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THE GEOLOGY OF THE NORTHWEST PORTION OF THE
MT. AIX QUADRANGLE, WASHINGTON

INTRODUCTION

Abstract

The area under consideration comprises approximately
300 square miles on the crest and eastern slopes 6r the Cascade
Range immedlately east of Mt. Rainier National Park, It is
predominantly a voleanic province, and is of particular interest
becausé it offers an unusually complete stratigraphic sequence
of Tertlary sedimentary and volscanic rooks. |
The oldest rocks are sediments, They consist of
sandstones and argillites of the Puget Group with a total
exposed thickness of over 800 feet. The base of the sedimentary
,8erles i1s not exposed. The sandstones are concordantly and

possibly conformably overlain by several thousand feet of



slightly to moderately altered andesitic flows, tuffs, and
brescclas that have previously been named lower Keechelus. 1In

this paper the term lower Keechelus is replaced by the name
Keeghelu . The ngme upper Keeghelug is eliminated entirely as
explained below,

A gently eastward dipping unaltered series of andesitioc
flows, ash beds, voleanic breccias and tuffs unconformably
overlies the Keechelus formation. These unaltered andesites
were called upper Keeghelus by early workers, but this terminology
was discarded by Warren (28) who introduced the name Fifes Peak

andesite. Warren's use of the name Fifes Peak andesite for the
.upper Keechelus 1s heartily endorsed, and hie terminology is
followed in this report.

The Yakima basalt flows disconformably overlie the Fifes
Peak formation. The basalts are restricted to the eastern part
of the area where their total thickness is approximately 500
Teet.

Early Plelstocene andesltis to basaltiec riowa desoribed
by Smith (26) and Becraft (4) in the Tieton Valley oceupy the
valleys of upper Bumping River, Cougar Creek, and Cedar Creek.
These flows are approximately 200 feet thieck and unconformably
cover the older rocks. Tumac Mountain, a post-Wisconsin cinder
cone, 18 the most recent expression of vulcanlism. The Tumac oone
18 unusual because 1t 1s the first post-glaclal ocone reported in

the Washington Cascades and also because its lavas are basaltic



in composition.

An elongate body of granite and assoclated agmatitic™
breccia yhich is intrusive into the Puget Group sandstone and
the lowe; portions of the Keechelus formation trends northwest
through the area., These granitic rocks are here given the
names of Bumping Lake granite and Granite Lake breccia
respectively. Other intrusive roocks, which are rather limited
in extent, are Snoqualmie granodiorite, a quartz monzonite
porphyry stock, and small plugs of diorite. Dacite porphyry
comprises a major intrusive unit whioh penetrates the granitic
rooks and parts of the Keechelus andesite in the form of large
dikes and sills.

Metallization 1s all of the vein or disseminated type.
Bmall mining ventures have been attempted; most of them were
unsuccessful. Metals whose ores were identified include copper,
tungsten, molybdenum, arsenic, and gold.

Alpine glaciation sharpened a pre-glacial topography of
rolling upland into scenery of precipitous assymetribal slopes,
cirque baelns, arretes, and cher assoclated glacial features,
Three main gléolal tongues flowing eastward off the Cascades
Range imparted the distineotive U-shape to the valleys of American
River, Bumping River, and Deep Oreek,

#* After Wegmann--A breccia composed of dark fragments which are
embedded in light-colored granitic roock.




location

The most prominent reference point in designating the
location of the Mt. Alx quadrangle is Mt. Rainier, the world-
famous, 14,408 foot volcanic cone, The Mt. Aix quadrangle lies
immediately to the east of Mt. Rainlier National Park quadrangle
and 1ts prineipal feature, Mt. Rainier. The point in the Mt.
Alx quadrangle that 1s closest to Mt. Rainier lies on the
western boundary one mile south of Chinook Pass. At this place
the base of the Ralnler cone is approximately six and one-half
airline miles to the west, The northwest portion of the Mt. Aix
quadrangle constitutes the area studied in thie thesis.

The northern boundary of the thesie area 1s latitude
47°-00' north, the southern boundary, latitude 46°-23' north.
The western boundary 18 longitude 121°-30¢ west, the eastern
boundary is approximately longitude 121°-10' west although the
eastern line is irregular as shown on the accompanying index
map. '

Although most of the area is included in the northern
tip of Yakima county, a few square miles on the western side
are contained 1in corners of Lewls and Plerce countles, The
entire region lies in the Bnoqualmie National Forest.

From view points within the area prominent landmarks
that are visible in addition to Mt. Rainler include Mt. Adams to
the south, the Goat Rocks and Mt. 8t., Helens to the southwest,

and the Mt, Stuart maseif to the northeast. The eastern skyline
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is dominated by the high, flat Columbia River bagalt plateau.

Purpose and Plan

This investigatlon was undertaken to fulfill, in part,
the requiremente for the degree of Doctor of Philosophy in
Geology at the University of Washington.

The principal contribution of this work is further
clarification of Tertlary stratigraphy in the eastern Cascades.

It i8 planned to treat firat the sedimentary and meta-
sedimentary rocks which eonstitute only 5% of the total area
but are very important chronologiecally and historlcally, This
is the first report of Eocene sediments east of the Cascade
orest. Next, the extrusive rocks, whisch occupy approximately
76% of the area, will be discussed. This will be rolléwod by
consideration of the intrusive rocks inoluding possible
explanations of their genesis. The intrusive rocks make up
approximately 20% of. the total area,

Discussion of the physiography and topography will
include desoription of' the present landscape and glacial
features, A brilef physiographic history of the area will also
be given.

Most of the mines and prospects are abandoned, Many of
the workings are completely blocked or im such condition to

make entry unsafe., The area as a whole contains 1little




indication of untapped economic deposits. A dlscussion of the

economic aspects will, however, be presented.

Access and Culture

A paved arterial highway, U.8. 410, which connects
Enumelaw and other citles on the western side of the Cascades
to Yakima on the eastern side, runs through the north ocentral
part of the area, The road orosses Chinook Pass at an elevation
of 5314 feet and then descends into and follows the valley of
American River eastward. From the Jjunetion of U.B. 410 and the
| Bumping Lake road at American River Croseing it is twelve miles
along the Bumping Lake road to Bumping lLake. From the lake,
unimproved and often unmaintalned roads lead to the Copper City
mine townsite, to Miner's Ridge, and part of the way to upper
Bumping River Falls. '

Newly constructed SBtate Highway 5 from Yakima Junotion
on U.B. Highway 410 to Ohanapecosh follows the Tieton Valley and
ocrosses the Cascades through White Pass at an elevation of
approximately 4600 feet. This highway is thrée miles south of
the area and provides a means of access to 1ts southern
extremities,

Within the area after leaving the roads the only routes
of travel are along U.B8., Forest Service foot tralls, some of

which are maintained and some are not.



The Great Northern Railroad and Northwest Airlines

serve the city of Yakima, Washington, which i1s the Yakima county
seat and the nearest large city, By.road it 1is approximately
sixty miles from Bumping Lake to Yakima.

The U.8, Post Office at Goose Prairie, four miles east
of Bumping Lake, is the only settlement. Accommodations are
avallable at the Double K Mountain Ranch at Goose Prairie.

There are tourist cabinas at American River Crossing, Goose
Prairie, and Bumping Lake,
The prihoipal industry of the region 1s providing

services for visitors, fishermen, and hunters.
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Previous Work

One of the difficult and yet intriguing features of the
northwest portion of the Mt. Aix region 1s that it has
previously remained virtually untouched geologically. Warren
(28,29) worked along the eastern margin of the Mt. Aix

topographle sheet in connection with mapping the various
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voleanic flows, determining the western edge of the Columbia
River basalt, and rearranging the stratigraphic sequence 1in
the eastern parts of the Cascades, Hls investigation carriled
him westQard in the valleys of American River and Bumping
‘River. Consequently, there has been some overlap with his
work in these places. The writer 1s in general agreement with
Warren's conclusions but some changes and additions to the
earlier study are in order.

Within most of the mctual area covered in this project
no previous comprehensive geologic mapping has been done,

Geologlo investigations were limited to local areas surrounding

- mineral deposits. The State of Washington Department of Mines

and Geology issued a report on the Copper City mine in 1945 in
connection with a survey of tungsten resources (10). Hobbs
(18) conducted a confidential examination of the Copper City
mine for the U.8. Geological Burvey during World War II. That
report is now on open file.

In the summer of 1951 the Haile Mining Company examined
the meager zinc showings in the Blackjack Mine near Twin Slsters
Lakes with negative results. Other reports have been made on
the mines and prospects within the area, However, most of them
are promotional in nature and are so misleading that discussion
of them will be short.

The quadrangles on the west, north, and east of the Mt.

Aix sheet have been mapped, These are in the order mentioned:




Mt, Rainier Natlonal Park, Coombs, (1935); SBnoqualmie, Smith
and Oalkins, (1806); and Ellensburg, Smith, (1901). The Mt.

Adams quadrangle to the south remains unmapped.

Tﬂe only paleontologlcal find close to the area was
made by Grant (17) who discovered the jJaw of an oreodont in
Keechelus rocks on the north side of the Tieton Reservoir.

The age of the’toasil Was determined as Oligocene,.

Fleld Work

Five and one-half months were spent in the field during
the summers of 1960 and 1951. The work was primarily of a
‘reoonnaiulanoe nature because, as stated above, little geologic
mapping of most of the area had been done previously. Heavy
forest oover, partiocularly in the lower elevations, constituted
an annoying obstacle that impeded progress ahd lessened the
acocuracy of rock correlation and the location of contacts. The
fleld map was made, nevertheless, showing the probable rock
types that underlie the vegetation, although many times only an
occasional outerop was visible. An outorop map of the area
would present a ploture of little significance and would be
difficult to read. '

Mapping was done on 9 x 9 contact aerial photographs
vhich were taken by the U.8. Department of Agrioulture in 1949,
Results were transferred from the photographs to the Mt. Aix
topographic map, The aerial photographs were a valuable ald in
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mapping, in locating position, and in showing outerops in

forested areas that otherwise would never be found,

Topography and Climate

The general trend of the Cascade Range in the Mt. Alx
reglon is north-south. The eastern side of the Range 1s ocut
up into high, transverse, east-west ridges that form divides
between the eastward flowing streams,

Mt. Alx, a matterhorn peak, lies on one of these transverse
ridges. It 1s the highest point in the area reaching an elevation
of 7,805 feet, The lowest point with an elevatlion of 2,800 feet,
is in the American River gorge below its confluence with Bumping

River. Total relief is approximately 6,000 feet.

All slopes are steep to preocipitous. Alplne glaciation
produced an exceedingly Jagged landscape particularly on the
north-facing slopes. Most of the landforms are in a mature étago
of development, rellef at the present time being at a maximum,

Carleton Pass crosses the Cascade orest at an elevation
of 4,100 feet. This 1s the lowest pass across the Cascades 1in
the region. Chinook Pass and White Pass are 5,314 and 4,600
feet respectively.

The valleys of American River and Bumping River are
fairly wide and flat-bottomed. The average gradient for the
two streams 1s.approximately 75 feet per mile except near the

headwaters of American River where the gradient is muoch higher.



Small tributary streams usually have very steep gradients.

Hundreds of lakes formed directly or indirectly by
glaciation add to the scenic beauty of the region. The largest
body of ;ater is Bumping Lake, a natural lake that 1s now
controlled by a U,8. Bureau of Reclamation dam at 1ts east end.
Bumping Lake is three miles long, three-fifths of a mile across
at its widest point, and reaches a depth of 90 feet.

The only area of low relief in the reglon is a high
plateau in the southern part. The plateau is in a youthful
stage of diesection. Its monotony is broken only by Tumaes
Mountaln,

The summer season is temperate and dry. During the
fall, winter and spring, low temperatures prevail and snow
accumulates to great thilckness particularly in the higher
elevations. Although there are no permanent snow fields, patches
of snovw are often found as late as Beptember.

The total annual precipitation at the Bumping Lake
weather station is 44 inoches. The average annual snowfall is

300 inches. The annual mean temperature is 40.9 F.

Flora and Fauna

Heavy stands of virgin timber mantle the valleys and
mountain slopes below 5,000 feet elevation. Above this level
the vegetation rapidly thins until at 6,500 feet only sorub
varieties will grow. Over 6,500 feet there i1s no vegetatlion
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Plate 3. Typloal stretoch of swift water in
Bumping River., 014 Socab Mountaln
in the background.



except for sturdy bunch grasses, wild flowers, and an
occaslonal weather-beaten shrub.

From a non-geologlcal standpoint the flora provides
& never-;nding source of beauty and enjoyment. Out of the
dark, quiet, moist, forest of gigantic firs and cedars one may
climb into mountain meadows brilliant with wild flowers and
waving grass surrounding clumps of wonderfully symmetrical
alpine fir.

Trees 1n the lower elevations include western larch,
white fir, Douglas fir, Engleman spruce, white pine, and
lodgepole pine. At somewhat higher elevations there is balgam
fir, noble fir, and mountain hemloeck. Alpine fir and alpine
white pine grow slightly below timber 1line.

The animals in thls region are deer, elk, black bear,
cougar, and a variety of small creatures, In the very high

ocountry the shy mountaln goat is sometimes seen.



SEDIMENTARY AND META-SEDIMENTARY ROCKS

'
L]

Puget Group

Carbonageous Bandy Argillite and Arglllaceous Sandstone

A wedge-ghaped body of banded, carbonaceous, sandy,
arglllite and argillaceous sandstone forms the ridge between
and north of Twin Sisters Lakes. The argillite and assogliated
sandstone cover approximately two and one-half équare milon;
© which constitutes about two percent of the total area mapped,
Very heavy forest growth obscures most of this formation, It
is, however, fairly well-exposed along the last few hundred
feet of the trail from Copper City to Twin 8isters, and along
the steep esast bank of Big Twin Sister Lake. Mapping of the
covered parts of the formation was done on the basis of float,
and float in glaclated country can be misleading,

The argillite is dark-colored, highly indurated, and
dense~-textured, Light colored laminae and lenses composed of

very fine quartz sand lend the roek a dark and light banded

appearance, The percentage of quartz sand inoreases considerably

from the dark, dense, banded argillites on the Copper City trail

to the argillaceous sandstones on the other slde of the ridge.



This is a lateral rather than vertical change of facies, B8ills

and dikes of light colored, highly altered porphyry lntrude
the sandstones east of Big Twin S8ister.

Most of the banded argillite i1s dipping south at
approximately 20°. Locally, however, the argillite has been
ocrumpled into emall tight anticlines, synclines, monoclines,
and drag folds, Under the microscope these structures are very
evident.

The wedge of carbonaceous argillite and sandstone 1is
foreign to the rocks which surround it. Unfortunately, because
of the thick forest, only the contast on the south side can be
. observed. This is the contact between argillite and basaltie
Valley Flows that cap the Tumas Plateau. The arglllites and
sandstone lie unconformably beneath vesicular basalt lavas.

The,K lavas, which are nearly horizontal, rest on an eroded
gurface of southerly dipping sedimentary bedes. Other contacts,
whose exact location and genetic nature can only be inferred,
include the arglllite-Deep Creek andesite contact on the west,
and the argillite-dacite porphyry contacts on the north and
eagt. Because the arglllitee and argillaceous sandstones are
definitely out of thelr genetis environments, the most probable
explanation of their present position is that the wedge-shhped
body is an upraised fault block. As stated above, however, no
contacts, fault or otherwise, that would prove the method of

emplacement, could be observed.
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Assuming tentatively, then, that the argillite and
sandstone body is a fault block, the age of the faulting must

be considered. The unconformable contast with overlying

Valley Flows leaves no doubt that the faulting took plase prior

to these Plelstooene lavas, thus providing an upper age 1limit
of pre~Pleistocene Valley Flows., No lower age limit for the
faulting ocan be determined.

The date of deposition of these carbonaceocus sandy
arglillites 1s also 1in doubt. In the Mt. Rainier quadrangle
near the snout of the Carbon Glacier, Coombs (7) described an
outerop of dark, carbonaceous, highly indurated argillite,
similar to that in the Twin Sleters wedge, that he tentatively
assigned to the Eocene Puget OGroup. In the Mt. Aix quadrangle,
although nearly 800 feet of Puget Group sandstone is exposed
along the north wall of upper Bumping River, nowhere in that
section are there any significant amounts of argillite., It
must be understood, however, that along Bumping River the base
of the Puget Group sandstone 1s not visible, and therefore it
1s possible that carbonaceous argillites and arglllaceous
sandstones lie beneath the exposed section. If this 1s so, the
Twin Bleters wedge of argillite may be the lower part of the
Puget Group that wae faulted upward into its present position.
Erosion has removed the upper part of the section.

Coombs (7) reported that immediately northwest of Mt.
Ralnier National Park there i1s a 10,000 foot section of Eocene




Puget Group ocarbonaceous argillites and sandstones. The
regional trend of these sediments is southeast through the
Park toward the Mt. Aix area. Because the lithology of the
argillités in the Twin Bisters wedge is similar to that
desoribed by Coombs, and because the trend of the Puget Group
gediments is toward the area mapped, it is probable that the
Twin Sisters carbonaceous arglllites and sandstones belong to
the Puget Group and are, therefore, Eocene 1in age,

Petrogra Desc on of Oarbonaceous Bandy A l1lite and

Argillaceous Sandstone

Megaggopic desoription. The carbonaceous sandy
argillite 1is black or very dark slate-gray in color with light

gray lenses and bands composed of very fine, light-colored

quartzose sand or silt. The argillite 1s highly indurated and

may be scratohed with a knife only with difficulty. The surface

1s dull and lusterleas, suggesting that seriocite 1s not present
in any quantity. Some seriocite 1s seen, however, in thin
section. The lighter colored bands are helpful in displaying
loocal wrinkling, folding, and drag folding.

The arglllaceous sandstone is a medium brown color and
may be flecked with specks of orange limonite. The sandstone
18 fine-grained and contains varying amounts of arglllaceous
and carbonaceous material. Folding in the sandy facies 18 not

so evident as in the banded argillite.
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Carbonaceous argillite showing
loocal folding. The specimen is
from the body of phyllite and
argillite north of Twin Sisters
Lakes, Its age 1s probably
Eocene.



Mioroscopic description. The banded, carbonaceous,
sandy, argillite is distinotly bedded. The bedding 1s

accentuated by alternating light and dark laminae which are
caused by segregation of very small grains of olastlc quartz
in the light bands and argillaceous and carbonaceous material
in the dark bands, Often the contact between laminae 1is
particularly black with carbonaceoue matter,

‘Although most of the rock is undeformed, loocally there
are small flexures. Tension fraotures along the fold orests
are commonly present. In'the most strongly deformed 2Zones
folde have been overturned and faulted with the development of
miniature examples of decollement,

The arglllite was not suffiociently metamorphosed for
the development of porphyroblasts; only the inoiplent formation
of sericite was observed and chlorite was never present. Quarts
grains show a tendency to be flattened and rotated in the
direotion of foliation. The many thin laminae are probably
original bedding. It is doubtful that any chemical phase of
metamorphic segregation took place, however, mechaniocal
segregation of clastic quartz grains according to their physical
habit probably rearranged some particles. Locally the argillite
may be slightly phyllitic.

The quartz sand or silt particles are very small. Thelir
average size is .004mm. Specks of orange limonite are scattered

through most thin sections.
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The average percentage of constituents in the sandy,
carbonaceous, banded arglllite is as follows: arglllaceous
material, 40; carbonaceous material, 30; quartz, 26; sericite,
3; limonite, 2. The more sandy faoies of the Twin Bister
ocourrence of Puget Group rocks is definitely foliated but
differs from the argillite in several ways., In the sandstone
the folla are less distinct, coarser, less orumpled, and dark
and light banding is not conspicuous, Clastic quartz 1e the
main constituent and the argillaceous and carbonaceous materials
are present in subordinate amounts.

The gralnes of quartz are larger and more angular than
. in the arglllite, but some flattening of the grains was
observed. The average size of the quartz grains is .15mm,

Orthoclase and plagloclase, with orthoolase predominant,
are present as clastic grains in the sandstone, They are
approximately the same average size as the quartz grains and
are also angular in shape. The feldspars show only slight
alteration,

Granules of magnetite and ite alteration product
limonite are scattered throughout the rock.

The incipient development of serioclite in argillaceous
zones may be seen under high power., Ohlorite, however, is
absent.

Exoept for the folliation, whieh i1s caused by fairly

abundant carbonaceous and argillaceous material, this sandy
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facies or‘tha Twin Bisters ocourrence of the Puget Group 1is
microscopically not markedly different from the Puget Group
sandstone exposed along Bumping River.

The average percentage of constituents in the
argillaceous sandstone is as follows: quartz, 60; orthoolase,
10; argillaceous material, 10; carbonaceous material, 10;

plagioclase, 3; serieite, 3; caloite, 2; magnetite, 2.

Summary of Twin Bisters Puget Group Argillites and SBandstones
The following poidta are significant 1in connection with

this relatively small exposure of clastic sediments:

1. The exposure indicates a lateral, east to west,
facles change from argillaceous to sandy.

- 2., The wedge-shaped block may have been faulted upward

into its present position.

3. The date of faulting was pre-Pleistocene Valley
Flow, but more precise dating 1s not yet possible,

4, The sediments may be a lower portion of Eocene

Puget Group, and are tentatively classified as such,

Bandstone |

The Puget Group, which is comprised of sandstone, shale,
and carbonaceous argillite, was first described by White (32) in
widely scattered loocalities in the Puget basin on the west side
of the Cascades., From fossll evidence he dated the Puget Group
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Photomicrograph of slightly
folded carbonaceous, sandy,
argillite from the Twin Bisters
Wedge. x 165, Plain light.
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rocks early Tertlary. Impressed by the 12,000 feet of section
of the Puget Group, by its large areal extent, and by the fact
that fossils in the formatlon indicated a fresh or brackish
vater environment, White stated:

Certain unique features of the fauna...show that
the strata in which the remalns were found were
deposited in a body of water whioh was quite separate
from that in whioch was deposited any one of the cocal-
bearing formations in the Pacifiec Coast region or
elsewhere, Its zoological charaocter indicates that
the body of water in question was an estuary; and the
extent of the distriot within which the depoeits have
been found shows that the estuary was a very large one,

White continues:

This is surely a remarkable deposit for one of
estuary origin, but it is so regarded in consideration
of the following facts: No trace of an open sea
fauna has been found in it, while all the molluscan
remains that have been found in 1t are related to
estuary forms. These remains embrace species of
CORBICULIDAE, the members of which family are known to
range from brackish to fresh water.

Although the facts indicated the Puget Group was an
estuarine deposit, it is evident that White had difficulty
explaining how so large an estuary existed because he further
atates:

The known area within which strata of that group
ooccur shows that the Puget estuary was of such great
extent that it 1s diffiocult to understand how so large
a body of water could have kept so uniformly nearly
fresh as to afford a congenial habitat for such a
molluscan fauna as it is known to have possessed, and
was necegsary for the ascscumulation of the great
thicknesses of strata in which the remains of that
fauna are found during so long a period of time.

Except for a seam of coal, the writer found no organiec

remains in the Puget Group sandstone of the Mt, Aix area. The
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basin of deposition for Puget strata in this area most probably
was nearer the mouths of the rivers whioh emptied into the
estuary ?hnn any of the areas of deposition in the Puget bﬁain
studied by White, Whether environment, or geographical
position, or both were responsible for the lack of fosslls in
the Mt. Ailx area is not known,

Discovery by the writer of thick deposits of Puget Group
sandstone in western portions of the Mt. Aix area extends the
shores of the estuary farther east than they had hitherto been
known to exist. 1In tﬁo Ellensburg quadrangle Smith (25) noted,
north of Bald Mountain, that Yakima basalt rested unconformably
on Eocene sandstone, but he did not propose that the sandstone
wag part of the Puget Group. In the Mt. Ralnier quadrangle
Coombe (7) round}several exposures of Puget Gfoup sandstones
and argillites.

The lower portione of steep cliffs that form the north
walls of upper Bumping River, which drains east from Carleton
Pass, and Carleton Creek, which drains west from Carleton Pass,
afo composed of Puget Group sandstone which i1s at least 800 feet
in thickness, The cliffs extend for about six miles. The upper
portions of the cliffs are composed of Keechelus andesite, On
the east slde of Carleton Pass sandstone exposures are good
although they are not continuous; on the west side of the Pass
heavy forest mantles the slopes and the contaots, as mapped, had

to be inferred, Three smaller outerops east and north of the
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Bumping River complete the exposures of Puget Group rocks in
this area. Together, the four oocurrences comprise approximately
3 percent of the total area mapped,

B;oauae the base of the Puget Group sandstone is nowhere
exposed, 1ts relationship to older roscks cannot be desoribed,
nor can the true total thickness be given,

Along the north wall of upper Bumping River the sandstone
is concordantly overlain;by basal Keechelus andesite (Cougar
Creek andesite), Both formatione dip approximately 15° north-
ward, The surface of the sandstone upon which the flows rest
is essentlally flat. Relief on the sandstone surface when the
‘Keechelus flows were lald down was apparently very low., This
suggests the possibility that the start of Keeshelus voloanie
activity followed closely the ocessation of sedimentation in the
estuary., That Keechelus deposition may have started even before
the end of Puget dépoaitlon is indicated by intercalation of
andesite flows within the sandstone.

The sandstone varies from }1ght buff to dark brown in
color. It 1s massively bedded and no dletinect bedding planes
are visible in outorop. Oross bedding or deltale bedding is
entirely absent. Except for small lenses of shale in the
sandstone north of Bumping Laske and argillaceous material with
sand in the Twin Sisters wedge, the sediment is a moderately
olean arkosic sand, 8Small flakes of muscovite are abundant

locally, but most of the sandstone 1s not micaceous., The sand




Plate 6.

Looking west across upper Bumping River valley.
Opposite wall exposes consordant contact of
Puget Group sandstone and Keechelus andesite,

A line of trees about one-half way up the
slope marks the contact., Mt. Rainier appears
in the distance,
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grains are uniform 1in average size from bottom to top of the
exposures, but there is a slight suggestion of inocrease in
grain size as the formation 1s followed eastward.

From a thickness of at least 800 feet in the western
portion of the area mapped, the visible seetion of Puget Group
sandstone deoreases to about 50 feet near the east end of
Bumping Lake, Because the base of the formation is never
exposed, there is no evidence of thinning of the formatilon
eastward.

It is reasonable to assume that most of the sediments
were contributed to the estuary from highlands somewhere to the
east, The exaot location of these highlands 1s not known, but
it 18 possible that the Okanogan region contributed some of the
material,

One surprising feature of the Puget Group rocks 1is the
lack of conglomerates; in fact there is not even an occasional
pebble embedded in the sandstone, If this area were near the
apex of the estuary, oconglomeratic beds or lenses should appear;
but they db not; The lack of coarse material suggests that the
outlets of the rivers contributing the clastic sediments were
some distance east of the area mapped.

Because the sandstone 1s arkoslc, it is probable that
the topographic relief of the area contributing the sediments
was fairly great., In this regard Pettijohn (23) dlscusses the

use of feldspar grains in a sediment as an index to the rate of
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erosion and deposition:

Feldspar is the mineral index of relief (and
therefore of the rate of erosion and deposition).
The feldspar content reaches a maximum under
oonditione of highest relief; it le reduced to }
zero at base level, The effeots of climate are
at a minimum under conditions of highest relief,
and feldspar 1s contributed to the sediment ‘
regardless of climate. At base level climate plays \
a major role, and under normsl conditions feldspar |
is eliminated and therefore i1s absent from the \
gsediment.
The Puget Group sandstone 1s intruded by Bumping Lake
granite north and west of Bumping Lake, The best exposure of
the contact relationship is in the bottom of Cougar Creek
one-half mile east of COougar Lake. Here the intrueion converted
the sandstone to a quartz biotite hornfels near the contact,
and displaced the sandstone, csusing 1t to dip rather steeply
away from the granite mass, Apophyses of granite out through
the sandstone several hundred yards away from the contaot
(of. Bumping Lake granite). On the east slde of the Bumping
.Lake granite, where it 1s in contaot with sandstone along the
walle of Boulder Creek north of Bumping Lake, the sandstone
¥
started to reorystallize (of. Mioroscopic description Puget
Group sandstone).
Two diorite pluge intrude the Puget Group sandstone,
One small plug, whose contaot with the sandstone is obscured by
heavy forest, breaks through the sandstone on the north shore

of Bumping Lake; the other and larger plug forms the peak known
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as Mt, Baldy whleh 1s two and one-half miles east of Bumping
Lake, Around the Mt, Baldy intrusive there 1gs a discontinuous
rim of sandstone., The sandstone rim does not exceed 50 feet

in total thiokness. On the north side of the dlorite the
sandstone strata are standing nearly vertical, whereas on the
south side the sandstone 1s only slightly tilted. Around Mt.
Baldy the sandstone 1s a lighter color than in other exposures,
sometimes being nearly pure white, In this ococurrence there

ls a slight inorease in grain size as compared to the sandstone
along upper Bumping River, ,

If this sandstone belongs to the Puget Group, it is
deflinitely out of place, because the last occurrence of the
Puget Group to the west was at an elevation of 3,395 and was
dipping beneath the waters of Bumping Lake., The Mt. Baldy
sandstons, however, l1s found between 5,500-6,000 feet elevation,
Microsoopic examination of the sandstone showed that 1t is
composed of abundant quartz and orthoclase, which indicates
that the sandstone 1s a portion of the Puget Group arkose. The
gsedimentary beds were forced upward by the diorite intrusion.

A few hundred yards north of Carleton Pass and several
hundred feet higher than the Pass elevatlon, a seam of coal was
discovered in Puget Group sandstone, The coal seam was exposed
only in a gully that cut deeply into the sandstone. The seam
was covered on elther side of the gully, oconsequently i1ts linear

extent ocould not be measured, In the gully the coal bed is




about ten feet in thickness. It is not a good grade coal
because it contalns a large admixture of shale. Blight
derormapion of the coal bed was evidenced by small folds and
buckliné of the weak ocarbonaceous material, The presence of
the coal seam proves that for part of the time a swamp
environment existed. Renewal of sand deposition resulted in
burial of the organic material,

Although 800 feet of sandstone is exposed on the north
side of upper Bumping River, none 1s exposed on the south side.
Projecting the formation to the south on the basis of its
northerly regional dip, it 1s evident that an even greater
thickness of sandstone should be exposed on the south side of
the river. This discrepancy suggests the presence of a major
fault running approximately east-west in the valleys of upper
Bumping River and Carleton Creek. This fault would cut directly
across the trend of the Cascades. Vertical displacement of the
many hundreds of feet along this fault raised the north bloock,
thereby exposing the Puget Group sandstone on the north side of
the river. One faotor which suggests faulting and elevation of
the north blook 1s the striking dissimilarity in the
physiographic development on the two sides of the river. On
the south side the hills have steep but smooth slopes and
rounded orests. The topography on the south side is in a stage
of late maturity. Topography on the north side of the river is
one of high jagged peaks, and towering vertical oliffs, The
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topography here 18 in a stage of late youth or early maturity.
Possibly rejwenation of the north bloock by faulting was
roaponeiple for this pronounced difference in landsocape.
Unfortunately, there is no direot evidence of a fault in the
river valleys.

The upper age limit of the inferred fault is probably
pre-Pleistooene because Pleistocene Valley flowe in upper
Bumping Rivef valley are not displaced. The lower age limit
cannot be determined, however, it probably was not much earlier
than Pleistocene Jjudging from the very preciplitous topography
of the north block,

Petrograph esoription of the t Group Bandstone

Megagoopic description. The sandstone is uniformly
medium-grained and varies in solor from light buff to dark
brown depending upon the local concentration of iron oxide
minerals. In lighter-colored specimens scattered dark specks
of iron oxide provide a salt and pepper effect. The‘aandatone
forms massive thick beds, but close inspection of the hand
specimen reveals looal thin discontinuous darker-colored layers.
Muscovite is not a common constituent but in certain outerops
it is quite abundant. The mica is usually assoclated with the
darker-colored sandstones,

Mioroscopic desoription. The sandstone is composed of

sub-angular to sub-rounded grains of quartz and orthoclase with



minor amounts of muscovite, plagioclase (salcic oligoclase),

and heavy minerals. The terms gub-angular and sub-rounded

are used according to Pettijohn's (22) classification which
18 as follows:

Sub-angular--showing definite effects of wear., The

fragments still have their original form, and the

faces are virtually untouched; but the edges and

oorners have been rounded off to some extent.

Bub-rounded-—showing considerable wear. The edges

and oorners are rounded off to smooth curves and the

area of original faces 1s considerably reduced, but

the original shape of the grain is still distinot.
Willlie (33) noted during his study of the SBwauk sandstone that
the degree of rounding of sand grains ocannot be used directly
to estimate the distance the grains have been transported.
That 1s, grains of sand siZe may have been carried for
conslderable distances and still retain sub-angular to sub-
‘rounded shapes,

The larger clastic grains are cemented by elay, iron
oxlde, sillca, and calcite 1n order of their relative abundance.
The texture 1s fairly uniform throughout the formation

with a slight inorease in grain size noted in thin sections of
specimens from the eastern outoropse. Average grain sizes are
apt to be misleading, however, because, if the specimen taken
for mioroscopioc examination had been collected a few feet from
where 1t was, the graln size might be quite different.

Measurement of average grain sizes from all sandstone thin

sections produced these results:
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Average grain size from sandstones near

Carleton Pasgs . 20mm
Average graln size from sandstones near

Bumping Lake . o0mm
Average grain size from sandstones near
; Mt. Baldy . 40mm

The mineral content of the Puget Group sandstone is
quite uniform. Quartz and orthoclase are always predominant,
Muscovite is present in small amounts in rocks from some areas
and absent in others. Blotite is a common constituent near
granite oontaéta, but otherwise it is absent., Epidote and
tourmaline were found in a few thin sections but only in small
quantities. Other heavy minerals that were conspicuously absent

include garnet, rutile, zircon, and kyanite.

The orthoclase 1s only slightly altered except when it
occurs as very fine grains in the cement in whioh case it is
kaolinized. Plagioclase is somewhat more altered than orthoclase
and some gralns'havo partlally gone to serlcite and calcite,
Quartz 1s unaltered, but some grains show strain shadows which
probably resulted from forces acting on the mineral before 1t
became a sediment.

An interesting texture was noted in that sandstone near
the granite-sandstone contact on the east side of the Bumping
Lake granite mass. Contact effects of the granite caused
partial reorystallization of the clastlic grains of guartz and
feldepar. As a result the fabric of the sandstone is one of
partially interloocking gralns and sutured boundaries between

grains, Under the mioroscope the formerly sub-angular grains




of quartz and feldspar now resemble miniature, intermeshed

cog wheels,

An average percentage of mineral constituents in the
eandston; 18 not to be taken too seriously, It 1s as follows:
quartz grains, 55; orthoolase grains, 20; plagloclase grains,
l; cementing material (inocluding olay, iron oxide, siliea,
calcite, and finely divided quartz and feldspar), 23; all other

acgessories, 1.

Bummary of the Puget Group Sandstone
The most signifieant points galned from this study of

the Puget Group sandatqne are as follows:

1. As proposed by White, Puget Group rocks were probably
deposlted 1n a large estuary of fresh or brackish water., By
discovery of the sandstones of Puget age on the east side of
the Cascades the liﬁits of this estuary have been expanded
eastward.

2. The arkosic sandstones were probably derived from
highlands to the east. The exact location of the source or
sources is not known, although the Okanogan highlands may have
contributed some material,

3. The sandstones around the flanke of the Mt. Baldy
dlorite plug belong to the Puget Group and were pushed into
steeply dipping folds by the intruslion of the plug.

4. A bed of coal in the sandstone indicates swampy




Plate 7.

Photomicrograph of Puget Group
sandstone, The white angular
fragments are quartz and ortho-
clagse. The cementing material is
clay, silica, and iron oxide,

x 16, Plain light,
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Photomlerograph of recrystallized
Puget Group sandstone east of its
ocontaot with Bumping Lake granite,
Note the cogwheel effect. Most of
the sand particles have lost their
original shape, x 65, Crossed nicols.



conditions for a time followed by renewed deposition of sand.

5. The base of the sandstone is not exposed, therefore
its total thickness cannot be determined.
é. The Puget Group sandstone in this area is

concordantly overlain by basal Keechelus andesite.



EXTRUSIVE ROCKS

Keechelus Andesite Beries

The Keechelus andesite series, which comprises
approximately forty percent of the area mapped, is a vast
heterogeneous assemblage of voloanic rocks that are dominantly
andesitioc 1n composition and attain a thickness of 3,500 feet
or more, This estimate of thickness, which is greater than
that of one-half mile made by Coombs (7) in Mt. Rainier National
Park, may indicate an eastward thickening of the Keechelus
series. This thickening cannot definitely be proved, however,
because the true base of the Keeshelus in fhe Park was not
observed, The principal rock types are indurated voleaniec tuffs
and brecocias, and various kinde of porphyritic extrusives. Also
included within the Keechelus, but in subordinate amounts are
sediments, basaltic flows, and hornfels. Weak to moderate
alteration in varying degrees péEVadas nearly the entire
assemblage.

Bmith and Calkins (26) desoribed and named the Keechelus
series at its tyﬁe locality near Lake Keechelus in the
Snoqualmlie quadrangle. Coombs (7) desocribed the Keechelus

andesite series in Mt. Ralinier National Park where it forms a
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platform upon which the Railnier cone was built, Keechelus
rocks comprise eight-tenths of the Park area., The actual
extent of the Keechelus to the west of the Mt, Rainier reéion
is not kﬁown.

How far south of the Mt. Aix quadrangle rocks of the
Keechelus series extend is not definitely known, but they will
certainly be found in parts of the Mt. Adams quadrangle,

To the east, in the Ellensburg quadrangle, the Keechelus
1s covered by Fifes Peak andesite and Yakima basalt.

The total extent of the Keechelus is undoubtedly
several thousand square miles. The conditions under which such
an enormous volume of heterogeneous extrusive rocks were
dlstrlbuted»over a vast area in western Washington are diffiocult
to imagine. Theories concerning the origins are beyond the
soope of this work. Unravelling the history of the entire
Keeohelus presents a challenge to future workeps in the Cascades
who may benefit from the results of local studies, such as this
one, in formulating the regional piloture.

SBmith and Calkins (26) dated the Keechelus as Mioocene
because they interpreted its stratigraphic position as overlying
Yakima basalt and underlying Ellensburg sediments which are both
Miocene 1n age. They also stated that the Keechelus
unconformably overlies the Guye formation which they dated
Mioccene, Later discovery of fossll leaves in the Guye, however,

places its age earlier than Miosene, probably Eocene. This
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relationshlip was definitely proved in error by Warren (29) in
his work in the Mt. Alx quadrangle, where he demonstrated that
the Yakima basalt overlies the Keechelus, The present
1nvestléation fully substantiates Warren's observations,

A great deal of uncertainty accompanied Bmith and
Calkins' attempts to separate the Keechelus serles into its
stratigréphio components, They realized that there were two
major distinet phases of the Keechelus series, but their efforts
to map them separately were unsuccessful and they finally were
forced to map the series as an undifferentiated unit. If these
workers had extended their study southward into the Mt. Aix
quadrangle, they would have found the lithologic and structural
differences that distinguish the "lower" from the "upper"
Keechelﬁs. Warren (28) assigned the name Fifes Peak andesite
to the "upper" Keechelus in the Mt. Aix quadrangle. He named
the formation for its type locality near the towering spindles
of andesitic breccia that form Fifes Peaks two miles north of
Amerlcan River, The writer has adopted Warren's name Fifes
Peak andesite to replace the name "upper" Keechelus, and
proposes that the name Keechelus be restricted to the former
"lower Keechelus", This nomenclature will eliminate the terms
"upper" and "lower" Keechelus for two rock assemblages that are
so dlstinot in the Mt. Aix area that they must not bear the
same name, In this work any mentlion of upper or lower parts of

the Keechelus will refer only to upper or lower portions of the




Keechelus as restricted above,

Until Grant (17) discovered the jaw of an Oligocene
oreodont in the Keechelus series north of the Tieton reservoir,
dating of the Keechelus was based on its stratigraphic
position., As mentioned above 8mith and Calkins were certain
that the Keechelus was Mioocene in age, but they were working
on a mistaken premise that the Keechelus lay between Yakima
basalt and Ellensburg sediments. Coombs (7) recognized that
there wag insufficient evidence for dating the entire Keechelus
series as Miooene'and wisely cautioned against full acceptance
of this age until more definite data could be collected. He
predlicted that the true age of the Keechelus would probably be
older than Miocene, Warren (29) dated the Keeshelus as
Oligocene because 1t lay unconformably befween Eocene Guye
gsediments in the Bnoqualmie quadrangle and Miocene Fifes Peak
volcanios.

Grant's important foseil disoovéry verified Warren's
dating, The fossll was the Jaw of an oreodont, whiéh was
ldentified by Stirton of the University of California as being
closely allied to the genus EPOREDON which is found in the John
Day beds of Oregon.

Although the writer 1s in agreement with the assignment
of most of the Keechelus series to the Oligocene, he 1s still
in some doubt that sufficlent evidence hag been presented to

Justify dating the entire Keechelus series Oligocene. In the
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first place, Warren (29) used the Guye formation, which was
mistakenly dated Miocene by Bmith and Calkins, in the
Bnoqualmlie quadrangle to determine the lower age limit of the
Keechelus in the Mt. Alx quadrangle. The fact that it 1is
quite a number of mlles between the two localities reduces the
accuracy of this correlation. 8econdly, there 1s evidence of
1ntertonguing of lowest Keeshelus andesite flows and Eocene
Puget Group sandstone in the upper Bumping River canyon (ef.
below). Coombe (8) and Misch (21) indicated orally that they
have seen evidence of this intertonguing at other localities.
Oonsequently, 1f the Puget Group is Eocene, lower portions of
the Keechelus may also be Eocene. In the third place, Grant
stated that the oreodont Jaw was found in the lower third of
the Keechelus series. From the writer's experience with the
Keechelus it is often very difficult to determine what part of
the Keechelus one is in. Unless Grant had good marker beds to
determine his positlion within this vast series 1t 1s doubtful \
that his discovery of one fosell can be éarely used to date
the entire assemblage.

For a dlstance of more than two miles along the north
wall of the upper Bumping River gorge and high above the river
the main contact between the base of the Keechelus andesite
series and the Puget Group sandstone is well exposed., The
Keechelus series overlies the Puget Group concordantly and

probably conformably. Thelr contact dips gently northward
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about 15°., This gentle inolination of the contact 1s probably
caused by regional tilting to the north subsequent to the
Keechelus deposition, rather than representing the initial
slope of the surface of Puget Group sandstone. The surface of
the sandstone was apparently one of low relief when the
Keechelus flows were extruded upon 1t. There 1s no evidence
of hilly or even rolling topography beneath the Keechelus
contact.

One-half mile west and several hundred yards above
Carleton Pass on the north wall of the valley at least one
andesite flow is interbedded with the sandstone. Thls suggests
that the relation between the Puget Group sandstono‘and the
Keechelus may be truly conformable in thia_aroa. The andesite
ie strongly altered to epldote, esericite, and calcite to such
an extent that in the field the flow could not be positively
identified, Under the microscope its true identity 1is
revealed by outlines of plagloclase feldhpar phenocryats that
have undergone alteration, The groundmass 18 also strongly
decomposed. Whether this flow is a phase of the Eoscene Puget
Group, or whether 1t is a tongue of Keechelue andesite could
not be determined,

In Mt. Rainier National Park, Ooombs (7) desoribed the
oontact between Puget Group sandstone and Keeschelus andesite as
unconformable, but he has indicated to the writer orally (8)
that near the Mowich Lake road in the Cascades he has observed
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a conformable relationship.

The upper contast of the Keechelus i1s marked by an
angular gnoonrormity with the overlying Fifes Peak andesites.
The structural and lithologis differences that separate these
two great maasses of volcanioc rock may best be seen in the walle
of tributary scanyons north of American River, near the
headwaters of Crow Creek, and along the orest of Buffale Hump
Mountain south of Goose Prairie.

Structurally, the Keeshelus differe from Fifes Peak in
The general trend of folding in the Keechelus is northwesterly.
Dips as high as 65° have been read on the limbs of folds,
although this intensity of folding is observed at onlj one
place--about two miles north of Mt. Aix. More commonly dips
range from 159-40°. Much of the Keeschelus shows the effects
of a northward tilting uncomplicated by local flexures. This
type of struoture is well seen in the vicinity of Orystal
Mountain and Silver Creek and Norse Peak, The overlying Fifes
Peak formation, on the other hand, rarely exceeds a 10° easterly
dip except for local broad synclines, There is no tight
folding and no dlp over 20° was reoorded. Distinot bedding is
rarely found in the Keechelus, whereas the Fifes Peak rocks
are characteristiocally well bedded.

Lithologically, the Keechelus and Fifes Peak series are
both predominantly andesitlo, but there the similarity ends.
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The tuffs and brecclas of the Keechelus are strongly indurated,
but Fifes Peak tuffs and brecclas are poorly consolidated.

The Keechelus andesites exhiblt general, widespread, low grade
alteratién, but the Fifes Peak andesites are virtually
unaltered. Although Keechelus rocks are seldom vesicular,
Fifes Peak rocks are commonly vesicular. Columnar jointing is
never found in Keeochelus flows, but many Fifes Peak flows are
textbook examples of this type of Jointing.

The ercded surface of Keeochelus upon which the later
Fifes Peak voloanice were extruded was broken and rugged--total
relief probably being about 1,000 feet although this figure
must be considered only an approximation.

The Keechelus is varilable in the extreme, The writer
was in the field for nearly a month before finding an exposure
of Keeschelus rocks that resembled any he had examined previously,
Heterogeneity is not restricted to variations on a grand scale.
Often within the distance of a few feet along a given
stratigraphio horizon a marked lithologic change will osgur,

The subdivision of such a roock assemblage, if feasible
at all, must be based on very general features. Four rudely
stratigraphic subdivisions of the Keechelus seemed Jjustified,
and although there is considerable variance within each group,
an over-all similarity of rock types, degree of alteration, and
textures characterlzes each., No estimate of the thiockness of

any of the divisions 1s attempted because such estimates would
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Plate 9. Thinly bedded flows of Keechelus andesite on
American Ridge, B8tructure ls rarely this
well displayed in Keechelus rocks.
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suggest a degree of acocuracy that 1s not intended.

The four subdivisions of the Keechelues andesite series
in the My. Alx region listed stratigraphically from bottom to
top are: GQougar Oreek andesite, Morse Creek andesite, Richmond
brecolas, and Mt, Alx andesite porphyries. Breccias and tuffs
are more abundant in the middle parts of the Keechelus, whereas
dense and porphyritiec flows predominate in the lower and upper
portions. The most severe alteration occurs in the middle
portions of the Keechelus, Each of the four divisions will be

discussed below,.

Cougar Creek Andesite
This member 1s composed predominantly of slightly

porphyritic relatively fresh andesite flows. The Oougar Creek
andesite is worthy of speolal attention for two reasons,. First,
it is that portion of the great Keechelus series that is in
contact with the Puget Group sandstone. 8Second, it was probably
this lowest part of the Keechelus that was severely brecciated
by intrusion of Bumping Lake granite, and the fragments now
visible in the Granite Lake brecocia are probably fragments of
Cougar Creek andesite (of. Bumping Lake granite and Granite
Lake breccia below),

In addition to its type losality in upper Cougar Creek,
the Oougar Creek andesite 1s well exposed at the following

places: on the west side of an unnamed north-flowing oreek
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that enters upper Bumping River at Carleton Pass; in the high
6liffs north of the northeast end of Bumping Lake; on the east
bank of ?oulder Creek about one mile north of Bumping Lake;
and on top of a large granite exposure about one mile east of
Oougar Lake,

Although the Oougar Oreek andesite is the lowest
member of the Keechelus series it is one of the least altered,
Except for a narrow zone near the contaot with the granite
where the andesite has sometimes been oonverted to massive
amphibolite by contaect metamorphiem, the usually abundant
alteration products that characterize most of the Keechelus
' series are not prominent in Cougar Qreek andesite, This fact
is extremely important because it demonstrates that the
widespread alteration of Keechelus rocks m&y not be pﬁimarily
caused by the effects of igneous intrusion. Smith and Calkins
(26), Coombs (7), and Warren (29) have maintained that the
Bnoqualmie granodiorite that intruded the Keechelus was
responsible for the widespread alteration in the Keechelus and
for the formation of minerals such as chlorite, epidote,
serpentine, lddingsite, actinolite, hornblende, blotite, and
magnetite even though in the Mt. Aix quadrangle these minerals
were found in abundance several miles from any intrusive body.

Bmith (26) offered a feasible but unproven solution to
this situation by suggesting that groundwater in the Keechelus

rocks was heated by the igneous intrusion and caused to
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oiroulate. This heated ground water migrated great distances
and was responsible for the formation of the alteration
produotlz A faot that 8Smith overlooked was that the lower
portions of the Keechelus, i.e., the Cougar COreek andesite, is
only slightly altered, although 1t is possible, of course, that
these andesites were either too dense to allow the passage of
muoﬁ water, or that they were too deeply buried to contain
abundant ground water. |

However, the reason for only slight alteration of the
Oougar Oreek andesite, which is the member that should be
affeoted most strongly if lgneous intrusion were the principal
cause of metamorphism, cannot be dismissed easily., It is
possible that deuteric actlion was stronger in certainvparts of
the Keechelus and weaker or inoomplete in others, and consequently
the degree of alteration caused by deuterlc processes varies
considerably from one portion of the formation to another,

Megagoopio dego;int;og. The Oougar Lake andesite is a
dense to fine-grained rock that i1s usually dark gray to blaock
in coler, In eontrast to the Keechelus rocks that overlie the
Cougar Creek andéeite, it is homogeneous in composition and
uniform in texture. The greenish tinge that 1s prevalent
throughout most of the Keéohelua roecks 1s seldom prominent in
this member. The weathered surfaces are customarily a light
brown color. There are no volcanic breccias in this member, in

fact fragmental texturee of any kind are rarely seen. Also



lacking are the porphyritie textures that are so common in

higher members, although microscopically a fine porphyritic
texture may be present,

Mlo;onoopio deseription. Thin sections of Cougar Oreek
andeslite show a remarkable uniformity of texture and mineral
composition, even though the rock specimens from which the
seoctlons were ocut oame from widely separated localities. A
typlcal thin section shows phenocrysts of euhedral to subhedral
blocky-shaped plagloclase feldspar and euhedral to subhedral
pyroxenes embedded in a felt-llke matrix composed of small
plagioclase laths and finely divided intersertal pyroxene and
“ magnetite.

A striking feature of this rock under the miofosOOpe is
the laok of moderate to strong alteration that is so prevalent
in most of the Keeshelus rooks. The feldspars are fresh and
clear with virtually no alteration to aerioife, kaolinite, or
caloite., Even more notable is the fact that the pyroxenes,
namely pigeonite and hypersthene, have only slightiy altered to
uralitic hornblende and chlorite.

The two types of plagioclase feldspar, i.e. the large
blocky phenoorysts and the small laths in the groundmase must
be oonsidered separately. The large grains range in composition
from sodioc labradorite to calele andosine; Ab4b to ADbSS6,
Individual gralne are seldom over 1.5mm in length although

glomerporphyritic olusters which are not common, are somewhat
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larger. Albite and combined albite-carlsbad twinning are well
developed, Oscillatory zoning 1s rarely present. Lines of
magnetite dust that follow the outline of the grain, may be
gseen inside the periphery of some orystals. Ragged inclusions
of matrix materials are common.

The lath-like plagioclase feldspars in the groundmass
vary in length from very small specks to .06mm in the finer
textured specimens up to .26mm in the more coarsely textured
rocks. The composition is not readily or well determined on
the small feldspars but most tests indlocate a composition of
calcio-andesine, Ab5 Anb6. Oarlsbad fvinning is more common
than albite twinning. Zoning is absent., 8Specks of magnetite
and ferromagnesian minerals sometimes form inclusions in the
feldspar. Flow structures are indicated in some aeofions by
orientation of the small laths, but in other seotions the laths
are in random orientation.

Hypersthene and pigeonite which occur in approximately
equal amounts form euhedral to subhedral phenocrysts up to
.6mm in length and also appear ae small specks in the ground-
mass., Barth (3) and Hodge and Bogue (20) have stressed the
faot that the monoclinic pyroxene in Pacific lavas is much
more commonly pigeonite than augite. The present investigation \
substantiates their findings. Pigeonite is most readily
t1dentified by its small 2V, which in most grains is about 10°.

Many gralne, of course, are not oriented to give a good i
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interference figure, but those in which a satisfactory figure
could be observed, pigeonite was definitely identified.
Twinning }e common in the pigeonite, and twinning, according
to Hodge and Bogue §20), 1s strongly suggestive that the
pyroxene is pilgeonite rather than augite. Hypersthene, which
forms small phenoorysts, is more abundant in the Cougar Oreek
andesite than in some of the higher members of the Keechelus,
The hypersthene i1s weakly pleochrols and rarely displays
Schiller structure,

The intensity of alteration of the pyroxenes varies to
a certain extent in different parts of the Cougar Oreek
andesite, but at no place, except possibly at the contaot with
Bumpling Lake granite, is alteration severe or complete, 1In
fact the pyroxenes often show no alteration, Bometimeﬁ
inciplent chloritization or uralitization on the rims and
along cleavage traces are observed., The small intersertal
grains of pyroxene may be partly altered to epidote. Near the
contact with Bumping Lake granite secondary biotite And uralite
are abundant, but these minerals are not common away from the
granite ocontaot.

Magnetlite 1s invariably present. It ooccurs as sub-
mloroscopic dust in the groundmass and as scattered particles
up to .3mm in diameter. The size of the magnetite grains seems
to vary direotly with the eize of the feldspar and pyroxene

grains.
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Photomicrograph of Oougar Oreek
andesite of the Keechelus,

Note the lath-shaped, subhedral
unaltered plagioclase (labradorite)
and the fresh pyroxene (high
relief) set in a matrix of smaller
plagioclase grains and intersertal
pyroxenes. x 656, Orossed nicols.
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Only near the contaot with Bumping Lake granite are
orthoclase and quartz major constituents of the Cougar Creek
andesite., BSpecimens taken a hundred feet from the contact
contain ;bundant orthoclase and quartz, which are clearly
later than the other minerals. The orthoclase often exhibits
a sieve texture due to inclusions of magnetite, pyroxene, and
plagioclase, Quartz ls usually olearer than the orthoclase
and ocours as small anhedral grains in the groundmass.

The mineral assemblage and textures just dlecussed 1ln
the rocks near the granite contaot are somewhat similar to
those in the dark andesitic fragmente of the Granlte Lake
breccia. It seems probable that most of the fragments in the
Granite Lake breccia were derived from the Cougar Oreek |
andesite member, or from flows equivalent to 1t.

" The mineral percentages in the average Qougar Oreek
andesite are as follows: Plagiloolase phenocrysts, 30; Ground-
mass, ineluding plagloclase laths, pyroxene, magnetite,
chlorite, epidote, 45; Hypersthene phenoorysts, 10; Plgeonite
phenoorysts, 10; Magnetite gralns, 6.

orse Oreek Andesite
The next higher division of the Keechelus, although the
stratigraphic relationship of this member is not entirely clear,

is made up of fine-grained flows named here the Morse Oresk

andesite for its type locality along U.S8. Highway 410 east and
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west of Morse Oreek, Other places where Morse Oreek andesite
is well exposed include Mesatchee Creek Falls, which is a few
hundred yards north of the contast with Bumping Lake granite;
in the Huge cirque basin at the head of Morse Oreek; and on
the west slope of Gold Hill.

Inspection of the topographic map will show that the
area of outerop does not exceed five or six square miles. It
may seem that this 1s a small area on which to establish one
of the four main divisions of the Keechelus. Nevertheless,
the Morse Creek andesite 18 a distinotive‘part of the Keechelus
and will undoubtedly be identifled at other places within the
province of the Keechelus. It was tentatively identified by
the writer on a saddle north of Mt. Baldy.

Exposures of Morse Creek andesite are dark brown or
reddish in color due to the oxidation of pyrite which
impregnates all Morse Creek rocks. The roock is dense and
brittle., Breakage usually occurs along tiny minerallzed
veinlets often making it difficult to obtaln a fresh surface.
When a freshly broken surface is obtained, cubes of dleseminated
pyrite are easily seen without a hand lens.

Structure in Morse Oreek andesites could not be
determined, either because the rock is practically structureless
or because structures that were present have been obscured by
fracturing and pyrite mineralization and oxidation. A

luxuriant growth of timber is of no great ald elther. From
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what observations could be made, the roocks of this member
participated in the reglonal northerly dip of the Keechelus
series. | ;

ﬁegaaoogig desoription. MegaSOOpicaliy the rock shows
a compact, dense texture., Fresh surfaces are light to dark
gray in color, the lighter colors predominating. Thin rims
of reddish iron oxide on the borders of the specimen indicate
weathering along fractures., The rock is so dense-textured
that seldom can any determination of mineral ocomposition be
made in hand specimen.

Migcroscopic desoription. Without exception the Morse
Oreek andesite is strongly altered to caloite and sericite
with subordinate amounts of ferromagnesian alteration produots
such as ochlorite, epidote, actinolite, etos. Magnetite 1is
exoessive in thie group. It occurs as irregular grains, as
pseudomorphs arter'pyrito, and as dust that fills calocitized
phenocrysts of plagioclase feldspar. The Morse Creek andesite
includes some fragmental textured rocks, but in comparison with
the Richmond breccias (of. below) the percentage of broken
materlal is very small. Apparently the andesite was rather low
in primary ferromagnesian minerals, Jjudging from the scarcity
of their alteration products. Although secondary chlorite,
hornblende, and epidote were observed in most thin sectlons,
this type of alteration mineral is much less abundant than in

most of the other Keechelus rooks, Remains of the original



mafic minerals are seldom seen, but they were found in one or

two sections and were identified as titanaugite and hypersthene,

Under plain light the rock appears as a oconfused dense
matte or;tiny feldspars, caloite, and sericite, with minor
chlorite, hornblende, actinolite and sometimes biotite.
Magnetite dust may outline former orystals., Under orossed
niocols outlines of plagioclase phenocrysts that have completely
gone to granulitic calcite and sericite are well defined. The
composition of the feldspar phenocrysts cannot be determined,
Their average length is .04mm. The average length of the tiny
feldspars in the groundmass, when enough of their outline is
© left to measure, is ,Olmm, '

All seotions are coplously spotted with pyrite and
magnetite. Replacement of pyrite by magnetite i1s common and
occurs in all degrees from insiplent to complete.

Bpecimens taken near the contact with Bumping Lake
granite are always high in granulitic blotite, whereas that
mineral i1s a very minor oconstituent or absent entirely in
specimens collected away from the contact.

Quartz 1ls abundant along the numerous small fractures
and ooours also in oryptoorystalline pods in the groundmass,

It 1s often assoolated with pyrite and belongs, like pyrite,
to a late phase of mineralization,
The average mineral percentages of Morse Creek andesite

not inecluding that part affected by contact metamorphism are:
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matte, including feldspar, calolte, sericlte, chlorite,
magnetite, and quartz, 80; plagioclase phenocrysts, 10; pyrite,
6; magnetite, 5.

Richmond Brecclas
This 18 by far the thickest member of the Keechelus

geries and encompasses a great varlety of lndurated,

fragmental voleanic rocks and assoclated flows, The majority
of the rocks in this division show the effects of fragmentation.
Reglional weak to moderate alteration produced abundant chlorite,
_ hornblende, antigorite, and epidote. These minerals lend the
Richmond member a distinctive greenish tinge, that is also
found in the other members of the Keechelus but not on such a
grand scale.

The type loocality for this great sulte of indurated,
fragmental, slightly metamorphosed volcanic rocks is one-half
mile west of Richmond Lake in cirque walls that rise vertically
ror}nearly 1,000 feet. There are other excellent exposures of
the Richmond breccia. Some of these are House Mountain west
of Cougar Lake; in Bear Gap north of Morse Oreek and also in
the massive cirque basin that forms the headwaters of Morse
Oreek; in the vieinity of Dewey Lake; and along American River
west of the Fourth Crossing.

It may seem unusual that this member which 1s composed

largely of fragmental rocks should be such an excellent
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cliff-former. The reason, of course, is that the tuffe and
brecclas are highly consolidated and form very resistant
outorops. It is difficult to soratch these rocks with a
knife, o; even to dislodge any fragments from the containing
matrix with a hammer,

Andesitlic and dacitiec flows comprise quite a substantial
part of the Richmond breccia member, and 1t must not be inferred
from the name that the formation is composed entirely of breccia.
The flows have similarly been altered aqd display the
characteristic greenish colors.

Heterogenelty is the keynote of the Richmond breccilas,
which can be compared but not correlated with the Bheepskull
Gap tuffs, the Bourdough Mountain breccias, and the Btarbo
altered tuffs as desoribed by Coombs (7) in Mt. Ralnier National
Park., The Richmond is probably typical of deposits formed
during times of widespread explosive volcanic activity followed
by periods of relative quiet., Consequently, the initlal
gstructural relations may be exceedingly complex in one locality
and relatively simple in another.

South and west of Cougar Lake structural altitudes
may be easily recorded on moderately dipping beds of lndurated
pyroclastics and intercalated flows (of, below). In the
Richmond cliffs, however, even though 1,000 feet of section 1s
exposed, it is impossible to distinguish a single structural

feature except Jointing. These cliffs are cut in a massive,




greenish, directionless pile of volcanic breccias and flows,
SBouthwest of Mt. Baldy, although individual flows and beds of
pyroclastiecs could be distingulished, their strustural
relationhhips were so completely Jumbled that attempts to
interpret the structure in that area were abandoned.

In the Cougar Lake region block-shaped mountains of
Richmond breccla with east fasing cliffs and stripped
structural backslopes dipping west up to 25° suggest blook
faulting and tilting. Further study indicates, however, that
these mountains are west limbs of large north-south trending
anticlines., Headward working alpine glaciers on the east
slopes removed the east limbs and orests of the anticlinal
structures leaving only the west limbs. The steep cliffs on
the east side are cirque oliffs rather than fault or fault
line searps. Large scale folding of the Richmond brecclas 1is
more pronounced in the vioinity of Cougar Lake than in any
other region in the northern part of the Mt. Alx quadrangle.

The widespread alteration in Richmond breccias may be
explained by Smith and Calkins' theory (ef. above) of far—
reaching circulation of waters heated by igneous intrusion of
Snoqualmie granodiorite, or in this speclific area by the
Bumping LAka granite., Whether the alteration was caused by
this mechanism, or by strong deuteriec action in thie member 1is
not clear. However, alteration on a regional scale, such as

is found in the Richmond, cannot be explained simply by the
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intrusion of granite, although this has been done by 8mith

and Calkins (26) in contrasting the relatively unaltered Fifes
Peak andpaite, which was not intruded by granite, with the
Keechelus. In the Mt. Alx area there is no significantly
greater alteration in the Richmond breccias toward the granite
than away from it. 1In fact the granite in this area is not

in contasct with the Richmond, probably because the granite

did not intrude high enough into the Keechelus series to reach
the Richmond breocias.

Megasgcopic deseription. The deseription of one or
even a dozen hand specimens of Richmond breccia would hardly
suffice to illustrate the hundreds of variatlons that are
found in this member. Consequently, this desoription wili
attempt to point out features that are common to most Richmond
rooks.

Except for some massive flows, a fragmental texture in
varying degrees 1s universal. The typlecal color 18 greenish or
greenish gray. The fragmentes are often a darker green than the
matrix, but they may be black, gray, white, or purple. There
1s usually no orientation of fragments and often a large range
of fragment sizes 18 observed. The large fragments measure
about twelve inches in their greatest dimension, and the
smallest go beyond the megascopic range. Fragments are always
angular. There are water laid tuffs, but there has been no

widespread reworking by streams and rounding of fragments.



Thie fact would indicate a rapid and rather continuous

deposition of volcanic materials that was uninterrupted for
any greatélength of time by cycles of erosion., The fragments
are frequently porphyritic, diabasic, or pilitic in texture.
The source of these porphyritie fragments is not definitely
known, but they were probably derived from the Cougar Oreek
or Morse Oreek andesites or their equivalents.

Irregular and sometimes rather large grains of white
quartz up to lom. in length may ocour in the matrix between
fragments, In some of the Richmond rocks quartz is a minor
constituent, Therefore, rocks of this member vary in
composition from dacite to andesite. Basaltioc flows also
ocour, but they are of minor importance,

Vesioular textures are not common, although fragments
within the bresccla are sometimes vesicular,

Microscopic deseription. If there is any item of
uniformity in the Richmond breccias, it 1s best displayed in
the simllarity of some of the fragments dispersed throughout
this member. The fragmente in question are pbrphyritlo,
pilitie, or diabasic textured andesites, and they seem to enjoy

a rather general distribution in the Richmond breccias, The
feldspar in these fragments ranges in composition from
labradorite, Ab4 to andesine, Ab6. The plagioclase laths vary
in length from .02mm to 1.5 mm. Carlsbad twinning is common.

The plaglooclase is in varlous stages of alteration to calecite



Plate 11.

A specimen of the highly indurated
Richmond brecocia from the Keechelus,
Dark green and white fragments are
embedded in a light green matrix,



and epidote. Magnetite dust often rims the laths of plagio-

oclase. The groundmass of the fragments 1s usually composed
of very flne intersertal chlorite, epidote, actinolite,
magnetite, and remnants of pyroxenes that were probably
pigeonite and hypersthene. BSome fragments are slightly
amygdaloidal. The amygdules are commonly ohlorite or calcite. ‘
In addition to the type of fragments mentioned above
there 1s, of course, a great variety of all kinds of volsanio
ejeota inoluding ash, glass, pumice, ohips and blocks of
diversified voloanic rocks.
In the hypoorystalline groundmass between rragﬁenta,
“phenocryats of quartz and plagioclase feldspar commonly provide
& subordinate porphyritic texture to the turffs and brecoias.
The phenocyrsts may reach 3mm. in length. Replascement of the
plagioclase by calcite, epldote, and quartz frequently occurs.
In fairly fresh feldspar grains osclllatory zoning 1s evident;
the zones always becoming more sodic toward the outside of the
phenooryst. Bome feldspars are replaced by oryptoorystalline
quartz and feldspar. The quartez phenocrysts are deeply
corroded. Embayments of matrix material 1nfo the quartz grains
glve a ragged, moth-eaten appearance to the mineral, Quartz
usually shows undulatory extinoction.
The rock material forming the matrix of the brecocia is
& confused mass of tiny fragments, ash, glass, magnetite, and

the famlliar alteration products of the ferromagnesian minerals,
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Plate 12, Photomicrograph of the Richmond
breccia of the Keechelus.
x 15, Plain light.
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In some thin sesctions subhedral biotite granules are very
abundent around grain boundaries of decomposed quartz and
feldspar. ; The biotite is 1light in oolor; These are not the
ragged remnants of blotite that are 80 frequently seen in this
area, but are recrystallized grains probably formed by deuteric
action. This generation of blotite shows no alteration to
chlorite.

Magnetite in the form of dust or specks is a consistent
ingredient of the Richmond brecclas. It does not, however,
ooocur in excess, Titanite, when present, i1s usually partly

altered to leucoxene.
: A rough approximation of the percentage of constituents
in the Richmond brecclas is as follows: matrix, ineluding
chlorite, calcite, epidote, antigorite, biotite, magnetite,
glass, ash, and very small fragments, 40; fragments with
porphyritic texture, 15; other fragments, 16; plagloclase
phenooyrsts, 10; quartz phenocrysts, 3; magnetite specks, 2;

miscellaneous, 15,

Mt, Alx esite and Daclt (o) e

The upper member of the Keechelus series, the Mt. Alx
porphyries, are distinguished from the lower portions by two
main eriteria. One is the outstanding porphyritloe texture of
the flows, and the other is the distinet decrease in intensity
of alteration. Fragmental rocks are intercalated with the
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porphyritic flows, but they are of minor importance, The flows
conelet of both andesites and dacites, although the andesites
are probably predominant. B8Burfaces exposed to weathering
display ﬁany colors which are prineipally shades of brown,
red, and gray, although greenish gray, bluish gray, and purple
are also fairly common. Phenoorysts of quartz and feldspar
whioch often prove to be glomeroporphyritic clusters under the
miorcscope measure up to 8mm. in length.

The type locality for these porphyries 18 the high
barren peak of Mt., Aix which exhibits along ite flanks & great
diversity of porphyritic flows. Other localities where Mt.

« Alx porphyries form good outerops are all high topographically

and stratigraphically. Two of these are Norse Peak, which is
in the north-west corner of the topographic sheet directly on
the Cascade orest line and marked with an elevation of 6,862
feet, and Nelson Butte north-east of Mt, Alx,

Structure in thie member 1s more easily reoogﬁlzed
than in some of the lower members for two reasons. One, the
more thinly bedded flows reflect structure better than the
massive ones, and second, the Mt. Alx porphyries are usually
found in the highest elevations where forest cover does not
obscure the structure. Homoclinal struocture typifles the Mt,
Aix member. Along the steep north fase of Mt. Alx and Nelson
Butte the flows are dipping northeasterly between 15° anda 20°.

There are few local flexures and faulting, if any, 1s very
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minor. Near the summit of Norse Peak the dips are also
gentle and homooclinal. In this area northerly dips of
approximately 16° prevail.

kt no place was the writer able to locate the contact
or zone of transition between the top of the Richmond breccilas
and the bottom of the Mt. Aix porphyries. This unsatisfactory
result 1s at least consistent, because the transition of any
of the Keechelus members into a higher or lower member was
never definitely located.

Megaggopic desoription. Volecanic flows with large
phenoerysts of chalky feldspar and/or clear quarté set in a
dense textured, dark-colored matrix characterize most Mt, Alx
porphyries. The rocks have a generally fresh and unaltered
appearanoce that is quite different from the altered Rlchmond
rocks described above, Fragmental textures are not altogether
lacking, but they are subordinate to the prevailing porphyritic
textures, Megascopic flow structures in the riner-grkined
porphyries are sometimes seen, Open veslcles, although they
are not abundant, are found in some flows.

Mioroscoplc desoription. Large, euhedral to subhedral,
blocky plagioolase grains are embedded in a flner, hypo- |
crystalline matrix of plagioclase, pyroxenes (plgeonite and
hypersthene), glass, magnetite, ohlorite, and blotite. The
feldepar phenocyrsts are usually rroeh, although some are

partlially sericitized. Alblte twinning and ocarlsbad twinning




Plate 13.
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Photomierograph of the Mt. Aix
andesite porphyry of the Keechelus.
Note the euhedral, large, blocky
phenoorystes of plagicclase (ande-
sine), set in hypocrystalline matrix.
x 15, Crossed nicols,
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both oceur, but the albite twinning 1s predominant. The
plagloclaée phenoorysts range in composition from labradorite
Ab 48 to andesine Ab 65. Glomeroporphyritic clusters of
plagioola;e with associated grains of pyroxenes and magnetite
are very common, Most of the larger phenoorysts observed in
| hand specimen are glomeroporphyritiec. Oscillatory Zoning in
plagloclase is exsceptionally well-developed. The change of
composition is always from more calcic centers to more sodic
rims., In most zoned grains the Zone boundaries are regular,
sharp ocornered, and evenly spaced. Some plagioclase phenoorysts
are broken by cataslastic shattering. Many thin mylonitie
' zones composed of oryptoorystalline quartz, feldspar, and
calcite in the groundmass are also indicative of rather aevire
cataclasis.

The pyroxenes, which are pigeonite and hypersthene,
occur as small phenoorysts and as fine grains in the groundmass.
Alteration to hornblende, chlorite, epldote, and magnetite is
fairly well advanced in the smaller particles of the groundmass,
but alteration of the phenoorysts is incomplete and is
restricted to oraocks in the minerales and portions of the rims,
The pyroxene phenoorysts vary in length from .lmm to ,Bmm,
Twinning in the pigeonite 1s very common. The hypersthene 1is
only slightly pleoéhroio, and SBchiller structure is seldom well-
developed. '

An approximate percentage of the constituents in the
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Mt. Aix porphyries 1s as follows: matrix, including feldspar,
magnetite, hornblende, chlorite, epldote, pyroxenes, and glass,
70; plagioclase phenoorysts, 15; pigeonite phenoorysts, 5;

hypersthéne phenoorysts, 5; magnetite grains, 5.

Summ of the Keechelus Andesite Be
Coombs (7) stated in his summary of the Keeshelus in
Mt. Rainler National Park that:

After examining several hundred thin sections of
Keechelus rocks, the writer was impressed by three
characteristics that were almost unfailingly present.

One of the most constant characteristice 1s a
porphyritic texture.... Another distinguishing trait
is the presence of abundant opaque minerals. In the
vast majority of cases magnetite may be seen as dust,
small granules or moderately sized grains...the size
being roughly proportionate to the dimensions of the
other minerals in the groundmass.... The green color
of g0 many of the Keechelus rocks is undoubtedly
related to the presence of chlorites, serpentines,
aotinolite, and, to a smaller extent, the pyroxenes,

To Coombs' suite of Keechelus rocks the writer can add
nearly a hundred thin sections and specimens. Rosults'gulned
from the present study verify Coombs' observations 1in nearly
every detail. The only point of difference is that in the Mt.
Alx area the highest member of the Keechelus series, the Mt,
Alx porphyries, do not prominently display the charasteristic
greenish colors. |

As a minor point, Coombs mentions that:

The feldspars are zoned more often than not and

usually eontain inclusione of material identical to
that in the groundmass.




Although zoning in plagioclase is common in the

Keeochelus rocks in the Mt, Aix quadrangle, unzoned feldspars
predominate.

fhe most significant features of the Keechelus in the
Mt. Alx quadrangle as determined in this study might be summed
up as follows:

1. Possible thickening of the Keechelus series to
the east of Mt. Ralnler Natlonal Park.

2. A concordant and apparently sonformable contact
with underlying Puget CGroup sandstone.

3. An unconformable contact with overlying Fifes
Peak andesite.

4, The tentative stratigraphic division of the
Keeshelus into four members.

5, BStronger alteration concentrated in the mlddle

members and weaker alteration in the lower and upper members.

Fifes Peak Andesites

The Fifes Peak formation, formerly called "upper"
Keechelus, constitutes a tremendous accumulation of andesitlioc
flowe with intercalated trachyitic to andesitlo pyroclastics.
The pyroclastics are perhaps more abundant than the flows, but
no measurements to determine their relative percentages were

taken. The estimated thickness of the Fifes Peak serles in
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this area 1s 3,000 feet. This figure is conservative, Warren‘
(29) had a thickness of 2,700 feet of Fifes Peak section in
the Tieton River valley.

Whereas the greens and grays are predominant colors
in Keechelus outerops; brown, yellow, reddish, and buff
characterize the Fifes Peak series, This difference in color
between Keechelus and Fifes Peak 1s an excellent but not
infallible guide in differentiating the two series., It is due
to the degree of alteration, the Keechelus being the more
strongly altered of the two. Whersas the Keechelus rocks
contain abundant green alteration products such as chlorites,

. epldote, antigorite, actinolite, and hornblende, the Fifes
Peak rocks show only the lnciplent formation of these minerals.

One of the moat helpful oriterla in recognizing Fifes
Peak rocks is a sub-resinous luster of the freshly broken
surface, Both the vitriec pyroclastics and the andeaitio flows
display this luster, which is imparted to the rock by 1its high
content of pyroxenes, particularly hypersthene.

The Fifes Peak andesites ocoupy roughly 26 percent of
the total area mapped. The northward extent of this formation
in the Snoqualmie quadrangle has not been established, nor 1is
its full extent in the Cedar Lake quadrangle known, That it
will be identified in the southwest corner of the Cedar Lake
quadrangle 18 certain, because Castle Mountaln, an excellent

exposure of 2,000 feet of Fifes Peak series, continues from the
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northwest corner of the Mt. Alx quadrangle into the Cedar Lake
quadrangle.

Warren (28,29) found Fifes Peak andesites in the eastern
moet pa;t of the Mt. Aix quadrangle and also in the western
part of the Ellensburg quadrangle.

The Fifes Peak series dlsappears beneath Yakima basalt
in the southern portion of the Mt. Aix quadrangle, but reappears
in the Mt. Adams quadrangle. Warren (29) suggests a possible
correlation of Fifes Peak andesite with Miocene Eagle Creek
formation which was desoribed by Hodge (19) in the lower
Columbia River valley. Judging from Hodge's desoription and
the stratigraphic position of the Eagle Creek formation, which
s directly under the Yakima basalt, the possibility that these
two andesitic series are contemporaneous should receive careful
consideration from workers in the Mt. Adams quadrangle.

The Fifes Peak series 1s one of the three major masses
of extrusive rocks in the northern Mt. Aix region. The others
are the Keechelus, which lies unconformably below the Fifes
Peak, and Yakima basalt which disconformably overlape the Fifes
Peak andesites. The stratigraphic position of the Fifes Peak
andesltes was not properly interpreted by Smith and Calkins (26)
in the Snoqualmie quadrangle or by Smith (25) in the Ellensburg
quadrangle, In the Snoqualmie quadrangle Smith and Calkins
placed this formation, which they called Keechelus, above the
Yakima basalt. In the Ellensburg quadrangle Smith mapped Fifes



Plate 14.

The contact between Keechelus breccia (right)
and Fifes Peak andesite (left) passes through
the saddle in the central part of the photograph.
This may be a fault contaet although direct
evidence of faulting could not be found. The
highest peak in the far background is Mt. Aix.
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Peak andesites as Plelstocene Tieton andesites. These errors
were corrested by Warren (29) when he traced the Fifes Peak-
Yakima contact along the eastern parts of the Mt. Aix
quadrangle,

The Fifes Peak andesites overlie the Keechelus series
with definite angular unconformity., Thie contast was desoribed
in the chapter on the Keechelus. Loocalities where this
relationship may be observed are: near the headwaters of the
North Fork of Union Creek; along Goat Oreek in the northwest
corner of the quadrangle; and along North Fork Oreek. Fifes
Peak volocanios also rest with angular unconformity upon the
large dacite porphyry dike or sill that intruded the Keeochelus,
An excellent exposure of this contact may be seen on the nose
of a hill between Unlon Oreek and American River about two
miles west of Pleasant Valley,

Only three erosional outliers of Fifes Peak andesite on
Keechelus were i1dentiflied, and these are so close together that
they might better be classified as one erosional outlier. This
‘remnant of the Fifes Peak series is composed of coarsely
porphyritioc andesite which dips gently eastward, The outlier
forms three buttes which tower at least 150 feet above the
general orest line of Buffalo Hump Mountain. It is these three
pecullar buttes that caused the mountain to be called, "Buffalo
Hump". They are extraordinary features and immediately attract

the attention of any observer studying the skyline in this area.



Plate 15,

Angular unconformity between daoite porphyry,
light-colored rock, and Fifes Peak andesite,
dark-colored rock eéxposed on ridge north of
Ameriecan River and east of Union Creek.
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Although the actual contact 1s obscured by talus, it 1is
certain that the‘gently dipping Fifes Peak flows unconformably
overlie the Keeschelus. The Keechelus below the contact 1ie
dipping ;pproximately 30° north,

No definite age for the Fifes Peak andesitlic series
was determined in this work because, except for blts of charred
wood, no foesll remains were found. The most probable age is
lower Miocene. As indicated in the chapter on Keechelus
andesite, insufficlent evidence has been presented to Jjustify
dating the entire Keechelus series as Olligooene; therefore an
exact lower age limit for the Fifes Peak serles 1s lacking,
Furthermore, there 1s no indication of the length of time that
elapsed between the folding and subsequent weathering of the
Keechelus prior to the deposition of Fifes Peak volcanics. 1In
considering an upper age limit for the Fifes Peak series 1t 1s
not known what stratigraphic part of the Miocene Yakima basalt
flows overlapped Fifes Peak, however it seems likely that the
later and upper Yakima basalt flows would have extended farthest
west, ‘

The Ellensburg formation fills synoclinal valleys in the
folded Yakima basalt several miles southeast of the area mapped.
The Ellensburg is considered late Miocene in age. This suggests
that the extruslon or\Firea Peak volcanics did not ocour near
the close of Miocene time, but more probably in lower Miocene.

Warren (29) noted a striking lithologic and stratigraphlo
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similarity between Fifes Peak andeaite and Taneum andesite
of Miocene age, which outor0ps in the Bnoqualmie quadrangle.

It is often difficult to definitely locate the 6ontaot
between Fifes Peak andesite and Yakima basalt. Although the
bagalt disconformably overlaps the andesite, the brownish
weathered surfaces of the two rocks are very similar. In
addition both formations dip about 10° east with no angular
~unconformity to mark their ocontact,

On the southeast side of Bumping River upstream from
1ts confluence with Ameriocan River a steep B0OO foot cliff of
black ooluhnar andesite follows the river for five or six miles
finally culminating in Bald Mountain (usually called Little
Bald Mcuntain) and then diminishing in height to the west,

The top of the cliff 1s a flat plateau dipping gently east.
Warren mapped theae flows as Yakima basalt, which they closely
resemble., The writer also mapped them as Yakima from a distance
during the firet field season, but during the s econd field
season a close inspection of the hand specimen showed that

these cliffs were Fifes Peak andesite. This was oconfirmed by
mloroscopic examination. The black andesites that form these
prominent oliffs are underlain by buff-colored Fifes Peak
pyroclasties and overlain disconformably by the true Yakima
basalt. ‘

The ridge that forms Little Bald Mountain resembles a
hogback with the backslope dipping 25° southeast. It is



Massive andesite flows overlying pyroclastiocs.
Both members belong to the Fifes Peak formation

although the massive flows have been mistaken
for Yakima basalt.
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composed of Fifes Peak andesite. This ridge, which may be
followed eastward by eye, outorops as a high rugged knob called
Edgar Rock on the west slde of the Naches River. B8tructurally
the rldg; may be a dike or sill of Fifes Peak andesite, or it
may be a more resistant flow on the south 1limb of an eroded
east-west anticline in folded Fifes Peak andesite. From fileld
relations it could not be determined which interpretation 1s
correct.

Some flows, notably those near the top of the Fifes
Peak sefles are extremely vesicular. Along the orest of
American Ridge--east of its high point, Goat Peak, the rocks
are at least 30 péroent vold space., Other flows in the Fifes
Peak series may vary from this extreme degree of porosity to
dense, low-porosity andeslte. As indicated above the dense
andesite may easily be mistaken at a distance for Yakima basalt.

The pyroclastics vary in degree of consolidation from
beds of loose particles that become almost free-running when
struck with a piok, to moderately well-indurated tuffs and
breccias., In no case, however, does the consolidatlion and
induration of the fragmental volcanics approach the highly
indurated condition of the Keechelus rocks. Two good examples
of the unconsolidated pyroclastics include the large exposures
near the top of the Hall Creek trall which ascends Fifes Ridge
just downstream from Hells Croseing, and the vertical cliffs

one-half mile north of Little Bald Mountain. At the latter
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place weathering processes and surface wash are rapidly removing
great amounte of the unconsolidated material., Easily acceseilble
exposuresg of the more indurated pyroclastics occur in road cuts
along the Bumping River road about four miles east of Goose
Prairie. Many fragments of charred wood in these tuff and ash
beds indlcate that &eposition of Fifes Peak volcanios was not
entirely continuous, but that enough time elapsed between

floods of lava and shovwers of ash and tuffaceous material for
solls to form and forests to grow,

In one place reworking of the Fifes Peak volocanics by
running water 1s well shown. This 1s on the north side of the
Bumping River road approximately two and one-half miles up
Bumping River from Ameriocan River Crossing. A thirty-foot bed
of very coarse conglomerate, which 1s composed of rounded Fifes
Peak andesite cobbles, dips 25° north, B8tratification and
bedding although present are not well-developed. Branches of
carbonized wood and even small gtumps occur in bands and seams
in the conglomerate, The smaller pleces of these woody materilals
have been transformed to lignite. All the cobbles are composed
of Fifes Peak andesite. They are weathered but not rotten, and
are coated with thick, stiocky manganese oxide. Volcanioc ash
is the principal cementing matrix., The bed of conglomerate can
be followed for one hundred yards along the strike, It ends
rather abruptly to the east againat a slide of fine powdery
voloanic ash, and to the west 1t dips into the hill and




Plate 17,

Filfes Peak andesite on north side of Bumping
Lake road. Columnar Jointed flow overlies
moderately well-consolidated bed of voleanie
tuff, which contains many fragments of
charred wood,



Plate 18, Well-bedded, loosely consolidated pyroclastice
of the Fifes Peak formation along the north
slde of Ameriocan River canyon,
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Plate 19, Unconsolidated pyroclastics of the Fifes Peak
formation along the ridge north of Ameriocan
River. Note the slump in the beds in the middle
of the photograph. Note also the abrupt change
in fragment size from the lower to the upper beds.
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disappears beneath a mantle of soll and vegetatlon.

Warren postulated that the groups of needles and
plnnaolea‘north of American River which collectively are called
Fifes Peaka, and for which he named the Fifes Peak formation,
aré remnants of a Miocene volocano. The peaks are composed
almost exclusively of voloanic breccia and agglomerate. The
‘writer does not agree with Warren's conclusion for several
reagsone. As seen looking north from the orest of Amerlcan
Ridge the Fifes Peaks needlees are contalned within a large,
synclinal, rudely saucer shaped, structural basin of Fifes
Peak (formation) flows and pyroclastics, This synclinal
' structure 1nd10étes no displacement or interruption in continuity
that would be evident if a volecanioc disturbance had penetrated
guch a structure., Secondly, the enormous thiokness of breccila
and agglomerate, of at least 1,200 feet, and also the areal
extent of approximately seven square miles restricts the
possibility that Fifes Peaks are the remnants of a volcano
unless 1t~was unuesually large. Thirdly, the brecscias and
agglomerates are moderately well-bedded and dips are gentle,

In the southernmost part of the Snoqualmie quadrangle towering
cliffes of Fifes Peak breccla and agglomerate expose well-defined
bedding which is dipping gently northeast. These beds may be
traced directly to Fifes Peaks., If these fragmental rocks were
formed in the throat of a volcano, or volcanoes, no such

continuous bedding and gentle dips could be expected. Instead
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Plate 20. Looking north toward one cluster of Fifes
Peaks pinnacles. Note the strong north-
south jointing in the volcanilc breccias
and agglomerate,



Plate 21,
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East limb of the syncline composed
of Fifes Peak flows that passes beneath
the voleanic brecclas and agglomerates
that form the spindles and pinnacles of
Fifes Peaks (mountain). Photograph is
taken looking north from American Rldge.



poorly defined structure and steep dips would predominate.

The struotpre of fragmental rocks within a volscanic vent
customarily 18 at a wide divergence with the regional structure.
The brecclas and agglomerates of the Flfes Peaks, however,
conform rather closely to the dips in the rest of the Fifes
Peak formation. The bedding in the central portion of the
rugged Fifes Peaks pinnacles lles nearly flat or is inclined
moderately southward.

The writer's explanation of the Fifes Peak brecoclas
and agglomerates is that they filled a broad synclinal warp in
“the Fifes Peak flows. The source of this great volume of
fragmental rocks is not known, but it was probably a volsano
gsomewhere near the site of the present deposits of brecclia and
agglomerate, Evidence of the exlstence of such a volocano has
been destroyed or not yet discovered.

The pyrodlastics that comprise Fifes Peaks are very
coarse, sub—angular to sub-rounded brecclas and agglomerates
whioh are firmly cemented by small amounts of volcanie ash,
The large fragments, which vary from three to eight inches in
diameter, account for 80 percent of the pyroclastic material,
Smaller pyroclastic fragments down to the slze of ash are in |
the minority. The terms breccla and agglomerate are used here
in accordance with their definition by Wentworth and Williams
(31).

! They define volcanic breccia as:
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More of less indurated pyroclastic rock consisting
chiefly of angular ejecta 32mm or more in dlameter.

Agglomerate, as defined by Wentworth and Willlams

A contemporaneous pyroclastic rock contalning a
predominance of rounded or sub-angular fragments
greater than 32mm in diameter lying in an ash or tuff
matrix and usually located in voloanic necks (in which
case the term vent agglomerate should be used) or at
a short distance from them.

According to the latter definition the term "agglomerate"
is appropriate here if it is understood that these rocks are
not vent agglomerates.

Great amounts of the breocclas and agglomerates that
composed Fifes Peaks have been removed by the action of two
alpine glaciers that headed in the highest portion of the peaks
and flowed northward to join the glacial tongue flowing
eastward down the Orow Creek valley. If the volume of brecclas
and agglomerates that were removed from the Fifes Peaks area
were resforad, these fragmental roocks before glaciation would
have had an average thickness in excess of 1,000 feet and would
have covered approximately seven square miles.

A notable feature of Fifes Peaks 1s the strong northwest
jointing in the brecclas and agglomerates. 1In aerilal photographs
the northweet trending joint pattern 1s remarkably well shown,
Weathering along the continuous and often open parallel vertical

joints 1s responsible for the needles and spindles and the
castle-like skyline that charaoterizes Fifes Peaks, Weathering
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Typical outorop of the coarse agglomerate
and voleanie breccia that compose Fifes

Peaks.

Plate 22,
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Plate 23. Typlcal coarse volcanic breccia and
agglomerate of Fifees Peaks.



o7

prooesses attacking along the joints cause slabs to break off
in huge sectlons. House-size boulders of breccia and
agglomerate that are fragments of these slabs are strewn in

confused heaps around the base of the peaks.

Petrographio Desoription of Fifes Peak Roocks

Megasooplo desoription of andesite flows. The andesite
flows of the Fifes Peak serles are much more consistent in
appearance than those of the Keechelus. The rock is invariably
a light to dark brown color on the wWeathered surface, Light-
colored plagioclase laths and vitreous, sometimes iridescent
hypersthene’oryatals are often large enough to be detected with
the naked eye. On the fresh surface a characteristiec sub-
resinous luster and color 1s distinctive of the Fifes Peak
rocks. A sugary texture 1s frequently present on the freshly
broken surface, The rock is usually finely vesicular, but
certaln flows are highly and coarsely vesicular. The vesicles
are commonly coated with red iron oxide. Quartz and opal
sometimes ocour as vesicular filling.

Mloroscopic desoription of andesite flows. For the
purpose of mieroscopic desoription, the andesite flows must be
divided into two general categories on the basis of texture.
The first category 1nolud§a those porphyritic andeeites with
a holoorystalline to hypoorystalline matrix and medium sized

phenoerysts, and the second category includes those andesites



Plate 24.
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Well-bedded volcanic breccia and agglomerate
south of Fifes Peaks. The gentle dip is
typical of the volcanic materials composing
Flfes Peaks,



Plate 25,

Looking southeast down Quartz Creek. Oliffs
are bedded, gently dipping breccia and
agglomerate identical to that that composes
Fifes Peaks several miles to the west.
The Columblia Plateau forms the skyline.
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Looking southwest toward pinnacles of Fifes
Peaks which are composed of voleanisc breccia
and agglomerate. The cliffs in the fore-
ground are composed of the same materials,






1s subordinate in amount to pigeonite, however, like the

pigeonite, 1t forms euhedral to sub-hedral gralne and 1is very
slightly altered. Magnetite in the form of granules or dust
1s scattered throughout the rock, but tends to concentrate in
the glomeroporphyritic clusters.

The groundmass of the coarsely textured andesite
porphyries may be composed entirely of small crystals of
plagioclase, pyroxenes, and magnetite, or it may contain these
minerals embedded 1n varying amounts of dark volecanic glass,
The groundmase is made up primarily of small euhedral laths
of caleic andesine, irregular small grains of intersertal
.plgeonite and hypersthene, and specks of magnetite, The small
| andesline feldspar lathe average .15mm in length. They are
fresh and frequently twinned acoording to the Carlsbad law,
although albite twinning also ocours. These small feldspars
are often oriented by flowage. This is well seen near the
large phenoorysts of labradorite around which the andesine
lathe pass in perfeot alignment like chips on a stream., The
fine-grained pigeonite and hypersthene in the groundmass occupy
the spaces between the small laths of andesine. These pyroxenes
show inciplient alteration to chlorite. A few scattered grains
of quartz are probably derived from devitrification of the
voloanic glass in the groundmass.

A tebulation of percentages of constituent minerals is

as follows: plagloclase phenoorysts, 25; plagioclase in
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groundmass, 36; pigeonite, 25; hypersthene, 10; magnetite, 3;
chlorite, 2,

Fifes Peak andesite porphyries in the second category
are much finer-grained than those Jjust described and contain
a higher percentage of voloanic glass. The mineral assemblage
18, however, nearly identical in both types. 8Small grains of
plagioclase, pigeonite, and hypersthene are set in a felted
matrix of tiny feldspar needles, minute specks of pyroxenes,
magnetite dust, and dark glass which sometimes constitutes
nearly the entire matrix., The larger plagioclase phenocrysts
are euhedral to sub-hedral, and average .26mm in length, They
may be untwinned or twinned according to the Carlsbad or
albite laws, although Carlsbad twinning is the more common.

The composition of the plagiloclase phenoerysts 1is approximatély.
labradorite, Ab46. The plagioclase may occur in glomeropor-
phyritlio oclusters which also inelude grains of pyroxenes and
specks of magnetite. The largest grains of pigeonite and
hypersthene reach .26mm in length.

The felted groundmass which 1s predominantly glass
heavily charged with magnetite dust contains very small needles
of plagloclase whose composition could not be determined., The
needles average .0lmm in length and are as small as ,005mm,

In the thin sections examined these small needles of feldspar
are unoriented and therefore do not indicate flowage as clearly

as the somewhat larger plagioclase laths in the more coarsely
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grained porphyries. In the dense glassy matrix very tiny
specks of pyroxene may be detected only by their birefringence
which 18 higher than that of the encompassing material,

fhe percentage of constitutent minerals in the fine-
textured andesite porphyry flows is as follows: felted
matrix (includes plagloclase, glass, magnetite, pyroxenes and
miscellaneous), 70; plagloclase phenoorysts, 1l0; magnetite
specks, 9; hypersthene, 8; plgeonite, 3.

Megagoopic desoription of loosely consolidated tuff.
This butr—ooloréd material which occures as moderately well-
stratified beds between andesite flows 1s a difficult substance
to collect because it crumbles when disturbed. The individual
fragments are poorly rounded, but are never sharply angular.
They are poorly cemented by small amounts of volecanie ash,

The fragments are fairly consistent in size which ranges from
that of a pea to that of a marble, No thin seoctlons were cut
of this material because it 1s so friable.

Megascopic description of gconsolidated tuff.
Consolidated tuff which has a brownish buff color containe
fragments of andesitic porphyries, pumlce, glass, charred wood
cemented in volsanioc ash and glass. The larger fragments
average 1-2mm in dlameter. Flow structures are frequently
present. Around the fragments of charred wood there 1s always
a gray aureole several centimeters in width that was formed by

bleaching of ash particles that were in contact with the burning
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Plate 27. Loosely oonsolidated pyroclastics
from the Fifes Peak formation,
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Plate 28, Fragment of charred wood embedded
in ashy tuff of the Fifes Peak
formation.
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wood, When specimens of the consolidated tuff are broken the
fresh surface is quite smooth and imperfectly oconcholdal.
There 18 no evidensce of sorting in these consolidated tuffs.

Microscopic deseription of consolidated tuffs.
Angular fragmentes of a variety of volecanic roocks and intra-
telluric phenoorysts of feldspar are contained in a glassy
pumaceous matrix., The fragments conslst of andesitlic
porphyries, volcanic glass, pumioce, and carbonaceous material.
In thin sections examined the fragments reach about 1.65om. in
length, although in the field they range up to several .
oentimeters. Phenoorysts of intratelluric plagioclase
(oligoclase) and sanidine are embedded in the glassy matrix.
The feldspars are exceptionally clear, fresh, and unaltered,
AIbité twinning is present in the plagioclase, but it is |
usually imperfectly developed. A few plagloclase graine dlsplay
oscillatory zoning, the zones becoming more sodlc toward the
rim. The sanidine ocours as euhedral, square, very olear
phenoorysts that are devoid of any alteration effects.

The matrix is yellowish brown volcanic glass,
Orystallites, glass shards, and flow structures are features
typlcal of the glassy matrix in all the thin seotlons examined.
The glass has locally altered to palagonite, which in turn
sometimes alters to chlorite, The chlorite oocurs as pencil-
like orystals in the cloudy, yellow, palagonite,

This tuff, in acocordance with the Wentworth and
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Plate 29.

Photomiorograph of glassy tuff from
the Fifes Peak andesite., Note the
variety of fragments, the orystallites
and shards in the glassy matrix, and
the euhedral grain of sanidine (vhite,
low relief) to the left of the large
dark fragment. x 15, Plain light.
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Williams (31) nomenclature for pyroclastics, is a trachyitic
vitrioe-orystal tuff,
Approximate percentages of constituents present in the
tuff are: volcanic glass (and associated alteration products),

60; rock fragments, 25; oligoolase, 10; sandine, 5,

8 of the e eak Andesite Serie

The most significant points to be summarized from this
etudy of the Fifes Peak serles are as follows:

1, This series will probably prove to be one of the
major volcanic units east of the Cascades,

2, It lies unconformably on Keechelus andesite and on
dacite porphyry dikee which are intrusive into the Keeschelus,

3. Tectonlc deformation of the Fifes Peak series is
much weaker than in the Keechelus series,

4, It i1s overlapped diabomrormably by Yakima basalt,

5. The Fifes Peaks are not remnants of a Miocene
voleano as proposed by Warren,

6. Alteration in Fifes Peak rocks is much less than
that in the Keechelus. BSuch minerals as chorite, epidote, ‘

antigorite, hornblende, and iddingsite are not common,
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Yakima Basalt

Parts of the western margin of the immense Miocens
basalt flows that form the great Columbia plateau lle within
the Mt., Aix quadrangle along ite eastern border. Russell (24)
named these basalt flows the "Columbia lavas" during a ground
water survey in central Washington. The name, “Columbia River
basalt," is favored by many workers, Hodge compounded the
name, "Coriba," for the formation by using the first two letters
of each of the words, "Columbia River basalt," in an attempt to
ghorten the name. The writer prefers the name, Yaskima basalt,
for this formation because that was the term used by Bmith (26)
| in the adjoining Ellensburg quadrangle and by Smith and Calkins
(26) in the Bnoqualmie quadrangle. The nearness of the city of
Yakima to this region also lends a certain geographlc advantage
to the use of this name., BSmith (25) dated the basalt early or
middle Miocene,

The Yakima basalt comprises approximately 3 perocent of
the area under investigation. The outcrops of Yakima basalt in
this region mark the westernmost extent of fhose famous flows
in this area. The lavas are relatively thin as compared to
their tremendous thickness measured in thousands of feet in
central Washington. The basalt does not attain a thickness
over BOO feet in the Mt. Alx quadrangle and more usually does
not exceed 200-300 feet.

The Yakima basalt lies disconformably over Fifes Peak
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"andesite., The writer agrees with Warren's (29) statement
that, "t 4s véry doubtful that the Yakima basalt once ocovered
all the Eirea Peak formation." It is probable that the lava
flowe did not extend westward much farther than thelr present
margin, No erosional outliers of Yakima basalt on Fifes Peak
were found testifying to the faot that the basalt flows
probably thinned very rapldly to the west from the position of
their present margin. It 1s difficult to determine how deeply
the Fifes Peak andesltes were eroded before depositlion of the
Yakima basalt. It ie certain, however, that the Fifes Peak
gurface which the Yakima lavas covered, was one of low rellef,
This relationship presents two possible interpretations.
Either the surface of the Fifes Peak seriee over which the
Yakima lavas flowed had been subject to erosion for a long
period of time and had been reduced to a rather featureless
plain, or the interim period was very short and the basalts
flooded over a fairly smooth virtually initial surface of the
Fifes Peak rooks.

The writer favors the second 1nterpfetation for several
reasons. First, there are no sedimentary deposits composed of
Fifes Peak rocks in this vicinity except for one small bed of
conglomerate that was mentioned previously., BSecond, the
gsurface of Fifes Peak flows upon which the Yakima basalt was
laid down wae a struotural surface and 1s parallel to the

structure in the lower Fifes Peak volcanios. In other words
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| there was no truncation of struocture by erosion. Third, fhe
Cascade uplift, (Pliocene), had not yet occurred and stream
gradients were probably low. Consequently, the corrasive
abllity of the streams was weak and base leveling would have
required a great length of time. There is no field evidence
of a long erosion interval between Fifes Peak and Yakima
depositions.

Nowhere was there observed an intertonguing of Fifes
Peak andesite with Yakima basalt. However, as mentioned
previously (of. Fifes Peak andesite), the massive, dark,
columnar andesite flows of the Flfes Peak series may easily be
mistaken for basalt, so an intertonguing relationship might
escape deteotion.

The Yakima basalt forms impressive dark cliffs that are
almost invariably faced with hexagonal columns. The columns
usually stand vertically, but in road ocuts through the Dalles
on American River, the oélumnn approach horizontal and ocour
in conjugate sets that interseot at nearly right angles. The
usual color of the weathered surface of the basalt is brown,
but when the rock is broken the fresh surface is black and
very dense. Porphyritic textures are absent in this?rormation.
The broken surface may show imperfect concholdal fracture,

The Yakima basalt forms the high ¢liffs along U.S8,
Highway 410, two miles east of American River Crossing. At

this place the river has ocut a narrow gorge known as the Dalles

N
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Plate 30. Yekima basalt exposed in road eut on U.8,
Highway 410 east of American River Crossing.
Note oconjugate sets of columnar Jjoints.
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which was mentlioned above. The basalt flows also occur as
thin eastward dipping sheets lying on the top of Fifes Peak
andesltes on the gentle backslopes north and south of the
Dalles, It forms the rugged cliffs along the east bank of
the Naches River.

A relatively small, irregular body of basalt is exposed
in road cuts along the Bumping River road about two miles west
of Amerlscan River Crossing. This outerop is the most westerly
exposure of Yakima basalt in the area, Thils body of basalt,
unlike the rest of the formation, exhibits a porphyritic texture
under the mioroscope. This fasct might indicate that the body
of basalt belongs to the Fifes Peak series, but evidence is
incomplete,

In the area studied the Yakima basalt is not oovered
with any later rocks except scattered recent alluvial deposits.
Farther south, however, in the Nile River valley clastioc
sediments of the Miocene Ellensburg formation f£ill synclinal
valleys in the basalt,

Petrographle Desoription of the Yakima Basalt
Megascople description, Distinctive features of the

Yakima basalt are its uniformly dense texture and very dark

color. By naked eye the rock is so dense that identification
of any constituent minerals is impossible, Under a hand lens

tiny needles of plagioclase feldspar are sometimes visible. The
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weathered surface is usually brown, Minute vesicles are
commonly present,

Mieroscoplc descoription. The rook is composed of
small, lath-shaped, euhedral grains of plagloclase feldspar
set in a hypoorystalline matrix of dark glass, specks of
magnetite, and minute, anhedral gralns of augite and olivine,
The composition of the plagioclase is labradorite, Ab46, The
average length of the plagioclase laths is .2mm, The
plagioclase is fresh, usually twinned after the alblte law,
shows no zoning, and occasionally ocontains lnclusions of
augite, The plagioclase laths lie in random orientation and
seldom indicate any flowage direotion.

Augite, which is more abundant than olivline, ocours in
small anhedral grains between the plagioclase laths, The
average slze of the augite grains is .lmm, Twinning is very
common, BSome alteratlion to chlorite is evident, but for the
mogt part the augite is fresh,

Olivine forms small rounded anhedral grains between the
laths of labradorite. The average size of the olivine grailns
is .06mm, Like the augite it is only slightly altered, although
incipient alteration is indicated by serpentine and ilddingalte
which ocsur in fracstures and cleavage traces in the olivine,

The glassy matrix 1s black and opaque. The opaclity is
probably caused by an abundance of magnetite dust in the glass

and the presence of chlorophaeite and slderomelane as described
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by Fuller (12,13) in the Yakima basalts of central Washington.

Average percentages of oonstituents in the Yakima
basalt are as follows: glassy matrix (inoluding magnetite),
45; labradorite, 30; augite, 156; olivine, 8; serpentine and
lddingsite, 2,

a 0 e Yakima Basal

Bilgnificant pointe concerning the Yakima basalt as
gained from thies study are as follows:

1., 1In this region the Yakima basalt, which in some
outorops may be mistaken for columnar Fifes Peak andesite, does
not occupy as great an area as formerly thought by Warren and
by the writer,

2, The basalt dlsconformably rests on a relatively
flat surface of Fifes Peak andesite,

3. There was probably a falrly short erosional interval
between the end of Fifes Peak activity and Yakima deposition,

| 4, The Yakima basalt flows never completely covered

the Fifes Peak serles,

Deep Oreek Andesite

A very distinotive andesitiec flow forms the west side
of Deep Oreek valley from the Bumping Lake glaclio-fluvial plain

upstream to an unnamed tributary that joins Deep Creek at the
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word "Deep" on the topographic map, This flow, or more
probably, this series of flows is entirely different in
appearance and structural setting from any other volecanic
flows in the area, which fact made early attempte to ocorrelate
1t with the Keechelus, Fifes Peak, or Valley flovws difficult.
It appears certain now, however, that the Deep Oreek andesite
18 not a member of any of these other volcanle groups, but
represents a separate and distinect voleanics generation in this
region, It comprises about 3 percent of the area.

The Deep Creek andesite flows are predominantly a
pecullar light bluieh gray color, but in additlion contaln bands,
streaks, lenses, and spots with a pinkish hue. The pink
portions are asomposed of the same rock material as the bluish
portions. The pink color is caused by the selective oxidation
of the disseminated magnetite to hematite., The flows reach a
maximum thiekness in this area of 2,000 feet, They constitute
the entire eastern slope of Sugar Loaf mountain which 1s the
high knob directly south of "Lake House! which is shown on the
topographie map., The thickness diminishes rapidly to the north
as the result of removal of great quantities of the rock by
alpine glaclation. The flows lle practioally horizontal.
Columnar jointing is usually absent or is imperfectly developed.
The andesite is usually finely vesicular, Along the base of
the oliffs there 1s always a thick accumulation of fiassile
talus fragments, The tablet-llke rocks that comprise the talus
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produce a musical tone when thej are struck or dropped.

Deep Creek andesite outofOps at localitiee other than
along Deep Oreek, but because the flows reach their maximum
thickness in that area, Deep Oreek was selected as the type
locality. Other masses of Deep Oreek andeslite include the
large unnamed hill west and slightly south of Carlton Pass,
the saddle and portions of the valley south of S8wamp Lake, a
small expoauro on Bumping River one and one-half mlles down-
stream from Bumping Lake, and Big Peak, Blg Peak ls actually

outside the southern 1limit of this work, but it ie necessary
\ Yo menkion Big Peak because it demonstrates two different ages
of lavas, namely the Deep Creek andesite that forms the
mountain, and the later Valley flows that surround it.
\ Definite dating of the Deep Creek andesites 1s not
possible from field relations in this area. 1In the bed of Deep
Oreek Jjust below 1ts confluence with COopper Oreek, the Deep
Oreek andesites lie uncorformably on a rugged erosional surface
of Bumping Lake granite and dacite porphyry dikes that were
‘ intrusive into the granite (of., Bumping Lake granite). The
actual sontaoct between granite and andesite is always hidden
by an apron of talus. The lowest age limit of the andesite
18 then, post-dacite porphyry. However, the freshness of the
andeslte and the deeply eroded surface of the granite and
daclte porphyry indlcate that a long interval of time elapsed

before deposition of the andesite., Consequently, the lower
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myriads of magnetite granules, and brownlsl
Minor anhedra of quert? and orthoclase are
present in the matrlx. The plagioclaae ne
gp percent of the matrix are puhedral, unt
pccording 1O the Oarlsbad law, and unalte
gmall inoluslons of glass. Thelr average
The composition of these small plagioolaa
to determine put appears to be basio ande
outstanding are the euhedral to f
of basaltlo hornblende with resorptlion b
The besaltlc hornblende ocourse a8 spindl
to the © axls, or 8 pseudo—hexagonal pr
angles to the o axlie. The brown hornbls
the interior of the gpindles oOr prisms
or the hornblende may be oompletely rep
elongate phenooryets average .obmm in 1
maximum of 1mm, The ajameter of the 01
oonalderably. The brown hornblende is
with X yellow prown, X darker brown, Z
gomet imes observed in the basaltlc hor

i Ak amlaved in some grH



Plate 31,

Photomiorograph of Deep Oreek andesite.
The blaock, oigar-shaped grain in the
oenter of the photograph is a prismaties
section of basaltic hornblende that has
gone almost completely to magnetite,
Note, however, small remnants of the
amphibole within the magnetite.

x 15, Plain light. ;
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The one exception to general texth
in thin seotlons gut from a gmall outerop
andeslite on the north gide of Bumping Riv
miles easl of Bumpling Lake. MegaSOOpioal
resembles the rest of the formation, but
differs in that blooky phenooryste of ple
as promlnent as the pasaltio hornblende.
phenoorysts are euhedral to gubhedral, u
,2mm in length., The composition of the
AbB2.

The average percentages of cong’
andeslte are as followa: plagioclase,1
pasaltloe hornblende, 10; hypersthene, 5

varlable; auglte, variable.

gymmary Of the Deep Creek Andeslte
The prlnclpal pointse to be sum

peep Creek andesite are as followa:
el oclosely regembles the F

gnoqualmlie quadrang le,

4 o~ the flowsa 1s n
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to the Deep Creek andesite in thils area.

Valley Flovs

The seriles of basaltic flovws that
in the present valleys are, 1in this repor
They may be gorrelative with the Pleistoo
desoribed by Smith (26), and Becraft (4)
The Valley flows are, however, basaltlo .
this reason & definite correlation 18 no
further study ocan be made.

The Valley flows comprise approx
the area mapped. Tt is anomalous, perha
exposure of the nyalley flows" ocours OF
plateau, which contains approxlmately 2C
the Tumac plateau by the writer after T
glacial ginder ocone that restas on Valle,
plateau (of. Tumac Mountain), The name
however, becausé many of the valleys ra
plateau contain remnante of lava tongue

aanm fhe pDlateau area. Only remnants ©
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away from the central portions of the plat
the initial dip of the floweg conforms mMOXe
gradient of the valley in which they ocow
The flows are not always uniform !
colopr. On Tumac plateau the basalt is da;
banded, and highly vesicular. In the vic
River Falls, however, the basaltic flows |
banded, not vesioular, and extremely filss
Joints and a tendency to fracture conchol
to break in thin plates with razor-sharp
Other localities where the Valle}
4nolude: the upper portion of Summlt Ore
of an unnamed oreek that drains Frying Pe
Bumping River at Carlton Pass, portions ¢
other than the waterfall, the lower part
Cougar Oreek which drains Cougar Lake, 3
Cedar Oreek which jolns upper Bumping R
Bumping Lake, and in a saddle on the Cas

gwamp Lake, .
The exaot age of the Valley flow

PRy (e L T " X |
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more 1llkely. That the valley flows were
jg, however, undeniable (of. Physiography
data, whioch is given pelow, the lower ag¢
peep Oreek andesite and the upper age 14x
glaolatlon,

Big Peak, which 18 composed of D
(ef., Deep Oreek andesite) lles unconforn
vesiocular, magsive type of Valley flow t
Deep Creek andesite that form the ves®t |
Bumping Lake lle unoonformably peneath
unvesicular, tissile type of the Vallej
gtruotural relationship 18 infterred frc
southwest end of Bumplng Lake, but the
peep Oreek andesite and yalley flowe ]
hy very dense forest.

The rather gtriking dlesimilax
golor 1in aifferent parts of these flol
po these two types of outorops repres
flows? If the two types of basalt la

« part of the same flow or geries of Tl

L Xiv1aw atpuctura:
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these reasons the writer olassified'both
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golor and dense gextured, Under the hand
magnetite, which are very abundant, prov i
effect on the freshly broken gurface, No
are visible megaGOOploally in this type.
are absent.

Mlcrosconlc aggriptiog. Althoug
of the two types of basalt 18 gimilar, bl
difference. mMerefore, the two types Wi
aeparately,

The dark gray, vegioular type fo
and on the gaddle west of Bwamp Lake ahe
olivine set in a dark hypooryatalline me
voleanic glass, 1ath-ehaped plagloclase
of olivine and auglte.

The olivine phenooryata are sul
and very ¢resh, The only alteration PI
may ocour along oracke in the olivine.
preaent. The phenoorysts are qulte la
dlameter. The olivine phenoorysts ery

plagioclas® in the groundmass.

e . ~tTacdOn



Photomierograph of Valley flow basalt
from Tumac plateau. The grain in the
center of the photograph 1s olivine
which i1s set in a matrix of plaglooclase
(labradorite), augite, magnetite, and
glass, Note the vesiocles.

x 16, Crossed nicols,
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a large part of the matrix., The opacity is probably due to
magnetite dust with which the glass is heaviiy charged. B8peocks
of olivine and auglte are commen but minor congtituents in the
matrix,

The average percentage of conetituents in this type of
Valley flow basalt 1s: labradorite, 40; olivine, 20; voleanioc
glass and magnetite, 30; auglte, 8; limonlte, 2,

The brown, non-vesicular type of basalt contalns olivine
phenoocrysts embedded in a holosrystalline matrix. The matrix
is composed of small laths of plaglooclase and specks of olivine
with lesser amounts of auglite. The groundmass 1s heavily
charged with magnetite granules, \

The olivine phenocrysts are anhedral or occasionally sub-
hedral and very fresh with incipient development of limenite
along fractures. Antigorite is never present. The average
gize of the olivine phenocrysts is .3mm, although the largest
grain measured was .8mm in diameter.

In the groundmags plagioclase is the most abundant
mineral, The plagloslage, which has the composition of
labradorite, Ab4 An6, 1s lath-shaped, euhedral, unaltered,
twinned according to the albite law and averagee .2mm in length,
Olivine specks are alsc abundant in the matrix as fresn anhedral
graine with an average size of ,015 mm. Auglte also occurs in
the groundmass, but it 1s not so abundant as the olivine. The

matrix containe excessive amounts of magnetite in the form of
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granules which average .008mm in diameter.
The average mineral percentages in this variety of the
Valley flows is as follows: labradorite, 46; oiivine, 30;

magnetite, 20; augite, 3; limonite, 2.

Summary of the Valley Flows

The most esignificant points to be summarized concerning
the Valley flows are as follows:

1. The composition of the Valley flows ls basaltlo
which is not common in the Oaesades of Washington.

2. The flows may be correlative or contemporaneous
with the Pleistocene Tieton andesite.

3. One source of these flows may have been on the
Tumac plateau from where the basaltic lavas spilled down
adjoining valleya.

4, The Valley flows have undergone severe Wisconsin-
age glaciation, and may have been subject to earlier glaclal
perlods.

6. The two types of basalt in these flows were
probably roughly contemporaneous and should be considered as

variations of the same formation.
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Keeghelus

Reglonal dip north and east, usually
not over 25 degrees. Complicated by
many local folds and faults. Under-
1ies Fifes Peak unconformably. Over-
1ies Puget Group s.s. conformably.

Forms steep slopes and scarps-
broken by benches and platforms.

No columpar jointing.

Weathers light gray, gray, greenish,
and purple.

Not vesicular. Great variety of
colors and textures on fresh
surface.

Abundant pyroclastics, especlally
volcanic brescia. All pyroclastics
highly consolidated.

Low grade metamorphism nearly
throughout. Development of chlorite,
epidote, and iron oxide very common.

No fossils except one occurrence
of petrified wood.




Valley flows

Lath-like blades of plagioclase
in fine matrix of plagioclase
needles and mafice. Labradorite-
Bytownite.

Olivine abundant. Forms large

phenoerysts. Occasionally has
rims of pyroxene. Also occurs
in matrix.

Hypersthene present as
phenocrysts.

Pigeonite abundant. Occurs as
large phenocrysts and as small
grains in the matrix.

Flow structures common.

Magnetite very abundant.

Porphyritic texture common.

Deep Creek
Tiny needles of plagioclase in
dense, brownish glass. Needles
may be oriented by flowage.
Andesine?

Olivine absent.

Hypersthene locally abundant.

Forms phenocrysts.

Only one grain of pigeonite
observed.

Flow structures common.

Magnetite very abundant.

Porphyritic texture common.

PETROGRAPHIC RELATIONSHIPS
Yakima
Minute, lath-like blades of

plagioclase in dense, black
glass. Labradorite-Bytownite.

Olivine abundant.

Hypersthene rare.

Augite common. Forms small

grains.

Flow structures common.

Magnetite common. Glassy

Porphyritic texture absent.

Fine grained.

Fifes Peak

Medium to large size, blocky,
euhedral to subhedral plagioclase
in matrix of fine plagiocloase
and mafics. Andesine-Labradorite.

Olivine rare

Hypersthene abundant. Occurs
as large and small grains,

Pigeonite abundant. Forms
large and small grains.

Flow structures common in
hyaline rocks.

Magnetite common. Glassy
matrix charged with magnetite
dust. , !

Porphyritic textures common.
Often associated with fragmental
textures.
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Keechelus

Lath-shaped blades of plagioclase.
Great range in size. Usually in
hypocrystalline matrix. Andesine.

Olivine rare.

Hypersthene locally abundant as
intersertal grains and as large,
subhedral phenocrystis.

Pigeonite (or augite) abundant.
Large euhedral to subhedral grains
and as small intersertal grains.

Flow structures present in some
members.

Magnetite common.

Porphyritic textures common.
Often associated with fragmental
textures.
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- Tumac Mountain Cinder Cone

The outstanding topographic feature on fhe Valley flow-
capped Tuhao plateau ig Tumac Mountain, a 700'root breached
cinder cone which lies exactly on the crest of the Cascade
Range at a summit elevation of 6,300 feet. The two most
important features of Tumac Mountain are: first, the basaltic
oomposition of its cinders and lava, and second, a post-
Wisconsin age of the formation of the ocone,

The cinders and thin beds of lava that ocompose the
Tumac cone are not greatly different in mineral content from
© the basaltic Valley flowe described in the last chapter.

Basalt, as lava or cinders, is somewhat foreign to the andesite-
rich Cascades of Washington. The writer has no explanation for
the localized ocourrence of two basaltic formations which were
deposited at two different times, 1.e. the Valley flows are pre-
Wisconsin in age, and Tumac cinder oone is post-Wisconsin in
age, |

The cinder cone rests on a gently domed surface of
Valley flow lavas. The Valley flow basalts show the effects
of severe glaclation by a high altitude ice cap that covered
the piateau with hundreds of feet of moving ice. Tumac Mountain,
a cone of unconsclidated cinders, stands nearly in the center of
this ice-swept plateau, but shows no effects of glaciation.

Indeed, the very survival of the cone would have been impossible

-




Plate 33. Tumaec Mountain oinder cone, Orater lies this
s8lde of breach in the cone. Mountain is
approximately two miles distant. Little Twin
Blster Lake in the foreground.
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through a glascial period. Therefore, it 1s certain that the
Tumac cone formed after the withdrawal of Plelstocene ige,

A more complete desoription of the interesting effeots
of glacigtion on the Tumac plateau will be given in the chapter
on Physiography.

Tumae Mountain 1s the first post-glacial cinder cone
to be desoribed in Washington. 1In Oregon there are many recent
oinder cones, and in British Columbia post-glacial cones have
been desoribed by Burwash (5) in the Mt. Garibaldi area., Well
known Washington voloanoes such as Mt. Rainier, Mt, Baker, and
Mt. 8t. Helens have shown renewed activity in post-glacial
times, but Tumac cone is unusual in that it represents the
formation of an entire volecanioc unit after the retreat of
Wisconein age ioce,

The cone rises about 700 feet above 1ts base., The base
ls approximately circular in oross section and measures three-
quarters of a mile in dlameter. A deep orater 1s assymetrically
located on the northwest side of the cone. The bottom of the
orater lies 550 feet below the higheat‘point of the rim and
160 feet below the lowest portion of the breached rim. The
bottom of the crater is approximately 100 feet across, and the
top of the corater 1s over 1,000 feet wide,

The mountain is composed almost entirely of unconsoli-
dated red and black cindere with minor amounts of interbedded

vesiocular basalt. Volcanic bombs are socattered over the surface




Plate 34.
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A portion of the orater of Tumas oinder cone,
8pillway for melt waters 1s shown on the left
side. Most of the water, however, seeps through
the uneonsolidated cinders and issues around the
base of the oone. Photograph taken looking north,
Twin Sisters Lakes are in the middle ground.

House Mountain west of Cougar Lake is the
prominent feature in the baskground.
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of the cone, but are found moast abundantly near the orater.
One large bomb measured over six feet in length. The oinders
are loose inside the crater and on the flanks of the cone
where aofub vegetation does not grow, The angle of repose of
the oinders 1s 33 degrees. It ls nearly impossible to walk
straight up the slope of the cone on the east and south sides
because the cinders and ash slide beneath one's feet like a
treadmill. On the north and west sides sorub pine has taken
root and holdes the pyroclastiscs in place and ¢limbing is not
dirffioult.

The Valley flow basalt around the base of the cone 1is
higher on the west slde than on the east side as indicated in
Figure 2. The reason for this 1s not entirely clear, but there
are at least two possible explanations. First, the foroce of
volcanic extrusion forced the Valley flow basalts aside and
tilted the basalt beds more steeply to the west than to the
east, B8Beoond, the extrusion might have ococurred near the base
of & ¢liff formed in Valley flow basalt where the volcano built
an assymetrical cone with the bulk of the pyroclastics falling
to the east. Btrong prevalling westerly winds off the Paoifio
Ocean might be partially responsible for this kind of assymetry.

The Tumae eruption was evidently not violently
explosive., No bombs or volecanic fragments were found far beyond
the base of the cone. Although the forest ls very thick on the
plateau, 1f the eruption had been explosive, scattered fragments




Plate 35,

A winged voloanie b
the summit of Tumao
clnder cons. The o
bomb, like most of
material, 1s briok

omb. from near
Mountain
olor of the
the cindery
red,
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Plate 36, A large volcanic bomb near the summit of Tumac
cinder cone, '



Plate 37.
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A portion of the southeast slde of the Tumaoc
cinder cone showing the angle of repose of
the unconsolidated oindery material,
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e gshould be found on the Tumac plateau.

\ Tumao ﬁountain can be reached only by trail. The
shortolt;route is by a U.B. Forest Service trall from Copper
Oity Mine on Deep Oreek to Twin Bisters Lakes and then to Tumac
Mountain, a total distance of about five miles. The trail is
good and may be travelled on horeeback. A second and longer
route over an unmaintained trall from the Tieton Reservoir is

not recommended,

Petrographic Deseription of Tumac Mountain Cinders
Megasooplo desoription. The cinders that compose Tumac

cone are elther red or black in color, and are very vesioular
with high porosity and permeability. Mineral orystals are
seldom visible in the oindery material, Thin bede of dark-
colored dense-textured basalt may show a slightly porphyritiec
texture,

Mioroscopio desoription. Some specimens are so highly
vesicular that mloroscopic examination of them is not satisfactory.
In less vesicular specimens the rock is a mafte of unoriented
plagloclase laths which are embedded in dark, magnetite-rich
volcanic glass, In much less quantity than the plagioclase,
small anhedral to sub-hedral grains of olivine, hypersthene, and
augite are socattered through the matrix, Some grains of the
mafic minerals show the effeats of cataclasis. The feldspar,

however, ls usually not broken.




The composition of the feldspar laths is labradorite,
Ab4. The plagioolaae laths are unaltered, twinned according
to the glbite and less frequently according to the Carlsbad
law, unzoned, average .,03mm in length, and may contain
inolusions of the glassy matrix., Apatite, a oonsplouous
acocessory mineral, frequently oocurs as inclusions in the
labradorite.

Olivine 1s a less abundant constituent in the Tumao
basalts than in the Valley flow lavas. It ococurs as small
anhedral specks between laths of plagloolase and averages
.,06mm in dlameter. There are no alteration products of the
olivine,

‘Hyperathene ie more plentiful than augite., Both
pyroxenes ooccur intersertally as small anhedral to sub-=hedral
grains., Neither shows any alteration.

Magnetite forms small granules and is also incorporated
in the glassy matrix, The alteration of magnetite to hematite
probably by steam is responsible for the reddish color of the
cinders. |

The average percentage of constituents in the basaltioc
cinders is as follows: labradorite, 50; volocanic glass and
magnetite, 25; olivine, 5; apatite, 5; hypersthene, 4; augite,
1; magnetite and/or hematite, 10.
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Plate 38,

Photomierograph of basaltic einder
from Tumaoc Mountain cinder oone.
Inclusions of apatite in the plagio-
clase laths cause the mottled effeot.
Several small particlesg of Olivine
are visible in ocenter of the large
white patech, The matrix is black
glass. x 66, Plain light,



a 0 Mountain Cinder Co
Although Tumac Mountain is a rather small feature, it
is an important and interesting one for two reasons.
1, It is post-Wisconsin in age and therefore the first
of its kind to be reported in Washington.
2. It is basaltic in composltion.



INTRUSIVE ROCKS

Bumping Lake Granite and Granite Lake Breccia

General Btatement

There are in the area studied two distinot but
contiguous bodles of granitic rocks. One is the main mass of
homogeneous, inclusion-free granite which is called here the
Bumping Lake granite. The other 1s an agmatitic mixed bréooia,

‘ (Wegmann (29)) ocomposed of dark andesite fragments in a

granite matrix, The agmatite 1s named in this thesis the
Granite Lake breocia. No final declsion will be made conocerning
the origins of these bodies because of thelir limited extent
within the aréa, and because they form poor and unconnected

outorops that are not adequate for a conclusive genetie study,

Fleld Relations
The two granitic bodies mentioned above occupy roughly

6 peroent of the total area, or about 15 square miles in its
eentral portion. In muoh of this area, however, the granitio
rocks are not exposed. Of the two bodies the Bumping Lake

granite 1s the larger. 1Its shape 18 irregular with the long
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dimension in a northwest-southeast direction. The Granite
Lake breecia forms a discontinuous marginal belt around the
Bumping Lake granite and also oocurs &s large i1solated masaes
within the homogeneous granite.

Megascopically the.Bumplng Lake granite 1s a coarse-
grained rock containing quartz, orthoclase, plagloclase, and
biotite. The granite weathers a light reddish brown or tan
color and orumbles easily on weathered surfaces.

The Granite Lake brecola is composed of fragments of
dense, dark gray to black, andesite which are embedded in a
granlte matrix that oclosely resembles the Bumplng Lake granite,
megascoplcally and miocroscoplcally (of. below). The fragments
vary in site from one-quarter—inch to twelve inches. The
breccla weathers to a medium gray color and decomposes less

readily than the Bumping Lake granite.

Contagt Relatlons o th& i 6 Granit

The contact between the Bumping Lake granite and the
Granite Lake breoccia is always sharp. The two kinds of rocks
have been followed at many places to within a few yards of their
mutual ocontast without any sign of a gradation. This relation-
ship holds true along the marginal belt and also around the
isolated brecocia ﬁasses within the granite.

Contacts of the two granitlic bodles are best seen at

the following places: on Miner's Ridge one-quarter mile northeast
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of the Forest Service lookout, on the west slope of Nelson's
Ridge below the 0ld Keystone mine, on American Ridge one-
quarter mile west of the Jjunction of the Mesatchee Creek
trail anh the Ameriocan Ridge trail, and less typically but
more conveniently in a road out on U.8. Highway 410, two miles
west of the Morse Creek bridge.

On its west side the Bumping Lake granite is in
contact with the Puget Group sandstone and also with the
Keechelus formation which overlies the Puget Group rocks.

The granite-sandstone contact will be considered first,

The ocontast 1s best exposed in upper Cougar Creek in
the oreek floor and intermittently along the banks. The granite
is definitely later than, and intrusive into, the sandstone.
Apophyses of the granite which have the same composition as the
main granite extend into the sandstone for at least 100 yards
from the contact. These tongues vary in size from dikes
several yards in width to stringers only a fraction of an inch
across, They frequently ocut across bedding planes in the
sandstone., Local control by Jointing in the sandstone causes
abrupt pinching and swelling of the dikes,

The contast between the main body of granite and the
sandstone 1is sharp and diﬁtinct. Where the sandstone 1is
ad jacent to either the main granite body or its apophyses, it
has been altered by contact metamorphism to a quartz-biotite

hornfels., 8Small slivers of hornfelsized sandstone are included
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Plate 39,

Apophyses of Bumping Lake granite cutting Puget
Group sandstone. Plocture taken several hundred
feet west of main contact, in the bed of Couger

Oreek, Granite is light-colored, sandstone is
dark.
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Plate 40. Contact between Bumping Lake granite (light-
colored rook on the right and bottom) and Puget
Group sandstone (dark-colored rock on the left).
Note the sharpnees of both the vertical and
horizontal contacts.
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Plate 41.

Photomiorograph of the contact
between Bumping Lake granite (on

the right) and Puget Group sandstone
(on the left). The coarse-grained
granlte 1s composed of guarts,
feldspar, and bilotite, The sandstone
has been metamorphosed to a quartz-
bilotite hornfels. Note the sharpness
of the contact, x 15 Orossed nicols,
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in the granite several inches from the contact. These are
usually in parailel orientation with the scntaot.

Bgoause of limited exposures it 1s diffioult teo
dotermine‘what strustures have been caused in the sandstone
by the forceful intrusion of the granite, In two small outcrops
near the granite contact bedding planes 1n the sandstone dip
40° northwest, 1.e. away from the contast, The reglonal dlp of
the Puget Group in this area 1s much less, namely 15° north,
This strongly suggests that the greater dlps near the granite
were caused by the intrusion of the granilte.

At other places the Bumping Lske granite 1s in contact
“with the Keechelus formation which overlies the Puget Group.
This contast is exceedingly irregular. As noted above there
is frequently a marginal zone of agmatite between the granite
and the Keechelus. In many places the Bumping Lake granite-
Keechelus contact is obscured by a later dacite porphyry
intrusion. The best exposure of the contaot between the maln
granite body and the Keechelus formation lles on the northeast
slde of the granite on the orest of a ridge that forms the
west slde of Boulder Creek near its headwaters in Big Basln,
On the topographic map this is about one-half inch south of the
first "A" in the words, American Ridge. The contact 1in this
area is sharp but highly irregular. The Keechelus (Cougar
Oreek andesite member) 1s altered to massive amphlbolite. There

"4s a marked decrease in graln size of minerals in the granite




Plate 42,
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Gontaet between Bumping Lake granite (below)
and the Cougar Oreek member of Keeshelus
andesite (above). Note the strong decomposi-
tlon in the granite, whereas the andesite ig
practically unweathered. Note also the
sharpness of the contact.
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near the contact. A thin band of manganese oxide, one inoh
or less in width, follows the contaet in this area.

A recent landslide one-half mlile northwest of the west
end of ﬁumping Lake exposes a vertical sectlion of the contast
between the granite and the overlying Keechelus, Although tﬁe
granite 1s rather severely weathered the csontaot is clearly
seen, In this place as in other localities the contact between
granite and andesite is sharp. B8Small granite dlkes extend
upward short distances into the andesite and are weathered in
the same way as the main granite. Only one small inclusion
of the andesite in the granlite was found. Contact metamorphie
effeosts in the Keechelus are weak, The andesite is only

slightly altered by weathering.

Contact Relations of the Granite lieke Breccla

The contaoct between Granite Lake breocla and Bumping
Lake granite hae been desoribed above.

The Granite Lake breccla 1s in visible contast with
the Keechelus andesite at only one locality, namely in a road
cut on U.8. Highway 410 approximately two miles west of the
Morse Oreek bridge. In all other places where the agmatite-
andesite contact should be present intrusive bodies of dacite
porphyry obscure the contast. In the road ocut the line of
contact is unfortunately not well-exposed because slope wash

mantles the oruclial area. Even so, the change from Keechelus
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andesite to Granite Lake breccla oocurs in a short distance
and at least a fairly sharp contact is indicated, 1In this
area dlsseminated pyritization of the Keechelus has occurred
on a large seale, The mineralization is probably related to
the formation of the Gold Hill ore deposits to the east.
Andesite fragments in the breccia do not contain pyrite,
suggesting that the introduction of pyrite was later than the
brecciation and the introduction of the granite, and also that

pyritization was restrioted to the andesltes.

Petrographio Desoription of Bumping Lake Cranite

Hand specimen degeription. The rock is a light tan or
locally light greenish gray, coarse-gralned granite composed
of quartz, feldspar, and biotite, The high percentage of
quartz and potash feldspar in the Bumping Lake granite makes
it easily distinguishable from the Snoqualmie granodiorite
(eee page 194). Weathered esamples are a light reddish brown
color.

Miorosgopie deseription. The rock ia coarse-grained
and contains in order of relative abundance quartz, plaglooclase,
orthoolase, and biotite. The amounts of orthoolase and
plagioclase are often nearly equal, Alteration products whiech
vary in abundance in different parts of the granite body are

sericite and kaolinite from the feldspars; chlerite and

magnetite from the blotite,
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Blotite and plagiooclase are the earliest minerals.

In every slidé they are at least partlally replaced by later
quarteg apd orthoclase.

Plagioclase generally forms the largest grains. Its
average composition as determined from many thin seotions is
oligoclase, Ab7An3. A few plagioolase grains are euhedral,
many are subhedral, and some‘whioh have been almost completely
replaced by quartz and orthoclase are exceedingly irregular
in shape. 8mall inolusions of plagioclase in quartz and
orthoclase show simultaneous extinetion indicating that they
are relies of single large plagloclase orystals that have been
almost completely replaced by the later feldspar and quarts,
Zohing is present in some plagioclase graina. The change in
composition 1s troﬁ calcio-oligoslase in the central portion
to sodlo-oligoclase near the rim of the grain.

Primary bilotite is more or less euhedral and occurs in
independent grains as well as in ococasional inclusions in
plagioclase. However, few such euhedral grains of biotite
remain, Varylng stages of replacement by qhaftz and orthoclasge
leave most of the biotite very ragged. B8Bome blotite ocours as
remnants within the later orthoclase. BSome biotite also forms
small usually irregular flakes at and near the grain boundaries
of quartz and orthoclase, These flakes might be remnants of
almost completely replaced primary blotite, but could alse be

interpreted as due to secondary reorystallization of blotite




Plate 43,
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Bumping Lake granite. This

rock is composed of relatively
large grains of quartz, feldspar,
and blotite. Quartz is very
predominant.
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Plate 44.

Photomiocrograph of Bumping Lake
granite, Light-colored minerals are
quartz and orthoclase., Twinned
feldspar 1s oligoclase, dark mineral
is biotite. Deuteric replacement of
plagiosclase and biotite by later
orthoclase and quartz 1s shown, Note
the sutured contacte. Compare with
photomiorograph of 8Snoqualmie granodl-
orite., x 15, Orossed nicolsa,
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‘which was later replaced by deuteric orthoclase and quartz,
Some blotite 1s also included in plagloclase.

A}teration of blotite to chlorite and magnetite is
oommon 1n‘the viocinity of the Copper City Mine, and in other
localized areas where the granite has undergone slight alteration.

The orthoclase is uniformly anhedral. Being one of the
later, deuterically introduced minerals the orthooclase had its
shape determined by its reaction with the earlier minerals
during the replacement process. The boundaries of the orthoclase
are irregular and sutured. Plagloclase, blotite, and minopr
quartz form inoclusions in the potash feldspar.

Quarts is the most abundant of all minerals in the
granite, although 1ts quantity varies in different parts of the
granite mass. It is the latest mineral. Nearly all of the
quartz is highly irregular in outline. Most quartz grains have
ocomplexly sutured contaots with the minerals it has replaced.
Inclusions of plagioclase and orthoclase in the quartz frequently
give it a sleve texture. Biotite inclusions are much lees
common in quartz than in orthoclase and plagioolnne. The quartz
is relatively free of gas and liquid inolusions. Some quarte
grains show slight undulatory extinetion.

Seritization i1s more advanced in the plagloclase than
in the orthoclase.

Thin sections of granite specimens taken within one-

quarter mile of the contact commonly contain cataclastic and
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‘mylonitle zones. In the orushed zones quartz and orthoclase
are the prinoipal minerals., This fact would suggeet that the
orushing and mylonitization ocsurred before the last deuteric
replaoemo;t by quartz and orthoclase and that the replacement
proceeded more easlly and therefore more completely in the

shattered zones.

Petrographic Description of the Granite Lake Bregoia
Hand specimen desoription. The breccla is an agmatite,

(Wegmann (29)), with dark-colored, angular to sub-rounded,
dense to flne-grained fragments of andesite whioch are contained
" in a coarse-grained, light tan to gray granite matrix that 1s
identical to the granite of the central mass, Bome of the
fragments are unaffected by the granite, whereas others are
coplously spotted with large erystales of quartz and feldspar
that were introduced from the granite, £Some of the larger
quartz orystals in the fragments are rimmed wlth feldspar. A
few fragments have been so completely replaced that only a
shadow-1like suggestion of their original shape remains.

The largest fragments measure up to ten inches in their
longest dimension; the smaller fragments may be only a fraction
of an inch in diameter.

No bridges or septa cross between fragments in any of

the specimens or outerops examined,

Mloroscopic desoription of the grapnite matrix. The
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Plate 456. Outorop of Granite Lake breccla at the
type locality west of Granite Lake.




Plate 486,
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A relatively large fragment of andesite in the
Granite Lake breccia. Partlal replacement of the
andesite by the granlitic material has caused the
borders of the fragment to be indistinet., Many
fragmentes, like the one at the upper right, have

sharp borders. Septa are never observed between
fragments.



Plate 47.
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Agmatitie CGranite Lake breoccla.
The dark fragments are probably
Keechelus andesite; the granite
matrix is identical in ocomposition
to the Bumping Lake granite., Note
the porphyroblasts of quartz and
feldspar in som fragments.




167

Plate 48,

Agmatitic Granite Lake brecola.
Note the sharp contacts betwesn
andesite fragments and granite
filling and the lack of septa
between fragments. Inciplent
sllicification and feldspathiza-
tion of the fregments has taken
place.
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granite matrix resembles the Bumping Lake granlte exaept that

it 1s less ocoarsely-grained. Most of the quartz and orthoclase,
as in the Bumping Lake granite, are later than the plagloclase
and biotite and are of replacement origin., Mylonitle zZones of
fine quartz and orthoelase osour more frequently than in the
Bumping Lake granite central mass.

Inclusions of small, lath-ghaped plagloclase (andesine?)
and blotite typloal of that found in the andesite fragments
speckle the quartz and orthoclase of the granite matrix, These
inclusions are partiocularly abundant near the contast between
granite matrix and andesite fragments,

Migroggople degeription of the fragments. The dark
fragments oonsiaf of a dense matte of plagioclase laths
(andesine?), bilotite, hornblende, and magnetite., Occasional
large sub-hedral erystalloblastic grains of plagioclase which
are similar in appearance and composition (oligoclase, Ab7An3)
to the large early plagioclase in the Bumplng Lake granite are
scattersd through the dense groundmass, These large plagloclases
contain inolusions of biotite, but do not contain inclusions of
the stubby laths of andesine,

Quartsz and orthoclase are definltely later than, and
replace or surround, all the other minerals in the fragments,
inocluding the oligoclase gralns, Quartz and orthoclase are
abundant in some fragments and the replacement 1a strong. In

other fragments there 1s less quartz and orthoclase and
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replacement 18 weak and incomplete. The paths that the
replacing solutions followed through the fragments are usually
easily traced because of the greater concentration of quartz
and orthoolase in these Zones,

Mylonites ooour in the fragments but they are not as
common as in the granite,

Mieroscopic desoription é; the gontast between the
fragments and the granite matrix. The contaoct between the

fragments and the granite matrix i1s quite sharp., Except for
some inclusions in the quartz and orthoclase of the matrix near
the contact, the biotite and andesine of the fragments terminate
abruptly at the granite. However, quartz and orthoclase from
the granite enter and replace minerals in the fragment to
varying degrees as noted above,

There 1s no flow structure in the granite along the
ocontact. A slight decrease in gréin slze of the minerals in
the granite along the contact is evident° There are no optalic
effecte along the edges of the andesite fragments where they

are in contact with the granite matrix,

e Relations 8 0 ¢_Roo
The clearest age relationship among the rooks mentioned
above 1s that between the Puget Group sandstone and Bumping
Lake granite., The granite is definitely later than and
intrusive into the sandstone. The age of the Puget Group in
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plate 49. Photomicrograph of the sontaot between
granite matrix and andeslte fragment
in the agmatitic Granite Lake brecola.
The granite is composed of quartz and
feldspar, The andeslte is composed of
andesine laths and blotite with minor
pyroxene, g811icification and felspathl-
zation of the fragments hag taken place,
but is not well shown, x 20, Crossed
nlcols.
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its main areas of distribution has been established as Eocene
by White (31), Even though no fossils have been found in the
Puget Group sandstones in the Mt. Aix region, the writer
consliders that these sandstones are probably also Eooene in
age, If that is true, the lower age limit for the emplacement
of the granitic rocks must be very late Eocene, or more
probably, post-Eocene,

The granite is also later than the andesltes of the
lower portion of the Keechelus series (Cougar Oreek andesite)
which wasg brecciated by the intrusion. Parts of the Keechelus
have been established as Oligocene in age by Grant (17);
however it appears very probable that there exists an inter-
tonguing relationship between parts of the Keechelus with the
Puget Group. Therefore, the lower age limit of the granite
intruslion sannot at present be fixed more exaoctly than latest
Eoocene,

The Bumping Lake granite 1s probably slightly older
than the Granite Lake brecclia, at least asccording to the
writer's 1nterpretation'or thelr eontact relationship (ef,
below), |

The Bumping Lake granite, Granite Lake brecola, and
lower portions of the Keechelus are older than daclte porphyry
dikes and sills that intrude all three. No &finite date can
be assigned to the intrusion of the dacite porphyry, but the

time of i1ts intrusion may be used as an upper age limit for
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the emplacement of the granite and breoccla, 1.e. the granitic
rocks are pre-dacite porphyry, which is pre-Fifes Peak
andesite. Therefore, the upper age limit for the emplaocement
of the granitie rocks is pre—early Mlogene. This dating,
although it 18 not exact, 1s probably more nearly oorreast than
that determined by a second method based on the position of the
Deep Oreek andesite. The seoond method is given below,

The Deep Oreek andesite (of. chapter on Deep Ureek
andesite) lies unconformably upon a rugged erosional surface
of Bumping Lake granite, Granite Lake breoccia, and dacite
porphyry dikes mentloned above, This eontact 1s evident in the
valley of Deep Oreek a few hundred yards downstream from its
confluence with Copper Oreek, The Deep Oreek andesite 1s
jdentiocal to the Howson andesite in the Bnoqualmie quadrangle,
fmith and Calkins (2B) dated the Howson andeslte as late
Miosene or Pliocene, and the writer tentatlvely accepts this
dating for the Deep Oreek andesite,. Consequently, this provides
a possible upper age limit of late Mlocene or Pliocene for the
intrusion of the granitic rocks. This upper age 1imit ie
unsatisfactory, however, because a 1ong period of erosion
intervened between the intrusion of the granite and deposition
of the Deep Oreek andesite, It is also unsatisfactory because
8mith and Calkine did not have conclusive evidence for dating
the Howson andesite, Therefore, by this method, the upper age

1imit for the intrusion of the granitic rocks cannot be
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definitely set.

Conclupgion and Genetic Interpretation
As indlcated in the opening paragraph of this chapter

definite conoclusions on the genesis of the granitlioc rocks in
the Bumping Lake distriet will not be reasched, The assembled
faotes from the fleld and from mioroscopic study suggest,
however, a genetiec interpretation of these rocks that is
given below,

An intruslon of more or less dioritic composition
penetrated the Puget Group sandstone and the andesitic flows
of the lower portion of the Keechelus formation at some time
later than the consolidation of these flows, The dioritic
material came up through the underlying Puget Group sandstone
and invaded the overlying lower Keeschelus lavas., The effeats
of the rising dloritic material in the underlying sandstone
must have been quite different from those in the andesite,
besause there was 1little or no brecciation of the sandstone,
whereas the andesite was severely breociated, However, no
evidence of the emplacement of the dioritic material in the
sandstone 18 astually preserved because a second intrusive
phase (of, below) has obscured this earller atage,

In the lower portions of the Keechelus, which was
intengely shattered, there was very little assimllation of the

andesite, and replacement gnd assimilation were weak and
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incomplete. Apophyses of the intrusive mass did not penetrate
beyond the zone of brecclation into unbrecciated Keechelus
rooks, The principal mechanism in the formation of the
agmatitio brececia was that of filling the room between the
fragments of andesite by intrusive material,

After consolidation of the agmatite a gecond partially
orystallized intrusive dioritiec body, probably with the same
source at depth as the first, penetrated the central portion
of the already solid breccia, The second intrusion acted like
a glant pieston and pushed out of the way most of the central
portion of the breccia with the exception of a few lsolated
bodies. This type of intrusion would account for the sharp
contact between Bumping Lake granite and Granite Lake brecscia
and for the lack of andesite inolusions in the Bumping Lake
granite,

8trong protoolastic shearing in the plug-1like body and
the breccia near their contact was eaused by the forceful
intrusion of the plug. Evidence of this shearing is seen in
thin sections as mylonitic %ones in both granite and brecocia,
This second intrusion ig in sharp contact with the Puget CGroup
sandstone into whioch 1t has inj)ected apophyses for several
hundred feet.

Following the intrusion of the plug-like mass of
dioritisc rock, deuteric orthooclase and quart® replaced the

early minerals, namely blotite and plagloclasge in varying
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degrees, The deuterlic replacement process was astive
throughout the entire complex; that i1s, in the central plug,

in the dloritic matrix of the breccia, and in the andesite
fragments of the breccia. As mentioned previously the deuterio
replacement was most complete in the cataclastic Zones near

the granite-breccla contact, Thls deuterlc replacement
converted a more or less dloritiec rock into a granitie one,

The petrographic evidonoe‘may be summed up as follows,
The small, stubby plagiocclase laths (apparently for the most
part andesine) hornblende, augite, blotite, and magnetite in
the dark fragments of the Granite Lake breccia are the primary
and contact metamorphic minerals in the flows of the lower
portion of the Keechelus., The blotite in the hornfelsized
Puget Group sandstone near the granite ocontast was produced
by contast metamorphiec action on arglllasceous material in the
gandstone,

The oligoclase and biotite grains which are frequently
replaced by orthoclase and quartsz represent the approximate
composition of the initial intrusion at the time of its
emplacement, The olligoslase porphyroblasts in the andesite
fragments of the brecola belong to this same period,

The original composition of the second, or plug-like
intrueion, was probably mainly oligoolase and blotite., Most of
the orthoclase and quartz, however, are prinaipally deuterio,

although a certain percentage of orthooclase and gquartz present
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may be primary constituents.

Dacite Porphyry

An extensive intrusive body that is predominantly
dacitic in composition, but that locally may be andesitie,
trends in a general north-south direction through the central
portions of the area., No specific name ls assigned to this
body other than its rock-type classification, This intrusive
mass of dacite porphyry is nearly 1,000 feet thick in some
localities and oscuples approximately 10 percent of the area
mapped, It is intrusive into Bumping Lake granite, as
relatively emall finger dikes and dike swarms, but it reaches
its greatest development as a huge dike or sill that intrudes
the lower and middle portions of the Keechelus serles, i.e,
the Cougar Lake andesite, Morse Creek andesite, and Richmond
brecsia, The dacite porphyry dild not penetrate the Mt., Alx
andesite porphyries, probably because the intrusion did not
extend high enough into the Keeschelus series to invade Mt, Alx
andesites, and probably not because the intrusion ococurred
before deposition of the Mt. Aix phase, The dacite porphyry
intrusion definitely doee not penetrate the Fifes Peak andesite
or Yakima basalt, in fact the gently dipping Fifes Peak flows

rest with angular unconformity upon the eroded surface of the

steeply dipping dacite porphyry dlke,
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The daclte porphyry has a very distinetive appearance.
It i1s fairly coarsely-grailned; feldspar and quartz graines are
easlly recognized with the naked eye. The most charasteristic
feature of the rock 1s the large hexagonal phenoorysts of
blotite., Bome of these flakes of biotite may be a quarter of
an inch across. The rock weathers a light gray color, although
outerops that have been exposed for long periods of time
support the growth of a brownish lichen, This type of lichen
is peculiar to the dacite porphyry, and does not grow on other
types of rock, The lichen growth is found only in the higher
elevations,

The dacite porphyry is a poor olirf-rorﬁer, but it does
form extensive talus slopes composed of small tabular fragments.
The appearance of these talus slopes is distinoctive and provides
a fairly reliable means of identifying the dacite porphyry
outorops from a distance,

The dacite porphyry has not been deseribed in the Mt.
Rainier or 8noqualmie quadrangles,

In a predominantly volocaniec province sush as the Mt.
Alx quadrangle with a great variety of extrusive rosck types
a problem exists, namely to distinguish extrusive from intrusive
porphyritiec rocks, B8uch a problem arose concerning the dacite
porphyry. In this heavily-wooded country exposed contacts are
few, and exposures that produce positive evidence are at a

minimum, The writer 1s certaln, however, that enough data was
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colleoted from scattered points along the trend of this body
to clagsify it as intrusive, The most conclusive of these
data are presented below,

The observable fact that dadite porphyry dikes that
closely resemble and are geographically adjasent to the main
daclte porphyry mass cut through Bumping Lake granite le an
excellent indication that the dacite porphyry is intrusive,
Localities where this relationship may be seen are, in road
cuts along the old road from the Copper City mill site to the
mine and in the viclinity of the Copper City mine, in the valley
of Deep Creek below ite confluence with Copper Creek, one-half
mile east of Swamp Lake where the dacite porphyry is in the
form of a n intrusive astock or plug.

A second oriterion to show the intrusive nature of the
dacite porphyry is ite contact effest on the country rock,
Jontacte between dacite porphyry and Bumping Lake granite are
not diagnostic because the contact metamorphlc effects on the
granite are very slight. OContact phenomena are well shown,
however, in some Keechelus rocks, Along the crest and on the
east slopes of Nelson Rldge the Keechelus brecclas and flows
are bleached and baked for several yards from the contast, The
contact 18 not so notable for the production of alteration
products from minerals in the Keechelus as for the optalilc
effects, perhaps because most of the mafic minerals In the

Keechelus were already moderately to strongly altered before
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the intrusion of the dasite porphyry.

Displacement and tiltlng of the sountry rock by the
dacite porphyry ie the third significant indiocation of
intrusion, Near the Keechelus~dacite porphyry contact on the
north side of American River, Keechelus beds dip 36° west
away from the contact, although the regional dip in this area
is about 100 northeast. In addition the dasite porphyry in
this area oross cuts the bedding planes in the Keechelus,

Inclusions of country rock in the daclte porphyry are
not common, but they are found ococasionally (see Plate 50).

These contact phenomena, although they are
geographically widely separated, and often imperfeotly
displayed, are suffiolently characteristic of an intrusive
mass to designate the dacite porphyry as intrusive,

In the Oopper Oity mine post-mineral dikes in the
Bumping Lake granite are probably felated to the dacite
porphyry. These dikes have been described by Barry (2),
DuBail (1l), Hobbs (18), and others. Although the appearance
of these post-mineral dikes 1s not ldentlcal to the dacite
porphyry, their mineral composition is similar.

A definite date for the intrusion of dacite porphyry
cannot be determined, The intrusion is post-Bumping Lake
granite and pre-Fifes Peak andesite, This provides a probable
lower age limit of late Eocene or early Oligoocene and an upper

age 1limit of late Oligocene or early Mlocene, It will have to
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Plate 60. Dacite porphyry with inoclusion of Keechelus
andesite, Note the large biotite grains in
the dasite porphyry.
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~suffice to date the dacite porphyry intrusion as Oligocene

until additional evidence for dating can be assembled,

Petrographioc Desoription of Dacite Porphyry
Megascopio desgription. The rock is medium-grained, |
light gray in color and has especially large phenoorysts of |

biotite. Weathering out of some blotite grains leaves angular
cavities on the exposed surface. Feldspar and quartz also

form fairly large grains, The feldspar is commonly euhedral

in shape and chalky in color. Hornblende, which is not so
abundant as biotite, occurs as scattered orystals. Under the

. hand lens granules of magnetite are plentiful. Green alteration
products occur as small spesks, but they are not sufficiently
numerous to give the rock a greenish tinge.

Mioroscopic desoription. The rock is alﬁaya porphyritic
with large phenocrysts of plggloolase, quarts, orthoclase,
blotite, and hornblende set in a holocrystalline mosalc of very
fine-gralned feldspar and quartz with minor amounts of biotite
and magnetite., The phenoorysts are rather widely separated and
glomeroporphyritic textures are absent., Alteration in the roock
as a whole 1s slight, although some hornblende and biotite
grains may alter to shlorite. X

The plagioclase phenoorysts are large and blocky. They
are euhedral to sub-hedral in shape, but some grains are

oataclastic, The average length is lmm, although some of the
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Photomicrograph of dacite porphyry.

The maflec mineral near the center of
the photograph showing good cleavage
is hornblende. The white graln in

the upper right is quartz, The large
euhedral grain on the left is plagio-
olase (andesine). Note the Zoning in
the plagloclase, x 15, Crossed nicols,
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Plate 52. Outorop of Snoqualmie granodiorite near the
headwaters of Morse Creek. Note the many
inclusions. In the photograph this roock
resembles the Granite Lake breccla to some
extent, but actually their lithology 18 quite
‘different (see text).
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3. Bnoqualmie granodiorite. Microscopic
o exagination of this rock indlcates
that it was probably formed by meta-
somatic replacement processes.
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larger grains measure several millimeters, The composition

of the plagloclase is andesine, Ab52 to Ab64, Osoclllatory
zoning is very common, and in faot most of the plagloclase
phenocrysts are zoned. The Zonal boundarles are ueuall& sharp
and regularly spaced, In some gralnse a dozen or more zones
were visible, The centers of the zoned plagioclase phenoorysts
are more calecic than the rims, Albite twinning is well-
developed and may ocour with Carlsbad twlnning., Alteratlon

of plagioclase to calcite occurs locally, but kaolinization of
the feldspar is very minor,

Quartz forms prominent phenoorysts. The quartez is
commonly clear and free of inclusions except for needles of
apatite, The boundaries of the quartz grains are not corroded.
The gralns vary a good deal in size, but they average about
.,6mm in dlameter,

Orthoclase is less abundant than plagloclase, It forms
a few large phenocrysts that are irregular in shape. The
orthoolase 1s unaltered, frequently untwinned, and measures
approximately 1.5mm in 1ts greatest dimension.

Biotite ocours as small ragged grains and also as very
large hexagonal plates, During grinding of the rock sectlon,
however, the large grains were usually dlelodged and lost,
Most biotite phenocrysts are fresh or show only slight
alteration to chlorite and magnetite, A few grains of blotlte

are oompletely chloritized., There were no pleochroilc haloes
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in any blotite flakes examined,

Hornblende is usually subordinate in abundance to
blotite, but in parts of the dacite porphyry it 1s the principal
mafic mineral, Outorops along American River are rich in large
hornblende grains that are very fresh and strongly pleochroic,
In other areas hornblende commonly alters to blotite, shlorite,
and megnetite, The alteration products may form an outer rim
around an enclosed hornblende erystal or the hornblende may be
completely replaced and only its orystal outline remain, The
pleochroism in the hornblende is, X light brown, Y greenish
brown, Z green. The average length of longitudinal sections
is .3mm,

Magnetite ocours as scattered granules of primary
origin and as an alteration product around the mafic minerals,
or in clusters pseudomorphic after hornblende,

The groundmasg 1s finely divided or eryptoorystalline
mosaic of plagloclasge, orthoclase, quarts, magnetlite, and
biotite, The groundmass shows only slight alteration effects,
Needles of apatite are included in some of the grains of
feldspar and quartz,

The average perocentage of minerals in the dacite
porphyry is as follows: plaglooclase, 40; quartz, 15; orthoclase,
10; biotite, 10; hornblende, 10; magnetite, 5; chlorite, 5;
calcite, 3; apatite, 2,
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The most significant pointe in conneoction with the
daoite porphyry are as follows:

1, The dacite porphyry ie a thick and extensive unit,

2, It is intrusive.

3. It intrudes Keeshelus andesite and Bumping Lake
granite, |

4, It is unconformably overlain by Fifes Peak
andesite,

6. The probable date of intrusion is Oligocene, but

the age cannot now be more definitely fixed.

Snoqualmie Granodiorite

Only a relatively small body of 8Bnoqualmie granodiorite,
which is a common intrusive rock in the central Cascades of
Washington, is oxposediln the Mt, Aix quadrangle., There 1is
some question whether the granodiorite in this area is truly an
intrueive body. The single occurrence of granodiorite trends
north-gouth for approximately two miles near the western margin
of the Mt. Ailx sheet. The maximum width of the body is
approximately 2,000 feet., The contacts between Bnoqualmie
granodiorite and Keechelus andesite are indistinot and gradational
and cannot definitely be located. A transverse section of the
granodiorite is exposed in road cuts on U.8, Highway 410

beginning about one mlle east of Chinook Pass, These exposures
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extend intermittently along the road for about 1,500 feet,
The granodiorite constitutes approximately 1 percent of the
total area mapped, but only a fraction of that amount 1is
exposed,

fmith and Calkins (26) named the rock for 1ts type
locality in upper Snoqualmie River, Coombs (8) deseribed
several occurrences of Snogualmie granodiorite in the Mt.
Rainier quadrangle.

The granodiorite is a light to medlum gray color, has
a coarsely grained texture, and ie always rich with inclusions
of dark colored andesite, Often the percentage of included
material is greater than the percentage of granodiorite., The
inclusions vary in size from blooks six feet or more in length
to emall specks that go beyond the megascoplc range, The
outlines of some inolusions are diffiocult to distingulsh and
the inclusions deserve the name, sklaliths, as deflned by
Goodspeed (18). Indistinot septa between fragments may
occasionally be visible, The weathered surface is mottled
1light gray with dark patches, the dark patches being inclusions,

In the Mt., Aix area Warren (29), Hobbs (18), and others
identified Bumping Lake granite and its assoclate, Granite Lake
brecela, as Snoqualmie granodiorite. The wrlter does not agree
with thils interpretation. Results of the present study ghow
that Bumping Lake granite and Granite Lake brecola have a
uniform and typlocally granitioc composition and are probably
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intrusive masses, whereas the 8noqualmie granodiorite 1s not
granite, but, as the name implies, granodiorite, and in the

Mt, Ailx ares probably owes ite origin to the partial replacement
of Keechelug andesite by metasomatlzing solutions, A table
showing contrasting fleld and microscopic features of Bumping
Lake granite and 8noqualmie granodiorite ie given in the

summary of this chapter.

Near Lake Keechelus in the Snoqualmie quadrangle
Goodspeed and Coombs (16) described brecclas in the Keechelus
geries that were formed by partial replacement of arenaceous
ghales by hydrothermal solutions. The rock had the megascoplc
appearance of an intermediate igneous rock with inclusions of
dark volecanic fragments, Microscople examination revealed,
however, that the dark incluslons were clastic sediments and
that the grained matrix was the result of recrystallization
replacement of portions of the sediment, Goodspeed and Coombs
state that:

There are many exposures in the Oascades of

Washington where the Snoqualmie granodiorite has
invaded the Lower Keechelus, and in this immediate
vioinity (along the eastern shore of Lake Keechelus)
the granodiorite oan be expested at the depth of a

few hundred feet, It 1s, therefore, loglcal to assume
that emanations came from the granodiorite mass,

The Lake Keechelus brecclas and the Mt., Aix-8noqualmie
granodiorite mass cannot be compared directly because the

inclusions in the granodiorite are dark andesitic rock and not

clastic sediment, However, the processes by which the two
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"brescia-like® bodies were formed may have been somewhat
analogous, From thin sections studied it is likely that the
granodiorite is the result of partial replacement of Keechelus
andeslte by hydrothermal solutions. These emanated from the
main mass of Snoqualmie granodiorite whisch is probably not far
beneath the present surface,

Because only Keechelus is in contact with the
granodlorite, the date that must be assigned to the introduction

of the granodiorite is post-Keechelus.

aphic Dege 1 0 e 0 lm iorite

Megasoopioc degoription. (See the first page of this
chapter) .

Mioroggoplo desoription. Thin sections show a dlsordered
fabrie of turbid plagloclase grains which are usually sub-
hedral, in a falrly coarsely-grained confused matrix of
‘plagioclase, orthoclase, quartz, hornblende, blotite, epildote,
and chlorite. Exoépt for a few idlomorphiec plagloclase grains
the minerals are exceedingly irregular in shape and imperfectly
formed, The original mafios, hornblende, and biotlte, are
exoceedingly irregular and ragged due to their replacement in
part by plagloclase, orthoclase, and quartz. The rock is filled
with inclusions that are best ldentified as concentrations of
ragged hornblende and bilotite grains. The borders of the
inoclusions are gradational with the matrix, It 1s often
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diffioult to determine the contact between inclusion and matrix
because much of the included material is strewed through the
matrix,

Plagioclase is the most abundant mineral. It is more
commonly subhedral than euhedral due to later replacement by
orthoclage and quartz. Zoning in the plagioclase is common,
The Zones are not, however, sharply defined or angular, The
rims are more sodlc than the central portions., Albite twinning
is poorly displayed and fuszy, in faot it is often obsoured by
gwarms of inclusions and turbidity in the plagioclase, The
mineral inclusions that commonly give plagloclase grains a
sleve texture are hornblende, epidote, blotite, magnetite,

The larger plagioclage grains average .6mm in length, The
composition of the plagioclase, although determination was
difficult with the turbid grains, is andesine Ab6. Porphyro-
blaste of plagioclase sometimes occur in the clusters of
hornblende and biotite.

Orthoclage, which 1s subordinate in quantity to
plagioclase, 18 interstital, anhedral, and frequently ohoked
with mafic inclusions., The orthoclase grains vary greatly in
size and shape, Like plagioclase, it occurs as porphyroblasts
in the dark andesitic inoclusions.

Quartz is found in minor amounts as a later mineral with
exceedingly irregular outlines, It replaces the maflc minerals,

plagloclase and orthoclase, The quartz anhedra are usually
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Plate 54,

Photomiorograph of Snoqualmie granodi-
orite, Note the preponderance of
plagioclase over opthoclase; the con-
fused texture; and the remalns of a
fragment in the lower left that can
goarcely be distinguished from the
matrix. Compare with Bumping Lake
granite, x 15, Orossed nicols.
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relatively free of included material,

Hornblende, the major mafiec constituent, sometimes
gshows evidensce of former euhedral shape, but it usually occurs
ag irregular ragged grains between feldspars and quartZz or as
inclusions in the feldspar. Some hornblende has altered to
biotite, which in turn has altered to chlorite, Epldote 18
also an alteration product of hornblende. The hornblende is
the common green varliety, moderately pleochroic with X very
pale brown, Y pale brownieh green, Z green,

Biotite, like hornblende, is ragged and invariably
replaced by the later feldspars and quartz,

Magnetite is abundant as granules and dust ln all thin

gseotlons examined.,

nogualmie Granodiorite'

In summary there are two important concepts involved

in the Mt, Alx mass of Snoqualmie granodlorite,
| 1. Although the outorops are few and poorly exposed,

the evidence collected suggests a metasomatlic origin for this
inclusion rich body of granodiorite.

2, Bumping Léke Oranite and Granite Lake breccla are
not, as has been stated in the literature, parts or correlatives
of the Snoqualmie granodiorite, Lists of comparative fleld and

mieroscopic features follow:
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FIELD RELATIONS

Bumping Lake granlite and
Granite Lake brecgia

Bharp ocontacts with all country
rooks,

Light tan color, highly glassy
surface,

Decrease in grain si%Ze near
contacts,

Displacement of country rock
very evident in some areas,

Inclusions uesually less than
one foot in length,

No septa observed between
any inolusions,

Contact metamorphloc effeats
noted in country rock,

8noqualmie
granodiorite

Indistinot and gradational
contacts with Keechelus
andesite.

Gray color with dull surface,

No decrease in grain sisze
observed.

Displascement of ocountry
rook not observed.

Inclusions may be slx feet
in length,

Indistinet septa connect
eome inclusions.

No contaot metamorphic effects
obgerved in Keechelus rocks
surrounding the granodiorite
body.

MICROSCOPIC RELATIONS

Exgessive quarts

Plagioclase and orthoclase
in approximately equal amounts,

Plagioclase is oligooclase,
oscasionally zZoned and usually
clear.

Blotite 1s principal mafic
mineral, B8ometimes chloritized.

Magnetite present but in
minor amounts.,

Minor quartz

Plagloclase more abundant
than orthoclase,

Plaglooclase 1s andesine,
usually zoned, and turbid.

Hornblende is principal mafic
mineral, Goes to blotite and
chlorite.

Magnetite present in con-
siderable quantity.
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MIOROBCOPIC RELATIONB (continued)

Bumping Lake granite and 8noqualmie
Granite Lake breccia granodiorite

General texture is mosalc of General texture is of a con-

interloocking graine. fused orystalloblastio
character,

Poikiloblastic textures in Poikiloblastic textures in

larger, late-deuterio feldspar grains is very

feldspar gralns found common,

occaasionally,

Contact between andesite Contast between andesite

inclusions and matrix is inclusions and matrix 1s

sharp, ' indistinect and transitional,

Degree of mineral alteration Degree of mineral alteration

slight. moderate,

Mylonitioc Zones &re common No mylonitic zZones observed

near ocontast granite and anywhere,

country rosck,
N.B. Because these two types of rocks are nowhere in contaot,

in observed exposures their relative ages cannot be
determined.

Diorite Plugs

Two intrusive plugs of diorite are found in this area,
The largest of these plugs forms the 7,000 foot peak known as
Mt, Baldy, the other forms & relatively small outorop on the
north side of Bumping Lake, Together these plugs conatitute
approximately 1 percent of the total area mapped. Mt., Baldy
and vicinity afford the better exposures, therefore this

ococurrence will be described in detail,
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The Mt, Baldy diorite forms an irregularly-shaped mass
with the long axis trending northwest-southeast, The dioritis
body is approximately one mile long and one-half mile wide,
Diorite composes the eastern slopes and the summit of Mt,
Baldy, the southern end of Buffalo Hump, and the upper portion
of Thunder Oreek valley. The rock 1s an excellent oliff=-
former and steep~walled cirques are prominent in this
locality, The diorite displays a widely spasced joint pattern
-that 1s responsible for the massive blooky appearance of the
outerope, and for the great rock abutments that give Mt, Baldy
a bulky, broad-shouldered appearance,

There is no doubt that the dlorite 1s an intrusive
body. Keechelus andesite and dascite porphyry, into which the
diorite 1s intrusive, are strongly tilted by the 1ntrusion
and contaot metamorphic effects extend for & hundred feet or
more into the sountry rook, These contact effectse are
prineipally optalic, Bleaching and baking of the dacite
porphyry and andesite 1s very evident. In addition the country
rock 1s hornfelsized and silicified, Both Keechelus andesite
and dacite porphyry dip away from the intrusive dlorite at
angles up to 659,

Almoat eircling the Mt. Baldy dlorite plug is a bed of
light gray arkoslc sandstone that is approximately 100 feet
thisck, Microscopic examination of this sandstone, which 1is

composed almost entlirely of quartz and orthoclase fragments,
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Plate 56, Looking southwest toward Mt. Baldy from Thunder
Oreek, The entire mountain mass is a plug of
diorite. The summit 1s barely visible on the
skyline., Note the blocky jointing in the

diorite, Evidence of a fairly recent landslide is
geen in the foreground,
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indiocates that it belongs to the Puget Group. Because the
Puget Group sandstone should be several hundred feet beneath
the area in which it outerops around Mt, Baldy, the sandstone
must have been carried upward by the force of the dlorite
intrusion, On the north side of the intrusive body the
sandstone member is standing nearly vertically, but on the
south side near Richmond Lake the sandstone is only slightly
tilted, The Mt., Baldy area marks the easternmost exposure of
Puget Group sandstone in this region. A more detalled
desoription of the unusual occurrence of the sandstone is
given in the chapter, Puget Group Sandstone,

The dliorite is ocoarsely-grained, massive, and dark
gray in color. Porphyritlec textures are absent,

Although the dlorite is unquestionably intrusive into
Puget Group sandstone, Keechelus andeslte, and dacite porphyry,
ite relationship to Pifes Peak andesite, that forms three
erosional outliers on the orest of Buffalo Hump, 1s not clear,
The Fifes Peak outcrop is small and the contast between dlorite
and Fifes Peak andesite is obssured by brush and talus,

The lower age limit for intrusion of the diorite 1a
post-daclite porphyry, but because definite evidence le lacking
conserning the contaot between dlorite and Fifes Peak andeslite,
the upper age limit remains undetermined, The writer assumes
it temporarily to be pre~Fifes Peak, This would date the

intrusion as later Oligocene. Further work may uncover evidence
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that will advance the upper age limit of the diorite into the
Miocene., £imilarity with Qregon dlorite plugs mentlioned below
suggests, but does not prove, emplacement in the Mlocene,
Buddington and Oallaghan (6) desoribed diorite and
quaftz diorite plugs, stocks, and dikes along the orest of the
Cascades in Oregon., Many of these bodies are nearly identlioal
in general appearance, strusture, and mineral content to the
two masses in the Mt. Aix quadrangle, Buddington and Callaghan
dated the Oregon diorites as Miosene because the intrusive
body of diorite at Bhellrosck Mountain, Oregon penetrated the
Yakima basalt, These workers desoribed minerallzed veins in
or around some of the Oregon diorites. The two dioritiec stooks
in the Bumping Lake area are assoclated with no mineralization,
unless a small sulfide vein in the Richmond Mine on North Fork
Oreek is related to the diorite intrusion, The mine 1is,

however, a mile south of the dlorite contact.

trographic De t of 0 e Pl

Megagoopic description. The diorite 1s a dark gray,

evenly textured, massive rock with no structural peoullarities
in hand specimen, The weathered surface is gray and slightly
pitted, Under the hand lens a fresh surface shows fairly
prominent phenoorysts.of plagloclase feldspar in a coarse-

grained matrix of feldspar and mafic minerals. Quartz is not

visible,
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Photomicrograph of diorite from
Mt. Baldy plug. Note the large
twinned pigeonite grain which 1is
set in a matrix of medium to small
plagioclase grains, x 16, Orosged
nicols.
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Mioroscopic desoription. The rock is holoeorystalline

and oomposed prineipally of plagloclase, pigeonite, uralitie
hornblende, chlorite, and magnetite, The plagloclase forms

a fabric of interlocking grains eome of which are slightly
larger than others. Quartz and orthoclase occur as very minor
and perhaps sescondary constituents, They are not present in
sufficient quantities to warrant ocalling the rock quartz
diorite,

Plaglooclage is the most abundant mineral. It ocours
as moderately large euhedral to subhedral phenoorysts and as
smaller grains in the matrix., The phenocrysts average .5mm
in length but they may reach 2mm, The composition, which is
the same for the large and small plagloclase gralns, varles
from labradorite, Ab48 to andesine AbG66, Some thin sections
show rather severe cataclasis of the plagioclase. Oscillatory
zoning is present but is not nearly so well developed as the
daoite porphyry, B8ieve textures in the larger plagloclase
grains are very common., fSome plagloclase orystalas contaln
many inolusions of pyroxene, uralitic hornblende, and chlorite.
Most plagioclase grains have relatively clear margins but the
central portions are clouded with kaolinite.

Pigeonite is the principal pyroxene in the dlorite.

A small 2V in pyroxene grains indicates pigeonite rather than
auglte., The pigeonite forms large subhedral to anhedral grains

that average ,6mm in diameter, but some individuals may reach



202

omm, Twinning is very common and well developed, More graing
are twinned than untwinned and some show lamellar twinnlng.
Although a few pigeonite graine are fresh, except for
uralitization around the edges and in fractures, most of the
pyroxene has gone to uralitic hornblende or chlorite.

Hornblende is all of secondary origin being derived
from pyroxene, Because uralitization of the pyroxene was
widespread, hornblende is & major congtituent of the rock,
The hornblende may form rather large pseudomorphic grains
after pigeonite, or it may ooour interstially as small
irregular grains,

Magnetite is found as primary granulea and as an
alteration produst of the maflo minerals,

Quartz and orthoclase are nearly always present but
they occur in minor amounts, They oococur as anhedra between
orystals of plagloclase,

The average percentage of constituent minerals in the
dlorite is as follows: plagioclase, 65; pyroxene, 10; uralitie
hornblende, 10; chlorite, 10; magnetite, 3; quartz, 1;
orthoclase, 1,

The petrographic desoription by Buddington and
Callaghan (6) of the intrusive body at Bhellrock Mountain in
the Oregon (ascades 18 very gimilar to the deseription above.
They named the rook augite dlorite. Perhaps a more accurate

name for the Mt., Baldy mass would be pigeonite dlorlite.
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Bummary of Diorite Plugs

The following points are the most significant concerning
the diorite plugs in the Bumping Lake area:

1. The dlorite ie intrusive into Puget Group sandstone,
Keechelus andesite, and dacite porphyry.

2, 1Ite rock classification is pigeonite diorite.

3. The country rocks show displacement by intrusion
and contaoct metamorphic effects,

4, The diorite intrusion may be Oligocene in age but
a clearer understanding of its relationship to Flfes Peak
andesite might change the date of intrusion to Miosene.

Quartz Monzonite Porphyry

An elongate stock or dike of quartz monzonite porphyry,
striking approximately east-west, 1s intrueive into Keechelus
andesite on the east slope and orest of Crystal Mountain, The
mass 1e at least one mile in length and averages 1,000 feet in
width. TIts extent to the west in the Mt, Rainler quadrangle
48 not known because the body is obscured on the west slope of
Orystal Mountain by heavy roresf. The monzonitic intrusion
occupies approximately 1 percent of the total area mapped,

The most striking feature in the field of the quarts
monzonite porphyry is ite 1light color, From view points

geveral miles from the outerop the observer is immediately
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attrabted to this light gray outorop which at certain times
of the day is almost white. The light color is especially
striking because the Keechelus roocks are a2ll uniformly somber
in color, Another unusual feature of this rock is the
sheeting, or low angle convex upward jointing which has
prepared the outorop for spalling. This has resulted in the
agoumulation of large amounts of talus.

The intrusive quartz monzonlte porphyry cuts across
the bedding of the Keechelus which 18 dipping about 8° north,
Displasement of the Keechelus by the intrusion was not severe,
but eontact metamorphic effects are evident, These are notably
the formation of massive amphibolite in Keeschelus rocks near
the contact,

The age of the quartz monzonite porphyry intrusion
cannot be determined more accurately than that it 1s post-
Keechelus, because there are no younger rocks overlying the
Keechelus in thies district,

Buddington and Oallaghan (6) desocribed an intrusive
granodiorite porphyry in the Oregon Oagcades that 1s somewhat
similar to the quartz monzonite porphyry, however in the
granodlorite porphyry orthoclase and quartz are comparatively
minor constituents whereas in the quartz monzonite porphyry
they are abundant., The quart? monzonite porphyry intrusive
may, nevertheless, belong to the post-Keeochelus, or Mlooene,

sequence of small intrusions of intermedlate composition that
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The light-colored exposure on the left is
composed of quartz monzonite porphyry, which is
intrusive into the Keechelus, Thelr oontaot
lies in the gully to the right, Note the
sheeting in the monzonite and the abundant talus.
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trend northwest along the flanks of the Cascades. It is
possible that the quarts monzonite porphyry was more or less
ocontemporaneous with the diorite plugs which were desoribed
in the last chapter.

On the south and east sides of the quartz monzonite
porphyry stoock there are small veins of gold and silver bearing
sulfide ores in Keechelus andesite. To the writer's knowledge
there are no veina, or at least no prospeot holes, in the
quartz monzonite body itself. It is probable that the
formation of mineraliZed fissure veins in the Keeshelus
andesite was concomitant with the quartz monzonite porphyry

intrusion.

hiag Degeription o e _ouart

Megascoplic descoription. The rook contains large,
square, chalky phenoorysts of feldspar and glassy grains of

quartz set in a dense light greenish gray matrix. It is the
large and abundant feldspar phenoorysts that give the outerops
a distinetive light color. Most quartz occurs as visible
individual grains, but under the hand lens some quartz grailnas
may be seen included in feldspar phénoerysta. Black specks

of magnetite are scattered throughout the roock. One lath of
hornblende was seen megascoplecally, but under the mioroscope

all the hornblende has altered to epidote.
Mioroscopio desoription. The rock is composed of large
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Quartz monzonite porphyry from the
Silver Creek area, The large, chalky
feldspar phenocrysts lend a distinctive
light color to outorops of this rook,
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' euhedral to subhedral phenoorysts of orthoolase, plagioclase,
and quarts, wifh smaller gralns of epldote, set in a very
rine-gra;ned holocrystalline matte of feldspar, quartz, and
various ;lteration minerals,

Orthoclage, which is slightly more abundant than
plagloclase, cccurs as phenoorysts that average l1.5mm in
length, but some individuals may reach 3mm, The orthoclase
is usually untwinned, although some smaller grains may show
Carlsbad twinning. Alteration to sericite and kaolinite varies
in intensity, but most gralne of orthoclase are only partially
altered,

Plagioclase forms large euhedral to subhedral
phenoorysts that show albite twinning and may or may not be
zoned. The compositlion of the plagloclase is sodic andesine,
Ab62, Alteration of plagioolase is more severe than that of
orthoclase; some plagioclase grains have gone completely to
caloite and seriocite. 1In other grains inclusions of sericite
and oalcite give the feldspar a moth-eaten, ragged appearance,
Epidote and chlorite are occasionally tound'as small inclusions
in the plagioclase,

Quartz forms moderately large subhedral, unaltered, and
virtually inolusion-free orystals, These average ,75mm in
diameter,

Epidote 1s the principal mafic mineral, and 1s an

alteration product of hornblende., However, there i1s none of




209

Plate 59, Photomicrograph of the quartz
monzonite porphyry. Note the large
phenoerysts of quartz (white) and
plagioclase (twinned) set in a very
fine matrix of feldspar, quartz, and
magnetite., No large phenocryst of
orthoclase is visible in the photograph.
x 15, Orossed nlcols.,
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the hornbiende remaining. Granules of magnetite are always
associated with the epidote, The epidote grains average ,3mm
in their longest dimension,

The groundmass is & matte of uniformly fine-grained
orthoclase and quartz with assoolated particles of magnetite,
epldote, serleite, ohlorite, and caleite. The average pglze
of the quartz and orthooclase grains in the groundmass is ,00565mm,
Plagioclase grains are not usually found in the matrix,

The average percentage of minerals in the quaris
monzonifo porphyry are as follows: orthoolase, 30; plagiooclase,
26; quartz, 20; epidote, 8; magnetite, 7; gericite, 5; calolte,
3; ohlorite, 2.

Bummary of the Quartz Monzonite Po
The significant points concerning the quartz monzonite

stock are as follows:

1, The quartz monzonite porphyry body ls intrusive
into the Keechelus and it 18, therefore, post-Keechelus 1n age.

2. fThe intrusion may have been contemporaneous with
amall intrusives of Miocene age that have been described by
Buddington and Callaghan in Oregon. It may also have been
contemporaneous with the dlorite plugse described in the last
chapter,

3, The quartz monzonite porphyry intrusive was probably

responsible for mineralization i1n the Silver Creek area,



ECONOMIC GEOLOGY

General Statement

This portion of the Mt. Aix quadrangle 1s not a
highly mineralized province. Mining activity is practically
at a standstill, Two general divisions of the ore deposits
can be made-~namely, those in the veoleanie and sedimentary
rocks and those in the granitic rooks,

In the voleanic and sedimentary rocks, which comprise
a large portion of the area, metallization is weak and oscurs
at widely scattered localitles, Both vein and dlsseminated
type deposits occur but neither has been productive. The vein
deposits do not persist in length and probably not in depth,
although data on continulty at depth is lacking because
exploration seldom proceeded far below the surface.
Disseminated sulfide bodies, whioch are composed largely of
pyrite carrylng slight amounts of gold, were too low grade to
encourage extensive exploration, Other sulfide ores that
ooccur in the volcanie and sedimentary sequences include the
following: chaleopyrite, chalcooite, sphalerite, galena,

bornite, and covellite, The usual gangue minerals are quarts
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and caloite. Judging from the above mineral assemblage most
of the deposits in voleaniec and sedimentary rocks ocan be
classed as mesothermal,

In the granitlic rocks metallization is stronger than
in the voloanic and sedimentary series., The deposits whioh
are all of the vein type are fairly persistent in length and
perhaps algo in depth, although again there are no deep
workings, Ore minerals identified in the veine in granitic
rock ineclude: chaleopyrite, arsenopyrite, scheelite, molybde-
nite, pyrrhotite, and pyrite, The gangue minerals are quarts,
oalclte, feldspar, and chlorite, Judging from the above
mineral aspsemblage, which is quite different from that in the
deposlte in voloanic or sedimentery rocks, it is pfobable that
the deposits in granitiec rock were formed a@ relatively higher
temperatures and belong to the hypothermal zone,

Desoriptions of a few of the better known mining
properties in this distrioct will follow, None of them is
belng worked at the present time, nor is there any record of
productlon in the past. The Black Jack prospesct, which is
losated in sandy arglillite, will be considered first,

e Blaa k t
The Black Jaok prospect, which ie& a few hundred yards
north of Little Twin Sister Lake, was opened in the early days,
the exact date is not known, by the sinking of a 50 foot inoline
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shaft down the dlp of a slx inoch vein containing sphalerite,
bornite, chalcocite, and galena, The shaft 1s now full of
water, In a conversation with the son of the man who sank
the shaft, the writer learned that the vein had not increased
in width or tenor at the bottom of the shaft. Other workings
inolude a few small prospect pits that were dug at close
intervals along the strike of the vein. In none of the pits
was more than slx inches of vein width exposed., The vein
outerops for approximately 60 feet.

The strike of the vein i1s N 40° W and the dip, 40° NE,
Although the sulfide minerals are massive for a few inches
in the central portion, there is strong dilution by oalsite
and wall rock gangue near the walls. The walls are well
defined by thin selvages of gouge, The sountry rock is a
highly indurated sandy argillite which was described in the
chapter on the Puget Group. Alteration of the argillite near
the vein is very weak or absent.

A photomiorograph of a polished section of the ore
from the Black Jaok prospect (Plate 60), shows the mineral
relationships and provides a possible genetic interpretation
of the ore deposition, With reference to the photomicrograph
the earliest mineral appears to be caleite, which was largely
replaced by a solid solution of chalcocite and bornite,
Unmixing of the chalcocite and bornite produced the evident

mottled effesct. The chalcosite and bornite were later
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Photomierograph of polished section

of the ore from the Black Jack prospect.
Dark gray 1s sphalerite, light gray 1s
cshalcoclite, medium gray in the chalcocite
is bornite., The black mineral in
fractures 1s covellite, probably of
supergene origin, The other black spots
are calcite. White spots are galena,

x 120, Reflected light.
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partially replaced by galena which shows as white spots,
8phalerite was probably the last primary sulfide mineral, It
partially replaces both the chalcocite-bornite portion and
the galena, Covellite, whlch appears as black stringers,
occurs only in frastures., It is probably supergene in origin.

Other than the veln on which the shaft was sunk there
are only scattered indications of sulfide mineralization in
the argillite, #8phalerite float whioch was found on the trail
north of the shaft could not be traced to its source, but
Judging from the width of the sphalerite stringers in the float
boulders the vein is small,

The Blaock Jack prospect and surrounding 16 oclaims
have recently been the ob ject of considerable interest due to
the promotion of the property by certain individuals, On the
strength of an independent report by H. P, Greenleay (14), the
Haile Mining Company dispatched an engineer and geologlst to
inspect the property in the summer of 1951, After spending
three days in examination the Halle orew left the area and
submitted a negative report to their company. Latest news
from the distriet indlocates that the meager showings are still
creating interest,

On the basis of the ore exposed in the shaft and
surface pits there is nothing to Jjustify exploration at the
present time on the Black Jack prospect,
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Other Proepects
Two other proepects in volscanic and sedimentary rooks,

both of which have been abandoned for many years, are:
(1) the Richmond prospect in Keeschelus andesite loocated
approximately three and one-half miles northeast of Mt, Alx
on North Fork Oreek, Exposure of the oxidized portion of the
vein in the bottom of a gully shows two to three feet of iron
oxide, carbonates, and quartsz, The vein etrlkes N-8 and dips
35° E. Ore on the dump near an old digging contained
chaloopyrite and sphalerite in a calocite gangue. (2) The
Gold Hill area in Keechelus andesite located north of U,8,
Highway 410 on Morse Creek is riddled with prospect holes,
The rock is impregnated with disseminated pyrite and veinlets
of pyrite, Oxidation of the pyrite to limonite caused wide-
spread reddish staining of the surface, Muoch of the pyrite
carries traces of gold, but nowhere in sufficient quantity to
make ore,

In the granitic rocks there are two mining properties,
The Copper City Mine is the largest mine in the distriet on
the basis of extent of mine workings. It has, however,
produced no ore, The Keystone prospect consists of two short
tunnels which have been caved for many years, The Copper Oity

Mine will be considered first,



217

The Copper City Mine
The Copper City Mine, now laying idle, was opened in

1913 by the COopper Mining Company of Yakima, Washington. The
property consists of 42 claims, which are located along the
orest and on the east side of Miners Ridge in the Bumping Lake
mining dietrisct. The mine is approximately three and one~half
airline miles south of Bumping Lake, The property has been
operated intermittently for many years; the last major
development work was done in 1933,

The mine workings can no longer be reached by car,
because the two and one-~half mile access road from the o0ld mill
site on Deep Oreek to the mine was washed out several years
ago, It is possible to reach the mill site by car from Bumping
Lake along a very poor dirt road that follows Deep Creek,

Total development work underground consists of
approximately 850 feet of drifts and oross ocuts at the eastern
end of the mineralized zone as shown in Flgure 3, A aross
cut at the western end of the vein system wae started to
intersect that portion of the ore body at depth. Work on the
oeross cut was halted far short of the goal, The tunnel is now
caved, Because there is no record of the length or bearing of
this opening, it is not shown in Flgure 3,

In addition to the underground work approximately
twelve surface pits, which are plotted on the map, were dug

on the main vein, These pits expose the vein at intervals
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along 1ts strike and greatly facilitate tracing the outerop.

There have been several geologic reports published
previously on the Copper City Mine. A report on the property
1s given in Bulletin 34 of the State of Washington Department
of Conservation and Development (1945) by Oulver and Broughton
(10), The mine was also examined by 8. Warren Hobbs (18) of
the U.B8, Geological SBurvey in 1942, His report, originally
listed as Confidential, is now on open file, Hobbs' map of
the mine area 1s shown in Figure 3, Dubail (11l) and Barry (2),
former students at the 8chool of Mines, University of Washington
submitted theses for thelr Bachelors degrees on the Bird and
Clara veins respestively,

The general geology of the mine area is not complex.
The sountry rock 1s part of the Bumping Lake granite which
was desoribed previously. In the vieinity of the mineralized
area the usual tan or buff color of the granite changes to
graylsh green due to the alteration of bilotite to shlorite,
The granite is intruded by numerous dikes of dacite porphyry
and andesite porphyry. The width of the dikes varies from a
few feet to 160 feet. These porphyry dikes are very probably
related to the large dikes and sills of daclite porphyry that
have been deseribed previously, The dikes had no apparent
relationship to ore deposition, This fact was stressed by
Culver and Broughton and by Hobbs, The dikes usually cut

aocross the veins at a wide angle, and because the dlkes are
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unmineralized they are almost scertainly post-ore.

The mineralized zone consists of four, approximately
parallel, closely espaced veins which strike N70°-80° W and dip
40° N, The width of the zone in which the four veins ococur is
geldom over 100 feet. Between the veins there is no
mineralization and only weak alteration, From north to south
the velns are named Red Bird, Bird, COlara, and King, The Bird
veln 18 the strongest of the four and 1s the one on which most
of the mining has been done. The Clara vein is fairly well-
defined in the eastern part of the area, but it may merge with
the Bird vein to the west., The map of the principal veln zone,
Figure 3, very probably shows parte of both veins as they are
frequently closely spaced and diffiocult to distinguish, The
Red Bird and King velins are weak and cannot be traced the
length of the Zone. No development has been done on these two
velns; oonsequently they are not shown in Figure 3.

The Bird vein can be traced for nearly 2,000 feet, It
varies in wldth from one foot to seven feet., Where it is
exposed in the surface cuts the vein consists of very hard
quartz and Jasperold, locally brecclated, and always highly
‘stained with a dark red iron oxide. Green, copper carbonate
stains are commonly present. A fresh surface may show tiny
stringers or blebs of areenOpyrité/ohalcopyrlte, and pyrite,
At night under ultra violet light scattered grains of scheelite

are readily visible. B8ome scheelite osoure in nearly every
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exposure, but except for occasional pods or clusters it 1s
usually widely disseminated and in very small grains. Principal
ore minerals that were identified by Duball and Barry in
polished seotions of spescimens from the Bird and Clara veins
inolude scheelite, chalcopyrite, molybdenite, arsenopyrite,
pyrite, pyrrhotite, Bornlte, and malachite, The gangue minerals
were principally quartz, orthooclase, plagioclase, calclite, and
chlorite.

The lowest mine working, the lower Bird adit, intersects
the Bird vein approximately 1256 feet below the surface, At this
depth there is no marked change in the width of the veln or in
the tenor of the ore. An assay map prepared by the Copper
Mining Company to show the tungsten values in the lower Bird
adit indicated low grade ore along most of the vein, An average
width of the samples taken was 3,5 feet and the average aasay
was approximately ,20% WO3. The mine has allegedly produced
some high grade tungsten ore from local podkets in the Bird
vein, but apparently the pockets were widely spaced and
exploration to find them was not worth the reward.

If exploration were to be started in the future, the
writer would recommend the testing of the west end of the Bird
vein at depth beneath the cluster of prospect pits which are
shown in Figure 3. This portion of the vein appears to be the
widest, strongest, and best mineralized and presents the best

prospects for future search,
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The Keystone Prospect

The Keystone prospect was opened on a small veln
which reportedly contalned molybdenite and "some arsenic
mineral," probably arsenopyrite. The exploration headlngs
which were driven many years ago consist of upper and lower
tunnels on the vein, The adits, which are separated about
30 feet vertically, are now caved and almost obscured by
broken rock and soil, Neither tunnel could be entered. One
building, which was presumably built for a machline shop, is
still standing. There is no record of production from the
Keyastone prospect,

The only means of reaching the property is by a traill
that joins the Bumping Lake road at a group of old cabine about
four miles west of the Bumping Lake dam, The trall ascends
the west side of Nelson's Ridge for approximately a mile and
one-half to the old workings which are about 1,000 feet above
the valley floor of Deep Creek,

The country rock around the prospect 1s Granite Lake
breccia which was desoribed in detall in an earlier chapter,
An andesite dike, 10-15 feet in width, intrudes the agmatitio
breccla a few yards above the lower tunnel, The strike of the
dike 1s N46°KE, The dike has no visible relationshlip with the
vein.

The vein 18 exposed for only a short dlstance on the

slope of Nelson's Ridge because of a covering of soll and talus,
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The vein strikes N 30° E and dips 76° SE, Ite average width is
three feet., The vein material i1s sericitized Granite Lake
breccia, quartz, and iron oxide, There are no sulfide minerals
visible in the oxldized portion, Alteration of the country
rock extends several feet elther side of the vein and consiste
prineipally of serlcitization and kaolinization of the breccia.
A dlstinotive yellow-green stain occurs in the vein and locally
for short distances into the wall rosck, The staln may be
arsenlous oxide which was derived by supergene alteration of
arsenopyrite,

There 1s nothing to indlocate that the Keystone prospect

warrants any future development,



PHYSIOGRAPHY

General Statem

'The relief of the area mapped in the Mt, Ailx
quadrangle is 6,100 feet, The lowest point, which 1is in the
gorge of American River near ite Junoction with the Naches
River, is approximately 2,700 feet above sea level. The
highest point is the summit of Mt. Alx at an elevatlon of
7,806 feet, Most of the area lies on the eastern slope of the
Cascades, but a narrow zone in the westernmost part of the
quadrangle falls on the western slde of the orest, Principal
eastward flowing streams are American River, Bumping River,
and Deep Oreek, The stage of reglonal erosion of the area
as a whole is mature, rellef at the present time being
maximum, Almost every physiographlc and topographic feature
in the Mt, Alx quadrangle has been modified by glaclal op
peri-glaclal processes. Oonsequently, little 1s preserved of
landforms developed in pre-Plelstocene times., Because of
wholesale disfiguration of the landscape by lce, any evldence
in this vicinity to support or to refute the Willis (34)-
Russell (24) concept of a high altitude peneplain in the

Cascades has been destroyed, For that reason no dlscussion
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of the subject is attempted in this work.

For a comprehensive review of physiographic investiga-
tions in the Cascades and central Washington, the reader is
referred to Coombs' "Geology of Mt, Rainier Nat;onal Park"
in which the findings of early workers in this reglon are

summarized,

Glaciation and Its fecte

General Statement. Although there were probably
several periods of glaciation in this area during the
Pleistocene direct evidence of 1ce advances before the Wisconsin
glaolal stage is lacking. Undoubtedly Wiscongin glaciation
destroyed or modified many of the features developed during
earlier stages, 8Search for pre-Wisconsin morainal gravels,
which might be distinguished from Wisconsin gravels on the
basls of degree of weathering or stratigraphioc position,
revealed no oclue of early Pleistocene glacial deposita. The
reasons for the lack of earlier glaclal debris are: (1) that
due to the high rellef in the area snow, lce, and running water
rapldly removed pre-Wisconsin glacial deposits before the
advance of Wisconsin 1ce; (2) that the earlier deposits are
oompletely obscured by the deposita of Wisconsin age.

During the Wisoohsin period the western portion of the
area was nearly completely covered with glacial lee for several

miles east and west of the Cascade crest. The appraximate
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position of the ice during its maximum extent in the Wisconsin
period is shown in Figure 8, Near the orest only small
irregular bodies of rock projected above the surface of the
1ice., Farther to the east the ice masgses occurred as tongues
in the valleys now oocupied by Amerilcan River, Bumping River,
and Deep Creek, Numerous smaller tributary glaclers
contributed ice to the main tongues,

Olrque development., High altitude cirque walls and

basins dominate the skyline and surpass all other topographic
features in ruggedness and beauty. The exact number of cirques
is not known but there are several score. The cirque level

is approximately 5,500 feet., Below that elevatlon ocirque
outting was not pronounced,

Topographically there are two distinet kinds of
oirques depending upon the direction in which the basin opens,
The northerly facing basins are extremely sharp., They are
partially rimmed by nearly sheer oliffs, and within the basin
there 18 no soll, Large soree slides form the lower slopes of
the amphitheater. A north-facing cirque near the ocrest of
Nelson's Ridge 1s a good example (Plate 61). The three most
spectacular oirques of this variety include the COougar Lake
basin which is partially rimmed by a 1,200 foot wall, the
Dewey Lake basin by a 1,400 foot wall, and Bismark Peak basin
by a 1,600 foot wall,

The other type of cirques are those facing in a
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Plate 61. Rugged north-facing cirque basin near orest of
Nelson's Ridge. Rocks are Keechelus brecoilas.
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southerly direction, These basins are less rugged and
precipitous ahd usually broader than those facing north. The
slopes qr the amphitheater are mantled with soll, Loose talus
occurs only locally. Downhill creep of the soll mantle which
is brought about in part by solifluction has formed small
terraces that follow the sontour of the slope and resemble
tiers of benches 1n an arena, Deer and elk follow these
step-like terraces when crossing the basin and consequently
make them even more pronounced. The soll 1s composed of wind
blown sand and small fragments of rock derlved from bed rock
by frost wedging. Big Basin, shown in Plate 63, affords a
good example of this type of cirque. On the topographie map
Big Basin can be located by noting that the "A" of the words
Amerlcan Rldge lies within the basin,

The principal reason for the difference in ceirque
development of the northerly and southerly facing basins is
that cirque cutting was more severe during the glacial perioeds,
Wisconsin and earlier, on the north slopes where the rate of
melting due to the sun's heat was slower. This difference in
the melting rate allowed 1ce to accumulate to greater depths
and also to erode for longer periods of time in the north-
faoing basins.

The same reason explains the effeoct of recent nivation
prooesses which have maintained or perhaps increased the

sharpness of the ecirque basins facing north., OCompare Plates 61




229

Plate 62, Looking south across Bumping Lake. Photograph
taken to show the assymetrical topography of
Nelson's Ridge,
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Plate 63. Big Basin, a large cirque basin that opens
toward the south., 8olifluction processes
are evident in this type of country,
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. and 63 as to the amount of snow remaining in the basins. The
photograph of the cirque on Nelson's Ridge (Plate 61) which
ghows a rather large patch of snow wag taken on September 1lOth.
The photégraph of Big Basin (Plate 63) shows no snow. It was
taken on August 29th.

Because roock disintegration by ice, snow, and frost
proceeded more rapidly and for longer perlods on the north and
east slopes during and after the glacial stages, those slopes
are notably more precipitous than the south or west flanks,
This has resulted in an assymetrical topography in the higher
elevations, Tuck (27) reported a similar assymetry of
topography in Alaska. A photograph (Plate 62) taken toward the
south of Nelson's Ridge shows the steep cirque walls of the
high points on the north and east side of the ecrest and the
relatively smoother slopes on the west side. |

Large, high elevation ice sheets. During the
Pleistoocene glacial perilods i1ce was contributed to the main
valley glaciers not only from cirques but also from large, high
elevation ioe sheets, Ample evidence exists in this area that
great sheets of ice moved over parts of the orest of the
Cascades at an elevation of at least 6,000 feet., These ice
masses may have been piedmont to higher peaks and coalesoced
to form broad, high elevation ice sheets. They may also have
been formed by the fanning out from an ill-defined 1ce dlvide

or center of accumulation on the high plateaus. Glaclal




Plate 64,

A large boulder of Deep Creek andesite on the orest
of the Cascades, west of Bwamp Lake. The glacial
polishing and grooving was done by a high elevation
loe sheet similar to or continuous with the ice
mass that swept the Tumsec plateau.
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‘polishing and grooving by these ilce sheets are well displayed
in the broad e#ddle one-quarter mile west of Swamp Lake and
also on the Tumao plateau south of Twin S8isters Lakes. Early
Pleistocene basalt in these two areas 1s deeply striated and
ridges in the basalt are smoothly rounded. The total original
extent of these high elevatlion ice sheets 1s not known, but
they were fairly extensive until toward the close of glaocial
activity when headward working valley glaciers reduced the
area of the upland. Because the timber on parts of the Tumac
Plateau has been burned off, the effects of high elevation ice
sheets are well-exposed.

Effects of glaciation on the Tumag Plateau. Although
the most prominent feature on the Tumac Plateau is the Tumac
cinder cone, it 1s not directly involved in the discussion of
glaclal features, Evidence presented here, however, may |
strengthen the theory that the cone is post-Wisconsin in age.

Basalt ridges exposed on the Tumasc Plateau show deep
grooves and soratoches aligned east-west that were made by a
moving ice mass. The true direction of moveﬁent could not be
determined, but 1t i1s possible that the loce was spreading in
those directions from an ice divide somewhere in the oentral
part of the plateau, The approximate thickness of the ice ocap
over the plateau can be estimated from the 1lce cut rock terraces
on the north slope of Big Peak which forms the southern boundary
of the Tumac Plateau. The higher of the two terraces i1s 600




Plate 65,

Valley flow basalt on Tumac Plateau. Note
the effeots of glaciation by high elevation
ice sheet,
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Plate 66, Blakenship Meadow on Tumac Plateau. Elevation
approximately 5300 feet. The rock beneath the
meadow is Valley flow basalt,.
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feet above the general level of the plateau and at least 100
feet above thé base of the Tumac cone. Therefore, it can be
assumed that the plateau was covered with an ice sheet that
averaged 300 feet in thickness, Valley glaclers around the
periphery of the high elevation ice sheet received some of
their ice from the ice cap. Inspection of the topographie
map shows these valleys radlate from the plateau region.
Beginning on the north side and viewing the plateau edge in a
clockwise fashion, the following streams and valleys may be
seen to encroach upon the plateau: Deep Oreek, Indian Creek,
Clear Oreek, Bummit Oreek, and an unnemed stream flowing north
to Carlton Pass. The Tumaoc Plateau ice cap may resemble to
some extent what has been termed a Norwegian ice cap. |

During the melting period of the ice cap, ice marginal
streams carried the melt waters from the plateau and contributed
it to the constantly advancing radiating valleys, Features
formed by an ice marginal stream are the broadly-curved basins
of Little Twin Bister and Big Twin Bister Lakee which oococupy
depressions in meander sweeps of the tormer'atream that flowed
along the northern edge br the 1ce cap (Plate 68).

Most of the small lakes and ponds that dot the surface
of the plateau occupy depressions and plunge basins in channels
of former streams that carrled melt water off the central part
of the plateau. Tum&c Plateau is actually a miniature Channeled

Socablands, except that the Scablands were never covered by ice.
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Plate 67. Photograph taken from the summit of Tumac
Mountain looking west across the Tumac Plateau.
Note the monotonous surface of the plateau
which 1s dotted with ponds and cut by many
channels. Mt. Rainier looms in the background.




Plate 68.
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Looking north from the top of Tumac Mountain.
Some ponds and old channels may be seen on the
plateau in the foreground., Twin Bisters Lakes
in the middle ground. Note rugged topography
in middle distance north of the upper Bumping

River valley.




Plate 69,
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Looking south from the top of Tumac Mountain.
Tumac Plateau in foreground, Note the many
ponds and large channels. Ice-cut terraces
on the north side of Big Peak, in the middle
ground, indlcate thickness of ice sheet that
swept the plateau,
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Wide and deep coulees in the basalt now carry only trickles

of water that seep through the marshy bottoms of the coulees.
This is in distinot contrast to the rushing torrents of water
that out;the coulees during the melting stage. At the base of
abandoned waterfalls in some coulees the plunge basins are now
the site of deep lakes. The whole surface of the plateau is
channeled in this fashion by coulees that radiate from the
ocentral portion of the plateau and terminate at 1ts edge.

This suggests that the center of the ice cap was located in
the central portion of the plateau. The edges of the plateau
are constantly retreating due to the headward deanoe of the
mailn streame that are sapping the basalt cap. Consequently,
the lakes and ponds near the edge are being dralned. For
example, the'hoad of Deep Creek 18 now only a few yards from
the north shore of Little Twin S8ister Lake, and in the spring
and early summer when melting snow raises the level of the lake,
water spills over the north edge of the lake and flows down
Deep Oreek,

Large glacial valleys. The three main valleys that
dissect the eastern slopes of the Cascade Range in this area
are those occupied by American River, Bumping River and Deep
Creek which joins Bumping River at Bumping Lake. Ice was
contributed to the glaclal tongues in these valleys from high
altitude ocirques and alpine glaclers and from the large 1igse
ocaps. The upper portions of the valleys are U-shaped glacial
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Plate 71,
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Looking west up American River from Ameriocan
Rldge. Note faceted spurs on the north side
of American River valley, Mt. Rainier ie in
the distance.
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Plate 72. The hanging valley of Mesatchee Oreek on the
south side of American River. The falls have
retreated several hundred feet upstream since
glaclial times.
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troughs, The U-shape of American River valley ends abruptly
at Hells Crossing downstream from which the gorge narrows
and assumes a V shape, The Bumping River valley changes from
U to V shape approximately where the word "Bumping" is printed
on the topographic sheet., It is assumed that the change in
oross section marks the terminus of the lee in these valleys,
The lowest elevation reached by the ice tongues in the two
valleys was approximately 3,000 feet as shown in Figure 8,
Contrasts in erosion between the upper portions of the
valleys, which were occupied by lce, and the lower portions,
which were not, is quite striking, This contrast 1is
particularly well shown in American River valley, Glacial
features in the U-shaped trough are faceted spurs (Plate 71),
hanging valleys (Plate 72), and striated bed rock, The upper
surface of the ice tongue in American River valley as
determined by the apex elevation of the faceted spurs in the
vieinity of Pleasant Valley was approximately 5,000 feet,
The estimated thickness of the ice in this loeality was 1,500
feet, Evidence for determining the thickness of the ice 1in
Bumping River valley is not so clearly shown as in the American
River valley, however, the thickness of the two tongues was
probably nearly the same., The lower portions of the valleys,
where only features of normal downcutting by streams are
evident, lack all the features of glacliatlon menticned above,

At the terminus of the two tongues in the main valleys
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there is no vestige of terminal moralnes; nor in any part of
the upper portions of the valleys are there any recognizable
recesslonal or lateral moraines., The reason for the lack of
moraines leg that river processes subsequent to the withdrawal
of the ice have destroyed the moralnal forms,

It 18 noteworthy that where two main glacial tongues
converged large, poorly-dralned flats now exist, A glance at
the topographic map shows these flats in the valleys of
Amgrioan River and Bumping River, In the American River
valley a broad swampy area, which was probably a lake sometime
during the Quaternary, 1s quite similar to the lowland around
Bumping Lake, Damming, whioch was caused by a choking of the
valley with glacial debris, is probably responsible for the
formation of these broad lowlands, and for the ponding of
Bumping Lake,

Ancestral Bumping Lake, That a glacial Bumpling Lake
whioch was much larger than the present lake occupled the basin
during glacial retreat 1s suggested by the extensive occurrence
of fine-textured, bedded lake clays which are exposed along
the banks of upper Bumping River one mile west of Bumping Lake,
The stream has out a channel twenty-five feet in depth through
the yellowish clays. The stream bed 1s also composed of clay,
consequently the total thickness of the lake deposit cannot be
measured, It is probable that thls large ancestral lake was

formed by the damming of upper Bumping River by the Deep Creek
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ice tongue, or by debris that accumulated at the Jjunoction of
the Deep Oreek and Bumping River tongues, or by both ice and
debris, Lake sediments were not found at any other place
surrounding Bumping Lake except in the above-mentioned upper
Bumping River valley,

Thunder Creek moralne, A good example of a terminal

moraine of an alpine glacler exists at the throat of Thunder
Creek, a tributary of Bumping River, where 1t enters the main
stream south of Goose Prairie, Looking south aoross Goose
Prairie the lower valley of Thunder Creek is seen to be choked
with a bulky mound (Plate 73). GClose inspection of this mound
reveals that it is composed of rounded boulders, cobbles,
pebbles, and sand derived from the Thunder Creek valley,
Particularly distinctive are the boulders of diorite whose
only possible source was the Mt, Baldy dlorite plug near the
headwaters of Thunder COreek, Thunder Creek has ocut a V-shaped
gorge through the moraine, and Bumping River is ocurrently
removing large amounts of unconsolidated gravels from the face
of the moraine,

Glacial pebbles in volcanic ash., 1In cuts along the
tortuous road to Raven's Roost which is located north of Fifes
Peaks about one-half mile outside the northern boundary of the
Mt, Alx quadrangle, a pecullar phenomenon was encountered,
Above 5,500 feet elevatlion the road passes through occasional

cuts in unconsolidated, powdery, white to yellowish, moderately



Plate 73.

Looking south across Goose Prairie up Thunder
Oreek valley. Large mound at mouth of valley
is morainal material, Mt. Baldy on the right,
Buffalo Hump on the left.
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Plate 74, @Glacially faoted pebbles from bed
of volecanic ash of the Fifes Peak
formation, Pebbles were discovered
in road ocuts north of Quartz Creek.
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well-bedded volcanic ash., The presence of bedding is suggestive
but not conclusive evidence that the ash was deposited in water,
Many boulders and pebbles are scattered at random in the ash
beds. Three pebbles from the ash beds are shown in Plate 74,
The pebbles are apparently glacial in origin judging from their
shape which is typlcal of glacially faceted pebbles. The faot
that these glaclal pebbles, which are all composed of Fifes Peak
andesite, are embedded in volcanic ash, and yet occur at a much
higher elevation than the Wisconsin age valley ice was supposed
to have reached in this area poses a problem,

A possible explanation 1s that the volcanic ash was
laid down in a large high altitude lake elther during the
Wisconsin or an earlier glacial period, Melt watere from an ige
sheet or ice cap, similar to the one that covered the Tumac
Plateau, and ice rafting contributed faceted pebbles to the lake
basin where they became incorporated in the volcanlc sediment,
Subsequent erosion destroyed the lake, but left isolated portions
of the lacustrine ash beds and assoclated glacial pebbles
perched high on ridges of Fifes Peak andesite,

Nivation of Tumao Mountain Cinder Cone

There is little question that the formation of the Tumac
cone, which was described in an earlier chapter, oscurred after
the withdrawal of glaclal ice from the Tumac Plateau. Because

the cone is located directly on the orest of the Cascade Range
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at an elevation of 6,300 feet in an area that receives an
enormous amount of snow in the winter, the cone has been rather
severely dissected by the action of recent snow and 1ce., The
result has been a north-gouth breaching of the cone as shown

in Plate 33, From reconstruction of the cone on the photograph
1t can be seen that Tumao Mountain was originally ncearly twilce
its present height., Approximately one-half of the pyroclastic
material has been removed,

High in the breached portion of the cone, approximately
in the notsch seen in Plate 33, there is a fairly large, north-
facing nivation basin, It measures approximately three hundred
feet across and roughly one hundred and fifty feet vertically,
In mid-B8eptember, when tpe cone was visited, snow still remained
in the basin,

The erater, which was previously described in the
chapter on Tumae Mountaln, 1s assymetrically located on the
northwest side of the dissected cone (Plate 34), During the
winter a great thickness of snow undoubtedly accumulates by
drifting within the orater. 1In the past some of the melt water
from the orater has escaped by spllling over a low point on the
northwest side of the rim, and in doing so cut down the rim at
a rapld rate., In recent years there has been very 1little water
passing over the eplllway, as evidenced by the growth of grass,
gshrubs and trees in the splllway frough. Most of the melt water

at the present time seeps through the cinders and issues around
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the base of the cone on the north side., A shallow lake,
shown in Plate 34, ococuples the bottom of the crater during

the summer months.

Physliographic History of the Mt, Aix Region

From struotural, lithologio, and stratigraphic evidence

a possible physiographis history of the area is as follows:

Prior to the Eocene little can be surmized as to
physiographisc development, During the Eocene most of the area
was coastal lowland, perhaps a large estuary, which was
receiving arkosic sediments from highlands somewhere to the
east, Near the close of the Eocene withdrawal of the water
body was accompanied or caused by gentle uplift, Following
closely, or perhaps, contemporaneously with uplift in late
Eocene or early Oligocene time, floods of andesitic lavas
concordantly, and posslbly conformably, covered the Puget Group
sediments, These lavas were the first of the great series of
Keechelus volcaniocs that were deposited intermittently during
most of Oligoocene time, The vast amounts of volsanic tuff and
breccla in the Keeschelus serles interbedded with flows suggests
that periods of violent explosive vuloanism were interspersed
with quleter volcanic activities,

During and after Keechelus deposition the volcanic
rocks were locally weakly folded and faulted. In some localities

the volecanies underwent relatively more severe deformation,
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whereas other area were virtually undisturbed or only gently
tilted, usually to the northward, A long perlod of erosion
in late Oligocene or early Miocene time followed this weak
orogeny, and land forms were developed to a stage of late
maturity judging from the rough, but not precipitous, surface
upon which the later Fifes Peak andesltes were lald down.

In about early middle Miocene time outpourings of
andesite lavas and showers of pyroclastic materials covered
vaast areas in the eastern Cascades. These volcanic rocks
were deposited unconformably upon a hilly surface of truncated
Keeshelus beds and dacite porphyry dikes, and comprise the
Fifes Peak series, The gentle regional easfward dip of Fifes
Peak lavas and pyroolastics was probably imparted by the uplift
of the Cascadeg in Pliocene and early Plelstocene times,

In later Mioecene time flows of Yakima basalt reached
the Mt, Aix area and partially covered the Fifes Peak andesites
along the eastern boundary of the Mt., Aix quadrangle, It is
doubtful that the Yakima lavas extended apprecisbly farther
west than indicated by their present position, The Yakima
basalt rest concordantly upon a relatively even erosion surface
of FPifes Peak andesite, Loocal gentle warping of the Yakima
basalt and Fifes Peak andesite followed the spreading of the
basalt, In late Miocene time clastlic sediments, known as the
Ellensburg formation, were deposited in structural basins in

the Yakima basalt, No Ellsnsburg sediments outerop within the
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area of this work, but they do appear several miles to the
south along the valley of the Naches River,

In Pliocene and early Plelstocene time, during and
after the uplift of the Cascades, the area was subject to an
accelerated rate of downoutting which produced steep-walled
valleys and a steep but rolling terrain. During this perilod
the Deep Oreek andesite flows filled some of the valleys with
tongues of lava, Later, the Valley flows formed a high
plateau, and flowed down valleys radiating from the plateau
reglon,

During glacliation in late Pleistocene the present

landscape was formed,

After withdrawal of glacial ice from this area a small
volcanic cone composed largely of basaltlic cinders grew to a
helght of over 700 feet in the central portion of the Tumac

Plateau.

Recent and glaclal alluvium now mantlea the floors of
the valleys and is belng rapidly removed by swiftly flowing

streams,
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THE GEOLOGY OF THE NORTHWEST PORTION OF THE
MT. AIX QUADRANGLE, WASHINGTON

ABBTRAQT

The area mapped comprlses approximately 300 square
miles along the orest and eastern slopes of the Cascade Range
of Washington. Except for a narrow section along the weatern
edge whioh 18 in Plerce and Lewis counties, most of the area
lies in Yakima county.

 The prinoipal contribution of this work is further
clarification of the sedimentary and volecanic sequences of
Tertiary age on the eastern side of the Uascades., 8ignifiocant
information was also gained on the several types of intrusive
bodles that invade the sedimentary and voloanic series. A
basaltic cinder ocone or\post-wléoonsin age was the first to
be discovered in the Washington Cascades. |

The oldest rocks are sediments conalsting of arkosie
sandstones and banded, sarbonacsous, argillite, which were
correlated on the basis of lithology and strusctural trend with
the Puget Group sediments of Eocene age that have been
desoribed on the west side of the Oascades. Puget Group

sediments had not heretofore been reported east of the Cascade



ocrest. The exposed thickness in thie area is in excess of
800 fest. The regional dip of the sandstone beds 1s about 16°
north,

¥A series of moderately altered voloanioc flows and
indurated tuffs and breccias approximately 38500 feet in
thickness and predominantly andesitic in composition overlie
the Puget Group concordantly and possibly conformably. These
volocanic rocks are part of the Keeshelus andesite series that
covers vast areas in the Washington Cascades, The terms,
upper and lower Keechelus, applied by Smith and Galkins to
this formation in the 8noqualmie quadrangle, are not used in
thin/study because the upper Keechelus in thils area belongs to
a distinotly later volecanic sequence (of, below). In this work
the term, Keechelus, applies only to the former lower Keechelus.
The name, upper Keeghelus, 1s replaced byIWarren'e term, Fifes

Peak andesite.
Folding and faulting followed Keechelus deposition.

Looally the folding was intense, but large areas of the
Keechelus underwent only moderate tilting which was usually
northward., Keechelus volocanic activity probably started in
very late Eocene or early Oligocene time and continued
intermittently during the Oligocene.

The Fifes Peak andesite formation (formerly called
upper Keechelus) lies with angular unconformity upon an erosion

surface of Keechelus andesite. The Fifes Peak andesites consist




" of at least 3000 feet of unaltered flows and pyroclastics.
The regional dip of the Fifes Peak formation is gently eastward.
The age gr the formation is probably early to middle Mloocene.

The Yakima basalt, which overlies Fifes Peak andesite
disconformably, occurs only along the eastern border of the
Mt. Aix quadrangle, The average thickness of the basalt 1is
260 reet. The Yakima flows probably did not extend westward
in this area much beyond their present limits. The Yakima
basalt is approximately middle Mliocene in age.

Younger volcanic rocks that are not in eontaet with
either Fifes Peak andesite or Yakima basalt, and oconsequently
thairlagee cannot be determined definitely, include the Deep
Creek andesite, probably late Pliocene or earl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>