyritic., The black rock
fragments are generally aphanitic or micro-porphy-
ritic, Milky feldspar crystals are sometimes con-
splcuous within the matrix,
Microscopics The rock fragments are 55% of the
rock, They are distinctly outlined in plain light,
but under crossed nicols they are difficult to
distinguish from the matrix, The size of the frag-
ments ranges from submicroscopic to 5 mm, in long-
est dimension, They are dominantly porphyritic
andesites containing untwinned and unzoned, greatly
caleitized and kaolinized plagioclase crystals,
and ferro-magnesian minerals altered to chloritic
material, Meny of the andesite fragments have cren-



85

PLATE XX

Specimen 37; Pyroclastic breccia, Keechelus Group. Re-
entrant of 1ight colored clastic-textured matrix in dark
colored porphyritic andesite fragment.

X 60, plain light,
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ulated borders, The matrix material (45%) con-
tains abundant minute unidentified microlites and
recrystallized glass(?) that has been greatly
kaolinigzed, Plagioclase (andesine?) is about

5%, magnetite is about 0,05%, and chlorite is a-
bout 1% of the matrix,

On the basis of the highly crenulated borders
of some of the andesite fragments, and the devit-
rified glassy(?) meterial, the rock is interpreted
as a pyroclastic breccia,

Specimen 593 A pyroclastic breccia from E} sec. 9,
T14N, R7E along Teeley Creek about one mile north of
Bertha May Lakes,
Megascopics The rock is a dark green, well indur-
ated breccia containing dark green (mainly), black,
gray and red to orange, angular rock fragments,
Mioroscopict The matrix of the rock is dark brown
with particles grading in size from submicroscop-
ic to the largest particle size. All of the frag-
ments have crenulated borders and amygdaloidal tex-
tures. Andesite fragments, 70% of the rock, are
porphyritic, aphanitic and amygdaloidal in tex-
ture, The plagioclase crystals of the rock frag-
ments range from An 29 to An 49 in composition,
Mineral fragments are plagioclase grains (10%),
some of which show strain shadows, epidote (2%)
that occurs as an alteration product of some of
the plagioclase grains, and secondary chlorite
(3%). Ohlorite occurs in the minerals and in the
rock fragments, but not in the matrix,
This rock is belleved to be pyroclastic in
origin because of the crenulated borders of some
of the rock fragments,

Summary of the Minerals in the Volcanic Breccias
The breccias that were examined contain plagioclase as

angular fragments of larger corystals, although many euhedral grains

are present, The plagioclase is primarily andesine, and ranges in abun-
dance from 20% to 60%., Some of the feldspar grains are entirely fresh,
while others are in various stages of alteration to kaolin, calcite

and less often epldote., Augite is of'ten present, but no hypersthene

wag observed, Hornblende is present in very small amounts, and occas-
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ionally there are insignificant amounts of primary quartz grains,
Calcite, antigorite and chlorite occur as dominant secondary minerals.
Chlorite is almost always present and presumably gives the rocks

their characteristic green color,

Volcanic Graywacke
Volcanic graywackes, about 20% of the surface exposures
of member A, closely resemble the volcanic breccias except for grain
size, They are typically green when fresh, but weather to light brown
of various shades, They are usually, although not always, very well
indurated, end in places are siliceous(?). Often they are associated
with olive-green siltstones and/or pebble conglomerates, but sometimes
they are interbedded with greenish tuff, lapilli-tuff and tuff-breccia.
The following is a petrographic description of an unusual silic-

eous(?) volocanic graywacke,

Specimen 40: Siliceous(?) graywacke from NE} sec. 3,

T14N, R7E near the Nisqually River along Skate Creek

road,
Megascopics The rock is light gray-green, very
tough and in places has the appearance of chert,
Bedding planes are marked by dark discontinuous
astreaks alternating with two inch bands of fine-
grained, very hard, light colored material., The
rock has the appearance of a flow banded andesite,
but in places clastic grains can be distinguished,

croscopict Under the microscope, the rock shows

graded bedding., Layers grade from coarse sand-
sized material upward to silt- and clay-sized
material, These lsyers are approximately an inch
in width, Silicic cement is not evident under the
microscope. Plagioclase grains (25%) are presum-
ably sodic in composition, but they are not twinned,
and the composition was not determined., Augite
grains (5%) are prominent, and ocour as euhedral
grains, The augite is more abundant in the fine-
grained silt- and clay-sized material than in the
coarse-grained material., Sphene (2%) and calcite
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(2%) both occur, Opaque minerals (magnetite?)

are 2% of the rock and occur along irreguler lam-
ination planes, Two grains of quarts were disting-
uished, but more may occur in the fine-grained
matrix, Most of the rock (about 65%) is composed
of silt- to clay-sized material that is too small
to be identified by ordinary microscopic methods,
but is presumed to be of the same composition as
the coarser material,

Volcanic graywackes from the western part of the Willame Creek
area are described below,

cimen 513 Volcanic graywacke from the western end

of Willame Creek about one mile northwest of Long Lake
in W} projected sec. 4, TL3N, RSE,

Megascopics The rock is a dark green, well in-

durated, well sorted, coarse- to medium-grained

volcanic graywacke., The mineral grains are mainly

angular in shape, but some are rounded,

Microscopic: Angular and rounded volcanic rock

fragments are 75%, and feldspar grains are 15%

of the rock., The matrix (10%) is very fine-grained

arglllaceous material, much of which is altered to

chlorite,

In general, there are three varieties of
andesite rock fragments, the majority of which have
felty textures, Some of the fragments show parts
of plagioclase phenocrysts. These rock fragments
usually have a devitrified glass matrix, a few of
them are vesicular, and some are altered to hema-
tite., Some of the fragments are well rounded (pl.
XXI, p. 89), but most of them are angular in shape,

Plagioclase grains are mainly untwinned and
unzoned, and most of them are angular and fairly
fresh, although some are altered to kaolin, The
compositions of the plagloclase fragments are An
26, An 28 and An 30. A few leucoxene grains and
two augite(?) grains were observed. Magnetite is
about 0.1% of the rock. Chlorite occurs through-
out the matrix and in many of the volcanic frag-
ments., Some chlorite occurs within feldspar grains
as an alteration product of ferro-magnesian in-
clusions,

Specimen 62¢ Volcanic graywacke from near the western
end of Willame Creek about % mile north-east of Long
Lake along a logging road in NE} projected sec, 9, TL3N,
RBE,
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PLATE XXI

Specimen 51: Volcanle graywacke, Keechelus Group, Photo-
graph shows rounding of andesite fragments.,
X 320, plain light,
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Megagcopic: The rock is a dark green, well sorted,
fine-grained, well indurated, volcanic graywacke
with irregular black end dark reddish-brown vol-
canic fragments,.

Microscopic:s The matrix is about 50%, and the rock
and mineral fragments are about 50% of the rock,
The matrix (argillaceous?) is brown in color and
grades in size from submicroscopic to the largest
rock fragment (4 mm.,).

Rock fragments are about 40% of the rock and
congist of about four different types of andesite.
They are mainly felty in texture and contain small
plagioclase phenocrysts. Some of the andesite
fragments are vesiocular,

Mineral grains are plagioclase fragments (6%)
which are untwinned and broken, calcite (3%) which
is an alteration product of some of the feldspar
grains, and about 1% chlorite which replaces ferro-
magnesian minerals.

Yolganic Conglomerate

Volcanic conglomerates, about 5% of the surface expos-
ures of member A are typically poorly consolidated, fairly well bedded,
water-laid volcanic materials with abundant well rounded, sand- to
boulder-gized fragments. They are frequently yellow-brown to dark
brown in color, The rock particles, usually coated with black to blue-
black manganese oxide, are composed of andesite or basalt set in a
matrix of tuffaceous(?) and/or silty sandstone, Megascopically the
large fragments appear to be basalt, but microscopically they are
identified as andesite, Carbonized wood fragments are often found with-
in these deposits. The conglomerates are usually assoclated with
dirty brown to dark gray, poorly to well indurated siltstones and gand-
stones,

West of the Tilton River, in secs, 27 and 33, T14N, R4E, is a
600 foot series of brown colored, poorly indurated volcanic conglom-

erates, pebbly sandstones, poorly sorted saendstones and siltstones.
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These rocks are fairly well bedded and definitely water-lald, and can
be traced 24 miles along the strike. East of the Tilton River in secs.
8, 4, 5, 9, 16 and 21, TL5N, RSE is a 500 foot thick "lens" of light
to dark brown friable siltstones, sandstones, pebbly sandstones and
conglomerates with some thin interbeds of lignitic coal., This series
of rocks extends northward about 4% miles from Fern Gap.

The two "lenses" described above may belong to the same deposit-
ional episode, but the correlation is not certain,

There are many outcrops of volcanic conglomerate in the mapped
area, but correlation between them is very difficult because of a heavy
forest cover, The conglomerates apparently recur vertically through-

out the Keechelus sequence,

Flow Roc
Volcanic flows occur widely throughout the mapped area,

and are about 15% of member A, The upper and lower contacts of single
flows are rarely observed in the same outerop, and usually neither
contact can be seen, The thicknesses of individual flows are there-
fore usually unknown, but observed flows range in thickness from a few
feet to several tens of feet, Some occur as individual flows inter-
bedded with volcanic breccias, while others appear to be included
within several flows which may total hundreds of feet in thickness,

The majority of the extrusives are structureless, although some
show orude columnar jointing, platy structures or crude flow banding,
Flows that have well developed columnar jointing and platy structures
are generally unaltered, dark gray to black basalts, possibly of later

age than the typically altered flow rocks of the Keechelus Group,
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Vegetation usually obscures the stratigraphic relationships,

The flows vary widely in megascoplc apvearence, In the field
they are identified as andesite, basalt, dacite and rhyolite in de-
creasing order of sbundance, The rhyolites and basalts are generally
aphanitic while the andesites and dacites are porphyritie, usually with
abundent plagloclase crystals, often with megascopic pyroxene, and
less often with amphibole crystals, Colors vary in the extreme, e.g.,
white, black, grays, browns, greens and reds, In the Elbe-Packwood
area, flows are difficult to distinguish from dikes, but was attempted
in the field on the basis of grain size, although occaslonally in-
trusive contacts or bedding plane contacts were seen,

The most abundant flow rocks are porphyritic andesites. Pheno-
orysts are commonly plagioclase and less commonly augite crystals,
Hornblende is occasionally a consplcuous phenocryst, but is usually
abgent, The most characteristic flows are green, porphyritic andesites
with fresh to altered feldspar and augite crystals, and abundant second-
ary chlorite, Unaltered flows lack the characteristic green color of
the typical: Keechelus flows,

The following are petrographic descriptions of volcanic flows from
soattered locallities.

Spegimen 42: Quartz bearing andesite from NW} projected
sec, 5, T13N, RBE on the south slope of Skate Mountain,
egascoples The rock is a dark green andesite
and contains abundant euhedral to anhedral plagio-
clase phenocrysts and patchy light and dark green
Midres ¢: The matrix contalns secondary calcite,
chlorite and widely dispersed magnetite dust,
Small felty plagloclase crystals which occur in

the matrix are 35% of the rock, Plagioclase pheno-
cerysts (5%) are An 32 in composition and are in
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all stages of alteration to kaolin end calcite,
Chlorite (38%) is apparently an alteration product
of biotite and pyroxene(?) grains, Euhedral crys-
tals of calcite (20%) are probably altered from
feldspar, but also occur in the matrix as small
anhedral patches, Quartz grains (2%) are euhedral
to anhedral in shape and apparently are primary in
origin, Rutile(?) and magnetite grains are 0,1%
each,

Specimen 453 Augite andesite from NW} projected sec, 11,
T13N, RBE along the Willame Creek logging road, This
rock is from a sequence of interbedded volcanic gray-
wacke and tuffaceous(?) sandstones. The upper contact
of the flow is exposed, the lower contact is not,
Megaacopic: The rock has a gray to gray-green
aphanitic matrix and abundant large anhedral to
euhedral plagioclase and pyroxene phenocrysts.
Microscopics The matrix consiste of small (aver-
age 0,08 mm,) sutured mineral grains, mainly
plagioclase, pyroxene and possible quartsz, and
abundant small dust-sized magnetite%?) grains,
The matrix has a cloudy aspect because of the a-
bundence of fine-grained plagioclase grains most
of which are altered to kaolin, The fine-~grained
material surrounds large (up to 3 mm,) euhedral
phenocrysts of plagioclase and augite,

Plagioclase phenocrysts (20%) are An 45 in
composition, and show kaolinitic alteration along
very fine feather-like fractures, Most of the
plagioclase crystals show albite and carlsbad
twins, and some are zoned, The matrix plagioclase
crystals (30%) are untwinned and irregularly shaped,
Augite grains (20%) are mainly unaltered, al-
though some are partially altered to magnetite
and chlorite along their borders (pl., XXII , p, 94),
and some are completely altered to chlorite and
magnetite, The auglte grains usually show twinning
planes and commonly are euhedral in shape, Chlor-
ite (10%) is a green fibrous variety which ghows
slight pleochroism, It 1is an alteration product
of the matrix, and some of the pyroxene phenocrysts.
Magnetite (5%5 occurs as small discrete grains
throughout the matrix, and some of the pyroxene
phenocrysts are altered to magnetite in part. Quartsz
erystals (5%) are irregularly shaped and may be
secondary in origin. Keolin (5%) is an alteration
product of the plagioclase grains., About 5%of the
matrix consists of indeterminable fine-grained ma-
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PLATE XXII

o

Figure 1, Specimen 433 Augite andesite, Keechelus Group.
Typlical Keechelus andesite, Note the extreme
alteration of the feldspar grains,

X 320, plain light,

Figure 2. Specimen 43: Same view as above. Note twinned
augite crystal. X 320, crossed nicols.
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terial.

sseg;gag 44: Andeslte from SE} NW} sec, 81, TLEN,

REE along an abandoned logging road overlooking the
Nisqually River valley, '
Megagcopics The rock is medium gray-green in
color, conteins indistinct feldspar phenocrysts,
and highly irregular, dark green, altered ferro-
magnesian(?) minerals,
Microseopic: The matrix contalns abundant sub-
microscopic minerals and igsotropic glass(?), Also
within the matrix are abundant irregular to well
formed feldspar laths, Matrix feldspar is 60% and
glass(?) is 15% of the rock,

Foldspar phenocrysts (15%), An 28 in compo-
sition, usually have ragged outlines and are most-
ly altered to kaolin along cleavage and fracture
planes, Prehnite crystals (5%) occur in clumps
within the matrix, and are often assoclated with
a fibrous variety of chlorite (2%). Kaolin (3%)
is en alteration product of the plagioclase, Mag-
netite (1%) is scattered throughout the matrix as
dust-like material,

Specimen 453 Pyroxene andesite from NW} sec. 20, T12N,

RSE along State Highway 5,
Megascopict The rock is a medium gray-green, aph-
anitic andesite containing small gray plagioclase
phenocrysts,

oroscopic: The rock has a pilotaxitic texture

and is micro-granular. Plagioclase grains (An 45)
are 65% of the rocky 20% are phenoccrysts, and 45%
are matrix feldspars, Many of the phenocrysts are
zoned and some are poikilitic in texture, Pyrox-
ene crystals (20%) are very fine-grained equant
grains, some of which are altered to chloritic
material, Magnetite crystals (10%) are abundantly
disseminated throughout the matrix, Chlorite (5%)
is an alteration product of pyroxene grains, Some
of the chlorite occurs within the fine-grained
crystalline matrix,

Specimen 46: Augite basalt from NE} sec, 15, T14N,

R7E on an abandoned logging road about one mile north-

west of Lake Tannamus,
Megascopics The rock has a dark gray matrix, abun-
dant anhedral and euhedral plagloclase and scattered
pyroxene phenocrysts, The rock is very similar
megascopically to many of the sndesites.
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ocroscopic: The matrix contains indistinct
plagioclase(?) grains, scattered magnetite, and
some green chlorite and devitrified glass,

Feldspar graing (An 55) comprise about 30%

of the rock, both as phenocrysts and as small
matrix grains, meny of which are altered to ka-
olin and some sericite, Augite (15%) occurs as
euhedral grains, much of which is twinned, Chlor-
ite (20%) is an alteration product of matrix
material and of pyroxene grains., Magnetite (B8%)
consists of small specks throughout the matrix,
In places, larger magnetite crystals occur in
assoclation with chlorite as an alteration product
of augite (pl. XXITII,p. 97).

Specimen 473 Dacite(?) from SE} projected sec. 3, TLSN,
RBE along a logging road on Willame Creek,
Megascopic: The rock is a light blue-green to
light blue-gray, aphanitic felsite, Parts of the
rock are clastic in appearance, which is probably
due to weathering around the mineral grains,
Microscopic: The matrix (30%) consists of devit-
rified glass(?), and contains abundant grains of
quartz(?)., Much of the matrix is altered to kaolin,
Plagioclase grains (25%) are matrix grains
(20%), and a few small phenocrysts (5%). Pheno-
crysts are composed of oligoclase, Calcite (15%)
and kaolin (30%) are alteration products of the
feldspars, Magnetite grains occur as a few small
scattered grains in the matrix, There are no ferro-
magnesian minerals nor chloritic alteration products,
Dacite was also found in SW} sec. 13, T14N,
R6E, in NE} sec. 17, T14N, R6E, and in SE} sec, 1,
T14N, RSE, All of the dacite rocks are remarkably
free of ferro-magnesian minerals,

Arkosic Sandstone

Muscovite-bearing arkoses interpreted to be tongues of
the Puget Group occur in a few places within member A. One tongue
occurs along a logging road on North Fork Mineral Creek in E} sec. 21,
T14N, RSE, It is conformable with an overlying, massive clastic-vol-
canic breccla and has been faulted against a black basalt, This sand-
stone may be equivalent to the third Puget tongue exposed on Ogborne

Mountain (pp. 35-36), but cannot be correlated with certainty because
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PLATE XXIII

Specimen 463 Augite basalt, Keechelus Group. Photo-
graph shows magnetite rimmed, euhedral augite grain,
X 820, plain light, :
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of an unconformable cover of post-Keechelus flows. The arkose is well
sorted, light grey in color, is massive, has some carbonaceous layers,
and contains muscovite, Lithologically it is similar to the Puget
rocks exposed in the Nisqually River district, It contains 40% quarts
grains (mostly strained), 1% plagloclase grains (An 33), about 2% mus-
covite flakes, and 5% chert fragments. Calcite cement makes up about
19% of the matrix,

Arkose also occurs along Mineral Oreek in SWi sec. 10, T13N, R6E,
It is failrly well sorted, is coarse- to medium-grained, 1s friable
and messive, contains about 60% sub- to well-rounded quertz grains,
has much well rounded feldspar grains (30%), 2% muscovite, and about
1% fine-grained black minerals (magnetite?). It is unusual since it
contains a conglomerate lens with volcanic cobbles up to 4 inches in
diameter. It is probably a reworked part of the Puget Group as indi-
cated by (1) a greater amount of quarts than most sandstones of the

Puget Group, and (2) the presence of a volcanic conglomerate lens.

Member B
Member B, about 10% of the surface exposures of the Keech-

elus Group, consists of over 5400 feet of homoolinally eastward dip-
ping volecanic graywackes, brecclas, conglomerates and fine-grained
shales (pl. XXIV, p. 99). Member B occurs near the eastern border of
the area. It overlies member A conformably, and disconformably under-
lies the upper Keechelus Group, and may thin westward, for no group of
graywackes of comparable thickness has been found to the west.

The graywackes of member B ocour in limited exposures along the

southernmost part of Skate Creek road, are abnndantki exposed along
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the Willame Creek logging road, and at one place near Johngon Creek.

Contacts
The upper contact of member B, on the basis of the map
pattern, is interpreted as disconformable and as being overlapped north-
ward by the overlying upper Keechelus volcanic flows, The lower con-
tact appears to be conformable with the underlying member A, but no

actusl contacts were seen.

_Extent and Correlation
Member B, along with the overlying and underlying units,

forms the eastern limb of the Skate Creek anticline, Rocks similar to
rocks of member B are interbedded wiph volcanic breccias in a few places
gouth of the Cowlitz River, and may be a part of a series of coal bearing
rocks south of Packwood, The rocks of member B cannot be traced north

of Johngon Creek, but they may be equivalent to the sedimentary rocks
which are considered to be part of the Puget Group that are exposed

on the south side of Mount Rainier near Paradise (Coombs, 1936, geo-

logic map).

Lithology
The rocks of this member consist of volcanic graywackes
volcanic conglomerates and shales, The prevailing color of the rocks
is green-gray, but they are also gray and brown, The brown color is
due meinly to weathering of the matrix material. Black carbonaceous
shales are sometimes interbedded with rocks of member B,
The following rock descriptions are of typical graywacke speci-

mens from member B,
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Specimen 55: Voleanic graywacke from NW; sec, 18,
T1%N, ROE,
Megascopic: The rock is a dark green, poorly
sorted, very coarse-grained volcenic graywacke
with some scattered rounded andesite pebbles as
much a8 7 mm, in size,
Microscopic: Fragments are 80%, and matrix mater-
ial is 20% of the rock.

Roeck fragments compose 50% of the rock and are
of about six different types. The largest and
nost numerous fragments are porphyritic andesites,
one of which is very light in color, and has abun-
dant magnetite dust and a matrix of ragged feld-
gpar laths and glass(?). Plagioclase phenocrysts
of this fragment are An 35 in composition, and
many show carlsbad and albite twinning planes. A
few of the smaller rock fragments are rounded and
have a dirty brown matrix with piloteaxitic tex-
ture, Another fragment type has irregular shapes,
is reddish in color (matrix altered to hematite),
has a felty texture and contains abundant twinned
feldspar phenocrysts (An 45), Most of these pheno-
crysts are fresh, but some are slightly altered
to kaolin,

Mineral fragments are 30% of the rock, Plagio-
clase grains (25%) vary in composition from An 27,
and An 47 to An 60. They are mostly fresh, but
gsome are somewhat altered to kaolin, Most of them
are angular in shape, but some have sharp euhedral
outlines, Unaltered pyroxene grains are 1%, leucox-
ene is 1%, and magnetite is 1% of the rock, Un-
identified minerals are 1%, end one epldote grain
was observed,

ecimen 563 Volcanic graywacke from NE projected sec.
2, T13N, RBE along a tributary of Willame Creek.

Megascopigs The specimen is from an outcrop of
poorly sorted pebbly graywacke to sandy volcanic
conglomerate, and contains pebbles as much as 25 mm,
in size composed of light gray andesite, greenish-
gray aphanitic andesite, and some greenish gray-
wacke(?) pebbles., The overall color of the rock
is gray-green,
Mioroscopics Fragments compose 86%, and matrix
material 15% of the rock. The matrix contains
some former open(?) spaces that are now filled
with zeolite minerals, and most of the fragments
are surrounded by a yellow-brown, and sometimes
greenish chloritic(?) substance, There are a few
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small grains (averaging about 0.04 mm, in sigze).
Many of the larger fragments touch and are not
surrounded by the matrix, but field evidence in-
dicates that they are not agglutinated.

About 60% of the rock is composed of andesite
rock fragments, There are about six different
types, the largest fragment exceeding 4 mm, in
size, Most of the fragments have very fine-grained
to glasay unaltered matrices, and most have either
feldspar and/or augite phenocrysts. Plagioclase
is often slightly altered to keolin, and some have
chlorite in their centers that is probably the
alteration product of former ferro-magnesiasn in-
clusions, Pyroxene graine are generally fresh, but
a few are slightly altered to chlorite along their
borders and in cracks, Magnetite grains are scat-
tered throughout some of the rock fragments, but
are generally not abundant, Some of the smaller
rock fragments are holocrystalline and have equant
grains, and possibly are derived from eroded dikes
or sills, All the observed fragments are andesite,
none of which are vesicular,

Mineral fragments compose 35% of the rock,
Andesine crystals (8%) generally are untwinned,
and pome are slightly altered to kaolin, Augite
(5%) is angular to rounded in shape, some are eu-
hedral, and most are fresh in appearance, Chlor-
ite(?) forms 10% of the rock and occurs within the
matrix, and as an alteration product of ferro-
magnesian minerals., Magnetite grains (2%) ere
disseminated within the matrix, and along the bor-
ders of some of the pyroxene crystals,

Specimen 67t A fine-grained volcanic graywacke from
S%i sec, 8, T13N, ROE near Skate Creek along Willame
Creek logging road., This locality is the same as leaf
locality WA 255, The rock is from a well bedded seguence
of graywackes and shales containing carbonaceous
material, ’
Megagcopics The rock is dark to medium gray-green
in color, is very fine-greined and is well sorted.
Microscopic:s The rock contains grains which aver-
age about 0,08 mm, in size, Rock and mineral
fragments comprise 90%, and matrix material, which
averages about 0,0002 mm, in sisze, comprises 10%
of the roock,

The matrix is composed of small discrete grains
often difficult to distinguish from aphanitic rock
fragments, and is often altered to a greenish
chlorite(?). All the fragments are angular, and
many touch thereby excluding the surrounding matrix,
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Abundant carbonaceous stringers, oriented paral-
lel to the bedding, give the rock its dark color,
Matrix fragments are generally too small to iden-
tify, but appear to be mineral grains,

Approximately 75% of the specimen appears to
be small rock fragwents apparently all of the same
type. They have glassy(?) matrices and some have
very small feldspar laths. They are difficult
to distinguish from the matrix,

Feldspar grains are all very fresh and are
angular in shape. Compositions of plagioclase
grains range from An 28 to An 58, with the ma;or-
ity being in the andesine range, Leucoxene(?
grains are approximately 5% of the rock and occur
as very small grains throughout the rock, Two
graing of cliachite(?) were observed,

Specimen 58¢ A volcanic graywacke from SW} sec. 8,

T18N, ROE near the location of specimen 57,
Megascopios The rock is a light green to light
gray-green, fairly well sorted, fine- to medium-
grained, well indurated volcanic graywacke with
a rough conchoidal fracture, Carbonaceous frag-
ments occur in the rock,
Microscopict The rock is very similar to speci-
men 67, but the rock and mineral fragments are
larger in size., Feldspar grains are of the same
compositions, and the rock fragments are essier
to see in specimen 58 than in specimen 57 (pl.
XXV , p. 104), The matrix is composed of ve
fine-grained, nearly isotropic argillacooua(gg
matter,

The rock is about 90% angular to rounded
rock and mineral grains, and 10% matrix material,
Rock fragments (60%) are of about six different
types; one type is amygdaloidal, some are holo-
crystalline with equant grains (dike material?),
some are porphyritic, and some are aphanitic in
texture, Almost all the rock fragments show some
alteration to chlorite,

Primary and secondary mineral fragments
form about 80% of the rock. Plagioclase grains
(10%) are mainly euhedral and twinned, and some
show soning, There is 15% chlorite, 5%leucoxene(?)
and 0,1% chliachite, Three grains of amphibole
and one grain of pyroxene were observed,
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PLATE XXV

Specimen 58: Volcanic graywaecke, Keechelus Group, Photo-
graph shows clastlc texture of the rock,
X 320, plain light,
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Upper Keechelus Group

Rocks ineluded within the upper Keechelus are tuffs, lapilli-
tuffs, tuffaceous sandstones and siltstones (Oligocene?) which occur
in S} sec, 19, T14N, R7E, and all the rocks which overlie them in
the Silver Creek depression (pp. 159); and volcanic flows which crop
out on the eastern border of the area that unconformably overlie
members A and B of the middle Keechelus, Upper Keechelus rocks may be
as much as 5000 feet in thickness in the Silver Creek depression.

The tuffaceous rocks, which occur in limited outcrop neer Catt
Oreek, are lithologically dissimilar to most of the lower and middle
Keechelus rocks, and appear to be unconformable above a south dipping
series of typlcally green Keechelus breccias along Catt Creek, Leaves
from the tuffs are tentatively dated as Oligocene on the basis of one
maple seed fregment, Acer glabroides (Brown, 1955, written communica-
tion), Although these rocks orop out in a limited area, the regional
ptructural pattern suggests that tuffaceous(?) sediments which are
found in secs, 13, 14, 22 and 28, T13N, R7E in the Silver Creek region
may also be Oligocene(?) in age, )

The following petrographic description is of a tuff from near
Catt Creek,

a

Bpecimen 41: Tuff from SWi sec, 19, T14N, R7E along a trib-
utary of Catt Creek.

egascopic: A light tan colored, fine-grained rock
containing light colored rock and mineral fragments,
and carbonaceous matter which are crudely oriented
parallel to the bedding planes.
coplcs The matrix (60%) is composed of undeter-
mined submicroscopic birefringent fragments. Second-
ary ¢ alcite grains (30%) ocour as irregularly shaped
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crystals which surround and include the matrix mater-
ial, Some of the calcite is an alteration product of
plagioclase(?) grains, Angular glass fragments (9%),
some of which are partlially recrystallized, are mainly
elongate in shape, Many of the glass fragments sre or-
iented parallel to each other (pl. XXVI, p. 107).
Small angular quartz fragments are about 0,1% of the
rock,

The volcanic flows that occur along the eastern border of the
area total more than 2000 feet in thickness. The map pattern (pl.
XXXVI, p, 154) suggests that the contact between the flows and the
underlying middle Keechelus rocks is disconformable, although the con-
tact was not observed, These rocks consist of dark gray to light
brown and gray, partially altered, crudely colummar andesite flows,
They orop out extensively from near Johnson Creek to the mouth of Skate
Creek, and may extend into Mount Rainier National Park to the north,
Near Willame Creek, columnar andesites form a spectacular 500 to 600
foot oliff,

This series of flows is included within the Oligocene(?) upper
Keechelus because structure sections across the area suggest their
equivalence to volcanic flows in the Silver Creek depression which
lie stratigraphically above the light colored Oligocene(?) tuffs ex-
posed near Catt Creek, This correlation, however, cannot be proved,

The following are petrographic descriptions of two rock samples
from the volcanic flows that crop out east of Skate Creek,

Specimen 533 An andesite specimen from Wi projected sec. 22,
T14N, R8E, near the junction of Johnson and Skate Creeks,

In outecrop, the flow shows crude columnar jointing and
blocky Jjointing, Near the center of the flow there is
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PLATE XXVI

N N el Rl o g oy . o el

Figure 1, Specimen 413 Tuff, Keechelus Group, Note
parallelism of large glass fragments,
X 320, plain light,

.

Figure 2, Same view as above. X320, crossed nicols.
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platy Jointing.
Megascoplcs A reddish-gray to reddish-brown porphy-
ritio andesite,
Mioroscopic: The matrix is composed of very weakly
birefringent irregularly shaped minersls and nonbire-
fringent material (glass?). Abundant small feldspar
crystals, and some small ferro-magnesian (augite?)
minerals which are altered to antigorite and chlorite,
occur in the matrix, Plagioclase phenocrysts (An 30)
have a ragged appearance, although most show zoning
and albite twinning planes. Many of the feldspar
grains are partially altered to sericite and kaolin,
Augite orystals are in various stages of alteration to
antigorite and chlorite; some are completely altered,
Megnetite is present as scattered specks, Plate XXVII
(p. 109) a cluster of augite and feldspar crystals.

cimen 54: Andesite from NE} projected sec, 21, T14N,
RBE near the Junction of Skate Creek and Johnson Creek,
The rock is very similar to specimen 53, but the feld-
spar phenocrysts show more fracturing, and the matrix is

composed of dark brown, nonbirefringent glass. This rock
also contains vesicles, while specimen 55 does not.

Age of the Keechelus Group

General Statement

The Keechelus Group is similar lithologically to lower Tertlary
volcanic rocks found throughout the Cascades in Oregon and Washing-
ton, If correlations are based entirely upon lithology, its age spans
Eocene and Oligocene time, Establishing a definite time horizon with-
in the volcanic rocks of this vast region is virtually impossible,
however, because of the recurrence of aimilar rock types throughout
the lower Tertiary and because of the uncertainties of age determin-
ations by fossil leaves,

Evidence from the studied area shows that deposition of Keechelus
rocks began in the middle(?) or upper part of the Eocene epoch, and

continued into Oligocene(?) time, The uppermost part of the Keechelus
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PLATE XXVII

Specimen 58: Andesite, Keechelus Group, Cluster of
augite and plagioclase grains, X 240, plain light,
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Group is apparently not exposed in the Elbe-Packwood area, therefore

the upper age limit cannot be designated, .

Previous Literature

Smith and Calkins (1906, p. 8) assigned Keechelus rocks to the
Miocene because of its unconformable superpositionvon the Paleocene
Swauk formation, lower to middle Eocene Teannaway Basalt, and the Guye
formation in the northern part of the Snoqualmie quadrangle, and be-
cause of its position below the middle Miocene Yakima Basalt and the
overlying Pliocene Ellensburg formation in the southern part of the
quadrangle, The Guye formation at that time was thought to be Miocene
on the basis of four fossll leaves, although stratigraphic evidence
indicated a pre-Miocene age. It has since been shown to be Eocene
in age, probably upper Eocene (Warren, 1941, p, 811).

Warren (1941, pp. 810-811) considered the Keechelus to be Oligo-
cene in age because of its position between the Eocene Guye formation
and the pre-Yaekima basalt and supposedly earlier Miocene Fifes Peak
formation, The FPifes Peak formation 1s regarded as Miocene by Warren
becauge it lies beneath the middle Miocene Yakima basalt.

In 1941, Grant (p. 591) discovered an Oreodont jaw in the Keech-
elus rocks neer the Tieton Reservoir, It was identiflied by R, A,
Stirton of the University of California as the lower jaw of a young
Eporeodon which occurs in the John Day formation of Oregon, The range
of Eporeodon is middle Oligocene to lower Miocene (Thorpe, 1932, p.
68). Grant therefore has given proof that at least part of the Keech-

elus CGroup is post-Eocene in age,
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Abbott (1953, p. 46) agrees with Warren that the Keechelus is
Oligécene, but believes that the lower part of the Keechelus may inter-
tongue with upper Eocene Puget rocks in Upper Bumping River,
In a general discussion of the volcanics of the Cascade Mountains,
Waters (1955, p. 710) suggests that andesitic volcanism began in Fo-
cene time, because andesitic debris is found in Eocene sedimentary

rocks adjacent to the Cascades.,

Present Area

The Keechelus Group of the present area ls upper Eocene and may
extend into the Oligocene(?) epoch, Its lower part might be as old
as middle(?) Eocens.

Fossil leaves have been collected by the writer and by Roland
Brown of the U,3. National Museum, and are listed separately although
some collectionsg were made from the same locality, All the leaves
have been identified by Brown,

The following leaf fossils were collected from member B of the

middle Keechelus near Packwood along Skate Oreek,

University of Washington Looality WA 235s SW} sec, 8,
T13N, R9E.

Castanes castaneaefolis (Unger) Knowlton (No, 13710)
Metagequola occidentalis (Newberry) Chaney (No. 13711)

Glyptostrobus dakotensis Brown (No. 13712)
Leurus sp. (No, 13713)

i e0logical Survey P 0 cality (same locality as
above),

Adlantum anagtomosum Brown
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Cercidiphyllum elongatum Brown

Dillenites sp.
Platanus sp.

Sequoia affinis Lesquereux

According to Brown (1955, written communication), these specimens
are similar to those at Steel's Crossing which are dated as late Eo-
cene, Significantly, the rocks in which the leaves occur apparently
are several hundred feet stratigraphically ebove the uppermost Puget
tongue in the Nisqually River district.

The fosslls listed below are from member A of the middle Keech-
elus Group, about 5500 feet stratigraphically above the uppermost
tongue of Puget rocks on Osborne Mountain, These fossils are "apparent-
ly late Eocene" in age (Brown, 1955, written communication),

U,S. Geological Survey Catt Creek Localitys SE} NE} sec. 15,
T14N, R6E.

Lastrea fischeri, Heer
Metesequoia occidentalis (Newberry) Chaney

Carye 8p.
Salix sp.

Comptonia sp.
Betula sp.

Alnus sp,
Calyptranthes sp.
Rersea sp.

The Oligocene(?) dating of the upper Keechelus is based upon the
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fossll leaves listed below,

U,8e Geological Survey "Creaking Tree" Locality: SE} sec. 19,
T14N, R7E,

Metasequole occidentalis (Newberry) Chaney
Cercidiphyllum sp.

Betula sp.

Persea sp.

Ulmus sp.

Acer glabroides Brown

The rocks at the "Creeking Tree" locality are light colored tuf-
faceous rocks which are lithologically unlike most of the Keechelus
rocks in this area, Because of their structural attitude they appear
to be unconformable on the underlying rocks, although the contact was

not seen, Brown states, "The presence of Acer glabroides in this

collection, as well as the general composition of the collection, is
suggestive of Oligocene agé". The age assignment is very tentative,
although it is significant that the Oligocene dating was made without

the lmowledge of the lithologic or general structural relationships,

Correlation of the Keechelus Group
Keechelus rocks can be traced eastward through Mount Rainier
National Park from the present area to the Mt. Alx quadrangle where
they disappear beneath the Columbia River Basalts. They have been
traced northward by Coombs from Mount Rainier National Park to the

type area of the Keechelus volcanics (Coombs, 1936, p. 150)., Warren
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(1945) believes that Keechelus rocks crop out extensively east and
southeast of Seattle in King County.

About 15 miles west of the Elbe-Packwood area, Snavely (1951)
has mapped a large region in the Centralia-Chehalis area that in-
cludes the middle Eocene Northeraft formation. The Northeraft for-
mation, similar lithologically to the Keechelus Group, is correlated
by Snavely to the Keechelus, The writer, however, believes that the
Northeraft formation 1s older than the Keechelus Group, although the
Northeraft may be a lower tongue of the Keechelus, and equivalent to
the Older Volcanics exposed in the Nisqually River district (pl. II,
o 1)

Only two papers have been published that deal partially with the
stratigraphy south of the Elbe-Packwood area in the Washington Cascade
Mountains., Near Mount St. Helens, Verhoogen (1937) has observed that
rocks similar to those of the Keechelus Group lie above Eocene sed-
imentary rocks, but offers no proof for the Eocene dating of the sed-
imentary rocks, Near the Columbia River in Skemenia county, Felts
(1989, pp. 297-516) has described a granodiorite stock that intrudes
the Eagle Creek formation and the lower Skemania andesites., The Eagle
Creek formation is lithologically similar to the Keechelus Group,
containing varicolored volcanic tuffs and breccias, conglomerates, and
minor amounts of intercalated andesite flows, Feltz mentions that the
tuffs and breccias have been reworked and deposited by ancient streams,
He considers the Eagle Creek formation to be Oligocene in age on the

bagis of fossil leaves, The lower Skamania andesites lie above the
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Eagle Oreek formation with a disconformable to angular-unconform-
able relationship., This formation, lithologlcally very similar to
the Fifes Peak andesite described by Abbott, ia.composed of a thick
series of gray and greenigh-gray, dominantly porphyritic andesites
with some columnar jointing, and minor amounts of intercalated pyro-
clastics.,

It is bellieved that the Eagle Creek formation is, at least in
part, equivalent to the Keechelus Group because of (1) the litho-
logic similarity of‘the Fagle Creek formation to the Keechelus Group
of the Elbe-Packwood area, and (2) the structural similarity between
the Keechelus-Fifes Peak contact in the Mt, Alx quadrangle and the

Fagle Creek-lower Skamanie contact of Feltz' area,
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YOUNGER VOLCANICS
General Statement
The name Younger Volcanics is used by the writer for a.group
of unaltered to slightly altered gray, brown, red and black basalts,
felsites and volcanic breccias exposed in the northwest corner of the
mapped area near Elbe and Mineral, This series of rocks, about 16% of
the Elbe-Packwood area, extends several miles to the north and north-
west of the northern boundary, The Younger Volcanics are generally
flat-lying, although north of Elbe they have a qlight northeast dip,
Differences in elevation of the presumed contact of the Younger Volcan-
ics with underlying rocks (about 3000 feet), indicate that the Younger
Volcanics were extruded onto a region of high relief,
Rocks similar to those of the Younger Volcanics are found

in several places within member A of the Keechelus Group, but it is
not certain whether these rocks are part of the Keechelus Group or are

eroded remnants of the Younger Volcanics,

Contacts

The contact between the Younger Volcanics and the underlying
rocks was not seen, but because of their probable low dips, the Younger
Voloanics are believed to be unconformable on the older folded rocks,
About two and one-half miles west of Mineral (SW} sec. 6, T14N, R5E)
is an outecrop of volcanic flows considered to be part of the Younger
Volcanics, These flows mey overlie the Puget Group, but the contact
relations are obscure, The contact at this place may be a fault,

The upper part of the Younger Volcanics is apparently not exposed

in the mapped area.
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Lithology

The rocks are mainly hypersthene basalts, possibly some andesites,
trachyte and rhyolite(?)., Volcanic breccias, agglomerates and tuff-
aceous rocks were also observed along a logging road north of Elbe,
The flows are mainly black in color, but are also light to dark gray,
brown, and in places weather to a reddish-brown color. Columnar Joint-
ing ocours in basalt at Sach's Corner in Elbe, and near the mouth of
Mineral Creek about two miles east of Mineral, Other columnar-jointed
basalts and andesites similar to rocks of the Younger Volcanics are
assoclated with parts of the middle Keechelus Group, but cannot be

differentiated from the Keechelus rocks,

Petrographic Description

Specimen 59: Hypersthene basalt from C., sec. 8, T14N, R6E about

two miles southwest of National along road to lookout.
Megascopics A medium gray basalt containing dark-colored
feldspar phenocrysts and some pyroxene phenocrysts,

croscoplcs The rock has an intergranular ophitic texture,

The matrix contains some glass, but is mainly pyroxene grains,
Plagioclase grains are about 60% of the rock, about 20% of
which are phenocrysts and 40% are matrix crystals., Both
the matrix and phenocryst feldspars are fresh, and are about
An 680 in composition, Pyroxene grains are about 35% (20%
Augite and 5% hypersthene) of the rock, none of which are
altered, Chlorite is about 2% of the rock, and msy be an
alteration product of hypersthene, The rock is much fresher
than any of the observed Keechelus rocks.,

Specimen 60t Hypersthene basalt from S% sec, 5, T14N, R6E about
two miles southwest of National along road to lookout,
Megagcopics Black platy basalt containing dark-colored feld-
spar phenocrysts and conspicuous pyroxene phenocrysts,
Miocrosgopic: The matrix texture is pilotaxitic to felty and
contains abundant tiny pyroxene grains, feldspar laths,
some magnetite and some glassy material, Feldspar (An 60)
is about 50% of the rock, 40% of which is matrix feldspar,
and 10% are phenocrysts, Well twinned euhedral augite grains
are 5% of the rock, and in places form rims around hypersthene
grains (5%). Fine-grained pyroxene crystals in the matrix

i
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are 10% of the rock., Secondary minerals include pennine
(1%) and antigorite (2%).

Specimen 633 Hypersthene basalt from Sach's Corner at the junct-

ion of the southbound and eastbound branches of State Highway

5 at Elbe.
Megascopics The rock is a dark gray to black porphyritic
basalt, It is fresh and crops out in vertical columns,
Microscoplos The matrix, 70% of the rock, is composed dom-
inantly of brown colored glass, some tiny plagioclase laths,
magnetite and unidentified, weakly birefringent minerals,
Imbedded in the matrix are feldspar phenocrysts (20%) which
are fresh, euhedral in shape, have albite twinning planes
and occasionally are zoned, Some of the plagioclase pheno-
crysts occur in clusters (glomerophyric). These phenocrysts
are An 60 in composition, end grade in size to the small
lath-shaped feldspar crystals of the matrix (seriate tex-
ture)., Augite (5%) and hypersthene (5%) occur as unaltered
phenocrysts (pl. XXXVIII, p. 119).

Specimen 643 Trachyte from road metal quarry in E} sec. 11, T14N,

REE, about 2% miles east of Mineral on the eastern flank of

Roundtop Mountain,
Megagcopics The rock is light tan to white in color, is
aphanitic and has mottled brown weathering spots, and a few
very small vesicles,
Microscopic: The rock has a felty-feathery texture. The
matrix (80%) is composed primerily of irregulsrly shaped
feldspar crystals and microlites, and possibly some inter-
sticial glass, Sanidine comprises 5% of the rock as irreg-
ularly shaped, unaltered microphenocrysts (pl. XXIX, p. 120).
Untwinned plagioclase grains (1%) of probable oligoclase
composition occur as microphenocrysts along with the sani-
dine, About 30% of the matrix is composed of kaolin which
hes altered from matrix feldspar., Hematite (1 0%) occurs in
the matrix as an alteration product of magnetite, Magnetite
is 1% of the rock, Small unidentified brown mineral flakes
(1%) occur as an alteration product of sanidine, Small ves-
icles comprise 2% of the rock.,

On the drainage divide between Mineral Creek and North Fork Min-
eral Creek in NW} sec, 29, T14N, R6E are outcrops of basalt which are
believed to be part of the Younger Volcanics because of their compo-

sition, The following petrographic description is of a specimen from
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PLATE XXVIII

Specimen 633 Hypersthene basalt, Younger Volcanics,
Microphenocrysts of plagioclase are crudely parallel,
Hypersthene grain is in lower right hand corner,

X 400, plain light,
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PLATE XXIX

Specimen 64: Trachyte, Younger Volcanics, Sanidine (8)
microphenocrysts show irregular borders,
X 820, plain light,
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from one of these basalt outcrops.

Specimen 613 Hypersthene basalt from NW} sec. 29, T14N, R6E,
Megascopic: The rock is dark gray to black in color with
abundant, small, milky white feldspar phenocrysts.
Microscopics The matrix is heavily charged with magnetite,
and contains small feldspar laths and glass. About 85%
of the rock is composed of plagioclase grains (An 60) which
are very little altered, They are usually unzoned, although
some of the feldspar grains show zones which are outlined
by secondary sericite(?). Some of the feldspars show re-
sorption along their borders. Hypersthene is about 15% of
the rock, Chlorite is about 0.5%0f the rock.

Volcanic rocks similar in megascoplc appearance to the Younger
Volcanics occur in several places within the Elbe-~Packwood area, and
mey indicate that the entire area was once completely or partially
covered by the Younger Volcanics, However, many of these outcrops of
volcanic rocks may be parts of small dikes and/or sills which intrude

the Keechelus Group.,

Age and Correlation

The age of the Younger Volcanics cannot be determined with certain-
ty, but the unaltered appearance and the presence of hypersthene in al-
moet all these rocks suggests a close petrogenetic relationship to the
hyperathené bearing Mount Rainier flows described by Coombs (1936,
p. 182). Mount Rainier was probably formed during Pleistocene time
(Coombs, 1936, p. 174), but there may have been an earlier, now de-
stroyed cone related to the Younger Volcanics, Verhoogen (1937, p, 395)
gtates that previous to the building of Mount St, Helens, a large vol-
cano may have been formed in post-Miocene time, This earlier vol-
canic activity may have been related in time to the Younger Volcanics,

The time of formation of the Younger Volcanics is pre-glacial and
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pre-Mount Rainier, The most likely time of extrusion is late Plio-
cene, and, although petrographically different, the Younger Volcan-
ice may be contemporaneous with the hypersthene bearing Pliocene(?)
Deep Creek Andesite described by Abbott in the Mt., Aix quadrangle



INTRUSIVE IGNEOUS ROCKS
GENERAL STATEMENT
Dikes and sills which are basic to acidic in composition intrude
the rocks of the Puget and Keechelus Groups, It is difficult to estim-
ate the extent of the intrusions because of poor exposures, Occasion-
ally small intrusive bodies can be seen within a single outerop, and
large intrusive bodies have been recognized on the basis of their rela-

tively coarse-grained holocrystalline textures,

INTRUSIVE ROCKS IN THE PUGET GROUP
Nisqually River District

In the Nisqually River district, two sills(?), each about one foot
thick, and one andesite dike are known to intrude the lower Puget
tongue,

The 8111s(?) ocour in a small outcrop in 8W NE} sec., 22, T1SN,
R6E., They are separated from each other by a thin bed of lignitic
coal, and both show columnar jointing., The following are petrographic

descriptions of specimens from these sills(?).

ecimen 53 Basalt, the lower of two, one-foot sills(?)
found about one mile north of Ashford in SW} NE} sec. 22,
T15N, RBE, near the upper contact of the lower Puget tongue.

Megascopics A dark gray to black, slightly porphyritic
b&aalto

ioroscopic:s The rock has a felty texture and a matrix
5502; composed of devitrified glass, calcite and chlor-
itic matter, Plagloclase grains (An 58) comprise 40%
of the rock; 55% are matrix grains, and 5% are pheno-
oryats, The largest plagioclase phenocryst is glomero-
phyric and is 1.6 mm, in longest dimension, Some plagio-
clase grains ere altered to kaolin (5%), but most are
fresh, Chlorite (10%) is secondary pennine, and is al-
tered from pyroxene(?). Calcite (20%) replaces the ma-
trix and parts of the feldspar orystals, Magnetite
grains (3%) ere disseminated throughout the rock,
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Specimen 6: Andesite(?), the upper of two, one-foot sills(?)
at the same locality as specimen 5,
Megasgopic: A medium gray to buff andesite(?) with con-
splcuous milky feldspar phenocrysts.
icroscopics The composition of the rock is not known
because of the extreme alteration of the feldspars, but
has the appearance of andesite. The rock contains some
vesicles filled with zeolite minerals., The feldspar
and ferro-magnesian minerals have been completely al-
tered to calcite and chlorite.

The followlng is a petrographic description of a specimen from the

andesite dike,

Specimen 7: Andesite from a 15(?) foot dike in NE} NW} sec.

22, T15N, R6E about 1% miles northwest of Ashford, The

attitude of the dike is NBOE 75SE and cuts interbedded sand-

stone and shale which have an attitude of N46E 12SE.
Megascopie: The rock is a dark gray porphyritic ande-
site of the same general megascopic appearance as specl-
men 5 (p. 123).

Microscopic:s The matrix is composed of devitrified
glass(?) that is altered to chloritic matter, calcite,

and quartz crystals. Plagioclase grains (An 45) comprise
about 55% of the rock; 25% are phenocrysts, and 30% are
matrix feldspars, The phenocrysts are mainly fresh,
The matrix feldspar has highly irregular shapes which
suggest a late stage of orystallization, Chlorite (15%)
is an alteration product of the matrix material and for-
mer pyroxene crystals.
A dike(?) that intrudes rocks of the upper Puget tongue (S% NW}
sec. 17, T15N, R7E), is a coarse-grained andesite porphyry similar in
composition to many of the Keechelus flows, and contains 60% plagio-

clase (An 29), 5% quartz and 25% highly altered pyroxene crystals,

Tilton River District
The Puget Group of the Tilton River district contains numerous ig-
neous bodies, some of which are definitely intrusions, Culver (1919,

p. 109) mentions the abundance of igneous rocks in this region, and con-
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slders the majority of them to be dikes and sills. Mackin (1944, pp.
7y 95 16), in a detailed study of the cinnabar workings east of Mineral,
found that the sedimentary rocks are intruded by basic sills and dikes.,
He describes one intrusion as a diabasic lopolith, and another as a
diebesioc laccolith,

In NE} sec, 35, T13N, RAE along State Highway 5 one mile north of
Morton is a well exposed outcrop of diabase, probably of intrusive or-
igin, It may be equivalent to one of the intrusions described by
Mackin,

A well exposed six foot wide andesite dike occurs in a small quarry
in SE} sec. 84, TL3N, R4E (pl. XXX, p. 126). It is undoubtedly of in~
trusive origin, and interestingly shows only a slight baking effect on
the rocks it intrudes,

Two large intrusive bodles crop out in the northern part of the
Tilton River district; one is a hypersthene gabbro dike(?), the other
is a hypersthene diorite sill, Their probable space relationships are
indicated on plate XXXVI (p. 154).

The hypersthene gabbro crops out near the western border of the
area about 2% miles west of Mineral, and is considered to be a dike on
the basis of a persistent north-south line of outcrops of diabasic
rocks. The northernmost outcrop is in NE} sec. 12, T14N, R4E; the
southernmost outcrop is in NE} sec, 28, T14N, R4E., The dike(?) may
continue as far south as N} sec., 3, T13N, R4E, where another outcrop
of diabase was found, but a correlation of 24 miles without more control
would be invalid. The minimum length of the dike(?) then is three miles,

but 1t may be as much as six miles long. On the basis of a cross sec-
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PLATE XXX

Andesite dike near the town of Morton, The dike intrudes
Puget Group sandstones which show very slight baking
effects. The sandstones strike N20E and dip 500 SW to-
ward the reader. The dike strikes N35E, almost at right
angles to the saendstone, and dips 55° NW, View is north,
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tion drawn along DD' (pl. XXXVII, p. 155), it has a maximum width of
480 feet., It may be a silll rather than a dike, but apparently the
intrusion cuts across winor structures in places, The following is

a petrographic description of a typlcal sample of the dike(?).

Specimen 303 Gabbro from NE} sec, 26, T14N, R4E along the

State Forest Service fire access road near Fast Creek,
Megascopic:s The rock is holocrystalline, medium-grained
and black to dark gray in color, with an unusual abun~
dance of milky to dark gray, euhedral plagioclase pheno-
ocrysts., Megascopically it is gabbro,
Microgcopic: The rock has a seriate texture due in
large part to the fragmental nature of many of the feld-
spar and pyroxene crystals. The rock contains 60%
plagioclase grains (An 54) of'ten with cloudy inclusions
which are parallel to zoning and twinning lines (pl.
XXXI, p. 128), Pyroxene crystals form about 10% of the
rock; 5% is auglte and 5% is hypersthene, The accessory
mineral apatite is very ebundent (3%), and is commonly
in the form of long euhedral needles that show well
developed cleavage perpendicular to the long axes. Sec-
ondary chlorite(?) (25%) occurs as fracture £illings in
all the other minerals, and as an alteration product
of a former glassy(?) material which surrounds the feld-
spar and pyroxene crystals., Pyrophyllite(?) and perov-
skite(?) are very minor in amount. Microscopically the
rock is hypersthene gabbro,

The spatial dimensions of the hypersthene diorite sill are poorly
lmown, The northern extension of the sill is apparently faulted,
and interpretation based upon structural pattern and topography. The
sill disappears northward in SW} sec. 7, T14N, RSE about two miles
southwest of Mineral, and apparently extends southward to sec. 8, T13N,
REE where it changes strike from southwest to northeast(?) across the
Tilton River anticline,

Anomalous attitudes found in SW} sec, 29, T14N, RSE and in secs.

5 and 6, T13N, RGE near the base of the slll, may be caused by the in-
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PLATE XXXI

Specimen 30: Gabbro, Tilton River district., Plagioclase
(zoned), magnetite and augite. X 320, crossed nicole,
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trusion,

The sill is composed of an equigranular, holocrystalline, medium~
to fine-grained, light gray diorite, which, under the microscope is
seen to contain hypersthene, The following is a petrographic descrip-
tion of a specimen of the sill collected near Summit Creek.

ecimen 31: Diorite from NE} sec, 50, T14N, RSE near
Sumnit Creek along an abandoned logging road. The speci-

men was collected from near the stratigraphic base of the
sill,

Megascopics The rock is a fine-grained, light to med-
iun gray diorite.

Microscopics The rock contains 65% plagioclase (An 49)
which has been mostly altered to kaolin, There are
10% augite, 10% hypersthene and 2% magnetite grains,

A brownigh-yellow alteration product (chlorite?) com-
prises about 10% of the rock, Needles of apatite com-
prise about 0.1%, and secondary quartz grains are 3%
of the rock,

Specimen 32¢ A diorite specimen from near the top of the
8ill in the vicinity of Summit Creek. It has about the same
composition as specimen 31, but is more highly altered,

The contact between the sill and the overlying sedimentary rocks
at Summit Creek is a 20 foot wide brecciated zone, Toward the top of
the sill the diorite becomes darker and more altered, and passes into
the brecciated contact zone. The rock above the contact is a very
well indurated (probably baked) green sandstone., The fracturing and
alteration near the top of the sill, and the apparent baking of the
sandstone indicate an intrusive contact, The contact of the sill with
the underlying rocks was not seen,

The above described diorite rocks are correlated with diorite
which ocours along State Highway 5 in NW} sec, 8, T13N, RSE, The fol-

lowing is a description of a rock from this outecrop.
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Specimen 38: Diorite from NW} sec, 8, TL3N, RSE from a

roadout along State Highway 5.
Megaseopics The rock is light to medium gray and shows
many poorly developed mafic crystals and abundant feld-
spar grains, It weathers to a dull brown color,
Microscopic: There are 80% plagioclase grains (An 45),
many of which are zoned and show kaolinization along
innumerable feather-like fractures, Augite and hypers-
thene orystals are 5% each, some of which are clear, and
some of which show slight alteration to chlorite along
their cerystal boundaries., Chlorite, an alteration pro-
duct of the pyroxenes, is approximately 0.1%, and second-
ary(?) quartz gralns are 1% of the rock,

INTRUSIVE ROCKS IN THE KEECHELUS GROUP

In the Keechelus Group, two relatively large intrusions and sev-
eral small intrusions have been recognized, although their aerial ex-
tents are poorly known,

One of the relatively large intrusions is a diorite sill which ine
trudes rocks of member A near Bertha lMay Lakes and Granite Lake, The
sill appareﬁtly pinches out westward in NW} sec. 168, T14N, R7E; its
eastern end could not be located, It has apparently risen along a con-
tact between volcanic graywacke and volcanic breccia, but the contact
relations are obscure,

The diorite is similaer in composition to most of the andesite
flows and andesite breccias of the region, and may possibly be ome of
many feeders for andesitic materials younger than the Keechelus Group,
Similar intrusive bodies have probably contributed extrusive materials
to the Keechelus volcanic sequence,

The following 1s a petrographic description of a specimen of dio-

rite from the sill near Lake Tannamus,

Spegimen 48s Diorite from NE} sec. 15, T14N, R7E along an
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abandoned logging road % mile northwest of Lake Tannumus,

The rock is representative of the sill, although was found

as float material,
Megascoplc: Milky white plagloclase grains compose
about one-half of the rockj dark colored ferro-magnes-
ien minerals (pyroxene?) and finer-grained matrix mater-
ial form the other half, The rock has a "salt and pep-
per" distribution of 1light and dark minerals., It is
similer in appearance to the coarse-grained rocks de-
scribed from the Tilton River district (pp. 127-130).
Microscopi¢s The rock is holoorystalline in texture
and contains lath shaped plagioclase grains and ferro-
magnesian minerals. Plagioclase grains (An 48) com-
prise 70% of the rock, most of which show kaolinitic
alteration along twinning planes and feather-like
fractures, Some of the feldspar grains are completely
fresh (pl., XXXIX, p, 132), Augite crystals (5%) are
mainly altered to a brown chloritic substence (20%).
One grain of hypersthene was observed, Kaolin is 4% and
secondary quartz grains are 1% of the rock, Apatite
(0.1%) occurs sparingly.,

A large dacite dike crops out in the headwaters of Willame Creek
in B4 projected section 5, T13N, R8E, The dacite is a 1light blue-
gray, sugary textured rock with large quartz and plagioclase pheno-
crysts, and altered biotite c¢rystals, Two exposures of dacite which
occur one wile apart are believed to be part of the same dike because
the rocks have the same mineral compositions. The correlation of

these two outcrops is across the structural trend., A description of

two specimens from the Willame Creek dacite dike follows,

ecimen 49:¢ Dacite from Ef projected sec, 5, T13N, RSE
in the headwaters of Willame Creek,

e oples Blue-gray dacite with sugary texture that
hag large quartz phenocrysts, salmon colored plagio-
clase phenocrysts and small specks of ferro-magnesian
minerals,

copies Oligoclase (An 14) is about 43% of the
rock, and occurs primarily as a matrix mineral along
with fine-grained quartz orystals, The oligoclase is
generally untwinned and shows much alteration to kaolin
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PLATE XXXII

Specimen 48: Diorite, Fresh and altered plagioclase
and augite grains. X 240, crossed nlcols,
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(5%). Some oligoclase has been altered to sericite.
Primary quarts crystals comprigse about 50% of the rockj
45% are in the metrix and 5% are phenocrysts, The quartz
phenocrysts have rounded shapes, possibly from resorp-
tion, and are as much as 2 mm. in size, The grains are
clear, and under crossed nicols have "saw tooth" borders
(pl. XXXIII, p. 134). The "saw tooth" borders are sec-
ondary growths of quartz on the phenocrysts, and have
the same crystal orientations. Biotite (about 0,1%)

is mostly altered to pennine (2%), although some bio-
tite grains are altered in part to muscovite(?) and
magnetite, Magnetite is about 0,1% of the rock and
ocours as a primary, very widely disseminated mineral,

Specimen 50: Dacite from NE} projected sec, 9, TLZN, RSE
in the headwaters of Willame Creek about one mile southeast
of specimen 49, The rock is very similar megascopically
and microscopically to specimen 49 except that matrix feld-
spar and quartz grains are larger in size, and there is
somewhat more biotite,
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PLATE XXXITI

Figure 1. Specimen 49: Dacite. Quartz phenocryst with
tgawtooth" border, Small quartz crystals rim
the rounded quartz phenocryst and have the same
optical orientation as the phenocryst.

X 320, crossed nicols.

Figure 2, Same view as above, X 320, plain light,



STRUCTURAL GEOLOGY
GENERAL STATEMENT

The structural pattern of the area is one of broad, open, north- _
west trending folds that are oblique to the north-south trending Cas-
cade Mountains, The pattern is dominated by two large anticlines near
the eastern and western boundaries with an intervening, broadly folded
structural low (pl. XXXVI, p. 154, and pl, XXXVII, section DD', p, 165),
The crests of the two anticlines are a maximum of 20 miles apart,
Broad folds ocour within the volcanic Keechelus Group, and smaller
folds occur within the sedimentary Puget Group. Faults are difficult
to recognize, but are apparently of minor importance except for the
northwest trending Catt Creek fault which extends through the central
part of the area,

Minor crenulations can sometimes be plotted, but within the mas-
sive volcanic rocks attitudes are difficult to obtain, The importence
of minor faults may be underestimated because of the lack of exposures.
Mackin (1944, pp. 42-44) found several small faults in the underground
workings southeast of Morton, which suggests that faults may be more
importent than is suspected from the surface exposures,

Dips throughout the area average about 25° to 359, and are rarely
over 50°, The maximum recorded dip is 85° which may be due to fault-

ing.

TIME OF DEFORMATION
The angular unconformity between the Pliocene(?) Younger Volcanics
and the lower Tertiary rocks of the mapped region indicates a post-
Oligocene(?) period of folding, The time of this folding mey be late
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Oligocene or early Miocene, since to the east in the Mt, Aix quad-
rangle, Keechelus rocks dated as Oligocene unconformably underlie
the Fifes Peak formation which is dated as lower Miocene (Warren,
1941, pp. 808-810; Abbott, 1953, pp. 82-88).

Weak folding periods may have occurred during the deposition of
the Puget and Keechelus rocks, but the evidence is inconclusive,
Disconformities may exist between Puget and Keechelus rocks in the
Tilton River distrioct, and between the middle and upper parts of the
Keechelus Group,

The whole area was undoubtedly involved in the Cascade uplift,
but the uplift is much to broad to be detected from the present lim-

ited area,

FOLDS
Skate Creek Anticline

The Skate Creek anticline was traced from the Nisqually River to
south of the Cowlitz River, a distance of 16 miles, Its axial trace
probably crosses the Nisqually River valley at an oblique angle and
extends to north of the Nisqually River to a few miles west of Elbe,
and may continue westward beneath the glacial deposits of Puget Sound.
The northern extension of the fold 1s obscured by river valley de-
posits, by the unconformably overlying Younger Volcanics and by vege-
tation, The fold has not been mapped south of the Cowlitz River, but
topographlic trends indicate that it extends at least 16 miléa south
of the Cowlitsz River, and probably farther, Its maximum length may be
well over 50 miles,

The anticline plunges south, but no definite marker beds could be
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found for the exact calculation of the plunge., The orest of the fold
mostly seems to be sharp, but it may be broad in places.

As shown in plate XXXIV (p. 138), the trend of the Skate Creek
anticline in the Nisqually River district is approximately N75W, which
is similar to fold trends developed across western Washington during
the late Miocene epoch (Weaver, 1937, pp. 10-11). South of the Nis-
qually River, the axial trace makes a broad curve, turning gradually
southward to a N20W trend, South of the Cowlitz River it may have a

northeast trend,

Tilton River Anticline

The Tilton River anticline is not as well defined as the Skate
Creek anticline, probably because it occurs in a section of relative.
1y incompetent shales and sandstones of the Puget Group.

The anticline is of about the same magnitude as the Skate Creek
anticline, Attitudes within the sedimentary rocks indicate that the
anticlinal structure extends from two miles south of Mineral to the
vicinity of West Fork, a distance of about seven miles, If the major
fold follows South Fork as tentatively shown on plate XXXIV (p. 138),
the maximum length within the mapped area is about 14 miles, It ex-
tends beyond the area to the south, and probably extends northward be-
neath the Younger Volcenics, and possibly converges with the Skate
Creek anticline somewhere northwest of Elbe,

The Tilton River anticline apparently plunges southward, Its
inferred northern extension trends about N15W, and may swing to a more

weasterly direction farther north. To the south, the axial trace makee
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a wide arc, changing in trend to about N30E. At West Fork the anti-
cline may turn sharply to the southeast along the NSOE trending South
Fork, However, doubly plunging folds in the southern part of the
Tilton River district (a culmination) may indicate that it continues
to the southwest,

Of interest is the difference of structural trend between the
northern and southern part of the Tilton River district, In the north-
ern part of the district, the dominant trend is north-south to north-
east-southwest, In the southern part of the district the dominant
trend is about N50W, Thls change in trend coincides with the strati-

graphic change discussed on page 39,

Silver Creek Depression

The region between the Tilton River and Skate Creek anticlines
is a weakly folded gtructural low, part of which is a structural basin
elongate in a northwest direction. The Silver Creek depression 1is
bounded on the northeast by the Skate Creek anticline, and on the south-
west and possibly south by an ill-defined south-plunging anticline,
The northern extension of the depression is poorly defined, but it
may continue northward as a broad synclinal downwarp between the Skate
Oreek and Tilton River anticlines, The rocks exposed in the downwarp
are possibly the youngest Keechelus rocks within the area, and may be

equivalent to the volcanic flows of the Skate Creek area,

Minor Folds
Nisqually River District

Sedimentary rocks of the Puget Group are less competent than the
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voloanic rocks of the Keechelus Group; consequently minor folds are
more numeroug within the Puget sandstones and shales of both the Nis-
qually and Tilton River districts, These folds are usually upright,
open and gentle, with limbs that usually dip about 30° to 85°, Many
of the folds are too small to be shown on the geologic map.

Two minor folds in the Copper Creek drainsge basin trend N2OW
and plunge to the southeast, They die out southward toward the Skate
Creek anticline,

Northward in the Puyallup River area, the Puget Group shales and
sandstones have been thrown into numerous small anticlines and synclines
(Gard, oral communication, 1955), These folds apparently die out rapid-
ly southward, for none of them occur in the Ashord-Goat Creek section,

except the two in the Copper Creek drainage basin,

Tilton River District

Numerous minor folds occur in the Tilton River district, but they
are incompletely mapped.

In the northern part of the Tilton River district, minor erenu-
lations trend north-south, parallel to the dominating Tilton River anti-

cline, South of West Fork the folds trend about N50W, and are doubly

plunging,

FAULTS
The faults of the area trend northeast and northwest, generally
at an oblique angle to the major folds. As far as is known, they are
all normal faults, but since only two possible fault exposures were

soen, the relative directions and amounts of movement along the faults
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can only be estimated, Faults mey be much more prevelant than are

shown on the geologic map.

Catt Creek Fault
The largest known fault trends about N30W through the central part
of the mapped area, Its throw is estimated to be about 5000 feet, and
it is probably a normal fault. The northeast side of the fault appears
to have moved northwest relative to the southwest side, In E4 sec., 24,
T14N, R6E, a fault exposed in a road cut dips 55° southwest, and may

be an exposure of the Catt Orsek fault (fig. 3, p. 141).

o 2
R -
oy
P

Figure 3, Exposure of Catt Creek fault. Note downward
drag of bedded tuffs on footwall of fault,
indicating direction of relative movement.

View is north.
Evidence for the Catt Creek fault is the sharp bend in atructur-
al trends across Catt Creek, and an apparent chenge in the stratig-

raphy across the Catt Creek valley.
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Minor Faults

Small faults may occur in several places within the area, but
there is little factual basis for drawing them on the geologic map.

In sec, 23, T15N, R6E is a probable fault which strikes about
N4OE, It may be equivalent to a fault that has cut Puget sandstones
along North Fork Mineral Creek, but the correlation is uncertain,

It is not known whether the fault 1s normal or reverse, but it prob-
ably dips at a high angle and may be vertical., The northwest side
has apparently moved down relative to the southeast side,

In the Tilton River district, a fault which may cut the diorite
sill in T14N, RSE trends about NSOE, The northwest side has moved up
relative to the southeast side, Its dip is unknown.

In T12N, R5E, two faults occur near the nose of a south-plunging
anticline, One of the faults is a normal fault and trends N75W, and
dips 80° to the northeast. The other fault, trending NSOE, may also
be a normal fault; the northwest side up relative to the southeast

side, The area between the two faults is a graben,
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tures in a 5000 foot gorge., Since the Cowlitz River is believed to
be an old topographic feature (Coombs, 1936, p. 197) and Silver Creek
is nearly graded to the Cowlitz River, Silver Creek mey have origin-
ated along with the Cowlitz,

Several of the large streams and tributaries follow structural
trends, and are believed to be subsequent in origin., Among these are
Skate Creek, Willame Creek, Berry Creek, Copper Creek, Catt Creek, and
the tributaries to Mineral Creek, North Fork Mineral Creek, Silver
Creek, and the Tilton River, As far as is lmown, Catt Creek is the only
fault-controlled stream, Copper Creek and its tributaries flow on syn-
clinally folded sedimentary rocks. The close relation between Copper
Creek and the syncline is believed to be accldental rather than due to
recent folding,

An interesting feature is the pattern of the Nisqually-Cowlits
River drainage divide (pl. XXXV, p. 144), which in part reflects the
major structural pattern of the region. On the east side of the area,
the divide bends southward in the vicinity of the south-plunging Skate
.Creek anticline, Farther west the divide bends northward near the Sil-
ver Creek synclinal depression, and still farther west it again bends
southward, presumably in the vicinity of another south~plunging anti-

cline,

GLACIATION
Introduction
The streams of the area are U-shaped in transverse profile, and
head in eirque lakes (tarns), dissected cirques, and greatly dissected

cirque-like basins, Glacial deposits are found in the valleys through-

\



PHYSIOGRAPHY
GENERAL STATEMENT

The streams of the area drain into the westward flowing Nis-
qually and Cowlitz Rivers, both of which occupy relatively wide
glaclated valleys. The drainage pattern is largely controlled by
the gently tilted, alternsting hard and soft clastic—volcanic rocks
and volcanic flows, although most of the larger streams are not
affected by rock hardness.

The region was glaciated by valley glaciers at least twice during
the Wisconsin(?) glacial period. Glacial and Recent river deposits
are not differentiated, but their possible extent is indicated on the

glacial map (pl. XXXIX, p. 157).

STREAMS

The streams in the Elbe-Packwood area are consequent(?) and sub-
sequent in origin, and have resequent and probably insequent trib-
utaries. The drainage pattern is a combination of dendritic and
trellis, although annular patterns can be seen (pl. XXXV, p. 144).

Mineral Creek, North Fork Mineral Creek, Silver Creek and the Nis-—
qually River, the four larger streams of the mapped area cross struc-
tural trends, and possibly are consequént on an earlier erosion sur-
face. The Nisqually River is pre-Mount Rainier in age (Coombs, 1936,
p. 197), and Mineral Creek and North Fork Mineral Creek, which are trib-
utary to the Nisqually River may have originated at the same time.
Coombs (1936, p. 198) suggests that drainage prior to the building of
Mount Rainier was consequent on the west slope of the Cascades, which,
in this area is across structural trends. Silver Creek, which

flows into the Cowlitz River, crosses east-west trending struc—
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out the area, There is no evidence of continental glaciation in any
part of the mapped area,

The time of valley glaciation is not known, but a difference in
levels of the higher, relatively fresh lake-bearing cirques, and the
older and lower, well dissected cirque-like basins indicates at least
two distinct periods. The more recent cirques occur between 4500 and
3600 feet in elevation, and generally are on north-facing slopes,
Bertha May Lakes, Granite Lake and Lake Tannamus, the largest cirque-
lakes of the area, are closest to Mount Rainier, These higher level
cirques may be latest Wisconsin in age.

In general, the larger streams of the. area, such as Mineral Creek,
North Fork Mineral Creék, Catt Creek and Skate Creek, head in dissected
cirques which lie between'thb_2509 foot and the 3500 foot contour lines.
The recognition of the_older‘oirques is difficult however, for erosion
has nearly erased their original forms. Concurrently with the erosion
of the cirques, the larger streams mentioned abové have cut 100 to 200
feet below their glaciated floors, and now flow in V-gshaped gorgess best
displayed in Catt Creek valley (fig., 4, p. 146). The downcutting of
these streams is believed to be due to a post-glacial regrading of the
Nisqually and Cowlitz River valleys, possibly due ultimately to sea

level changes, rather than due to recent regional uplift of the area.

AU Figure 4, U-shaped
valley with inner
gorge incised 100 to
200 feet below for-
mer valley floor,
28! View looking north-

% ward toward Nisqually
River valley.
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Skate Creek Valley

The topographic map pattern, together with outcrops of unweathered
glacial deposits strongly indicate that a Wisconsin(?) glacier which
headed in the upper part of the Nisqually River once flowed through
Skate Creek valley to the Cowlitz River, Large boulders and cobbles
found in till deposits near Johnson Creek are identical to rocks of the
Snoqualmie Granodiorite which crop out in Mount Rainier National Park
along the Nisqually River (Coombs, 1936, geologic map); virtual proof
that the glacier came from the park, Also, near Johnson Creek, glacio-
fluvial sands and gravels dip southward at approximately the same angle
as the gradient of Skate Creek.

Prior to this late episode of glaciation, the Nisqually River
may have flowed through Skate Creek, but deposition of morainal mater—
ial may have diverted the now existing upper Nisqually River westward
into a valley cut by the drainage from Tahoma and Kautsz Creeks which
flow from Mount Rainier, This diversion is suggested by (1) the sharp
bend from south to west of the Nisqually River in NW: sec, 5, T16N,
R8E, (2) the change from a southwest to west direction of Horse Creek
where it enters the valley of Skate Creek, and (8) the low, flat,
swampy drainage divide between the Nisqually River and Skate Creek,
which suggests deposition of morainal material at the head of the now
existing Skate Creek by the glacier during its retreat.

Skate Creek is apparently not graded to the Cowlitz River (fig. 5,
p. 118), but if the downcutting of Skate Creek continues, the upper
Nisqually River is likely to become captured by the headward erosion of

Skate Creek,
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2500 J

2000’ T

: (.OUM‘S River
/500" + (7
Vertical scala
exaggerated X 10.5

/000" +

10.3 mi.
500’ 1

Profile drawn Jo scale

Figure 5. Longitudinal profile of Skate Creek. Exaggerated
drawing indicates thst the stream is not graded.
Silver Creek Drainage Basgin

Glacial deposits found throughout the Silver Creek drainage basin
give evidence of at least two periods of valley glaciation. Several
road cuts reveal a probably partial stratigraphic'record of events.

The lowest recognized stratigraphic glacial unit in the Silver
Creek drainage system is unstratified, unsorted till which contains
large and angular, fresh andesite blocks as much as 10 feet across.

The thickness of the till is unknown. Lying above the till in the
Silver Creek valley are well bedded silts, sands and gravels of unknown
thickness. Martin Creek, which is tributary to Silver Creek, contains
blue clay lake deposits which lie above a till deposit. The clay may
be equivalent in age to the sllts and gravels which also lie above till
in Silver Creek valley. Lying unconformably above the clays in

Martin Creek, and above the well bedded gravels and sands in Silver
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Creek, is poorly sorted, unstratified material thought to be till,
Above this ti11(?) are crudely bedded, fine-grained silts containing
a few interspersed cobbles and pebbles, Two separate ice advances
are indicated by the separate till leyers, The volcanic particles
within the till layers are not weathered, which indicates that they

were probably deposited at a late glacial stage,

Nisqually River Valley

The glacial history of the Nisqually River and its tributaries
has been influenced by at least two periods of continental glaciation
which blocked the Nisqually River valley a few miles west of the area.
The earlier period of glaciation (Iowan?) probably blocked the valley
about five miles west of Elbe, The later period (Wisconsin?) blocked
the Nisqually valley near La Grande,

The last major ice advance in the Nisqually River valley (late
Wisconsin?) apparently did not advance far beyond the town of Nation-
al, Unweathered glacial deposits (til1?) occur in NE} sec. 28, TL5N,
RBE in a road cut along State Highway 5 west of Ashford, and in SE}
sec, 4, T14N, R6E, 400 feet above the general elevation of the present
valley floor, No unweathered glacial depogits were observed farther

west.

Mineral Creek and North Fork Mineral Creek
Both of these streams head in the same drainage basin, the divide
separating the two being about 25 feet in height. North Fork heads
in the North Fork Swamp, while Mineral Creek heads slightly south of
the swamp, The basin for these two streams appears to be a dissected

cirque that existed possibly between about 3200 feet and 2800 feet
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in elevation, The former glacier presumably sent ice tongues down
both valleys, Both streams are now actively dowcutting into Keech-
elus volecanic rocks which trend nearly perpendicular to the gtreams,
Fresh and well-weathered glacial deposits occur in the vicinity of
North Fork Swamp, indicating that this area may have been glaciated

more than once,
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Page Photo-

Nr, Deser, microgrgph Roek deseription and I.oqal{t_y_

82 l29 Diorite, Top of the 8111, Summit Creek,

38 130 Hypersthene diorite,
MIDDIE MmgeHEr us GROUP» Mumzy Ut LAHARTC Yoroutc BREGCIAS
TS _GROUP,

*34 77 Voleanie brececia, laharig origin, Johnson-skate Cr. Junction,
*35 79 Andesitg bebble, Frop pebble Sand stone Underlying g breceia,
36 80 82 Voleanie breccia. laharie origin, 3 mi, W, of Randle,
MEMBER "AT PYROCLASTT G VOLCANTC BRECCI&S:_

37 83 85 Pyroclastig breccia, Mineraj Creek Valley,

38 84 Pyroelastie breceia, Ne;ir west” €ntrance, Ehinier Nat. Park,
39 86 Pyroeclastic .breccia. Along Teeley Creek,

40 a7 Siliceous ( ?) Eraywacke. Skate Cr. Road,

UPPER KEECHELUS GROUP

4] - 108 107 Tuff. Near Catt Creek,

MIDDLE XERCHETys GROUPs MEMBER man. wrow ROCKS

42 92 Quartz bearing andesite, South 8lope Skate Mountaipn, ,
43 93 94 Augite andesite, Willame Creek,

44 95 Andesi te,

45 95 Pyroxene andesite,

46 98 9y Augite basalt, 3 mi, W, of Tannamys Lk,

47 96 ~Dacite (2), Along Willeme Creek,

INTRUSIVE Rocks IN THE KEECHELUS GRoup

48 130 132 Diorite. % my, N. W, Lk, Tannamys,

49 131 134 Dacite, Headwaters of Willame Creel,

50 133 Dacite, Headwaterg of Willame Creek,

MIDDLE KEECHRLUS GROUP- MEMBER ngn. ¥OLCANIC GRAYWACKE

51 88 89 Voleanie éraywacke. Willape Cr, #mi, N, B, op Long Lake,

52 88 Voleanie &raywacke, Willame Cr,

*Hand Bpecinmen ig missing,
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Page Photo-
Nr. Deser. microgreph Rock Description and Locality

- UPPER KEECHILUS GROUP

55 106 109 ' . ‘Andesitg, Near junction of Johnson and Skate Creeks.

‘Andesite, Same as above,.

MIDDLE mgins GROUP M ER_JRM

Voleanic graywacke.

.56 101 ; Voleanic graywacke. Along a tributary of Willame Creek.
87 lo2 Fine grained volcanie graywacke. Near Skate Creek.

58 103 104 | Voleanic Graywacke. Near 57.

"YOUNGER VOLGANICS"

59 117 Hypersthene basalt. 2 mi. S.R E. of National.

60 117 Hypersthene basalt. Same &8s above.

61 1zi | Hypersthene basalt.

62 (not desaribad;‘ both hand specimen and thin section missing)

63 118 110 I “ | Hypersthene basalt. Sach's Corner at Elbe.

64 118 120 Trachyte. 25 mi. E. of Mineral.
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