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A CONTRIBUTION TO THE GROLOGY O THRE OLYMPIC
MOUNTAINS WASHINGTON

INTRODUCTION
Location

The Olympic Mountains meke up the major portion of
the Olympic Peninsula which forms the northwestern portion
of the State of Washington, ‘The peninsula occupies an area
_4of about 4000 square miles of which 2500 square miles 1is
‘mountainous, It is bounded on the west by the Pacific
Ocean, on the north by the Strait of Juan de Fuca, on the
east\by Hood CGanal and Puget Sound, and on the south by
the lowlands of the Chehalis River valley., A narrow coastal
plain extends along the western and northern coasts., The
mountains rise abruptly from this coastal plain to altitudes

of nearly 8000 feet.

© The central portion of the mountains form the Olympic .

National Park, DMost of the surrounding ares is included in
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Figure 1. Index map of western Wéshingtoﬁ,showing
areas mapped on the Olympic Peninsula.




the Olympic National Torest, The peninsula consists of
Clallam County, Jefferson County and portions of Mason and

Grays Harbor Counties,

Purpose and Scope of Investigation

The Olympic Mountains are s conspicuous'blank on tﬁé
geologic map of the State of Washington, Conflicting reportis
have been given concerning their structure and stratigraphy,
The structurel relations of the Olympics to the rest of
Western Washington have not been determined, While on hikes
into the Oiympic Iiountains from 1938 to 1945 the writer
vecame interested in the geology of the area, The eastern
portion of the mountains seemed to be best suited for
geological investigation, Field work was undertaken during
the months of June, July, August and September of 1947. ‘A
reconpaissance geologic map was made of the IMount Constance

|
area. A new formation was mapped in the vicinity of Mount

Seattle, Base méps used were the topographic maps of the

United States Geological survey. Aerial photographs greatly

aided in the field mapping.




Previous Work

There are only few pubiished geological data on the.
Olympic Mountains, A geological map of the coastal region
was made by Arnold (1906) and the stratigraphy of the rocks
- exposed on the beaches was dgsoribed; The peninsula was
completely inaccessible at this time and exposures in ses
cliffs were the best obtainable. Reagaﬁ (1909) investigated
the northwegt coagtal area and the valleys of the Soleduc
and HohrRiQGrs. He made a stﬁdy oflthe structure and
attempted to.establish the age of the formations through
" faunal collections and on the base of their structural
relations, Although the ages he assigned to the different -
formations have since been'changed with ﬁhe discovery of
new faunas, his structural interpretations remain remarkably
accurate, Weaver (1916) (1937) made a detaiied investigation
“of the Tertiary formations of Western_W@shington and mapped
several small areas on the peninsula, The stratigraphy of
the &ertiary formations was described and evidence présenfed
to show that these formations are unconformable upon an older
- series of highly folded sediments forming the interior of the
,mountaihs. McMichael (1946) mapped the northeastern Olympics
and gave faunal and structural evidence that the more

indurated sediments of the interior in that portion of the

Olympics may also be of Tertiary age. Small but numerous




manganese bearing sedimentary beds occurring as lenses in .
the Bocene basalts have been the subject of numerous
investigations by the Geological Survey and the State of
Washington Department of Conservation and Development, They
were first described by Pardee (1921, 1927) and the occurrence
of the rare mangahese silicates Bementite and Neotocite was
~noted, A more thorough investigation was undertakén by Park
(1942, 1946). Evidence was presented to show that the
manganese ninerals have formed by replacement, Green (1945)
mentions the occurrence of manganese deposits and basalts in
the interior where their presence had until then not been
suspected, He believes they were downfaulted from an
‘originally continuous blanket of Tertiary volcanios covering
the Olympic Péninsula,

.

Topography and Drainage“a

i The Olympic Mountains rise sha?ply from sea level to
elevations of nearly 8000 feet., The highest peak, liount
Olympus (7923 feet), is located almost exactly in the geographi -
cal center of the peninsulaf Streams radiate out in all
directions from the central portion of the mountains, They

descend steeply from their sources of glaciers and snow fields

~into narrow valleys which penetrate the heart of the peninsula,




The main valley bottoms are seldom more than 2000 feet
above ses level; thus there is a local relief of nearly
6000 feet,

The Mount Constance area is a series of north-south
‘trending ridges. They gradually déorease in elevation to
the north, Mount Deception, lount Constence and Jount Hystery,
.all'rising above 7500 feét, are the highest points on these
ridges, Deep valleys with northward flowing streams parallel
the ridges. 1In the northern_part of the area where the ridges
become lower the streams cut across them and combine to form
the Dungeness River and its major tributary the Greywolf
River, In the extreme southern portion of the area mapped
the Dosewallipé River has cut a deep canyon across all of the

ridges in an east-west direction,.

Climate and Vegetation- .

o
i

The Olympic Mountains act as a barrier to the warm
moisture-laden winds of the Pacific Ocean, As these winds rise
over thé mountains they become cooled and loose & considerable
portion of their moisture in the form of rain and snow, As a
\rQSult the western part of the peninsula has a yearly rainfall

exceeding 160 inches, This decreases eastward to about 40

inches along Hood Canal, No measurements have been taken in
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the interior, Snow falls in the higher country from
September to July qnd permanent nevé fields are found above
6000 feet. July, August and September are driest and the
only months suitable for geologic fieid work, |

An exceedingly heavy growth of vegetation covers the
lower elevations, This jungle-like cover renders a detailed
study impossible, Above 5500 feet alpine-meadows arelcommon

f

and the bare high pesks offer good exposufes.
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STRATIGRAPHIC GIOLOGY
General Statement

The formations of the Olympic Peninsula cen bhe
divided into two main groups, (1) the non-metemorphic and
fogsiliferous Tertiary sediments and volcanics forming the
coastal plain, and some of the outer mountains, (2) the
generally weakly metsmorphosed and usually unfossiliferous
sediments and volcanics forming the interior of the
mountains, All of these formetions apparently form a
concordant sequence, A prominent band of volcanics along
with some other stratigraphic members forms a more or less
continuous outcrop in the northern, eastern,and southern
part pf the mountains, This band has the shape of a large
khorse shoe open oﬁ the west, It is inside this horseshoe
that the series (2) mentioned above occurs. |

The formations in the ares mapped seém to beball of
“Tarly Tertiary age and consist of hoth sediments and -

volcanics, Some of these have been altered to low grade

phyllites and greenstones, No granites, schists or gneiss

have been found-.in the Olympics by the writer.
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Mount Seattle Formation‘

General Stetement

’\Thé nameiMount\Seattle Formation is given to a
group of clastic rocks which occur in the center of the
Olympics, Exposures of these rocks may be observed along
the trsil from Delabarre Creek south td Low Di%ide and along
the Skyline trail in the vicinity of Kimta Basin, Mount
Seattle and Mount Meany to the west and north of Low Divide

are largely composed of these clastic sediments,

Lithology

The dominant rocks are arkosic sandstones, black
slates and phyllites., The sandstones are light-grey’in
color, medium~grained and show little chenge in either graih
size or color in any one bed, Thereis no gradation between
- 'sandstones and slates, the contacts between parallel beds
being very sharp., Some of the sandstones contain lenticular
massés‘of black slate over & foot in width and several feet
long, The sandstones are fractured and the fractures filled
with quartz.» In man& cases vugs and oavities in these
fractures are lined with clear colorless gquartz crystals,

In rare instances green and als§ reddish crystels are found,
Limonite has beén deposited in some of the fractures and

fills the spaces between the quartz crystals,

N

—
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constituents of the sandstone, About 10 percent of the

‘\ fragments are plagioclase and there are minor amounts of
chlorite, sericite, muscovite, olivine, slate and volcanic
rocks, -The quartz grains are fractured and broken, An
occasional altered muscovite is found bent around a quartz
grain., Sericite is developed on the borders of the feldspar
greins and is scattered throughout the rock in tiny flakes
showing & crude aligament (iigures 4 and 5), ALl of the &
fragments are very sharp and angular,

The slate is predominently black in color and has

strong slaty cleavage. It is evidently rich in iron and

upon weathering is stained a bright yellow brown.

The slates and sandstones gradelupward into a grey

phyllite which outcrops near the top of Mount Seattle, é
Strong slaty cleavage is developed and a silky sheen is im- 4
parted to the rock by the development of Sericite, In thin
section the rock is seen to be composed predominately of
tiny quartz gresins and sericite. The quartz greins are long
and angular and the sericite forms thin flakes around them,

Limonitic material is common in bands which probably represent

the bedding (Figure 7). The sericite is more conspicuous in
the hand specimen than under the microscope,
Neither the top nor the bottom of the Mount Seattle

formation was found, ' The thickness present on Mount Seattle E,

is more than 5000 feet. Outcrops of similar clastic'rooks are




TIGURE 3, PHOTOGRAPH TAFEN T.00FTHG NORTH

MOUNT SEATTLE, Mount Meany in the right background asnd
Mount Olympus to the left. The steep barren ridges offer

excellent exposures of the Qlympic Formation,

|
|
i
i
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TOP OF IMMOUNT SFATTIR,  Plain light.X 204, A fOuartsa,
B fQuartzite, C Plagioclase, D Volcanie rock fragment,

, I Slate fragment, . , ’

&
(7EN




16

IR
A

ﬁw

WIGURE 5, THIN SECTION OW SAMDITONR
TOP OF MOUNT SEATTIFE, Crossed Nicols,X 20-
Quartz, B Quartzite, C Plagioclase,
fragment, B S5late fragment,
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FIGURE 6, OQUTCROF OF THE OLYMPIC WORVATION ON
NORTH. PEAX. O™ OUNT SEATTILE, The dip here is about H0

degrees to the southwest., Photograph taken from near
top of the main pesk looking in & northwesterly direct
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found to the south for a distonce of O miles, The dip is
steeply to the southwest, renging from 45 to 35 denress, Mo
repetition of beds from bount Sealtle to the south could be
recoghized. An interfingering relationship would maoke &
repetition of beds very difficult to find and this seems to
be the case with this formation, In any case available

evidence points to a grcet thickness, It may be as much as

20,000 to 30,000 feet.

Age and Correlation

:No fossils have been found in rocks of the Olympic
formation, It is‘distinguished from the Soleduc formation
by‘its lack.of detritel wica, light grey color of its
sandstones and i%s stronger metamorphism, No épecific age
has been assigned pc.it but it may be contemporaneous with
the very thick Puget'Group (Lower Focene) found in thé Puget
Sound region, It could also be blder or younger, in all
probability it is Qf,Teitiary age,

7




Soleduc Formation

Genersl Statement

The name Soleduc formation has been}used by Reagan
(1909) forla great thickness of clastic rocks in the north- ’
western part of the Olympic Peninsula, On stratigraphic
evidence'[Position below the Mefchusin basalt] he placed the
rocks in the Cretaceous, Palmer (1927) found Miocene fossils
in these rocks and concluded that the entire sequence was of
Miocene age.b The fossils were found~in formations that
Weaver (1916)-also helieved were older than Miocene and had
grouped under the general term Hoh formation. On reinvesti-
gation Weaver (1937) found that the Hoh could bérdivided
into é formation of less indurated sediments opntéining a
Miocene féuna, énd4a more indurated series of sediments which
did not contain foséils. The Miocene rTocks were naméd the
Hoh formétion, and the unfogsiliferous rocks were given the
neme Soleduc formation, The type seotionsxof the Soleduc
are aé the southWestefn shore of Lake Crescent; along the

Soleduc River, and along the road from Lake Mills to Olympic

Hot Springs, None of these are in the area mapped by the

writer, : ‘ ' &
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Litholoeyv and Areal Distribution

The Soleduc formation consigsts of a great thickness
of massive brownish-gray arkosic sandstones, graywackes,
slates, breccias, end subordinate layers of altered volcanic
rocks, 'The sandstones are fine- to coarse-grained, They
are comppsed of sharply angular quartz, quartzite, plagiodlase;
biotite and muscovite grains, Sericite is'commonly developed
around the plagioclase and Muscovite, Many bf the grains are
broken and.crushed, showing the effects of sheaving connected
with folding. Quartz, quartzite and mica are the dominant
constituents, DPlagioclase is present in varying‘amounts up
to 10 percent, It is predominately albite and oligoclase,
Occasionally a fragment of slate or altered volcanic rock is
found., The volcanié rock is too‘highly altered to bhe
identified with accurscy but it élbsely resembles basalt,

An analysis of heavy minerals of geveral samples of
the sandstone was attempted with negative results., No
heavies were p_reéent0 | /

The graywackes closely resemble the sandstones in
.composition but are darker in color and contain more detrital
mica and slate fragments, The slate fragments may reach an
inch iﬁ length snd the rock is then more properlyvcalled a
‘brecoia. The large amount of detrital mica in .the

graywackes gives them the appearance of a schist,

The bassl contact of the Soleduc has not been
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observed, It appears that in the upper part of the Soleduc
the bedding is in many areas parallelkto the overlying
Metchosin basalt sequance., However, contact relations are
obscure, &nd‘oomplei faulting has occurred along the contact
in most areas., TFairly persistently o sequence of dark black

argillite and slate occurs near the upoer contact of the

Soleduc, Nuscovite in tiny flakes is common in these heds
and gives them the appearance of phyllites, TFine grained,
lighter-colored sandstones are found in thin layers in the
slate. A few Echinoderm spines have been found in these
slates near their contact with the ﬁetchosin basalt at Pass
Creek on the Dosewallips river and on the west side of
Buckhorn Pass in the upper Dﬁngeness drainage., No other
fossils were found, Locally the slates and argillites
become sandy and lighter in color,

-The position of this member and its relation to the
lietchosin basalt presents a difficult ﬁfdblem. From
Constqnbe Pass northward to Buckhorn Pass the slates and
basalts shoﬁ an‘angular‘relationship. There is good -
~evidence that this contact is a fault, Mylonite is Comﬁon
- very close to the contact and the sediments are much
fraé%ured and broken, The sediments dip consistently to.
the southwest and the basalts to the east and northeast,

The black slate appears to be the lowest member in the

SoleéDuc section where the relationship is as descriﬁed.' On
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PIGURT 8, THIN SECTION OF ARNOSIC SAND3TONH
FROM A TYPE SRCTION OF THR SOLEDUC FORMATION ALONG

THT, OLYMPIC HOT SPRINGS ROAD, Crossed Nicols,X 204,
A Quartz, B Oligoclase, C Quartzite, D Volcanic rock,

i
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RIGURE 9, THIN BECTION OF SANDSTONE FROM NFEAR
THE TOP OF LOST PEAK AT THE HEAD OF DOSEWALLIPS
VALLEY., Plain light.X 20.5. Note the fracturing of
the large quartz fragment and the development of
gericite, A Quartz, B Plagioclase, C Sericite, D
Muscovite, . \ ,
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' PIGTTRE 10, WMICACROUS SANDSTONE FROM ATOVE CAVP
TANDY ON THR WEST SIDRE OF THW UPPRR DINGENESS TATLWY.
Plain Tight, X 204. The black grains are slate, the
- white grains mostly quartz, Wuscovite is see

long narrow flakes bent around the quartz grains,
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FIGURE 11, THIC
TXPOSED .ON THR BASTERN
HANMDY ON T” DUNGENESS

'65)
S|
>
=
=
Yo
Z5
a
s

w0 O STATH AT“T) SAND
STDH 07 ROYAIL RIDAGE AROVH
RIVFR, The heds di to the south-

D
&

‘ west. The oho+ovr .ph is taken 1ook1ng to the northwest

from Lake Relief,




following the contact northward, the basalt also dips to
thé.southwest and the black slate now appeafs to conformably
overlie the basalt. Tarther to the east, along the Olympic
‘Hot Springs~road type section, the slate membef'dips,north-
ward under the lMetchosin which here also dips northward,
This relationsﬁip suggests thaﬁ the black slate is actually
beneath the basalt and that where the slate appears to be‘
sbove the basalt thelsequeﬁce is overturned. There are
indications that the basalt sequence along the Greywolf
Riyer is réversed. This and.the fact that metamorphism
increases towards the interior in the almost uniformiy
southwest dipping Soleduc formation, leads to the oonclusion
that the slate member may be on top. or near the top of thE‘
Soleduc, |

Stratigraphicly below the slate member is a great
thickness of micaceous sandstones, graywackes and slate
breccias, Several thick slate units aiéd;90cur in this
sequence, The section is wéll exgosed on Royal Ridge on the
west sidé 'of the ﬁpper Dungeness valley.‘ Fxcellant exposures
may also be seen along the ridge leading westward from Mount
Constance, . The sandstone and slate beds vary greatly in
thickness and'interfinger. Individual membérs are hard to B
trace, with the exception of a slate breccia occurring about

the middle of the sequence. This breccia outcrops in the

valley of Heather Creek, one of the sources of the Dungeness




river, aboutaa mile from its juncture with the Dungeness,
It continues along the west side of the Dungeness valley,
crossing the ridge above Camp Handy just’below the timber
. line, It is observed on both limbs of the anticlinal
structure forming Royal Basin on the east side of Mount
Deception, and strikes from here to‘the‘northwest, crossing
the Greywolf River at about the 13 mile marker (3000 foot
contour line)., This unit is probably not more then 100
feet thick, but is the only definite»stratigraphio membexr
tha£ can be traced for any distance. ¥

A total thickness of about 6000 feet of the micaceous
sandstones and slates is exposed in this area, Although no
definite faunél evidence is available, it is believed that
deposition was in a shallow sea, The evidence as to marine
origin are Echinoderm spines found in one of the slate beds
and the occurrence of foraminifera (Globergerina ?) in
limestone lenses in interbedded basalts. The basalts have
good;pillowﬂstructure and are therefore subaguacous,

| The occufrence of the slate brecéia indicates

deposition in shallow water, The slate was originally mud,

perhaps in a tidal flat, After drying, the mud curled up and

4

was subsequently incorporated as fragments in newly deposited
~sandy layers. The slate fragments are sharp and angular and
could not have come from a far distant source, Slate frag-

ments of the Soleduo formation can be made into rounded

I
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pieces the size of quarters and nickels by agitating them

for no more than two hours in a forminifers grinding jar,

Such rounded fragments are also common near slate outcrops
in all the streams.

Further evidence of deposition in shallow water are
mud.cracks and ripple marks observed in sandy black slates
about a mile up Royal Creek and in Roysl Basin respectively,

Similar slate breccias are found in the Quinault

Valley glacial moraine bhetween the towns of Humptulips'and

Lake Quinault in the extreme southwestern Olympics, This
indicates a somewhat continuous outcrop of this member
around the Olympic Mounteins, paralleling the horse shoe

outcrop of the Metchosin basalt,

Black micaceous sandstones outcrop along'the upper
Greywolf River from two miles east of Three Forks to its |
source. In these beds a uniform southwestern dip is observed,
However, these beds are not a continuous sequence, but form
severgl folds 6verturned to the northwest, as can bekobservéd

"‘along the Graywoleriver near the Olympic National Park

boundary.

Sandstones are found along the Obstruction Point
trail from Deer Park Lookout in the northern part of the map
area, These sandstoﬁes and associated shales are only

slightly metamorphosed and are brown in color, They were

believed by lMcMichael (1946) to be of Crescent age., This




30

was based on tﬁeir similarity to known beds of Crescent age
to the north,

Possibly these brown sandstones are identical with
gimilar sandstones occurring in the Metchosin formation,
Lithology and lack of metamorphism are strongly in favor of
such a correlation, The contact of these unmetemorphosed

sediments with the darker slates and sandstones of the

‘Soleduc is obscure; the boundary has been mapped where the

sediments become more dark-colored and somewhat metamorphbsed.
Indurated sandstones and black slates typical of the Soleduc
are exposed in the Vicinity of Obstruction Pesak and farther
south in Grand Valley and Lillian Valley. No section could
be measured in this aréa due to very complex isoclinal folding.,

Some folds are vertical while others are overturned and broken

* by many small faults, Good exposures of these structures may

be seen at the head of Grand Valley (Figure 12) and on the

northern slopes of McCartney peak near Lillian Lake, This

\ complgxly foldgd area extends south to the Dosewallips River,

Slates and sandstones of probable Soleduc age occur
in the upper Dosewallips River valley; They are somewhat |
more strongly metamorphosed than the Soleduc rocks farther
down rivér. The dip is fairly persistant to southwest
although a few fqlds can be, observed, All the sediments are

strongly contorted and wrinkled. Almost vertical beds are

crumpled in a sinuous manner, Taulting has occurred along




R
o

FIGURE 12, ISOCLINAL TOLD AT THI IIEAD OF GRAYD VALIRY,
Photograph taken loeking northwest from above Gladys Lake,
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the bédding planes..........planes producing gauge areas
which much resemble crumpled sohist. Mo distinct lithologic
inits traceable over any distsnce were found, The predomi-
nate rocks are alternating maséive sandstone and black slate
beds. They thin and thicken along thé strike, An excellant
‘exposure may be seen on Mount Frome and Mount Claywood at
the head of the Dosewallips. Conformably above this sequence
is & series of grey quartzitic sandstones, green tuffaceous
argillites and highly altered green pillow basalts and
agglomerates, They outcrop on the top of Mount Frome and
make up the great bulk of Mount Claywood. ‘Agsociated with
this series are a number of small limestone lenses containing
quantities of the mineral hausmennite (Mnln,0,). Tleven
lensesvvarying in thickness from three feet to but a few
inches were observed on the northeast slopes of Mount
Claywood, Associated with these limestones are beds of grey
quartzite often containing disseminated'grains of chalcopyrite
whichghas altered to malachite where exposed., Quartz is also
common and fills fractures in the quartzites and volcanic
rocks, Clear crystals up to three inches in'iength occur in
theée veins,

The head of the Dosewallips river is a large glacial
cirque, It is surrounded by five peaks: Lost Feak on the

north, lMount Claywood and Frome on the west, Sentinel Peak

on the south, and Wellesly peak in the southeast. Sentinel
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Peak is composed almost entirely of black slate of which

nearly 1000 feet is exposed on the steep north face, Just
to the east of Sentinel in a low gaddle a small outcrop of

highly altered greenish pillow basalt is exposed, Burrounded

’by this basalt is a leéens of grey sandstone and red limestone,

It is highly fractured and solutions rich in manganese have

penetrated the fractures gradually repldcing the limestone,
qﬁartzite and basalt with hausmannite,
From Sentinel Peak southward to Mount Anderson

similar slates and sandstones occur. The west peak of Illount

Anderson- olear]y shows the regional structure,,the Terd—%

soft beds of slate and sandstone forming prominent serrated
ridges along the mountain shoulder,
Good exposures of this formation may be seen at the

headwaters of the Greywolf river, The slates and sandstonés

- are strongly distorted and gouge is developed along the

bedding planes where faulting has occurréd. The dip is
predominantlylto the northwést, varying between 50 and 75
degrees. Such a northeastern strike does not coincide with
the regional northwestern trend. It is due to the fact that
the normally weakly inclined northwest trendlng axes of minor
folds are in this area almost vertlcal, in connection with
some steep transverse deformation superimposed on the north-

west trending regional folding structure,
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. FIGURE lB.ffSTEE‘LY TILTED SANDSTOE?S,A?D STATRS IN
THE UPPER DOSEWALLIPS VALLEY., Photograph taken looking
directly south, /The dip is to the southwest,
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The eastern side of the Greywoll valley is a ridge
of altered pillow bssalt., The slates and sandstones strike-
almost at right angles to this basalt but become parallel
with it within a few hundred feet of the contact, The
" slates show strong slaty cleavage snd where nearly vertical
gtand out as a series of knifé edge slabs along the ridge

tops.

Associated Igneous Rocks

Within the Soleduc Formation are several bodies of

volcanic rocks, Thin and little extensive flows interbedded

with the sediments are found near Obstruction Point, on

[}

lount Claywood and Mount Frome, near the east side of

e

Sentinel Peak, in Royal Basin and on the ridge between—

Cameron Creek and the Greywolf River, Thick and extensive
flows form most of Mount Deception, lount Mystery and Royal
Ridge. 'The exaot‘oriﬁin of some of the-larger voicanic
area? is obscure, ‘Considerable faulting has %aken place

' .
near the contacts, Tield evidence teunds to show that they
are conformable With the Soleduc sediments,

The volcanics consist of highly altered pilloﬁ

basalts and tuffs, They are grey brown to green in color S
with an aphanitic texture, 'They are often vesicular and in

gsome areas are porphyritic, The farther the volcanics ocour

in the interior of the mountains, the more highly altered :
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WTGIRE 16, CONTACT OF RASAYLT AND SOTEDIN SEDIVFNTS COF
TR WEST SIDE OF THE NFEDLES. Photograoph taken leoking north
along the contact on the eaat side of the CGreywolf River
vslley. The contact is almost vertical and dips slightly to
the west, ‘ ;
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they bocome.‘ The green color is due to the formation of
epidote and chlorite, Small slender needles of epldote coat
the surfaces of the individual pillows 5nd fill fractures
and cracks. Calcite and quartz are commonly associated with
the epidote,

The voléanios are remarkably similar in composition
and appearance. They have a micrdporphyritio texture, The
phenocrysts are euhedral and vere originally olivine and
labradorite, The 1abrédorite has since changed'to albite,
The olivine has been replaced by chlorite and in some cases
calcite.: Zeolites and epidote also fill cavities formerly
occupied by olivine phenocrysts, “

The ground-mass contains tiny radiating clusters of
microlitic piagioclase. Augite and magnetite are abundant,
Palagonite is common in some specimens and has a spheroidal

structure,

The lavas can be termed spilites,  Their alteration
%

is §1milar to that found in spiiites throughout the world,
Park (1946) accebﬁs the idea that albitization may result
from a reaction between submarine basélﬁ and‘sea wéter. This
is favored by flows of 1arge volume Whiqh acoumulate rapidly
and retein considerable heat, Such conditions existed during
the formation of the basalts associated with the Soleduc

formation,
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P
RIGURE 16 THIN SECTI OW OF RASATT WROM FOUMT
: E DEOEPTION, Plain light,X 204. The long needle-like '
S crystals are albite, -The eubedral areas are former
o olivine crystals, now 1 reely replaced by chlorite,

-
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No dikes were fbund in the map aresa though they are
known ‘to occur in areas of similar rocks to the south (Arnold
1909)., The vast majority of fhe lavas possess pillow
structure, They thicken and thin along their strike and tend
to follow the regional‘trend of the Soleduc sediments, The
largest area of basait is ex?osed from Mount Mystery to the
Needles, forming a belt neariy 5000 feet wide and 5 miles in
length., Other basalt outcroﬁs ére only a few tens of feet in
length, have a 1entiéular’shape. Only on Mount Claywood where
sediments are intercalated oan‘individual basalt flows be
distinguished. At least three fldWs are exposed on the
northeast side of this peak, |

Numeroﬁs sme,ll pods and lenses of red and green
limestone occur between the pillows in the basalts, The red
color is largely due to weathering of manganese impurities in
the limestone., The limestone shéws a blue=-grey colqr on
fresh surfaces, - The weathering prooeéses\concentrate the
-mangaPese on.the surface of the limestone where it forms a
 steel-blue ooatiné of hausmannite, TLoose weathered fragments
of this manganese~bearing limestone found on the talus slopes
give a false impression that there are large quantities of

ore, - On the northeast slopes of Mount Claywood 8 limestone

.lenses heavily steined with menganese are exposed, The ex-

posed face_.is almost vertical and a great amount of talus
. ‘ ~
material has accumulated below it,
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THIN SECTION O RASALT
Plain light, X B0,
composed of radiating microlit
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In other areas red limestones occur which seem to
contain no manganese, They are more of en orange red and
their color is probably due to hematite, Limonitic materisl

covers the weathered surface of this llmcstonc.

A subordlnate amount of 11meston@s are green and aTe
siliceous,

The origin of these limestones and the associated
manganese minerals has long been the subject of intensive
study, Park (1946) believes that the limestones were formed
in large"part by precipitation from sea water, caused by

chemical reactions due to the volcanic eruptionss

Agitation of the sea water during submarine
" extrusion caused a precipitation of calcium carbonate,
The resulting limestones mixed with fine grained
volcanic debris, are the present-day "red rocks”,

« oo during periods of rapid extrusion in deep
water the sea water in the underlying sedimentary beds
wes trapped and heated, The fragmental volcanics ,
chilled quickly and permitted rapid escape of the fluids,
but the thicker flows tended to retain the heat, and were
suovjected to a continuous stream of escaping gases, The
original constituents of the lavas were decomposed '
albite, and later deolltes were deposited in their place,
and silica, lime, iron, magnesium, and manganese were
carried upward, On reachln the limy accumulations near
the top of the flows, the materials in the fluids were
left as replacement deposits, or, where the conduits
broke through to the sea floor, they were deposited as
part of the accumulating sediments,

Absence of limestone in the thick sedimentary
sequences above and helow the basalts seems to confirm that

the limestones associated with the basalts owe their origin

T e ..
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to the volcanic activity.

The mangenese-bearing limestones contein remains of

Foraminifera (Globergerina ?). These are floating forms and

wiien they die their tests sink to the ses bottom, The green
limestones do not contain microfossils in any of the samples
examined, and may have been entirely formed by precipitation:

due to the volcanlc ‘eruptions, The red 11m05uones mey he

the combined resu)t of such precipitation and of the 8,0 cuNi=

lation of foreminifera tests. Undoubtedly the volcanic
~eruptions killed the foraminifera in large numbers which may
account for their abundance in the inter-pillowrlimestoneé.
No megafossils have been found in the limestones, |

Associated with the red limestones on Mount Claywood
and the east side of Sentinel Peak are thin layers of a ;k @
bluish grey quartzose sandstone, It is véry hard and
compact and contains a small amount of disseminated
chalcopyrite, 'The amount of ohalcopyrité“is so small that
it wougd not bhe notlced if it were not for the malachite
stain produced on the weathered rock surface,

A lustrous dark-brown coating rich in manganese and
iron fills fractures in similar bluish-grey sendstones on
Sentinel Peak and near Mount Deception, and probably
represents deposition from solutions derived from the volcanic

rocks,

Tiny flakes of graphite were found in some of the red
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limestones on lMount Claywood and are probably remnants of

carbonaceous material that accumulated with the limestone,

 Ape and Correlation '

The meager collection of fossils obtained from the

Soleduc formation éontains nothing of any gstratigraphic

value, The position of the Soleduc below beds of known

4 . . .
Tocene age and its apparent angular relationship with these
rocks in the few areas studied has led to the belief that

it might be of Cretaceous age (Weaver 1937). Cretaceous

formations*déﬁﬁf»on Vancouver Island éé the north and on
San Juaﬁ Islands to the northeesst, but they differ litho-
logically, are fichly fossiliferous, end nowhere are¢ they in
contaqt with Tertiary.rocks.

In 1940 Warren collected a few poorly ﬁreserved
fossils from rocks generally included in the Soleduc near '

Mount Appleton.*

They are considered to be most prohably of
Oligoofne age, | |

The pillowjbasalts in the Soleduc Formation are:
minerslogically very similar to thé basalts of the Metchosin
formation, Both basalt formations contain manganese-bearing

lenses and show the same kind of copper mineralization., The

Soleduc volcanics trend parallel to the Metchosin volcanics,

¥ Py Mr, Walter Warren, received 1948, personal comnunication,
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Since the Soleduc lithologically resembles formations
of definite $ertiary age and there is no fossil evidence to
the contrafy, the writer places this formation in the
Tertiary, Provided the succéssion Soleduc-Metchosin is
normal, the writer would tentatively assign the Soleduc to
the basal Tocene. If the fossiliferous rock of lMount
Appleton stratigraphically beiongs to the Soleduc, and if
the fossils found there are really Olipocene, the Soieduo
would, of course, be younger thén the Metchosin, and the
succession would not be normal. Itvis hoped that further

field work will solve this question,

Metchosin Formation

General Statement

A broad bhelt éomposed of volcgnic rocks surrounds
the Olympic Mountains on the north, eas£\and south, It was
origihally described as Crescent formation by Arnold (190é)
and Weaver (1916); Clapp (1912) found a similar volcenic
formation on southern Vancouverylsland,'to the north of the
Olympic Peninsula, He called it the Metchosin formation, )
Weaver (1937) correlated the Olympic &olCanics‘tovthe N

Vancouver Metchosin,
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- Areal Distribution end Lithology

In the area studied by the writerlthe Fetchosin
formation occurs in a broad bend extending from the
~Dosewallips River north to the Dungeness River, Trom here
it turns sharply to the northwest and then to the west, in

the vicinity of Blue Mountain, In the vicinity of Jount

Constonce the belt of volcanics is over 8 miles wide,
Tarther northwest the width of this belt decreases to
approximately 4 miles,

The rocks of the Metchosin formation are fbr the
most part highly altered basalt flows, tuffs and breccias,
They are resistant'to erosion and form high jagged ridges
with a steep drop along their contact with the less resistant

Soleduc sediments, The most prominent of these ridges is

that of Mount Constance,

In the western part of the belt; most basalts show
pillow structure, whereas towards the east the flows become
more massive‘and poorly.developed columnar structure is
locall& present, ' ' i

The basalt ranges in color from dark green to brown
and black. It is predominantly sphenitic and locally

porphyritic, Vesicular structure is common, and in many

areas the vesicules sre filled with calcite, zeolites and

epidote,
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The basalt is mirocrystalline and is composed of

plagioclase, augite and olivine, In relatively unaltered

‘basalt the plasgioclase is labradorite. In altered rocks it

is albite,

Individual flows of basalt sre almost impossible to
feoognize, especially in pillow basalts like those composing
Mount Constance, Where the Dosewallips River cuts through
the basalt south of NMount Conétance, the pillows appear to be
nearly vertical; if the basalt sequence is'oonsidefed vertical
in this section, it is nearly 20,006 feet thick,

North of Mount Constance pillow layers are separated

by beds of graj tuff and argillite, These intercalations are
not continuous over a large érea but mey be followed for

about 500 feet; their thickness ranges from a few inches to
100 feet, \

A section of tuff and basalt is exposed between

Marmot Pass and Buckhorn Pass (thickness,@pproximate)i

{ , Teet
Volcanic breccia and tuff............. 1004

Tuff with small individual flows
of pillow basalt; individual
pillows amygdaloidal and less
than 2 feet in thickness,........... 200+

Small pillow flows with minor
amounts of brown tuff..veecieereeenss HOE

Pillow basalt; Pillows up to one ; :
foot in dialmeterOOOOGQOOOCCl....l!.l :]—OOi -

450+
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part of the section and tuffs
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FIGURE 22, THIN SECTION O BASALT
MARVOT PASS, COrossed Nicols X 20+, Tar
plagioclase crystal in the center the on has
been largely replaced by albite and caleite.  Small

white patches are amygdules filled with zeolite,

v
-~
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PIGURY 23, THIN SECTION O :
VITE NORTH OF MARMOT PASS, Plain light,
This flow is predominately composed of
olivine, The large irregular areas are
containing chlorite, calcite and some .

i
! .
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Thin amygdaloidal pillow flows are found again on the
Greywolf River 7 miles upstream from the end of the road..
They closely resemble the flows bhetween Marmot Pass and
Buckhorn Pass., The amygdules are of & remarkably regular
flat—ellipticél‘shape., They are filled by zeolites and some
calcite,

About a mile north of Warmot Pass a volcanic rock is

exposed which resembles basalt but consists almost entirely

of small crystals of augite and olivine (figure 23). Its

composition is that of a picrite,

Associated Sedimentary Rocks g

On the west side of Wount Constence lenses of brown
limy shale and argillite occur in thekﬁetchosin volcanics,
Northward the number and also the individual size of such
lenses increase, Just to the north of Marmot Pass several
of these lehses are exposed, They are leSg resistant to

.

érosion.than the basalts, and on ridges they form low sSaddles,

Such a saddle sceparates Buckhorn Nountain from Iron Mountain,

Farther north at Buckhorn Pass a massive conglomerate

is intercalated in the basalt, The pebbles reach a dismeter

of 2 inches and are mostly quartzite, Basalt pebbles are o

surprisingly rare, No quartzites similar to those in’ the

conglomerate are known to occur on the Olympic Peninsula,

The conglomerate grades upward into a coarse gritty sandstone,

“y
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Smoll lenses of a very similar conglomerate are exposed’
near Camp lystery 1 mile east of Marmot Pass and a few
hundred feet west of the 7 mile post on the Greywolf River,
Trom Buokhorn Pass northwestward the amount of
sedimentary rocks interbedded with the Metchosin flows
increases until they exceed the basalt, The sediments are
largely brown and dark-grey sandy shales, They are well~
bedded and apparently unfoésiliferous apart from some

fregments of foraminifera closely resembling Globergerina,

which were noticed in a thin-section of shale from the
Greywolf River about 2 miles from its mouth,

Limestone lenses are also common in the lMetchosin
basalts, The limestone is generally deep chocolate-red and
is often coated with black manganese oxide.‘ Several bhodies
of thé mangonese silicates vementite and neotocite occur
with these limestone lenses, Prospects have been opened at
Elkhorn on the south side of HMount Constance and at the Tubal

‘

Cain mine on Copper Creek north of Iron Wountain, Varying

amounts of manganese are found in these aress but the cost

of mining and refininé the material is at present prohibitive. 

Remains of Globergerins occur in these red limestones,

[

. omall amounts of a bluish limestone are found near
the red limestohes; they generally form pockets only a few
inches thick, A tﬁin nodular bhed of blue limestone occurs
at DBuckhorn Pass and hés been altered intoia'fine-grained

marble, ‘




TIGTRE 24, TBNS 07 ARGITIITRE ANVD CONORBTIONARY SANDLET
IN THE HRTOHOSIN VOTOANINS MORTH OF MARMOT PASS, View is ¢
o]

the north. The dip of the sediments is about 50 degrees %
the north, The weak sediments form a saddle with the more
resistant pillow basalts on elther side, '

B . s
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Metchosin basalt about 2 mile
north side of the Quilcene Ri
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Apge and Correlation

On the Olympic Peninsula the Metchosin formation
was placed in the Lower Focene because of its stratigraphic
position below the Middle Focene Crescent formation (Weaver

1937). The. discovery of specimens of Turritella scandersoni

in the upper part of the Metchosin on Vancouver Island
indicates a Middle Rocene age for this portion (Weaver 1937).

Bchinoid épinés and shark teeth have been found in

- palagonitic material around pillows in the letchosin ba.eua,lt.:»'r

They do not help in determining the age of the basalt,
The scarce fossi;s'found in the VMetchosin on Vancouver
Island and the Olympic Peninsula anyway seem to justify the

assignment of a lower to middle Focene age to this formation,

Crescent IFormation

General Statement
| Near the junction of the Dungeness and Greywolf

Rivers there occurs a series of sedimentary rocks which are

" stratigraphically above the Metchosin volcanics, Similar

sediments overlying the volcanics along the northern margin

of the Olympic Mountains have been termed the Crescent

v

¥ Personnel Communication by Dr., Charles ¥, Park Jr.,
received 1948,
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formation, The term "Crescent" originally included the
Metchosin but the Crescent sediments and interbedded

volcanic focks are now considered as a distinct formation
(Weaver 1937), It is confiuned to the northern border of the
Olympic Peninsul@. Its occurrence at the junction of the
Dungeness and Greywolf Rivers has been reported by lMcMichael

(1946),

Lithology
About 2500 feet of brown to bluish grey argillaceous

shales and medium-grained sandstones are exposed along

‘Dungeness River between Gold Creek and Greywolf River, The

sediments are thin~bedded and poorly indurated., A few

calcareous conqretion% are found, WNear the contact with the
Metchosin basalt, the ‘Crescent formation is fractured, and in
very few places can its dip be determined, Nowhere in this

ares has the actual contact been observed,. .

i
i ’

Are and Correlation

The type area of the Crescent formation is at
Crescent Bay west of Port Angeles. Here, tuffaceous sandy

shales rest on basalts of the Metchosin formetion., Outside

~the type area the sediments vary in lithology. Toraminifera

from Crescent Bay have hy Berthiaume (1938) been correlated

to‘those of the Middle Focene Capay of Cslifornia,




At the junction of the Dungeness and Greywolf

Rivers shales and sandstones considered as Crescent by the
writer, are succeeded by a higher basalt formation, In s
limestone lens interbedded in this basalt Durham (1941)
' found lurritella uvasana subsp. elequahensig Weaver et ’ i
5 :
. Palmer, This suggests a correlation with the Upper Xocene
; | Cowlitz formation for this basalt,
‘f The fact that the sediments described as Crescent
' in the present report are underlain by the Metchosin and
1
;é are succeeded by rocks of Cowlitz age, confirms the Crescent.
7 ; R
‘ (Middle Focene) age of these sediments,
At one locality on the Dungeness trail about one.
. ~anile above its junction with the Snow Creek road, very
fragile specimens of a gastropod resembling Turritells was
. | . |
N found. No accurate determination of these fossils could be e
1 ; \
/:‘ & j‘ |
. |
]
é
:
2




STRUCTURAL CGIOLOGY
The Inner Series

The outstanding structursl features of the inner
geries of weakly metamorphosed rocks afe»their prevailing

" southwesterly dip and their isoclinal folding.

Wherever the rocks of the Mount Seattle formation

have been observed they dip to the southwest at angles
ranging from 50 to 85 degrees., There may be isoclinal

folds though none were seen, In the high barren country \

of the central Olympics the more resistant sandstones

stand out as ridges, From Vount Seattle north to llount

RS R SR

lfeany these ridges are transected by deep narrow stream
valleys and the southwesterly dip is ecasily observed on the
steepkvalley gides,

The Soleduc formation also has'a prevailing south-

westerly dip in most areas, but the dip is not nearly as
steep as that in the Mount Seattle formation, The Soleduc
formation has'been folded into several anticlines and -
gynclines, Alfew of these folds are overturned to the °

northeaét, both limbs of the folds dipping to southwest,

A prominent anticline trends in a northwest-southeast
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direction across Grand Valley and extends southesstward to

Royal Basin, In Royal Tasin flows of the Soleduc volcanics

are exposed in bqth limbs of this anticline, The core of a

~gyncline overturned to the northeast is exposed one mile
cast of the junction of the three forks of the Greywolf
River, A thickness of nearly 5000 feet of sediment is
exposed in the northern limb of thié syncline, Isoclinal
folds may be observed at the head of Grand Valley, the west
side of Lake Lillién and on the ridges to the west of Mount
Deception, |
Due to the scarcity of traceable lithologic units
and fossils, the structure of the inner seriesAis difficult
to uﬁravel. ,Thé enormous apparent thickness of sediments
Adipping uniformly to southwest is due to repetition in
overturned isoclinal folds, Very detailed mapping and
stratigraphic study are requiredvto locate thesp folds and

thusitd/get the true picture,

;-
i

‘;&g
The Outer Series

In most of the area studied by the writer the dip
of the Metchosin and Crescent formations is to northeast,

The sediments interbedded with the Metchosin basalts dip at

angles less than 50 degrees, A major anticline and syncline
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cross the Greywolf River in a northwest-southeast direction,
Their continuation to the north and south is very difficnlt
toytrace, owing to the dense vegetation covering the area,

An anticline is exposed farther south on the Dungeness River,
but its continuation to the north could not be determined,

Minor faulting within the basslt is common, and

slickensides are found in many aress, The amount of dis-~
placement could»no£ be determined as no faults were found

cutting the intercalated lenses of sediment,

i

. The MetchosinQSoleduc Contact

One of the major unsolved problems in the Olympics
is the nature of the Metchosin-Soleduc contact, In the
immediate vicinity of Mount Constance the contact follows a
northeasterly tfend. Nowhere has th agtual contact been

seen, but exposures a few yards on either side show sediments
' \

“dipping between 70 and 80 degrees to the southwest on the

west side and bedded tuffs and limy shales dipping 25 to 50
degrees to the northeast on the east side, This relation~
ship suggests either a fault or an unconformity. VWhen
traced from Constence Pass to the bottom of the Dosewallips
Valley, .over a vertical distance of 6000 feet, tﬁe contact
is seen to be almost vértical, Farther to the north, none

of the deep transverse canyons north of Mount Constance have
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penetrated Soleduc sediments beneath the Metchosin volcsenics,
This suggests that the contact remains vertical in this area,

South of WMarmot pass a bright green and white
quartzitic rock is exposecd beneath the basalt a few feet from
the contact, Tnder the microscope this rock shows stroﬂg
mylonitic structure, It thus seems to be confirmed that the
contact is a Ffault in this region,

Where the Soleduc-Metchosin contact crosses the
Greywolf River, conditions are different. The basalt here
appears to dip beneath the Soleduc, The actual contact is
in the bottom of a narrow canyon and covered with talus, but
the Metchosgsin and Soleduc formations have approximately the
same southwesterly dip on the sides of the canyon. Rither
the Soleduc~lMetchosin contact is normal end concordant here
and has been overturned %o the northeast, or the Soleduc
formation has been thrust over the Metchosin, The litho=-
logic succession within the Metchosin formation here is the
reverse of Whaﬁ it is elsewhere; this suggests that the
Metcho;in is here overturned,

On Green‘Mountain brown sandy shales belonging to

the Metchosin formation dip under the micaceous dark sand-

stones of the Soleduc, The actual contact was not found

exposed,

L4
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Conclusions

A regional interpretation of Olympic structure
depends on an understonding of the relationship, bothl
stratigrephic and structursl, between the inner and outer
gseries of rocks comprising these mounteins, Therefore the | ‘

contoct relations between Solceduc and letchosin are of

particular importance, In' the aréa.so far gtudied by the
writer, different kinds of contact relations seem to be
o present in the major river valleys, and no exposure of the
actual contact has been found; it is therefore difficult to-
come to any definite conclusion sas to the’Soleduc~Metchosin
. relationship,

Available field evidence indicgtes that at least in

parts of the Mount Constance area the contact is a fault,

whereas in other parts it is concordant and overturned, and

i

probably normsl,

Warren's discovery of probable Oiiéooene fossils on
MountiAppleton in the inner seriecs suggests the possibility
of the Metchosin being thrust over a.great thicknéss of

Tertiary rocks, A detailed investigation of* the lower

contact of the Metchosin throughout the Olympic Peninsula
and of the relations between the sediments constituting the
inner series, and known Tertiary rocks, would be necded before

it cen be decided whether large scale thrusting is present or

not, .
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