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The Washougal Mining District is approximately 50 km (30

miles) northeast of Vancouver, Washington, along the western

slopes of the Cascade Range. Although the district has produced

the unostentatious amount of $572 in metals since 1903, the presence

of porphyritic intrusions, hydrothermal alteration, breccia pipes,

and base-metal mineralization typical of many porphyry copper-

molybdenum deposits give this area increased exploration signifi-

cance.

Bedrock in the district consists primarily of mafic to inter-

mediate flows and volcaniclastics of probable Eocene to Oligocene

age, which have been intruded by the Silver Star plutonic complex.

This complex is composed of a chilled border phase, diorite, quartz

diorite, granodiorite, quartz diorite porphyry, gran.odiorite porphyry,

and granite aplite, in probable order of emplacement. In addition,
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at least 21 tourmaline-bearing breccia pipes, interpreted to have

formed by late-stage magmatic fluids, are associated primarily with

the granodiorite phase. The phases of the complex display the

systematic and continuous variations in mineralogy and chemical

composition that are characteristic of a rock suite differentiated

from a single magma which underwent late-stage silica and potas-

sium enrichment.

Northwest-trending folds and faults are found throughout the

Washougal District. There is a close correlation between joint plane

orientations, and lineaments determined from aerial photographs.

This association suggests that pre-existing north-northeast- and

no structures controlled the emplacement of the

intrusion and localized the related hydrothermal mineralization.

Prophylitic, phyllic, potas sic, and tourmaline alteration as

well as the associated copper, molybdenum, and zinc mineralization

accompanied and (Or) closely followed the emplacement of the granodi-

orite porphyry phase. The ore minerals, which are generally re-

stricted to the hydrothermal breccias and the surrounding host rock,

are sporadically zoned throughout the district. Anomalously high

concentrations of copper and molybdenum are broadly antipathetic

with those of silver, lead, and zinc. The association of calc-alkalic

magma including porphyritic phases, tourmaline-bearing breccias,

and erratic hydrothermal alteration and metallization suggests that



the Silver Star plutonic complex as presently exposed is a high

level porphyry copper-molybdenum deposit.
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THE GEOLOGY AND MINERALIZATION OF THE NORTH
PART OF THE WASHOUGAL MINING DISTRICT,

SKAMANIA COUNTY, WASHINGTON

INTRODUCTION

The Washougal Mining District is the southernmost district in

Washington. It is located along the western slopes of the Cascade

Range, approximately. 50 km (30 mi) northeast of Vancouver,

Washington. Although the district has been the site of base metal

exploration for the past 75 years, the production history for the

region has been small and disappointing. Copper, silver, lead,

zinc, and gold were the principal metals produced from the area

according to Moen (1977). With the anticipated increased need for

mineral resources and with new production techniques, exploration

interest in the district has renewed.

Location, Access, and Topography

Most of the area of study is within the boundaries of the Gifford

Pinchot National Forest. It is primarily comprised of the secs. 13-

36, T. 4 N., R. 5 E.; secs. 1-12, T. 3 N., R. 5E. The thesis
.area, shown in Figure 1, occupies 48 km2 mi2 i(30 ) n the northeast

corner of the mining district.

The district is accessible from Vancouver and Battleground,

Washington via state and county roads. Within the Washougal



Figure 1 . Index map of the study area.
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Mining District, a network of improved and unimproved U.S. Forest

Service, logging, and mining roads provide access.

The region lies within the maturely dissected volcanic plateau

of the Western Cascade Range (Moen, 1977). Elevations range from

450 m (1500 ft) along the East Fork Lewis River, to 1170 m (3957 ft)

on McKinley Ridge. Topographic relief is locally in exces s of 700 m

(2400 ft).

Between 1902 and 1936 major forest fires destroyed nearly

300, 000 acres of virgin timber in the district (Moen, 1977). As a

consequence, the area is densely forested with second growth ever-

greens and deciduous brush below 900 m (3000 ft). Above this local

timberline, open meadows, rock bluffs, and extensive talus slopes

dominate the landscape.

Previous Geologic Investigations

Little detailed geologic information is available concerning the

northern portion of the Washougal District. Allen (1932) first

examined the regional geology in a thesis pertaining to the lower

Columbia River Gorge. He described and named a large stock of

granodiorite the Silver Star Formation. Felts (1939) produced the

only work concerning the petrology of the Silver Star stock and the

associated volcanic rocks. His report is broad in its scope and

does not concern the mineral deposits. Magill and Appling (1957)
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examined the Miners Queen property (Fig. 1) in connection with an

investigation for the U.S. Bureau of Mines. Reconnaissance work

in the area was completed by Gower and Livingston (1958) in compil-

ing the Washington State geologic map (Hunting and others, 1961).

Heath (1966) investigated the mineralization of many prospects in

detail for the Washougal District. His study was primarily con-

cerned with ore microscopy, and it provided little new geologic or

metallogenic data. Grant (1969, 1976) summarized the literature of

this district in two reports concerning the mineral deposits of the

Cascade Range in Washington. Reconnaissance geologic mapping in

this area and regional correlations of the volcanic units have been

undertaken by Hammond (1974), and Hammond and others (1975,

1977). Most recently, Moen (1977) has reviewed the literature of the

Washougal and other mining districts in the southern Cascades of

Washington.

Purpose and Methods

The purpose of the investigation was to map in detail the rock

units in the northeastern portion of the Washougal Mining District.

Particular emphasis was given to the volcanic stratigraphy, distribu-

tion and compositional variation of associated plutonic units, struc-

ture, and the effects of hydrothermal alteration and metallization.

This initial undertaking must be considered in part a reconnaisance
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study. Nonetheless, it may serve as a basis for subsequent investi-

gators to emphasize selected topics.

Field work was conducted from June to September, 1977.

Mapping was done on a portion of the U.S. Geological Survey Lookout

Mountain, Washington, 15-minute topographic quadrangle map. The

map was enlarged to a scale of 1:24, 000. United States Forest

Service aerial photographs at the approximate scales of 1:73, 000

and 1:21, 000 were used to facilitate mapping.

Selected areas of interest were mapped in greater detail using

tape and compass methods. Two partial stratigraphic sections were

measured in the volcanic sequences. The 1:73, 000 scale aerial

photos and selected Landsat images were used to prepare a surface

lineament map, at a scale of 1:250, 000.

Petrographic studies were performed on approximately 50 thin

sections. Minerals were identified by means of standard petrographic

techniques. Plagioclase feldspar composition was determined using

the Michel-Levy and combined Carlsbad-Albite methods, as outlined

by Kerr (1959). Potassium-bearing minerals were initially identified

by staining the thin sections with potassium cobaltinitrite. Modal

analyses were obtained for selected samples by point counting (300

points per slide) with a mechanical stage and point counter. The

predicted variation of the modal analyses range from 3 to 5 percent

(Chayes, 1956; Van Der Plas and Tobi, 1965).
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Trace element concentration of Ag, Cu, Mo, Pb, and Zn were

determined for 31 rock chip and 11 stream sediment samples by

Chemical and Mineralogical Services, Salt Lake City, Utah. Whole

rock analyses for major oxides were obtained for 14 samples. These

determinations were performed using X-ray fluorescence spectro-

photometry for FeO, Ti02, CaO, 1(20, and Al203; atomic absorption

spectrophotometry for MgO, and Na20; and visible light spectro-

photometry for Si02. The methods used are water-free and all iron

is expressed as FeO. All major oxide analyses were performed by

Dr. E. M. Taylor and Ms. R. L. Lightfoot of Oregon State University,

unless otherwise indicated.

Terminology

Rock colors are based on the Rock Color Chart (Goddard and

others, 1963). The classification of volcaniclastics follows the work

of Fischer (1961, 1966). Volcanic units are classified according to

the petrographic scheme of the I.U.G.S. (Hynman, 1972), and the

chemical method of Taylor (oral comm., 1977). Plutonic rocks are

grouped in accordance with the L U. G.S. modal system (Steckeisen

ed., 1973). Hydrothermal alteration and mineral assemblages are

discussed in terms of the conventional classification of porphyry

copper-molybdenum deposits, as described by Burnham (1962),
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Creasey (1966), Meyer and Hemley (1967), Lowell and Gilbert (1970),

Sillitoe (1973), and Gilbert and Lowell (1974). Hydrothermal breccias

are grouped after the classification of Wright and I3owes (1963), and

Bryner (1968). Finally, any secondary, fine-grained, highly bire-

fringent, micaceous mineral is collectively called "sericite" or

"white mica."



REGIONAL SETTING

Tertiary volcanic and sedimentary strata are the dominant rock

types within the southern portion of the Cascade Range of Washington.

These units were intruded by plutons of middle to late Tertiary age

and subsequently covered by Quaternary volcanic and unconsolidated

surfacial deposits.

Extensive vegetation and rugged terrain have greatly impeded

efforts to obtain a better understanding of the regional geology.

Nevertheless, Hammond and others (1977) have divided the area

into four broad assemblages consisting of pre-Tertiary, Western

Cascade, Columbia River Basalt, and High Cascade Groups. The

Western Cascade Group is primarily exposed within the area of

interest.

The widespread accumulation of Eocene to Miocene age calc-

alkaline volcanic and derivative sedimentary rocks have been collec-

tively designated the Western Cascade Group. These strata are

considered to exceed six kilometers in total thickness (Hammond and

others, 1977). Hammond and others divided this Group into upper

and lower "members." It is proposed herein that the term "mem-

bers" be changed to "subgroup" in accordance with Article 9d of the

Code of Stratigraphic Nomenclature (Am. Assoc. Petrol. Geol.,

1961, p. 651).

8
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Stratigraphic terminology is somewhat confused and contradic-

tory for the Tertiary section in the southernmost part of the Washing-

ton Cascades (table 1). Excellent discussions of the nomenclature

for this region and the corresponding strata in Oregon are given by

Trimble (1963), Peck and others (1964), Livingston (1966), Wise

(1970), Beaulieu (1971), and Hammond and others (1977).

The lower subgroup of the Western Cascade Group is the

predominate rock unit in the region. It consists of subaqueously

deposited volcaniclastics and' interbedded mafic flows of the

Ohanapecosh Formation (Fiske, 1963; Fiske and others, 1963; Wise,

1970), and the associated Goble Volcanics (Wilkenson and others,

1945; Livingston, 1966; Beaulieu, 1971). These strata interfinger

northward with the terrigenous arkosic sandstones of the Puget Group

(Gard, 1968; Fischer, 1970; Buckovic, 1974) and westward with the

marine shales, siltstones and sandstones of the Cowlitz Formation

(Wilkenson and others, 1945; Beaulieu, 1971). First defined by Fiske

and others (1963) near Mount Rainier, the Ohanapecosh Formation

has been mapped as far south as the Columbia River by the subse-

quent investigations of Ellingson (1968), Wise (1970), Simon (1972),

and Hammond and others (1976, 1977). In addition, the Ohanapecosh

Formation has been tentatively correlated with the Little Butte

Volcanics (Peck and others, 1964) of the western Oregon Cascades

by Hammond (written comm., 1977). Vance and Naeser (1977) used
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zircon fission track methods to date the Ohanapecosh Formation

near Mt. Rainier as early to middle Oligocene (31 to 35 m.y. ).

Paleontological evidence has extended this age from middle Eocene

to late Oligocene.

The Stevens Ridge Formation separates the Western Cascade

Group into upper and lower subgroups. These distinctive dacitic

welded tuffs are considered part of the upper subgroup and uncon-

formably overlie all older rocks (Hammond and others, 1977). This

formation consists primarily of rhyolitic to dacitic lithic-pumice ash

flow tuffs with interbedded volcaniclastics, mafic flows, and laharic

breccias (Fiske and others, 1963; Swanson, 1964; Simon, 1972;

Hartman, 1973; Harle, 1974; Hammond and others, 1976). These

tuffs are dated as middle Oligocene to early Miocene (31 to 23 m.y.)

by Vance and Naeser (1977).

In addition to the Stevens Ridge Formation, the upper subgroup

consists of the pyroxene-olivine andesite flows of the Fifes Peak

Formation and the sedimentary rocks of the Eagle Creek Formation.

The late Oligocene to middle Miocene Fifes Peak volcanic rocks are

problematic to the stratigraphy of the Washington Cascades. Re-

cently, Hammond (written comm., 1977) has given member status

to at least seven "Fifes Peak Formations" and associated assemblages

(Fiske and others, 1963; Swanson, 1964; Hartman, 1973, Harle, 1974)

in order to produce a lithically coherent formation. The Eagle Creek



Formation of early Miocene age unconformably overlies the Fifes

Peak Formation and older rocks of the area (Chaney, 1920; Wise,

1970).

According to Fiske and others (1963), Race (1969), Wise (1970)

and Hartman (1973) the Western Cascade Group has been subjected to

incipient zeolite-grade metamorphism. Hartman (1973, P. 87-89)

concludes that this is not entirely attributable to deep burial. In-

stead, an important contribution is related to hydrothermal altera-

tion associated with intrusions of Miocene age which are numerous

throughout the region.

Intrusions are widespread throughout the southern Washington

Cascades. These epizonal plutons range from granite to gabbro and

average granodiorite in composition. In general, they are of batho-

lithic size to the north of Mt. Rainier and range through stocks to

small dikes and plugs southward in the Cascades (Grant, 1969).

Stratigraphic criteria and limited radiometric age determinations

indicate that the stocks are largely Miocene to Pliocene in age

(Hammond and others, 1977).

The topographic crestline of the southern Washington Cascades

approximately divides the province into two structural regimes.

Northwest trending folds and faults predominate to the west of this

crestline. In contrast, to the east, the structural trend is northeast,

as is also the case for the adjoining Columbia Plateau. Folds have

12
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not been traced across the axis of the Range south of Mt. Rainier.

This deformation primarily affects the pre-Pliocene formations,

although Quaternary strata are locally disturbed (Hammond and

others, 1977). The larger plutons are associated with many of these

folds and faults (Grant, 1969; Schriener, 1976).



VOLCANIC AND SEDIMENTARY ROCKS

Strata equivalent to the lower subgroup of the Western Cascade

Group (Hammond and others, 1977) predominate in the northwest part

of the Washougal Mining District. These rocks have been called the

Skamania Andesitic Series by Felts (1939) and the Skamania Volcanic

Series by Trimble (1963). These workers divided the series into

upper and lower "members." This terminology is herein modified

because of fundamental differences in the lithology and in the mode

of deposition between the 'members."

The oldest assemblage, which is informally named the East

Fork formation, consists of altered volcaniclastics and basalt flows.

Mafic dikes intrude the strata of this formation. Unconformably

overlying the lower member, and widespread throughout the District,

is the Skamania formation. It consists of basaltic andesites and

basalts that are intercalated with volcaniclastics and at least one

dacite flow. Recent deposits include alluvium, colluvium, and land-

slides.

East Fork Formation

A sequence of volcanic sedimentary units and basalt flows is

hereby informally named the East Fork formation. It is distinguished

from the other rock assemblages in the district by having a large

proportion and thick succession of volcaniclastics, by the widespread

14
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and abundant presence of propylitic alteration minerals, and by a

greater intensity of deformation. The base of the formation is not

exposed within the district.

The East Fork formation crops out primarily along the East

Fork of the Lewis River (plate 1). A partial stratigraphic section

was measured in the SE 1/4 sec. 14, T. 4 N., R. 5 E. (appendix II).

Volcaniclastics

Approximately one-half of the East Fork formation is composed

of sedimentary rocks that include volcanic lastic breccias, tuff

breccias, lapilli tuffs, tuffs, and volcanic mudstones and siltstones.

Tuff breccias predominate in this portion of the formation, and the

remainder of the section consists of basalt flows.

These strata are not resistant to weathering and thus outcrops

are largely confined to road cuts and stream channels. Individual

beds vary from a few millimeters to more than 9 m in thickness.

They are inferred to be lenticular and discontinuous in horizontal

distribution.

Colors are highly variable but in general they exhibit systematic

differences. The more fine-grained strata range from light blueish

gray (5B 7/1) to light greenish gray (5G 8/1) on fresh surfaces,

whereas the more coarse-grained rocks have darker hues, generally

a grayish red purple (5P 4/2). In addition, the colors are partly
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dependent on the intensity of alteration.

Tuff breccias and lapilli tuffs form massive outcrops. They

are poorly sorted and rarely exhibit graded bedding. The clasts are

angular to subangular in shape and are generally less than 10 cm in

diameter. Fragments appear to be randomly distributed within the

matrix with no evidence of flow features or preferred orientation.

Modal analyses of two volcaniclastics are shown in Table 2. They

contain fragments of basalt, dacite, and pumice lapilli. The matrix

consists of ash-sized particles, crystal fragments, and alteration

minerals.

Volcaniclastic tuffs, mudstones, and siltstones are finely

laminated and well sorted. They also display graded bedding and

load casts. However, textures and structures such as cross-bedding,

cut and fill, and channel features are not observed. Fossil material

is not found. These water-laid tuffs are composed of fine-grained

feldspar and quartz crystals, lithic fragments, and alteration miner-

als.

Petrographic studies indicate that these units have been sub-

jected to variable intensities of propylitic alteration. The pumice

lapilli are partially devitrified and altered to clay minerals. Most

lithic fragments display clots of chlorite and carbonate (?) in the

groundmass. In addition, epidote selectively replaces phenocrysts

of feldspar and mafic minerals and the groundmass has been highly



Lithic fragments

basalt and andesite 27 28

dacite T 13

pumice lapilli 2

undiff. fragments 4 8

Total 34 50

Alteration clotsl 9

Groundmass2 57 50

100 100

1Chlorite, carbonate, quartz, and zeolites.
2Crystal fragments, alteration products, and lithic fragments
that are less than 0.25 mm in diameter.

3Lapilli-tuff with intercalated volcanic siltstone interbeds.
SW 1/4 sec. 15, T. 4 N., R. 5 E.

4Tuff-breccia, see Appendix II. SW 1/4 sec. 14, T. 4 N.,
R. 5 E.

17

Table 2. Modal analyses of two East Fork formation volcaniclastics.

Mineral 181-B3 1864



altered today.

Mafic Flows

13asalts and associated breccias are of subequal abundance with

the volcaniclastics. They are resistant to weathering and thus form

cliffs. The thickness of individual flows is variable and ranges from

less than a meter to greater than 2 meters. Where the units are

adequately exposed, they commonly have upper and lower breccia

zones. The basalts are massive and do not exhibit columnar joints

or pillow structures. They are commonly traversed by veins of

secondary quartz and clay minerals.

Colors of fresh surfaces vary from grayish blue green (5BG5/2)

to medium dark gray (N4). Weathered surfaces range from greenish

gray (5G5/2) to brownish gray (5YR 4/1).

Flows are porphyritic to fine-grained equigranular in texture.

Modal analyses of two samples are shown in Table 3. Phenocrysts

of andesine (An30 to 4o' pyroxene (?), and olivine (?) collectively

constitute as much as 50 percent of the host. The groundmass con-

tains microlites of plagioclase feldspar, opaque, and glass. All

phenocrysts are variably replaced by propylitic minerals. Epidote

and white mica selectively replace feldspar. In addition, the mafic

minerals have been replaced by chlorite, clay, opaques and epidote.

This alteration is intense and nearly complete, and thus hinders the

18



'Petrographic sericite, carbonate, zeolite, epidote
2Chlorite, clays, opaques
3Epidote, carbonate, clays, p-feld microlites, opaques
4Poprhyritic andesite, cropping out along Lewis River
SW 1/4 sec. 17, T. 4 N., R. 5 E.

5Equigranular fine-grained basalt NW 1/4 sec. 30, T. 4 N.,
R. 5E.
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Table 3. Modal analyses of two East Fork unit mafic flow rocks.

Mineral 164-B4 2595

P-feld plus alteration
mineralsl 48 4

Chlorite clots 11

Altered mafic minerals (?)2 2

Secondary albite 2

Opaques 4

Vesicles with calcite and
quartz infilling 14

Groundmass3 46 69

100 100
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precise determination of the ferromagnesian minerals and the compo-

sition of the feldspars.

Origin, Regional Correlation, and Age

Graded bedding and load casts, according to Pettijohn (1975),

indicate a subaqueous environment of deposition for the volcaniclas-

tics of the East Fork formation. The lack of pillow structures in

the basalts suggests that the volcanic center became emergent for

periods of time. In addition, the absence of fossil material suggests

a possible interbasinal or off-shore position for the source (Fiske,

1963). Thus, the East Fork formation is interpreted as a sequence

of subaqueously deposited volcaniclastics derived from the flanks of

a nearby and periodically emergent volcanic center. Similar volcanic

environments of deposition have been reported in the lower subgroup

of the Western Cascade Group by Fiske (1963), Fiske and others

(1963), Swanson (1964), and Wise (1970). In addition, modern. equiva-

lents to these environments have been recognized in both Japan and

Alaska (MacDonald, 1972).

The East Fork formation may correlate with the Goble Volcanics

and its marine equivalent the Cowlitz Formation found to the west

(Wilkinson and others, 1946; Livingston, 1966). Hammond (oral

comm., 1977) considers the Goble Volcanics to be a local basaltic

center within the Ohanapecosh Formation of Fiske and others (1963).
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Thus, the East Fork Formation may be on the distal flanks of this

volcano. Similar rocks, assigned to the Ohanapecosh Formation,

have been reported to the east and south of the Washougal District

by Wise (1970) and Hammond and coworkers (1977).

The age of the East Fork formation has not been determined

precisely. However, several lines of evidence, both direct and in-

direct, suggest a late Eocene to early Oligocene (?) age. Rocks

assigned to the "lower Skamania Volcanic Series, " 19.3 km (12 mi)

to the west, contain an upper Eocene flora according to Trimble

(1963). Paleontological evidence suggests a late Eocene to early

Oligocene age for the Goble Volcanics found 64 km (40 mi) to the

west (Wilkinson and others, 1945; Livingston, 1966). In the Wind

River district, 27 km (17 mi) to the east, Wise (1970) assigned an

Oligocene age to the Ohanapecosh Formation on the basis of floral

remains. Thus, an analogous age is suggested for the East Fork

formation because of its lithologic and stratigraphic similarities to

these other strata.

Skamania Formation

A sequence of stratified porphyritic flow units with minor inter-

bedded lapilli tuffs and dacite flows is herein informally named the

Skamania formation. It is distinguished from the East Fork forma-

tion by having a smaller volume of volcaniclastics, by only minor
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alteration to propylitic minerals, and by a lesser intensity of defor-

mation. The Skamania formation is widespread throughout the

Washougal Mining District. A partial stratigraphic section was

measured on Silver Star Mountain at NW 1/4 sec. 7, T. 3 N., R. 5E.

(appendix II). The contact between the East Fork formation and over-

lying Skamania formation is covered by vegetation and talus. How-

ever, this contact is inferred to be an unconformity because of

differences in the intensity of alteration and in deformation between

the two formations, as was similarly postulated by Felts (1939,

p. 301-302) and Trimble (1963, p. 12).

Mafic Flows

Approximately ninety percent of the Skamania formation is

composed of flows of porphyritic basalt and basaltic andesite. These

rocks are resistant to weathering, and thus form ridges and cliffs.

It was not practical to map the units separately. They average 6 to

9 m in thickness, and may be as much as 23 m thick. Where ade-

quately exposed, the flows display a basal breccia and an upper zone

of platy jointing. Columnar joints are rarely observed. Colors on

fresh surfaces range from medium gray (N5) to dark gray (N3), where-

as weathered surfaces are light olive gray (5Y 6/1) to dark gray (N3).

Most of the basaltic andesites are porphyritic with a pilotaxitic

to trachytic groundmass. Modal analyses for three specimens are
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summarized in Table 4. Andesin.e phenocrysts (An.35 to 50)
account

for approximately 10 to 20 percent of the rock. They form stubby

euhedral to subhedral laths 1 to 4 mm in length. The phenocrysts

are twinned by the Carlsbad and albite laws. They are normally

zoned, with many displaying resorbed rims and corroded inner cores.

Subhedral twinned augite (?) is stubby to elongate in shape, and

ranges from 1 to 5 mm in length. Less commonly, another dark

mineral forms thin elongate lath-like phenocrysts. This is inferred

to be an amphibole, although replacement by propylitic minerals

prevents its positive identification.

A highly altered mineral is interpreted to have been olivine on

the basis of crystal shape (Enlows, 1978, oral comm.). This phase

has been completely replaced by clay, chlorite, quartz, and hema-

tite.

The groundmass contains microlites of plagioclase feldspar

which average one-half millimeter in length. The other constituents

are alteration products of glass, Fe-Ti oxides (?), epidote, and

altered pyroxene (?).

The flows have been subjected to incipient propylitic alteration.

Feldspars display minor replacement by white mica, carbonate,

and zeolite (? ). Mafic phenocrysts are almost completely replaced

by chlorite, clay, epidote, and opaques.

Although one chemical analysis of a single flow rock from a thick



Table 4. Modal minerals, major oxide, and trace element analyses for selected samples of basaltic
for selected of basaltic andesite from the Skamania formation, andandesite samples

2

1
Carbonate, chlorite, clay, epidote.

P-feld microlites, pyroxene, opaques, epidote, chlorite, alteration products of glass.

3SW 1/4 sec. 2, T. 3 N., R. 5 E.
4NW 1/4 sec. 36, T. 4 N., R. 4E.
5NW 1/4 sec. 7, T. 3 N., R. 5 E. (see appendix II).
6
Taylor, oral comm. , 1977.
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comparison with the average basaltic andesite from the High Cascades of the Oregon
Cascades (Taylor, oral comm., 1977).

Minerals (percent) 1723 S-2894 3535

Phenocrysts - total 30 25 26

p-feld 23 18 13

cpx (augite) 17 tr 6

amb (hbld)
olivine

3

5

Fe-Ti oxides tr tr tr

1
Groundm ass 70 75 74

Alteration clots2 tr 4 2

100 100 100

Major oxide
analyses (percent)

172 Avg. basaltic ande6site
for Ore. Cascades

SiO 2 56,0 56.0

TiO2
1,1 1.4

Al2 03
17.8 17.0

Fe0 total 8.9 7.4
MgO 4,0 4.7
CaO 7.8 8.4

Na20 3.8 3,5

1(20
0.6 1.2

100.0 99.6

Trace element analysis 172-1
for 172 ( ppm )

172-2 172-3

A g 0.7 0,4 0.6 0.6
Cu 400 280 120 270

Mo 4 3 4 4

Pb 8 10 50 23

Zn 30 25 30 28
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volcanic sequence cannot be considered statistically meaningful,

sample 172 was analyzed for major oxide and trace element con-

stituents as summarized in Table 4. This sample was chosen because

of its low degree of propylitic alteration and its lithologic similari-

ties to many flows of the Skamania formation. These similarities

include color, phenocryst content, and relative density. Sample 172

exhibits many gross compositional similarities to that of the average

basaltic andesite (Taylor, 1977, oral comm.) from the High Cascades

subprovince of the Oregon Cascades Range. In detail, however, the

andesite from the Skamania formation contains slightly more Al 0
2 3

and FeOt and slightly less MgO, CaO, and
K2

O. These differences

are minor and they may merely indicate those expected from a non-

representative sample of the Skamania formation compared to an

average value derived from a large number of samples.

Trace element analyses of basaltic andesite sample 172 (analysis

172-1) provided an anomalous copper value of 400 ppm for this weakly

altered volcanic. Because this sample was assumed to be unmineral-

ized, two analyses were made. Analysis 172-2 (280 ppm Cu) repre-

sents a split from the original pulp, prepared and analyzed by

Chemical and Mineralogical Services of Salt Lake City, and analysis

172-3 (120 ppm Cu) represents a separate rock chip from the

reference sample. The appreciable differences in copper could be

caused by an inequal distribution of metals due to biogenetic (lichens),
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supergene, or hypogene processes. This is an enigma when working

in hydrothermally altered rocks. These same factors may also

account for the anomalously high value for lead (50 ppm) in analysis

172-3 as compared to the lower and more consistent values (8 and

10 ppm) obtained for analyses 172-1 and 172-2. However, concen-

trations of silver, molybdenum, and zinc were essentially constant

among the three separate analyses.

Volcaniclastics

Pyroclastic tuffs, lapilli tuffs, and tuff breccias constitute less

than 10 percent of the Skamania formation. These rocks are not

generally resistant to weathering and thus are poorly exposed. Indi-

vidual strata are inferred to average less than 0.5 m in thickness.

Colors of fresh samples are highly variable with the common hues

being pale yellow-brown (10 YR 6/2), light greenish gray (5G 8/1),

dark greenish gray (5G 4/1), and medium gray (N5). The units are

usually stained with yellowish brown colored patches of limonite.

Pieces of petrified wood were recovered in a lapilli tuff near sample

050. However, fossilized remains were not found elsewhere in the

formation.

Lapilli tuff of sample 050 contains poorly sorted fragments of

basalt (14 percent), dacite (10 percent), and pumice lapilli (15 per-

cent). The clasts are subrounded to subangular and average 10 mm



in diameter. They are set in a highly altered matrix of ash-sized

particles and crystal fragments.

These volcaniclastics have been subjected to both propylitic

alteration and su.pergene oxidation. Phenocrysts of feldspar and

mafic minerals in the clasts have been selectively replaced by

chlorite, epidote, zeolites, quartz, and clay. Pumice lapilli are

altered to clay minerals.

Dacite Flow

A single flow of dacite (?) was discovered within the Skamania

formation (appendix II). It is quartz-bearing, and is one of the most

physically distinctive units in the district. This flow is not resistant

to weathering and thus is poorly exposed. The dacite is inferred to

have a friable upper layer, a well indurated middle zone, and a

friable spherulite-bearing lower layer. The dacite flow is as much

as 9 m thick. Fresh unaltered samples are generally light gray (N7)

in color, whereas they are-yellowish gray (5Y 8/1) and light gray (N7)

on weathered suifaces.

Petrographic studies reveal that the dacite (sample 351) contains

approximately 10 percent phenocrysts set in a highly altered aphanitic

groundmass. Quartz (3 percent) is euhedral in shape and commonly

displays resorption textures. An altered phenocryst (6 percent) is

interpreted to have been a feldspar on the basis of its lath-like crystal

27
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outline. The original mineral has been completely replaced by clay,

chlorite, and epidote. These phenocrysts display subparallel align-

ment that is suggestive of a trachytic texture. Opaque Fe-Ti oxides

form approximately one percent of the rock.

Origin, Regional Correlation, and Age

The presence of mafic flows without pillow structures, a rela-

tively minor volume of volcaniclastics, and fossil plant material

implies a largely subaerial environment of deposition for the

Sk.amania formation. Because these rocks are believed to be re-

stricted in geographic extent (Felts, 1939; Trimble, 1963), they

could be part of a volcanic center. Thus, this assemblage is inter-

preted as part of a local, subaerial volcanic edifice consisting of

basaltic ande site.

The absence of definitive stratigraphic marker horizons, pale-

ontological data, and radiometric age determinations renders any

regional correlation of these rocks speculative at best. Recent

mapping by Hammond and others (oral comm., 1977) 8.5 km (6 )

to the east of the Washougal District has demonstrated the presence

of the Stevens Ridge and Fifes Peak Formations at locations previ-

ously mapped as the Ohanapecosh Formation (Wise, 1970). More-

over, the Stevens Ridge Formation has not been found in the northern

part of the district. On the basis of these relationships, the Skamania
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formation is hereby tentatively correlated with the Ohanapecosh

Formation.

The paucity of fossils and conclusive stratigraphic relationships

make any age determination for the Skamania formation a conjecture

at best. Felts (1939, p. 302, 313) has proposed that the "upper

Skamania Andesitic Series" is middle Miocene to Pliocene in age on

the basis of its physical similarities to the Columbia River Basalt.

Moreover, Trimble (1963, p. 13) has concluded that these rocks

may be as young as early Miocene although there is an absence of

conclusive evidence. Therefore, the Skamania formation is inferred

to be at least post-Eocene to Oligocene in age because of its apparent

correlation to the Ohanapecosh Formation.

Mafic Dikes

The East Fork formation is cross-cut by dikes of altered basalt(?)

and basaltic andesite(?). These dikes were not observed to intrude

either the Skamania formation or the main plutonic intrusion. The

basalt dikes are generally resistant to weathering and crop out as

ridges and spines. Fresh unaltered samples range from greenish

gray (50 6/1) to dark greenish-gray (50 4/1) in color.

The mafic dikes, which average 1.5 m in width, are frequently

vertical to subvertical and are invariably discordant with respect

to their host rocks. Although they commonly exhibit chilled borders,
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these dikes lack recognizable intrusion breccias and distinctive joint

patterns. Nonetheless, the distribution of these mafic dikes appears

to be closely controlled by nearby faults, or formed by the same

tectonic process.

am uncertain as to whether or not the basalt dikes are (1) a

feeder system for the Skamania formation, (2) part of the Silver Star

plutonic complex, or (3) confined entirely to the East Fork formation.

Therefore, the ages of these dikes may range from as old as Eocene

to as young as Pleistocene.

Unconsolidated Surficial Deposits

Deposits of alluvium are found in and along all of the major

stream valleys, including the East Fork of the Lewis River, and the

major creeks. Only the largest accumulations of such material were

mapped, as shown in Plate 1.

Hillsides covered with colluvium are a distinctive characteristic

of the Washougal District. These deposits, which are generally in

the form of landslides, slumps, and talus, are particularly well-

developed on hillslopes formed by the Silver Star plutonic complex.

Talus covered slopes may have relief in excess of 450 in (1600 ft).

However, these deposits, although widespread, were not mapped.

Landslides were inferred on the basis of aerial photographs, hum-

mocky terrain, and locally anomalous dips (Plate 1).



SILVER STAR PLUTONIC COMPLEX

A series of intrusions dominated by the Silver Star stock

(Felts, 1939) is herein defined as the Silver Star plutonic complex.

Numerous large apophyses and at least three satellite cupolas

project from the main stock into the adjacent volcanic host rocks.

Hydrothermal breccias are associated with the composite pluton

and with the cupolas to a lesser extent. Although contact relation-

ships within the complex are generally obscured by talus and vegeta-

tion, the sequence of emplacement is inferred to have been a chilled

border phase followed by diorite, quartz diorite, granodiorite,

quartz diorite porphyry, granodiorite porphyry, and granite aplite.

A small epizonal pluton (Thorsen and Livingston, 1961; Moen,

1977) located 2 km northwest of the Silver Star stock is informally

named the Saturday Rock stock. This composite plug contains phases

of at least diorite and quartz diorite, and several hyrdothermal

breccia pipes. This stock is considered to be part of the Silver Star

complex.

Chilled Border Phase

Finely crystalline intrusive rocks form the margins of the

Bolin Creek plug and the northwest part of the main stock. This

intrusion, herein named the chilled border phase, represents a

31
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minor volume of the Silver Star plutonic complex, as is clearly

shown by its distribution in Plate 1. Fresh unaltered samples of

chilled border phase range from light gray (N6) to medium gray (N5)

in color, whereas the colors on weathered surfaces vary from yellow

gray (5Y 8/1) to medium light gray (N6). The border phase intrudes

the Skamania formation in at least one location.

The chilled border phase exhibits a hypocrystalline porphyritic

texture with an aphanitic groundmass. Modal analyses of two samples

are shown in Table 5. Quartz is present as interstitial and pheno-

crystic anhedra which commonly display a resorbed or corroded

texture. It may form clots with feldspar and mafic minerals. Plagio-

clase feldspar forms stubby and subhedral to euhedral laths that

range from 0.2 to 3'mm in length. Feldspar crystals display complex

zoning and polysynthetic twins. The plagioclase feldspar is andesine

to oligoclase in composition
(An25' to 45). The phenocrysts are

commonly replaced by minor amounts of sericite and zeolites (?).

Both pleochroic brown hornblende and augite are stubby and subhedral

to euhedral in crystal habit. They exhibit the characteristic twins

for each of the two respective mineral series. The ferromagnesian

minerals are variably replaced by chlorite, clay, and opaque Fe-Ti

oxides.



Table 5. Modal analyses for two chilled border phase samples
from the Washougal District.

'Altered mafic mineral.
2Sericite, carbonate, clays, epidote.
NW 1/4 sec. 29, T. 4 N., R. 5 E.

4SE 1/4 sec. 20, T. 4 N., R. 5 E.

3
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Modal minerals
(percent) 0163 S-2394

phenocrysts - total 31 38

P-fld 23 22

Hbld 6 5

Augite 2 11

groundmass - total 69 62

Qtz 2 6

P-fld 33 18

alt. maficl 4 4

alt. undif.2 25 28

opq 5 6
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Diorites form the predominant lithology of the cupolas, in addi-

tion to a portion of the Saturday Rock stock. This phase represents

less than 10 percent of the plutonic complex. The diorite typically

exhibits major variations with respect to grain size, color, and

texture. Unaltered samples range from medium blueish gray (5B 5/1)

to medium dark gray (N4) in color. Contact relationships are poorly

exposed for the diorite intrusion. Although the diorite intrudes the

Skamania formation, nowhere was it observed to intrude the chilled

border phase.

In thin section, the diorite displays both hypidiomorphic-

porphyritic and hypidiomorphic-granular textures. Modal analyses

of 5 diorite samples are listed in Table 6.

Quartz may constitute up to 4 percent of the diorite as minor

interstitial anhedra. Orthoclase was not observed in any of the

samples examined. The plagioclase feldspar is oligoclase to sodic

labradorite (An25-52) with andesine (An35 ) being the average composi-

tion. The feldspar is found as subhedral to euhedral laths as much

as 6 mm in length. It is commonly zoned, twinned, and occasionally

contains inclusions of pyroxene, opaques, and apatite. Many pheno-

crysts are fractured; particularly those from samples collected near

the border of the stock. The laths are lightly freckled by sericite,



Table 6. Modal minerals, major oxide, and trace element analyses for several diorite samples
from the Silver Star plutonic complex, and comparison with the average mafic phase
from the Snoqualmie Batholith (Erikson, 1969).

SiO2
TiO

2

Al203
FeOt
MgO
CaO
Na 0

2
K20

Trace elements 082 background

(PP111 ) Pacific NW
background for
Washougal District 11

Ag 0.3 -0.1 0.6
Cu 45 50 100

Mo 1 -1 -2
Pb 11 20 12

Zn 30 60 20
(-) less than
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1 2 3
Chlorite, clays, opaques; Sphene, apatite; Sericite, epidote, chlorite, clays, carbonate; 4NW 1/4

sec. 35, T. 4 N., R. SE.; 5NE 1/4 sec. 30, T. 4 N., R. SE.; 6SW 1/4 sec. 28, T. 4 N., R. 5E.;
7NW 1/4 sec. 21, T. 4 N., R. 5 E.; 8NE 1/4 sec. 4, T. 4 N., R. 5 E.; 9Average composition of 15
gabbro and diorite samples from the Snoqualmie Batholith (Erikson, 1969, Table 2, p. 2219); 10Field

and others, 1974, p. 16; 1Table 14, p. 101.

Modal minerals
(percent)

0824
5

014 0646 242-B7 RC-3
8

Average

Qtz 3 3 4 3 3

P-spar 61 67 60 57 79 65

Augite tr 7 8 5 2 5

Opp(
1

30 -- s -- 7

Pyx alter -- 8 13 18 2 8

opq 4 3 6 tr 2 3

Acc2 tr tr tr tr tr tr
Epi
Chi

3 8

3

tr 2

tr tr
3

Alter undif 12 10 tr 12 7

Major oxide 082 Average mafic phase 9
(wt. percent) Snoqualrnie batholith

52. 6 52, 5

1. 3 0.9
18.2 18.2
8.4 8.4
5. 5 5.4
8. s 9. 5

3.9 2. 6

0. 6 0. 6

99. 1 98. 3
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epidote, and zeolites.

Augite and hypersthene collectively constitute as much as 30

percent of the diorite. Twinned augite is the most common pyroxene

found. It forms stubby to elongate subhedral laths which are 0.5 to

6 mm in length. Hypersthene is found as stubby subhedral crystals

less than 0.5 mm long. Both types of pyroxene are variably altered

to chlorite, epidote, opaques, clay, and fibrous amphibole (?).

Opaque Fe-Ti oxides represent as much as 6 percent of the

diorites. Accessory minerals include apatite and sulfides.

Sample 082 of diorite from NW 1/4 sec. 35, T. 4 N., R. 5 E.

was analyzed for major oxide and trace element constituents, which

are shown in Table 6. All oxides fall within the range reported by

Erikson (1969, Table 2, p. 2219) for the average mafic phase from

the Snoqualrnie Batholith. This chemical similarity suggests that

the original magmas for these two geographically separate intrusions

may not have been significantly different in composition. Sample 082

is at or below threshold values for the Washougal District in Ag, Cu,

Mo, and Pb. However, the diorite is slightly anomalous in zinc (30

versus 20 ppm) when compared to the district background.

Quartz Diorite

Medium to coarse grained quartz diorite composes approxi-

mately 30 percent of the Silver Star plutonic complex. This intrusive
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phase is apparently restricted to the north portion of the Silver Star

Stock and to the Saturday Rock Stock. Fresh unaltered samples of

quartz diorite range in color from blueish gray (5B 5/1) to medium

light gray (N6). In addition, the weathered surfaces vary from light

brown (5YR 6/4) to light gray (N7) in color. The quartz diorite is

not observed in contact with any of the more mafic intrusions because

most outcrops are covered by talus and (or) vegetation. Nevertheless,

evidence both direct and indirect suggests that the quartz diorite

was emplaced after both the diorite and the chilled border phase.

For example, the quartz diorite can be juxtaposed with the volcanic

host rocks without any intervening more mafic phases. In addition,

large apophyses of quartz dioritic composition are found within the

volcanics. Finally, this intrusive phase has a restricted geographic

distribution within the Silver Star complex.

The quartz diorites are porphyritic to equigranular in texture.

Crystals average approximately 1 mm in size, although phenocrysts

of plagioclase feldspar may occur up to 5 mm long. Modal analyses

for five samples of quartz -diorite, in addition to major oxide and trace

element determinations for three samples, are shown in Table 7.

Quartz is present as both anhedral phenocrysts and as an inter-

stitial phase. It contains inclusions of pyroxene, opaques, and fluid

inclusions. Orthoclase, although generally rare to absent, is also

an interstitial component. The potassium feldspar may constitute
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1
Clay, chlorite,rite opaque, epidote; Apatite, sphene; 3Sericite, carbonate, egidote, chlorite, clay;
4SW 1/4 sec. 17, T. 4 N., R. 5 E. ; 5NW 1/4 sec. 26, T. 4 N., 5 E. ; SW 1/4 sec. 16, T. 4
N., R. 5 E. ; 7NE 1/4 sec. 33, T. 4 N., R. 5 E.; 8NW 1/4 sec. 11, T. 4 N., R. 5 E.; 9"Basic
phase" sec. 16, T. 3 N., R. 5 E. (Felts, 1939, p. 309); 10Biotite-hornblende-quartz gabbro from
Sitkum Stock (Tabor and Crowder, 1969, Table 3, p. 14-15); 11Field and others, 1974, p. 16;
12Table 14, p. 101.

Table 7. Modal minerals, major oxide, and trace element analyses for selected guartz diorite
samples from the Washougal District, and comparison with the quartz-gabbro phase of the
Sitkurn stock (Tabor and Crowder, 1969).

Modal minerals
(percent)

0044
5

134 2516 1187 RC-48 Avg.

Qtz 5 7 9 15 8 9

K-spar -- -- tr 2 -- tr
P-spar 68 64 60 63 66 64
Augite 7 13 8 3 t 6

Opyx 2 tr -- -- tr
Pyx alter 7 7 4 3 4
Bio tr 2 -- tr
Hbld -- 8 4 2
Op q2 3 3 5 2 5 4
A cc tr tr 2 tr tr tr
Epi 8 9 3 4
Chi tr 4 4 2
Alter undif 3 tr tr tr 9 7 4

Major oxides 134 118 RC-4 Avg. of 134, "Basic
9

Sitkum
(wt. percent) 118 & RC-4 Phase" stock 10

SiO2
565 58.1 58.2 57.6 58.1 57. 3

TiO2
1.0 0.8 1.0 0.9 0.6 0.8

Al203 19.2 18,0 16.7 18.0 16.5 18.0

FeOt 6.7 6.3 7.6 6.9 6.7 6.9
MgO 3.5 4.0 3.8 3.8 4.9 4.3
CaO 8.6 6.6 5.8 7.0 7.3 7.6

Na20 4.3 4.2 4.0 4.2 3.3 3.0

K20 0.6 1.2 1.0 0.9 0.6 1.1
99.8 99.3 98.1 99.3 98.0 99.0

Trace elements 134 118 RC-4 Avg. backgrounds
(PPin) Pacific Washougal

( -) less than NW 11 District 12

Ag 0.3 0.7 0.3 0.4 -0.1 0.6
Cu 95 55 75 75 50 100
Mo 2 1 2 2 -1 -2
Pb 7 7 8 7 20 12
Zn 55 35 20 37 60



39

as much as 2 percent of the rock.

Plagioclase feldspar is a major mineralogical component of

both matrix and phenocrysts of the quartz diorite intrusions. The

feldspar is andesine (An3035 ) and forms subhedral laths. The
-

crystals vary from 0.3 to as much as 5 mm in length, and poly-

synthetic twins and complex zoning are commonly observed. Many

of the plagioclase feldspar crystals are fractured and are selectively

replaced by sericite, epidote, and zeolites.

Twinned augite is the most abundant mafic mineral. It forms

interstitial anhedra and phenocrystic subhedra that are 0.2 to 3 mm

in length. Plagioclase feldspar, quartz, and opaque Fe-Ti oxides are

found as poikilitic inclusions. Altered hypersthene (? ) forms stubby

subhedral laths approximately 0.2 mm long. Alteration of both

pyroxenes to chlorite, clay, fiberous amphibole and epidote is ubi-

quitous throughout the quartz diorite intrusion.

Major oxide and trace element analyses were performed on

three samples of quartz diorite (Table 7). Provided these samples

are representative, the quartz diorite intrusion appears to be fairly

uniform in chemical composition. Minor differences in the major

oxide constituents between these three samples may be partly due

to varying degrees of later alteration.

The "basic phase" from the Silver Star Stock, as reported by

Felts (1939, p. 309) and the quartz gabbro phase from the middle
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Tertiary epizonal Sitkum Stock located near Glacier Peak* Washing-

ton (Tabor and Crowder, 1969, p. 14) are shown in Table 7 for com-

parison. The average chemical composition of the three samples

from the Silver Star plutonic complex is chemically similar to the

"basic phase" and the quartz gabbro. The slight differences in oxide

abundances between these three geographically separate locations

may be merely indicative of differences in both the chemical composi-

tion and modal abundance of the primary mineralogy.

The three representative quartz diorite samples contain normal

background abundances of copper (55 to 95 ppm), zinc (20 to 55 ppm),

lead (7 to 8 ppm), molybdenum (1 to 2 ppm) and silver (0.3 to 0.7

ppm) when compared to the threshold values for the Washougal

District. Nonetheless, sample 134 is slightly anomalous in both

copper (95 ppm) and zinc (55 ppm) when compared to the other sam-

ples of quartz diorite.

Granodiorite

Light colored porphyritic granodiorite makes up over 50 percent

of the Silver Star plutonic complex. This intrusion is apparently

restricted to the Silver Star Stock, as shown in Plate 1. The texture,

color, and mineralogy vary considerably throughout this intrusion.

Unaltered samples of granodiorite are generally light gray (N6) in

color, whereas the weathered samples range from light brown gray
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(5YR 6/1) through light brown (5YR 6/4) to light greenish gray

(5G 8/1).

Sample SS-1, which was collected outside the study area near

Larch Mountain (Fig. 1), is mineralogically and chemically a quartz

monzodiorite. However, for the purpose of this reconnaissance

investigation, the sample will be considered as part of the granodi-

orite suite.

Contacts between the granodiorite and the Skamania formation

are intrusive in nature. They are sharp, discordant, and appear to

be dipping steeply outwards. Interestingly, the country rocks have

not been significantly deformed near the margin of the stock. No-

where was the granodiorite intrusion observed to intrude the older

and more-mafic quartz diorites, diorites, and chilled border phases.

Nonetheless, several lines of indirect evidence suggest that the

granodiorite is a separate intrusion. For example, the granodiorites

are restricted in their geographic extent and are not surrounded by

the more mafic phases of the plutonic complex. In addition, the

chilled border phases, diorites, and quartz diorites are variably

altered to propylitic assemblages of minerals, whereas the grano-

diorites are generally not affected. This variability among different

rock types may be a function of hydrothermal alteration caused by

convecting groundwater associated in time and space with the emplace-

ment of the later granodiorite intrusion.
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The granodiorite is generally porphyritic to equigranular in

texture. The porphyritic variety has phenocrysts that range from

0.2 to 5 mm in size. Modal minerals, major oxide, and trace ele-

ment analyses for selected samples of granodiorite are shown in

Table 8.

Quartz is primarily present as an interstitial phase. It com-

monly contains inclusions of pyroxene, feldspar, opaques, and fluid

inclusions. In addition, granophyritic and myrmekitic intergrowths

are observed in some samples. Orthoclase is also present as an

anhedral interstial component. The potassium feldspar sometimes

may rim phenocrysts of plagioclase feldspar. The plagioclase feld-

spar occurs as subhedral to euhedral laths that average 2 mm in

length. The phenocrysts are as much as 5 mm long and may comprise

up to 51 percent of the rock. The plagioclase feldspar .is andesine

to oligoclase (An15-44) in composition, with sodic andesine (An 33)
33

the average composition. It commonly displays polysyhthetic twins

and complex zoning.

Tan hornblende and brown biotite are the primary mafic min-

erals in the granodiorite. The hornblende is twinned and is present

as subhedral phenocrysts up to 2 mm in length. Minor amounts of

biotite are present in most samples as anhedral crystals less than

1 mm in diameter. Both the hornblende and the biotite are variably

altered to chlorite, fibrous amphibole (?), and Fe-Ti oxides. In
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Table 8. Modal, major oxide, and trace element analyses for selected granodiorite samples from

1Clay, chlorite, opaque, epidote;
2 Mr 3mekitictexture; Apatite, sphene, zircon; 4Sericite,

carbonate, epidote, chlorite, clay; Sy 1/4 sec. 26, T. 3 N., R. 4 E.; 6NE part of the un-
surveyed portion of T.,3 N., R. 5 E.; IViners Queen prosqct, NE part of the unsurveyed portion
of T. 3 N., R. 4 E.; 5NE 1/4 sec. 33, T. 4 N., R. SE,; Hemlock Ridge, NE part of the un-

11
surveyed portion of T. 3 N., R. 5 E.; 1 °Trout Creek, central part of the unsurveyed portion of
T. 3 N., R. 5 E.; Black Ledge prospect, north central part (4, the unsurveyed portion of T. 3 N.,
R. 5 E.; 12Average composition of 13 pyroxene granodiorite samples from the Snoqualmie Batholith
(Erikson, 1969, Table 4, p. 2220); 1 Field and others, 1974, p. 16; 14Table 14, p. 101.

the Washougal District compared to granodiorite from the Snoqualmie batholith (Erikson,
1969).

Minerals SS-1 S-0556 3067
8

035 2969 20510
11

113 Avg.

Qtz 14 17 19 20 20 24 25 20

K-feld 15 10 11 16 16 14 12 13

P-feld 51 47 48 50 51 42 47 48
Augite+ opx 15 2

Pyx alterl tr 13 -- -_

Biot 2 tr tr tr 4 4 2

Hb ld 6 13 10 6 6 6 8

Mym tex2 tr -- -- tr
Opq 3 3 3 3 3 2 3

A cc3 tr tr tr tr 2 tr tr tr
Set tr tr 5 tr tr 6 tr 2

Alt undif 4 3 tr tr tr 4 tr

Major oxide 035 205 avg. of 035 SS-1 Snoq. Bath.
(wt. percent) and 025 _gd. 12

SiO 64.0 65.2 64.6 61.7 64.4-
2

TiO2 0.6 0.7 0.7 0.8 0.7

Al2 03
14.0 16.6 15.3 17.3 155

FeOt 4.3 5.2 4.8 5.7 4.8
MgO 1.8 1.8 1.8 2.7
CaO 4.6 4,2 4.4 5.3
Na0 4.4 4.4 4.4 4.3 3.5

2

K2
2.0 2.3 2.2 2.0 2.1

95.7 100.0 98.2 99.8 98.3

Trace elements 035 205 avg. SS-1 backgrounds

(PPrn) Pacific
13

Washougal
14

(.-) less than NW District

Ag 0.3 0.3 0.3 0.3 -0.1 0.6
Cu 12 50 31 50 50 100

Mo 2 2 2 2 -1 -2
Pb s 10 8 10 20 12

Zn 12 20 16 20 60 0
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addition, minor amounts of hypersthene and twinned augite are found

in the granodiorite samples. The distribution of ferromagnesian

minerals appears to be zoned within the granocliorite intrusion. For

example, augite and hypersthene predominate near the margins of

the stock whereas biotite and hornblende become the principal ferro-

magnesian minerals in the central part of the intrusion.

Chemical analyses of three representative granodiorite samples

are listed in Table 8. The samples from the Silver Star Stock (035,

205) are generally uniform in composition. However, the anomalous

low abundance of alumina in sample 035 compared to sample 205

(14.0 versus 16.6) cannot be adequately accounted for on the basis

of primary mineralogy and (or) hydrothermal alteration. Dr. E. M.

Taylor rechecked the Al203 concentration for sample 035, and re-

ported essentially the same weight percentage. Thus, alumina in

this sample remains an enigma.

Quartz monzodiorite sample SS-1 contains significantly more

Al2 03 (17.3 percent), MgO (2.7 percent), and CaO (5.3 percent) and

lower
SiO2 (61.7 percent) than the other granocliorite samples.

These differences are probably due to the variations in the abundance

and chemistry of the primary modal minerals between the quartz

mon.zodiorite and the gran.odiorite samples.

With the exception of Na20, all oxides for the average Silver

Star complex granodiorite fall within the range reported by Erikson
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(1969, Table 4, p. 2220) for average pyroxene gran.odiorite from

the Snoqualmie BathOlith. This close chemical similarity suggests

that the granodioritic magmas for these two geographically distinct

composite intrusions, were probably not significantly different in

composition. Samples SS-1, 035, and 205 contain near or below

threshold concentrations of copper (12 to 50 ppm), zinc (12 to 20

ppm), lead (5 to 10 ppm), molybdenum (2 ppm), and silver (0.3 ppm).

Quartz Diorite Porphyry

Small dikes and, irregularlyshaped plugs of a dark-colored

late-stage intrusion are found within the granodiorite phase of the

Silver Star plutonic complex. This intrusion, herein named the

quartz diorite porphyry, has gross similar physical characteristics

to a porphyritic andesite. Although the quartz diorite porphyry

represents only a minOr part of the plutonic complex, it is com-

monly associated with tourmaline bearing breccia pipes. Unaltered

samples of the porphyry range from light medium gray (N6) to

medium blueish gray (5B 5/1) in color. It is of interest to note that

compositionally similar late-stage mafic intrusions have been re-

ported elsewhere in association with epizonal plutons throughout the

circum-Pacific region. For example, Gustafson and Hunt (1975,

p. 872) describe a late-stage dark-colored porphyry intrusion

associated with tourmaline breccias of the prophyry copper deposit
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at El Salvadore, Chile. In addition, Erikson (1969, P. 2224) and

Patton (1971, p. 12-18) report late-stage mafic dikes within the

Snoqualmie Batholith, Washington.

Petrographic studies indicate the quartz diorite porphyry is

characterized by a hypidiomorphic inequigranular texture having

a pronounced trachytic to pilotaxitic groundmass. Chemical and

modal analyses of several representative samples of the porphyry

are listed in Table 9. Quartz is found as interstitial anhedra

and as subrounded resorbed phenocrysts. The phenocryst phase

commonly forms clusters in association with both ferromagnesian

minerals and plagioclase feldspar. The plagioclase feldspar ranges

from calcic oligocla.se to andesine (An2547 ) in composition. The
-

phenocrysts are present as subhedral to euhedral laths which are

up to 4 mm long. Hornblende forms subhedral crystals as much

as 2 mm in length. It is frequently twinned and variably replaced by

opaques, chlorite, and fibrous amphibole.

A sample of quartz diorite porphyry (309) from the Miners

Queen prospect was analyzed for major oxide and trace element

constituents, as shown in Table 9. In general, all of the oxides fall

within the range exhibited for the average quartz diorite intrusion

from theSilver Star plutonic complex (Table 7). In detail, when

compared to the average quartz diorite, sample 309 contains slightly

more SiO (59.1 versus 57.7 percent) and Na20 (5. 9 versus 4.0



Table 9. Modal, major oxide, and trace element analyses for selected quartz diorite p orphyry
samples from the Washougal District, compared to average Silver Star quartz diorite
(Table 7).

1
Sericite, clay.

2
Miners Queen prospect, NE part of the unsurveyed portion of T. 3, R. 5 E.

3Miners Queen prospect, NE part of the unsurveyed portion of T. 3, N., R. 5 E.
4

NE 1/4 sec. 34, T. 4 N. , R. 5 E.

sTable 7, p. 38.
6
Field and others, 1974, p. 16.

7Table 14, p. 101.
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Modal minerals
(percent)

3092 061-A3 0414-

Qtz 4 s 6

K-fld -- tr --
P-lid 66 65 60
Hbld 19 tr 4
Biot
Pyx

tr 5

tr
12
tr

Opq 6 10 3
Epi tr 5 10

Alt. undifl 5 s 5

Major oxides 309 Avg. Washougal
(wt. percent) District

qtz-diorite5

SiO2
59.1 57.7

TiO2 1.0 0.9

Al203 16.1 17.6

FeOt 6.4 6.8
MgO 4.3 4.1
CaO 6.6 7.1
Na.,0 5.9 4.0
K26 0.4 0.8

99.8 99.0

Trace elements 309 Avg. Washougal backgrounds
(PPnl)
(-) less than

District,
qtz-diorite' N. 6

Pacific Washouga,i

W. District(

Ag 0.4 0.4 -0.1 0.6
Cu 670 75 50 100
Mo 2 2 -1 -2
Pb 6 7 20 12

Zn 25 37 60 20
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percent) and less K20 (0.4 versus 0.8 percent). These minor chemi-

cal differences are probably a function of both varying modal abun-

dances and chemistry of the primary mineralogy. The sample of

quartz diorite porphyry contains background concentrations of Ag,

Mo, Zn, and Pb, whereas it is anomalous in Cu (670 ppm). This

anomaly may be related to either hydrothermal mineralization, to

a high initial concentration of magmatic copper, or to both.

Granodiorite Porphyry

The emplacement of intrusions of gran.odiorite porphyry was

closely associated in time and space with the advent of both hydro-

thermal alteration and tourmaline breccias. This porphyritic phase

intrudes the granodiorite as a series of small plugs and dikes, as

is clearly shown in Plate 1. Without close inspection, it is commonly

difficult to discern this porphyry from the granodiorite in hand spe-

cimen. Fresh unaltered samples of granodiorite porphyry range from

very light gray (N8) to medium light gray (N6) in color.

Petrographically, the granodiorite porphyry has a hiatial porphy-

ritic texture, with phenocrysts commonly 30 to 60 times the size of

the interstitial components. The major constituents of the rock

(Table 10) are quartz, orthoclase, plagioclase feldspar, hornblende,

oxides, and sulfides.

Quartz and orthoclase are primarily found as an interstitial



Table 10. Modal, ma, or oxide, and trace element analyses for selected granodiorite porphyry
samples from the Washougal District, compared to average granodiorite of the district
(Table 8).

1 Sericite, clay, biotite, chlorite.

2NW 1/4 sec. 33, T. 4 N., R. 5 E.
3Miners Queen prospect, NE part of the unsurveyed portion of T. 3 N., R. 5 E.

4M iners Queen prospect, NE part of the unsurveyed portion of T. 3 N., R. 5 E.
5
Hemlock Ridge, NE part of the unsurveyed portion of T. 3 N., R. 5 E.

6"Acid phase" sec. 33, T. 4 N., R. 5 E. (Felts, 1939, p. 309).

7Table 8, p. 43.
8Field and others, 1974, p. 16.
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Modal minerals
( percent)

034-Az 061-B3 MQ-24 2955 Avg.

Qtz

K-fld
P-fld
Hbld

28
20
44

4

29
24
40

6

30
19

41
3

31

21
43

4

30
21
42

4

Biot 3 tr tr tr
Opq 2 tr tr tr tr

Acc tr tr tr tr tr
1

Alt. undif. tr 5 4 tr 3

Major oxide 034-A 061-B Silver Star Avg. Avg. Silver
(wt. percent) "acid phase,,

6 Star gd. 7

SiO 65, 0 66. 5 65. 9 65. 8 63.
2

TiO 0.45 0.45 0.45 0.45 0. 7
2

Al203
FeOt

13. 3
4. 0

16. 7
4.0

15. 7
4. 2

15.2
4. 1

16.0
5. 1

MgO 2. 1 2.4 1. 5 2.0 2. 1

C a0 4. 2 4. 8 4. 2 4. 4 4. 7

Na 20 4. 3 3.6 4. 5 4. 1 4.4

K20
2. 4 1.9 2,0 2. 1 2. 1

95. 75 96. 55 99. 85 98. 15

Trace element 034-A 061-B Avg. Silver backgrounds

(PPm) Star gd. Pacific Washougal
9

(-) less than N. W. 8 District

Ag 0.4 0.5 0.3 -0.1 -0.6
Cu 100 1670 37 50 100

Mo 2 3 2 -1 -2

Pb 5 8 9 20 12

Zn 12 15 17 60 20

9
Table 14, p. 101.
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anhedral phase. Both of these minerals, which average 0.2 mm in

diameter, form a mosaic texture in the groun.dm.ass. The

plagioclase feldspar averages andesine (An30-35 ) in composi-

tion. It forms subhedral laths as much as 6 mm long. Pleochroic

brown hornblende and brown biotite are the primary ferromagnesian

minerals. They are ubiquitously replaced by chlorite, biotite, Fe-Ti

oxides, and minor amounts of sulfides.

Chemical analyses of two samples of granodiorite porphyry

are shown in Table 10. Provided these samples are representative,

the granodiorite porphyry intrusion appears to be fairly uniform in

chemical composition. The apparent anomalously low abundance of

Al203 (13.3 percent) in sample 034-A cannot adequately be accounted

for on the basis of either hydrothermal alteration or primary miner-

alogy. Dr. E. M. Taylor reanalyzed the alumina concentration in

this sample using X-ray fluorescence, and reported essentially the

same value. Thus, the Al203 abundance in sample 034-A remains

a problem without further detailed petrochemical study.

The acid phase" from the Silver Star Stock (Felts, 1939,

p. 309) and the average Silver Star plutonic complex granodiorite

(Table 8) are shown for comparison in Table 10. Similarities in

both the location and major oxide chemistry of these samples sug-

gest that the acid phase" sample is from the same porphyry intru-

sion represented by sample 034-B. When compared to the average
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granodiorite, the samples of porphyry are uniformly higher in SiO
2

and lower in
TiO2 and Fe0 . These chemical differences are

probably related to the larger amounts of quartz and smaller amounts

of opaque Fe-Ti oxides in samples of porphyry relative to those in

the average granodiorite.

The two representative samples of granodiorite porphyry

contain normal background values of Ag (0.4 to 0.5 ppm), Pb (5 to

8 ppm), and Zn (12 to 15 ppm), whereas they are anomalous in Cu

(100 to 1670 ppm) and Mo (2 to 3 ppm). The high copper and

molybdenum abundances in these rocks are interpreted to be re-

lated to either a high primary abundance of metals and/or to later

hydr othermal additions.

Granite Aplite

The intrusions of granodiorite and granodiorite porphyry are

traversed by veins and dikes of granite aplite that were not mapped

because of their small size. These dikes, which are as much as

20 cm wide, frequently exhibit a pegmatitic core. The aplites

typically show major variations with respect to texture and color.

Unaltered samples range from light gray (N7) through pinkish-gray

(5YR 8/1) to pale pink (5RP 8/2) in color. Detailed examination of

one aplite dike shows graphic and granophyric intergrowths re-

stricted to the margins, whereas the interior has a more
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equigranular texture.

Modal and chemical analyses for sample 034-B of granite

aplite are listed in Table 11. Quartz and orthoclase compose nearly

80 percent of the sample. Both minerals are anhedral in crystal

outline and are generally less than 0.2 mm in diameter. In addition,

the potassium feldspar frequently contains perthitic intergrowths of

albite. Other mineral components of the aplite are muscovite,

apatite, and opaques of oxide and sulfide.

All modal components, with the exception of the plagioclase

feldspar, fall within the range reported by Erikson (1969, Table 8,

p. 2224) for the average aplitic granite from the Snoqualmie Batholith.

This modal similarity suggests that the original aplitic melts for these

two geographically separate intrusions may have been broadly similar

in composition. Nonetheless, concentrations of nearly all the oxide

components of sample 034-B are outside the range for those in the

average aplitic granite reported by Erikson (1969, Table 4, p. 2221).

It may be hazardous to ascribe much significance to these chemical

differences, as they may merely indicate those expected from a non-

representative sample compared to an average of a large number of

samples. Alternatively, the differences may be real and having re-

sulted from either (1) primary effects related to magma composition

and crystallization history, or from (2) secondary effects imposed by

subsequent hydrothermal alteration.
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Modal minerals 034-B Avg. aplitic granite from

(percent) Snoqualmie Batholith4

I

1

Qtz 38 38
I K-fld 40 39

P-fld 10 23
Blot ....., tr
Musv 2

Apatite 2 tr
Opq tr tr
Acc 1

2
2 tr

Alt undif 5

Major oxide 034-B Avg. aplitic granite from
(wt. percent) Snoqualmie Batholith5

SiO2
TiO2
Al203
FeOt
MgO
C a.0

Na20
K20

1

2Sphene, zircon
Sericite, clay

3

Trace element 034-B backgrounds
(PPm) Pacific

W. 7
Washougal

N.(-) less than District8

Ag 0.7 -0.1 0.6
Cu 40 50 100
Mo 3 -1 -2
Pb 18 20 12

Zn 12 60 20
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Table 11. Modal, major oxide, and trace element analyses for a selected granite a.plite from the
Washougal District compared to the aplitic granite from the Snoqualrnie Batholith
(Erikson, 1969).

4NW 1/4 sec. 33, T. 4 N. , R. 5 E.
Average of 6 aplitic granite samples from the Snoqualmie Batholith (Erikson, 1969, Table 8, p. 2224)

sAver age of S aplitic granite samples from the Snoqualrnie Batholith (Erikson, .1969, Table 4, p.2221)
6
X-ray fluorescence result 76.0 wt. percent Si02, visible light spec. result 72, 4 wt. percent Si02

7Field and others, 1974, p. 16
8Table 14, p. 101.

76. 06 75.9
0.4 0.1

11.0 12. 3
2.0 0.8
0.4 0.1
1.7 0.7

8 3. 2

2 5, 2
99. 5 98. 3



Petrochemistry

Major oxide determinations of plutonic rocks from the

Washougal Mining District (Table 12) exhibit the late-stage enrich-

ments of both potash and silica that are typical of calc-alkalic assem-

blages of igneous rocks throughout the Cascade Range. Nonetheless,

the Peacock (alkali-lime) index of plutonic samples from the district

plot at the division between the calc-alkalic and calcic trends. The

suite has a Peacock index of approximately 61.0 percent S10 as

determined from the ratio of weight percentages CaO:Na20 + K20

at unity versus weight percentage S102. According to Carmichael

and others (1974, p. 47-48), rocks of the calc-alkalic trend plot

between 55-61 percent S102' whereas the calcic trend is greater

than 61 percent
Si02° Although the number of samples analyzed are

few, the plutons of the Washougal District apparently represent a

highly calcic calc-alkaline sequence of plutonic magmatism. It is

of interest to note that intrusions from the Snoqualmie Batholith in

Washington (Erikson, 1969). and the North Santiam District in Oregon

(Olson, 1978) have Peacock indices that also indicate highly calcic

calc-alkalic magmatism.

The chemical analyses of 13 samples of fresh plutonic rocks

from the Washougal Mining District are plotted on partial Harker

variation diagrams in Figure 59. The plutonic rocks show a nearly

54



SiO(percent) 52.6 56.5 58. 1 58.2 58.2 59.1 61.7 64.0 65.2 65.0 65.9 66. 5 72.4
2

TiO2
1.25 1. 0 0. 6 0.8 1.0 1.0 0.8 0.55 0.65 0.45 0.45 0.45 0.4

Al203
18.2 19.2 16.5 18.0 16.7 16. 1 17.3 14.0 16.6 13. 3 15.7 16.7 11.0

Fe 0 8. 6 6.7 6.7 6. 3 7.6 6.4 5.7 4.3 5.2 4.0 4. 2 4.0 2.0
MgO 5.5 3.5 4.9 4.0 3. 8 4.3 2.7 1.8 1.8 2. 1 2.4 1.5 0.4
CaO 8.5 8.6 7. 3 6. 6 5. 8 6.6 5. 3 4.6 4.2 4. 2 4.8 4.2 1.7

Na 20 3.9 4. 3 3. 3 4. 2 4.0 5.9 4. 3 4.4 4.4 4. 3 3. 6 4. 5 3.8

K20
0.6 0. 6 0.6 1.15 1.0 0.4 2.0 2.0 2.25 2.4 1.9 2.0 4.2

Total 99.15 99.80 98.0 99.25 98. 10 99.80 99.80 95.65 100.0 95.75 96.55 99.85 95.75

Ag (ppm) 0.3 0.3 0.7 0.3 0.4 0.3 0.3 0.3 0.4 0.5 0.7
Cu 45 95 SS 75 670 50 12 50 100 1670 40

Mo 1 2 1 2 2 2 2 2 2 3 3

Pb 11 7 7 8 6 10 9 10 5 8 18

Zn 30 55 35 20 25 20 20 20 12 15 12

qz (percent) -- 3.5 10.4 5.9 8.0 18.7 10.6 17.8 15.9 17.8 21.4 18.7 30.0
or 3.3 3.3 3.3 6.7 11.7 11.7 11.7 14.5 11.7 13.3 11.1 11.7 25.0
ab 33.0 36.2 27. 8 33. 6 34. 1 38.3 36.2 37.2 37.2 36. 2 30.4 38. 3 33.0
an 30.3 31.4 28.6 26. 7 24. 5 19.5 22.2 32.5 18.9 9, 7 21. 1 19. 5 --

1Felts, 1939, p. 309.

Table 12. Modal, major oxide, and trace element analyses and normative quartz-feldspar calculations of intrusive rocks from the Washougal District. See Appendix I for sample locations.

Diorite Quartz Diorite
Qtz. -Diorite

Porphyry Granodiorite Granodiorite Porphyry Aplite

082 134 Basic phase1 118 RC-4 309 SS-1 035 205 034-A Acid phase1 061-13 034-B

Qtz. (percent 7 15 8 4 14 20 24 28 29 30

K-fld. -- tr 2 -- -- 15 16 14 20 24 40
P-fld. 61 64 63 66 66 51 50 48 44 40 10

Cpx. 2 13 3 -- -- 8 -- -- -- -- --
Opx. 30 tr -- 7

alter. px. -- -- 4 10

A mb. -- 4 19 6 4 6

Bio tr 2 -- 4

Epi. 3 9 -- 3 tr __

Chl. -- 4
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continuous increase in
SiO2

and K20 with decreasing age of emplace-

ment. Na2 0 remains essentially constant, or increases but slightly,

with diminishing age of emplacement. This is accompanied by syste-

matic decreases in Ti029 Al203, FeO,.MgO, and CaO with increas-t

ing weight percent Si02. These variations are typical of a rock

suite differentiated from a single magma.

Distributions cce the oxides
Na2

0, K20, and CaO and K20 +

Na20, FeO,t and MgO for the intrusions plotted on ternary NKC and

AFM diagrams, respectively (Fig. 3), display linear trends typical

of calc-alkalic magmas. These variations are characteristic of a

rock suite exhibiting late-stage enrichment of potassium and deple-

tion of iron. In addition, they are similar to trends previously ob-

tained from AFM and NKC diagrams for rock suites of the Cascade

Range volcanics (Carmichael, 1964), Snoqualmie Batholith (Erikson,

1969) and the southern California Batholith (Larson, 1948) as illus-

trated in Figure 4.

Modal percentages of quartz, orthoclase, and plagioclase

feldspar for intrusions of the Washougal District are summarized on

a ternary QKP diagram, and on which equivalent data for intrusions

of the Guichon Creek Batholith (after Northcote, 1969) have been

plotted for comparison (Fig. 5). The distribution indicates that the

plutonic rocks of the Washougal District exhibit a close affinity to the

granodiorite trend of theGuichon Batholith. It is of interest to note
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that similar modal trends have been reported by Erikson (1969) for

the Snoqualmie Batholith and by Olson (1978) for intrusions from the

North Santiam Mining District.

Potash contained in high-level subvolcanic plutons may not

necessarily combine to form orthoclase. Thus, modal percentages

could be misleading in suggesting a lower ratio of potassium feldspar

than is possible under slowly cooled deep-seated conditions. For

this reason the theoretically ideal amounts of normative quartz and

feldspars were calculated and plotted on a Q, or, ab+an ternary

diagram (Fig. 6). As described by Power-Storch (1978, p. 35),

the normative calculations for the ferromagnesian minerals are

faulty because all iron is recorded as FeO, This necessitates a

magnetite-free computation and causes a slightly low normative value

for quartz. Nonetheless, this simplification does not affect the

normative percentages calculated for the feldspars. With decreasing

age of emplacement, intrusions of the Washougal District exhibit a

nearly continuous increase in quartz and orthoclase versus albite

plus anorthite. Late-stage dikes of quartz diorite porphyry appear

to be the only exception to this generalization as they show a distinc-

tive decrease in quartz and potassium as compared to the granodi-

°rites and granodiorite porphyries. It is of interest to note that the

samples of diorite and quartz diorite contain up to 10 percent norma-

tive orthoclase; a mineral not found in the modal analyses. This K20
2
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may be contained as 1) a solid solution component in the plagioclase

feldspar, 2) as a minor to major component of clay minerals, and (or)

3) as products of hydrothermal alteration such as sericite.

In summary, the intrusions of the Silver Star plutonic complex

vary from diorite to granite aplite in composition. Mineralogical

discrepancies for these diorites and quartz diorites as determined

from normative chemical and modal petrographic analyses indicate

rapid crystallization in a high- level. environment. In contrast, the

close correlation between modal and normative analyses for the

granodiorites, granodiorite porphyries, and aplites suggest a slower

rate of cooling.

Emplacement and Age

The Silver Star plutonic complex was apparently emplaced at a

high level in the epizone. The complex displays the following charac-

teristics of epizonal plutons, as defined by Buddington (1959): (1)

sharp and discordant contacts between the intrusions and the country

rocks; (2) minor doming of the host rocks; (3) contact rnetasomatic

and tourmaline aureoles; +4) chilled contacts with porphyritic tex-

tures; (5) composite intrusion without lineation or foliation of modal

minerals; (6) granophyre and aplite dikes; and (7) intrusive breccia

pipes.

The presence of a chilled border phase with porphyritic texture,
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intrusive breccia pipes, absence of lineations or foliations, and

local assimilation implies that the magmatic source of the plutonic

complex was largely liquid at the time of emplacement. However,

the presence of phenocrysts of plagioclase feldspar and their occa-

siobal fractured habit suggests that the parent magma contained some

crystals, at least locally, and was emplaced as a crystal mush.

Intrusions of the Silver Star plutonic complex are elongated

in north-northeast and northwest directions, as is illustrated in

Plate 1. Such elongation of pluton suggests that the magmas were

emplaced along pre-existing structures. In addition the breccia

pipes of Hemlock Ridge are also elongated in. a north-northeast

direction. This common orientation implies that they were localized

along the same through-going structure along which the complex

was emplaced. However, because of the dense vegetation the regional

structure is not well-defined. Thus, the presence of these pre-

existing northwest and north-northeast structures cannot be conclu-

sively documented at this time.

Stocks and dikes of the Silver Star complex exhibit evidence

for both passive and active modes of emplacement. Felts (1939, p.

312-316) concluded that stoping was the dominant mode of emplace-

ment for the Silver Star Stock, whereas doming was of secondary

importance. The country rocks of the East Fork and Skamania for-

mations are generally little deformed and the plutonic bodies appear



to have been intruded into pre-existing structures. In addition,

minor assimilation of the volcanic host rocks can be recognized on

a local scale. Accordingly, from this evidence it may be inferred

that the complex was emplaced passively, at least in part, as was

originally suggested by Felts (1939). La. contrast to this, the country

rocks are locally domed away from the intrusions which demonstrates

a partly forceful mode of emplacement.

Plutonic rocks of the Silver Star complex have not been radi-

°metrically dated. In addition, the absence of any definitive strati-

graphic marker beds in the surrounding country rocks makes an age

determination for these intrusions speculative at best. Nonetheless,

due to the cross-cutting relation with the Eocene to Oligocene (?)

East Fork and Skamania formations, the Silver Star plutonic complex

is tentatively suggested to be post-middle Oligocene in age.

65



HYDROTHERMAL BRECCIA PIPES

Breccias, as defined by Wright and Bowes (1963) and Bryner

(1968), are frequently associated with epizonal plutons of the Cascade

Range (Grant, 1969; Field and others, 1974). At least 12 hydro-

thermal breccia pipes crop out as mappable features in the northern

part of the Silver Star plutonic complex, and an additional nine are

inferred to be present on the basis of float (Plate 1). Similar struc-

tures are also associated with the Saturday Rock stock to the north.

These breccias are subcircular to elliptical in plan and range from 3

to over 50 m in diameter. On the basis of limited diamond drill core

information (Mcgill and Appling, 1957) and outcrop expression on

steep slopes, the breccias are inferred to be sub-vertical, pipe-like

structures. Two types of breccias defined as rubble-rich and matrix-

rich may be distinguished on the basis of both the shape and orienta-

tion of clasts and the abundance of matrix.

Rubble-rich breccias are abundant throughout the district.

Although they are primarily found within the intrusions, some are

located within the adjacent volcanic s. These breccias characteris-

tically contain angular lath-like clasts, in most places in contact with

one another, and interfragmental voids are common (Fig. 7). The

laths are commonly in sub-parallel alignment and display evidence

of both differential separation and rotational movement. Occasionally
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Figure 8. Matrix-rich breccia from the Lookout breccia pipe.
Bleached and tourmalized granodiorite -clasts in a
matrix of tourmaline, quartz, and rock flour.
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the smaller clasts may be inferred to have formed from a nearby

larger fragment, but this "jig-saw puzzle" fit is uncommon. Where

lithologies of the clasts may be identified, they are of the nearby

country rock. In addition, the rubble-rich breccias have a conspicu-

ous lack of rock flour as an interfragmental constituent. Nonetheless,

zones of highly fractured rock with little or no displacement, termed

shatter breccias by Johnson andLowell (1961) and Sillitoe and

Sawkins (1971), were only rarely observed within the district. Col-

lectively, these characteristics are suggestive of limited vertical

movement within the pipes. The breccia clasts have been partially

to completely altered to an assemblage consisting of quartz, clay,

and sericite, with subordinate amounts of tourmaline, iron oxides,

biotite, amphibole, and sulfides. In addition, the aluminum-boron

silicate dumortierite, is reported as an alteration phase at the

breccia system of the Saturday Rock stock by Thorsen and Livingston

(1961). Hydrothermal amphibole, quartz, and tourmaline are the

predominant matrix minerals and Fe-Ti oxides and sulfides are

present in minor amounts.

The second class of hydrothermal breccias, termed matrix-

rich, are apparently localized along "Hemlock Ridge" within the

Silver Star Stock (E. 1/2 sec. 33 and W. 1/2 sec. 34, T. 4 N., R.

5 E.) and in the Saturday Rock stock (NW 1/4 sec. 12, T. 4 N.,

R. 5 E.) to the north. These breccia/4 are characterized by fragments
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that appear to be suspended in a matrix of finely granular quartz,

tourmaline, and rock flour (Fig. 8). The clasts are angular to ellip-

tical in shape. In contrast to the rubble breccias, the matrix-rich

variety displays a wide range of fragment sizes that may vary from

approximately 1 mm to as much as 50 cm in length. Except near the

border of the pipes, the larger clasts show little evidence of sub-

parallel alignment. Nonetheless, the interstitial rock flour may

display a crude flow texture around these fragments. Extensive

replacement of the rock by quartz and tourmaline has obliterated

any original mineralogies and textures. In addition, this alteration

has caused the pipes to be resistant to weathering and thus they

commonly crop out as mounds up to 15 meters high.

Specific Characteristics

Because of the importance of breccia pipes in localizing

mineralization in mining districts elsewhere (Perry, 1961; Field,

Jones, and Bruce, 1974; Seraphim and Hollister, 1976) two pipes

of the Washougal District were examined in detail. They are the

Miners Queen and Lookout breccias, representative of the rubble-

rich and matrix-rich varieties, respectively.

The Miners Queen breccia is exposed in and along Miners

Creek in NE part of the unsurveyed part of T. 3 N., R. 5 E. With

respect to mineralization this breccia is one of the most noteworthy
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in the district, and it has been the site of exploration and mining

activity since the 1890's (Moen, 1977). The Miner's Queen pipe

is associated with the granodiorite, granodiorite porphyry, and quartz

diorite prophyry phases of the Silver Star stock as tillustrated in

Figure 9. It is irregular in outline with several protuberances into

the host rocks. The margins of the pipe are characterized by a

series of faults and fractures, and a gradational zone of microbreccia.

Inward from the margins the fragments vary from tabular to sub-

rounded in shape. Clasts of the Miners Queen breccia exhibit rota-

tion and differential separation, as well as the "jig-saw puzzle" texture

mentioned previously.

The Miners Queen breccia pipe contains two distinct types of

alteration and matrix assemblages. The first variety shows only

minor replacement of the fragments to the assemblage of quartz,

sericite, biotite, amphibole, and sulfides. The matrix consists pri-

marily of dark green to brownish colored actinolite (? ). It is of

interest to note that a similar actinolite-bearing breccia is associated

with the Tatoosh Pluton near Mt. Rainier, as reported by Wright

(1960, p. 206-214). Other matrix constituents of the Miners Queen

breccia are schorlite variety of tourmaline, Fe- Ti oxides, sulfides,

quartz, and rock flour. Copper sulfides primarily chalcopyrite,

may comprise up to 50 percent of the matrix. In contrast, the second

variety forms a major part of the Miners Queen breccia. Here, the
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breccia is intensely bleached because of pervasive alteration of the

clasts to an assemblage of quartz, sericite, and clay, with minor

amounts of tourmaline, epidote, and chlorite. The matrix consists

of quartz, pods of both iron-oxides and sulfides, and rock flour. On

the basis of Ethic similarities between the breccia clasts and the

host rock, only minor vertical movements within the pipe are in-

ferred.

The Lookout breccia, which is representative of the matrix-

rich variety, is located within the Silver Star granodio rite at the

SW 1/4 sec. 33, T. 4 N., R. 5 E., as shown in Figure 10. The

pipe is sub-rectangular in outline and crops out as a ledge which is

more than 12 meters high. A halo of intense tourmaline and quartz

replacement surrounds the Lookout breccia. This altered granodior-

ite is medium dark gray (N4) in color and most evidence of the

original texture and mineralogy has been obliterated. Although this

altered zone is apparently unbrecciated, the intense tourmalization

may have obscured any evidence of fractures originally present.

Inward from this halo is a breccia zone. It consists of angular

clasts which are aligned sub-parallel and which display rotation and

differential separation. Fragments are closely packed and generally

dip inwards toward the center of the pipe. The clasts are cemented

by a thin coating of silica and tourmaline, and interfragmental voids

are common. Although the breccia fragments are entirely replaced
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by tourmaline and anhedral quartz, some primary textures of the

granodiorite are preserved. The preservation of such textures con-

trasts markedly with their distributions in the outer alteration halo.

The close packed breccia grades abruptly inward to the matrix-rich

variety shown in Figure 10. This innermost zone consists of angular

to subangular clasts that are suspended in a matrix of rock flour and

an aphanitic admixture of quartz and tourmaline. The larger frag-

ments show differential separation, rotation, and have no obvious

preferred orientation. They average 5 cm in length, but may range

from less than 1 mm to more than 50 cm in size. Vertical movements

within the Lookout breccia are not evident from contrasting lithologies

between the host rock and the clasts. Nevertheless, the "flow tex-

ture" displayed by the rock flour around the larger fragments and

the apparent differential alteration of the clasts are indicative of some

movement.

Examples of other,Hydrothermal Breccias

Hydrothermal breccia pipes similar to those of the Washougal

District are a common occurrence with epizonal plutons throughout

the Circum-Pacific region. They have been reported to be associated

with the Cloudy Pass Batholith (Cater, 1969; Taylor and Crowder,

1969), the Vesper Peak Stock of the Sultan Basin (Grant, 1969;

Hedderly-Smith, 1975), the Snoqualmie Batholith (Howard, 1967;
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Erikson, 1969), the Tatoo-eh Pluton near Mt. Rainier (Wright, 1960;

Fiske, Hopson, and Waters, 1963), and the Bumping Lake Stock

(Simmon and others, 1974) in Washington. In addition, breccia pipes

are reported in the Oregon Cascades by Peck and others (1964).

More recently, theses done at Oregon State University under Profes-

sor C. W. Field have described breccias found in Oregon at the

Paisley Mountain (Muntzert, 1969; Hammitt, 1976); Bohemina

(Schaubs, 1978); and the North Santiam (Olson, 1978) Districts.

Analogous features are reported in the Great Basin physiographic

province of the American Southwest (Johnson and Lowell, 1961;

Bryant, 1968; Lowell and Gilbert, 1970; Gilmour, 1977). In addition,

comparable pipes are found in the Republic of Korea (Fletcher, 1977),

British Columbia, Canada (Field and others, 1974; Serphim and

Hollister, 1977), Cananea District, Mexico (Perry, 1961) and in

the South American Cordillera of Peru (Richard and Courtright, 1958),

and Chile (Howell and Molloy, 1960; Kents, 1964, Sillitoe and Sawkins,

1971; Camus, 1975). A brief description of two well exposed and

thoroughly studied breccia systems is given below.

The Chilean pipes, as described by Sillitoe and Sawkins (1971),

are subvertical oval-shaped structures which are associated with

Tertiary age epizonal plutonism. The enclosed fragments are sub-

rounded to tabular in shape, and dip inward toward the center of the

pipes. In addition, the clasts show little evidence of significant



76

vertical movement. The breccia columns are bounded on their

margins by zones of vertical sheeting, and some of the pipes termi-

nate upward into areas of fractured and hydrothermally altered rock.

Two distinct periods of hydrothermal alteration are reported within

the breccia columns. The early pervasive replacement stage is

characterized by the growth of quartz, sericite, and tourmaline at the

expense of the primary minerals. A later period of open space filling

around the clasts is distinctive for the deposition of quartz, tourma-

line, specularite, and sulfides.

The mineralized breccias of Copper Basin, Arizona (Johnson

and Lowell, 1961) are closely associated with quartz monzonite and

quartz monzonite porphyry plutons of Larimide age. These pipes are

commonly found at the contact of one or more plutonic phases. In

addition, they are near-vertical, trumpet-shaped bodies that extend

vertically for as much as 180 m. The brecciation can be divided into

three mutually concentric zones. Intensely fractured and jointed rock

that displays little, if any, rotation is characteristic of the outer-

most zone. This grades inward to a zone of angular to subangular

fragments that show only minor rotation and differential separation.

In addition, the clasts in this zone are smaller in size than those found

in the outer breccia. The core of the pipe is a heterogenous mixture

of rounded to angular fragments. They show marked rotation and

differential separation. Quartz is the prirr4ary component of the
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matrix, although some inner zones have rock flour as the interfrag-

mental constituent. The intense silicification of many pipes causes

them to crop out as low topographic mounds or hills.

Origin

Specific characteristics of breccia pipes in the Washougal

District that must be accounted for in any hypothesis concerning their

genesis are as follows: 1) the subrounded to elliptical outline of the

pipes; 2) the presence of fractures and faults around some of the

pipes; 3) the angularity of most of the clasts; 4) a rubble-rich breccia

peripheral to a matrix-rich breccia, as is displayed at the Lookout

breccia pipe; 5) the absence of rock flour in the rubble-type of

breccias, in contrast to its dominance in the matrix-rich breccias;

the inward dipping orientation of fragments in the rubble breccias;

the compositional similarity between the clasts and the host rocks;

the apparent flow texture of rock flour that envelopes the larger

fragments in the Lookout breccia; and 9) the presence of different

alteration assemblages within the same pipe, as illustrated by the

Miners Queen breccia.

Although hydrothermal breccias are commonly associated with

epizonal plutons, their origin remains problematic. Suggestions

are nearly as numerous as the authors proposing them. Briefly

summarized, the dominant hypotheses are as follows:
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Fluidization (Reynolds, 1961) whereby a magmatic fluid,

either gas or liquid, escapes rapidly upward within a pipe

due to a sufficiently high pressure gradient that is believed

caused by venting at the surface. This motion generally forms

distinctively rounded clasts.

The magma pulsation theory (Gates, 1959; Perry, 1961) pro-

poses that successive advances and withdrawals of a magma

body cause both fracturing of the host rock and the creation of

an open space. When a critical void size is reached, the frac-

tured rock spalls inward to form a breccia.

The vapor bubble theory of Norton and Cathles (1973) states

that magmatic volatiles can be exsolved and trapped beneath

the cooled rind of a cupola. When the vapor pressure exceeds

the confining pressure, volatile bubbles pierce the chilled

shell. With the escape of the volatiles and the consequential

lowering of vapor pressure the host rock would spall downward

into the void.

Sillitoe and Sawkins (1971) have proposed the solution stoping

hypothesis to explain the Chilean pipes. They concluded that

corrosive hydrothermal fluids would dissolve the host rock and

create a void. Once the space reached a critical size, the

walls would collapse and spall inward to form a breccia.

Of these theories, none alone adequately explains the breccias
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of the Washougal District. For example, the solution stoping, vapor

bubble, and fluidization concepts each account for some of the critical

characteristics of the breccias. Nonetheless, problems exist with

each theory. Solution- stoping explains the close association of

hydrothermal alteration and solution vugs. However, it fails to

account for the presence of rock flour in some of the breccias. The

vapor bubble concept elucidates the occurrence of both angular

clasts and the rubble-rich breccias. However, it fails to account

for the matrix-rich breccias found at the Lookout breccia pipe.

Finally, the fluidization theory explains the rock flour and the

apparent flow texture that envelopes the larger fragments in the

Lookout pipe. Yet, this concept does not account for the hydro-

thermal alteration, the rubble breccias, or the angular clasts

observed in the pipes of the Silver Star complex.

I envisage an integration of at least three processes, including

solution stoping, fluidization, and vapor void collapse to explain the

breccias of the Washougal District. A possible sequence of events

for the formation of a pipe might be as follows. Pulses of the hydrous

and partially crystalline granodiorite porphyry magma terminate their

ascent within the apical region of the Silver Star complex. With

further cooling and crystallization the magmatic waters contained in

this magma might exsolve from the inner portions of the pluton, and

then coalesce as a series of discrete "bubbles" beneath the
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impermeable outer rind of the porphyry pluton. The combination of

both high vapor pressure and concentrated corrosive fluids within

the vapor bubbles, in addition to possible tectonic stresses, might

fracture and partly react to weaken the plutonic rind. Once the en-

trapped magmatic water pierced the solidified shell, it would stream

vertically upward into the surrounding country rock. This vapor

release might then cause the collapse and open-stope caving of the

adjacent rock into the void to form a rubble-rich breccia similar to

the Miners Queen pipe. Simultaneous with the formation of the

rubble-rich breccia, the magmatic vapors might also migrate upward

into fractures and other zones of weakness. Provided a sufficiently

high pressure gradient were to develop, the pipe might then fluidize

to form a matrix-rich breccia. Thus, an individual pipe may contain

both the rubble-rich and matrix-rich varieties of breccia, as the

Lookout breccia apparently does. Depending on the volume of the

hydrous phase and the length of the pipe, this fluidization process

may not necessarily last for an extended period of time. Conse-

quently, the breccia clasts might never reach the well-rounded state

characteristic of Upebblel1 dikes or pipes. Alternatively, the matrix-

rich breccias might be explained by the differential concentration

of fluids within the pipe. In this case, the matrix-rich variety of

breccia might form where the concentration of fluids was greatest,

and thus the fragments might undergo a higher degree of movement
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than in the fluid-deficient parts of the pipe. Throughout the process

of brecciation the magmatic fluids react with the convecting meteroic

waters to cause hydrothermal alteration and mineralization in and

around the pipe. These fluids would serve as carriers of the neces-

sary chemical constituents that were subsequently precipitated as

silicates, sulfides, and iron oxides to form matrix minerals of the

interfragmental voids.



STRUCTURE

The principal structural features of the Washougal Mining

District are northwest-trending normal faults and broad plunging

en echelon folds (Hammond and others, 1977). One of these folds,

a plunging anticline, is reported to trend from northwest to southeast

across the center of the map area. However, evidence for this fea-

ture was not observed. A..total of 31 attitudes of volcanic strata

were collected and plotted on a poles-to-plane projection of a lower

hemisphere Schmidt equal-area net, shown in Figure 10a. In addition,

the strike trends for the same data are displayed on a Rose frequency

diagram (Fig. 11). Although at least 100 measurements are needed

in order to be statistically accurate (Lawrence, 1977, oral comm.),

this central clustering of points, according to Billings (1972) and

Hobbs and others (1976), indicates a sub-horizontal orientation for

the volcanic strata. Thus, the volcanics apparently do not reflect

either the anticline proposed by Hammond and others (1977) or any

significant doming related to the emplacement of the pluton.

Numerous faults of apparently limited length are common

throughout the district. These are inferred to be steeply dipping

and thus are believed to be normal faults. Mafic dikes are often

associated with and closely controlled by these structures. The

abundance of vegetation and the paucity of marker beds make it
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Figure 11. Attitudes of Tertiary volcanic and sedimentary
rocks from the Washougal Mining District

Lower hemisphere plane-to-pole projection,
31 measurements.
Rose diagram of strike trends. Dashed line
is the average number of attitudes per
10 degree interval
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difficult to determine either the magnitude and/or the direction of

movement along most of the faults. In addition to these high angle

faults there are also local areas of rock cataclasis. These zones

are the loci of intense hydrothermal alteration and are generally

found adjacent to the intrusions. Fault and shear plane determina-

tions collected during this study were combined with those reported

for the Miners Queen (Magill and Appling, 1957) and the Black Jack

(Moen, 1977) prospects in Figure 12a. Although the data are not

sufficient to be statistically accurate, a probable sub-vertical N. 20°E.

trend can be recognized. This orientation is mirrored in the Rose

diagram of fault strike trends (Fig. 12b). It is uncertain whether

the faults are related to the emplacement of the Silver Star complex

or to movements that post-date the intrusion. The numerous minor

faults reported within the stock (Chichester, 1953; Appling, 1955;

Magill and Appling, 1957; Moen, 1977) are frequently the loci of

mineralization. This relationship would suggest that at least some

faults were active during emplacement of the pluton.

Joints are ubiquitous in all rocks throughout the district.

A total of 403 attitudes were collected at 360 different locations. As

suggested by Lawrence (1977, oral comm.), the homogeneity of

the data was tested by plotting Schmit equal-area plane-to-poles

projections for smaller subareas that includes the northwest, north-

central, northeast, southwest, south-central, and southeast parts of
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Figure 12 . Attitudes of faults and shear planes
from the Washougal Mining District.

lower hemisphere projection plane-to-
pole projection, 55 measurements.
Rose diagram of strike trends. Dashed
line is the average number of attitudes
per 10 degree interval.
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the district. Because the northwest and southwest, the north-central

and south-central, and the northeast and southeast subareas did not

display significant differences in the attitudes of their joints, they

were combined into the west, central, and east areas, respectively,

that are illustrated in Figure 13. Each of these larger subareas show

a well-developed system of both sub-horizontal and sub-vertical

joints. However, there is no consistent set of inclined joints. The

predominant orientations are N. 20°E., N. 60-40°W,, and N. 70-

90°W. In addition, the N. 20° E. system appears to become more

prevalent from west to east across the district. These primary

joint orientations are duplicated in the Rose diagrams of strike

trends for joint planes shown in Figure 14. Because joint orienta-

tions in the Silver. Star Stock exhibit a reasonably similar pattern to

those in the volcanics found to the west and east, it would appear that

the jointing was imposed on these rocks by a later regional stress

pattern. Alternately, the jointing could be related to regional

stresses which were active before and after the emplacement of

the complex.

Linear features within the district, such as rivers and ridges,

are easily recognizable from high altitude air photographs and Landsat

imagery. Recent work by Albert and Chavez (1977), Hodgson (1977),

Liggett and Childs (1977), and Salas (1977) suggest that lineaments not

only reflect the regional tectonics, but in addition, they can be used
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Joints from volcanic strata east of the Silver Star Stock;
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Composite rose diagram for subvertical joints (dips greater than 100)

note: dashed line is average number of joints per 10 degree interval
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as a possible guide for mineral deposits. To test this hypothesis,

lineations were compiled for the east part of the Washougal District

from 1:72, 000 scale U.S. Forest Service aerial photographs (7-16-7,

F70, 53059 172, photos 35-37) as shown in Figure 15a. Care was

taken to eliminate man-made lineaments such as roads and logging

boundaries. As suggested by Diamond and others (1975) and Lawrence

(1977), the trend and length of each lineament was recorded. These

were compiled on a Rose diagram illustrating the total length of

lineations per 10 degree interval as given in Figure 15b. Although

there is considerable scatter to the data, the primary orientations

observed are N. 70-90°W., N. 50°W., N. 30°W., N. 0-40°E. and

N. 70°E. These trends are consistent with the composite Rose dia-

gram for sub-vertical joints found within the same area, as shown

in Figure 16. In the absence of any structural geature diagnostic of

a stress system, meaningful correlations between the regional joint

patterns and the lineaments cannot be made (Yeats, 1978, oral comm.).

Nonetheless, the close similarity between the two patterns suggests

a common origin.

An interpretation of these lineaments with respect to the geology

and mineral deposits of the Washougal District is illustrated in

Figure 17. Two types of linears are present (Fig. 17a): (1) those

that trend north-northeast and are located in the eastern part of the

district, and (2) a series of northwest features which cross-cut the
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Figure 15- Lineaments as determined from aerial
photographs for the eastern part of
Washougal Mining District.

(1) linear features for the Mining
District. Stippled pattern outlines
the thesis area.
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val for the thesis area.
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sub-vertical joints lineaments (Figure 15 )

(Figure 14)

Figure 16. Comparison of Rose diagrams for subvertical
joints (dip greater than 70 degrees) and
lineaments-from the Washougal District.
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Figure 17. Comparison between lineaments and geology for the Washougal Minina District.

Major trends of lineaments for the district.
General geology (after Hammond and others, 1977) and location of known base metal
prospects (after Huntting, 1957; Moen, 1977) for the district.
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district. The correlation of known base metal occurrences to these

linears is good (Fig. 17). Of the 15 prospects known in the mining

district, all are within 1 km of a lineament. In addition, the deposits

appear to be concentrated at the intersections of the northwest and

northeast structures. This apparent close association suggests that

lineament analyses can be used as an exploration guide, at least

locally.



ECONOMIC GEOLOGY

Initial mining interest in the Washougal District was the dis-

covery of placer gold near the headwaters of Copper Creek, and the

East Fork of the Lewis and Washougal Rivers. According to Moen

(1977), several hundred claims were staked by the turn of the century.

However, mineralization was so weakly developed that most proper-

ties were never extensively developed. In addition, a devastating for-

est fire in 1902, and fires that followed over the next 35 years, burned

most of the mills and supportive mine structures, and these were

never rebuilt. Descriptions and locations of the mines and prospects

in the district have been discussed by Huntting (1957), Heath (1966),

and Moen (1977).

Only the Miners Queen prospect, in the northern part of the

district, has witnessed much activity. Originally staked in the late

1890's, a series of short shafts and adits were developed before the

1902 fire halted work. In 1952, Mr. F. E. Weber made the only

shipment of copper ore from the prospect; 11 tons averaging 3.4

percent copper. The U, S. Bureau of Mines explored the property

for economic potential in 1955 and identified a shallow ore zone 225 ft

long, 125 ft wide and approximately 70 ft deep, which averaged 0.10

to 0.72 percent copper (Magill and Appling, 1957). From 1974 to as

recently as spring 1978, Amoco Minerals Company has examined the
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area for possible economic concentrations of base metals.

Between 1903 and l9-74 the total value of zinc, gold, silver,

copper, and lead produced from the Washougal Mining District

amounted to only $572.(Moen, 1977).

Mineral Deposits

Mineral deposits in the Washougal District consist of both

northwest trending fracture-filled veins and hydrothermal breccia

pipes. Although gold was the primary metallic mineral initially

sought in the district, the principal mineralization of economic inter-

est has been sulfides of copper, lead, and zinc. Gangue minerals

include quartz, tourmaline, amphibole, white mica, clay, magnetite,

specularite, pyrite, and carbonate (Heath, 1966).

The vein deposits predominate in the eastern and southern

parts of the mining district. As described by Heath (1966), this min-

eralization is located within both the Silver Star Scock and in the

volcanic host rocks as much as 5 km away from the intrusion. These

structures are straight and continuous, with nearly consistent north-

west strikes and near-vertical dips. Although results are not re-

ported to have been important in controlling mineralization, Heath

(1966) has reported evidence of brecciation within the vein walls that

is suggestive of at least minor displacement and shattering-within the

vein walls. Major ore minerals are galena, sphalerite, chalcopyrite,

95
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and bornite, with trace amounts of gold and silver in most veins.

The geology and mineralization of the southern part of the Washougal

District, that includes most of the vein-type deposits, is currently

under examination in a thesis by R. Shepard of Oregon State Univer-

sity.

In general, the mineralization in the north part of the district

is restricted to tourmaline-bearing breccia pipes. The major area

of mineralization is centered between the Black Jack and Miners

Queen prospects, in the northeast corner of the unsurveyed portion

of T. 3 N., R. 5 E. As previously discussed, these breccias are

commonly found within the Silver Star granodiorite, although some

pipes are present in other compositional phases of the plutonic com-

plex as well as the host volcanics.

Heath (1966) reports that the Silver Star breccias often exhibit

an apparently high temperature assemblage of both ore and gangue

minerals. This observation is exemplified by the Miners Queen

breccia where chalopyrite, bornite, magnetite, pyrrhotite, and

molybdenite are the major metallic minerals. In addition, the gangue

minerals at this prospect are tourmaline, biotite, amphibole ortho-

clase, sericite, and quartz. I saw all of these ore and gangue min-

erals, with the exception of pyrrhotite, at the Miners Queen breccia.

Base metal deposits of the Cascade Range commonly display a

consistent zonation of metals. In general, copper and molybdenum are
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localized near the central part of the deposit and they are superseded

by zinc and galena. outward towards the periphery (Grant, 1969; Field,

Jones and Bruce, 1974). Such a zonation is not totally obvious for

the prospects in the north portion of the Washougal District. With

the exception of the Copper City adits (sample 274; SW 1/4 sec. 30,

T. 4 N., R. 5 E.), which have a modest 2:1 ratio of copper to zinc,

all prospects in the area are copper-rich with only trace amounts of

other metals. This apparent lack of zonation might be attributable

to the large size of the hydrothermal system, and thus with the area

of study including only the copper-rich part. Alternatively, the

Washougal District could represent a copper dominant hydrothermal

regime.

Alteration Minerals

Although evidence of both deuteric (lage magmatic water) and

hydrothermal (heated groundwater) processes may be present in the

Washougal District, they are generally difficult to distinguish because

resulting mineral assemblages are similar. Thus, as a simplifica-

tion, alteration products will be discussed in terms of porphyry

copper-type alteration assemblages (Burnham, 1962; Creasy, 1966;

Meyer and Hemley, 1967; Lowell and Gilbert, 1970; Rose, 1970;

Gilbert and Lowell, 1974.) In general, these workers subdivide

alteration assemblages into four groups that are distinguished on the
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basis of their associated minerals. These consist of the propylitic,

intermediate argillic, phyllic, and potassic (potassium silicate)

zones. The propylitic assemblage is characterized by albite,

calcite, chlorite, and epidote. Kaolin and montmorillonite group

minerals are the principal alteration products of plagioclase feldspar

in the intermediate argillic type. The phyllic zone is defined by the

presence of hydrothermal sericite, quartz and pyrite. Secondary

orthoclase, biotite, and anhydrite are characteristic of potas sic

alteration. Tourmaline is a mineral phase common to both the phyl-

lic and potassic assemblages associated with mineralization in the

Cascades and elsewhere in the circum-Pacific. However, in this

study, tourmalinization will be discussed separately.

Most rocks of the Silver Star area have been weakly to moder-

ately altered to a propylitic assemblage. Characteristic minerals

include chlorite, sericite, epidote, calcite, magnetite, albite, quartz,

and zeolites. The ferromagnesian minerals are variably altered to

chlorite, green clay, and magnetite, whereas the plagioclase feld-

spars are commonly freckled with sericite, calcite, albite, zeolites,

and epidote. Quartz, epidote, and clay are ubiquitous throughout

the groundmass. In addition, epid.ote, magnetite, calcite, and quartz

may encrust joint surfaces throu.ghout the district.

Deuteric and propylitic alteration assemblages are both-charac-

terized by chlorite, calcite, magnetite, and epidote. On the basis of



18 0 data, Taylor (1971) interpreted this alteration in the western

Cascades of Oregon to be the result of hydrothermal processes.

Further, Hartman (1973) concluded that similar secondary minerals

observed in the Tertiary strata near Mt. Rainier formed as a result

of elevated thermal gradients and convecting ground waters adjacent

to and overlying intrusions, rather than from burial metamorphism.

Thus, it is believed that the propylitic assemblage in the Washougal

District is at least part, if not totally, of hydrothermal origin.

In the area mapped, pervasive assemblages of quartz, sericite,

tourmaline, clay and pyrite are restricted to the hydrothermal brec-

cias, hornfels, highly fractured shear zones, and the larger veins.

Where the phyllic alteration is intense the original textures and

mineralogy of the host rocks have been obliterated. However, where

the replacement is more selective, ghosts of the plagioclase feldspars

may be recognized and the primary ferromagnesian minerals are

replaced by felty green chlorite, sericite, and quartz.

Limonite is typically widespread throughout the outcrops and

indicative of the former presence of sulfides. Moreover, Rose (1970)

has suggested that acid solutions formed during the supergene oxida-

tion of pyrite may produce alteration products almost identical to

those of the phyllic assemblage. Consequently, the origin of these

secondary minerals in the Washougal District is probably the product

of both hypogene and supergene processes.
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Possible evidence for potassium silicate alteration was recog-

nized at the Miners Queen and Black Jack prospects. Orthoclase is

present as a replacement of plagioclase feldspar. Dull brown second-

ary biotite, which is present as felty masses replacing the primary

mafic minerals, is variably altered to chlorite. This retrograde

alteration apparently took place as the hydrothermal system cooled

and the alteration zones telescoped inward. A similar phenomenon is

reported by Olson (1978) for the North Santiam District in Oregon,

and by Patton (1971) for the Middle Fork prospect in Washington.

Tourmalinization is defined as the hydrothermal introduction

of massive amounts of quartz and tourmaline to the altered host

rocks. This phenomenon has been noted in the Carbon River Stock

(Fischer, 1970), the Paisely Mountains (Hammitt, 1976), the

Bohemia District (Schaubs, 1978), and in the Chilian Cordillera

(Sillitoe and Sawkins, 1971). Intense tourmalinization within the

Silver Star complex is found associated with the breccia pipes of

Hemlock Ridge (E. 1/2 sec.-. 33 and W. 1/2 sec. 34, T. 4 N., R. 5 E.)

and at the Black Ledge prospect (north central part of the unsurveyed

portion of T. 3 N., R. 5 E.; see Fig. 1). Petrographic studies of

a clast from the Lookout Breccia reveal the host granodiorite to be

altered to an assemblage of quartz (67 percent), schorlitic tourmaline

(32 percent), hematite (2 percent), and trace amounts of apatite and

sericite. The anhedral quartz is dusted with small inclusions of
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sericite and hematite, and contains abundant fluid inclusions. Sun-

bursts of black tourmaline are disseminated throughout the rock.

On the basis of crystal outline, the schorlite apparently has preferen-

tially replaced the laths of plagioclase feldspar, thus giving the

sample a mottled appearance. Aside from these possible pseudo-

morphs of the feldspar, all other evidence of the original texture

and mineralogy of the granodiorite host has been obliterated.

Chemical Effects of Alteration

The effects of hydrothermal alteration may be examined in

terms of the changes that apparently have taken place in the major

oxide composition of whole rock. Major oxide, trace element, and

modal mineral analyses for several altered samples and their

unaltered equivalents are listed in Table 13. Quartz diorite sample

134 represents an example of moderate propylitic alteration.

Although average quartz diorite of the Silver Star complex contains

some propylitic minerals, the comparison is instructive. Hydro-

thermal alteration has resulted in a significant increase in Al 0
2 3

and CaO with smaller but still important decreases in MgO and 1(20.

The higher percentage of alumina may be either the result of a real

increase or simply the removal of other constituents thus causing

the proportion of Al203 to increase relative to the remaining oxides.

It may be suggested that circulating magmatic and meteroic waters



Modal minerals Average
(percent) qtz. dioritel

1
Table 7, p. 38.

2
Propylitically altered quartz diorite, NW 1/4, sec. 26, T. 4 N., R. 5 E.

3Table 8, p. 43.

4Pyllic ally altered granodiorite, north central part of the unsurveyed portion of T. 3 N., R. 5 E.

sTourrnalinized granodiorite clast from the Lookout Breccia, SW 1/4 sec. 33, T. 4 N., R. 5 E.

6X-ray fluorescence result 69.5 wt. percent SiO2' visible light spec. result 66.1 wt. percent Si02.
7

134-4 Average 058 036-B54

granodiorite 3

Qtz 9 7 20 32 67
K-feld tr -- 13 tr
P-feld 64 64 48
Pyx 10 13 --
Hbld 2 -- 8

Bio tr -- 2 --
Opq 4 3 3 8 2
Ser tr ti' 2 56 tr
Chi 2 4
Epi 4 9 --
Tour 2 32
Clay tr 2

Major oxide
(wt. percent)

7
SiO2 57.7 56.5 63.6 69.56 86.0

TiO2 0.9 1.00 0.7 0.50 0.75

Al203 17.6 19.2 16.0 14.4 5.0

FeOt 6.8 6.7 5.1 7.7 2.6
MgO 4.1 3.5 2.1 0.7 1.0
CaO 7.1 8.6 4.7 -0.1 0.3
Na2 0 4.0 4.3 4.4 0.2 0.7
K20 0,8 0.6 2.1 4.35 nil

99.80 97.35 96.35

Trace elements
(PPni)
Ag 0.4 0.3 0.3 1.5 1.0
Cu 75 95 37 6100 25
Mo 2 2 2 3 2
Pb 7 7 8 100 30
Zn 37 55 17 60 5

X-ray fluorescence result 86.0 wt. percent Si02, visible light spec. result 79.4 wt. percent Si02.
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Table 13. Modal minerals, major oxide, and trace element analyses for several altered plutonic
rocks and their unaltered equivalents from the Silver Star plutonic complex.
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during the hydrothermal process leach potassium from the propylitic

zone and transport it to the potassic and phyllic zones. Simultaneous-

ly iron, magnesium, and calcium are leached from the inner portion

of the system and removed toward the periphery of the district.

Sample 134 displays significant increases in trace element abundances

of copper and zinc compared to the average quartz diorite. Lowell

and Gilbert (1970) have reported that anomalously high concentrations

of Zn, Pb, and Cu are found in the propylitic zone of porphyry-copper

deposits.

Phyllic alteration is represented by granodiorite sample 058

from the Black Jack prospect. Compared to the average Silver Star

granodiorite, the altered rock displays significant increases in S102,

FeO,t and K20, whereas alumina, magnesium, calcium, and sodium

decrease. The addition of silica, potassium, and iron reflect the

abundance of secondary quartz, sericite and sulfides, respectively.

Some Al2 03' MgO, Na2 0, and Ca0 were probably leached and trans-

ported by convecting hydrothermal fluids to the propylitic zone.

Sample 058 shows major increases in silver, copper, lead, and zinc

relative to the average granodiorite. These metals are believed to

have been added by the hydrothermal process.

Chemical changes resulting from intense tourmalinization are

among the most dramatic in the district. For this comparison, a clast

of granodiorite (? ); sample 036-B, from the Lookout breccia is
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contrasted to the average Washougal District granodiorite. The

effect of the alteration has been to cause a marked increase in SiO
2

accompanied by equally impressive decreases of Al203, FeO, Mg0,

CaO, Na20, and K20 in the breccia clast. The influx of silica has

resulted in the rock being composed of nearly 70 percent modal

quartz. The remaining oxides have probably been reconstituted

to form tourmaline and hematite. Trace element abundances of

Cu, Mo, and Zn for 036-B are either at or below the average values

ior the Silver Star granodiorite, whereas lead and silver, display.

small but anomalously larger concentrations.

Trace Element Geochemistry

Trace element analyses for Ag, Cu, Mo, Pb, and Zn were

made for 16 samples of intrusive and 6 samples of volcanic and vol-

caniclastic rocks from the Washougal District. In addition, samples

from nine different hydrothermal breccia pipes were analyzed for the

same metals. The results are tabulated in Appendix III and the sample

locations are shown in Appendix I.

Normal background concentrations of metals in samples from

the Washougal Mining District were determined by plotting trace

element values versus cumulative frequency on probability log graph

paper as illustrated in Figures 18 and 19. When data are plotted in

this manner, according to Tennant and White (1959) and Lepletier
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(1969), the presence of distinct multiple linear distributions indicates

more than one population of the given element. For example, a lower

population is construed to represent the syngenetic or normal back-

ground concentration of the metal in question (Tennant and White,

1959, p. 1287). When the upper population is skewed towards higher

values it represents an excess of the given element above normal

background. This case, illustrated by Cu, Pb, and Zn in the plu-

tonics of the Washougal District (Fig. 18), may be interpreted as an

epigenetic hydrothermal contribution of the metal. In contrast, where

the upper population is skewed toward lower values, such as with Zn

and Cu in the volcanics (Fig. 19), it may be interpreted to indicate

1) poor sampling; 2) inclusion in the population of a low-background

lithological unit; 3) epigenetic hydrothermal leaching; and (or) 4)

supergene leaching of the metal (Lepeltier, 1969, p. 545-546).

The break between normal background and anomalous metal

concentrations may show a threshold level of mineralization. Thus,

rock samples containing metals in excess of these values may be

considered as potential exploration guides to mineral deposits.

Comparisons of the background values for plutonic and volcanic rock

samples from the Washougal District with threshold averages for

those from the Bohemia (Schaubs, 1978), Blue River (Power-Storch,

1978), and North Santiam (Olson, 1978) Districts in Oregon and with

the average for the Pacific Northwest (Field, Jones, and Bruce, 1974),
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as shown in Table 14, indicate former to be consistently higher in

copper and lower in lead and zinc. The anomalously high background

of copper in the Washougal Mining District might be the result of

an insufficient number of samples because the data are arbitrarily

skewed toward mineralized samples. Alternatively, the district may

represent a copper-rich hydrothermal system.

The spatial distributions of Ag, Cu, Mo, Zn, and Pb are shon n

in Figure 20. Significant concentrations of all metals are generally

restricted to the area around the Miners Queen and Black Jack

prospects and the associated granodiorite porphyry. Nonetheless,

anomalous abundances of Mo, Zn, Ag, and Cu are found in rock

samples collected from outcrops that surround this high metal zone.

In detail, however the base metal concentrations display an erratic

distribution throughout the district.

The sample locations and relative composite values for trace

element concentrations from eleven stream sediment samples are

displayed in Figure 21, and the results are tabulated in Appendix III.

Compared to background values reported by Field and others (1974)

for the Pacific Northwest, most samples from the Washougal District

are anomalous in two or more metals. Nonetheless, metal concentra-

tions in samples 203 and 253 from Trout and McKinley Creeks, re-

spectively, are comparable with the averages from the Pacific

Northwest. Extremely high concentrations of metals, such as those



/16 samples.

26 samples.

311 samples.
4
Schaubs, 1978, Table 3, p. 105.

Power-Storch, 1978, Table 4, p. 57.

6Olson, 1978, Table 5, p. 109.

7Field and others, 1974, p. 16.
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Table 14. Average threshold abundances of Ag, Cu, Mo, Pb, and Zn for intrusions, volcanics, and
stream sediment samples from the Washougal Mining District, compared with the average
background values for intrusions from the Bohemia (Schaubs, 1978), Blue River (Power..
Storch, 1978), and North Santiarn (Olson, 1978) Districts in Oregon, and the average
threshold values for the rock and stream sediment samples from the Pacific Northwest
(Field and others, 1974).

WA SHOUGA L MINING DISTRICT
Element (ppm ) intrusions vokanics 2 stream sediment3

Cu 100 300 90
Zn 20 90 110
Pb 12 12 28
Mo 1 2 1.5
A g 0.6 -0.7 -0.4

Element (ppm) Bohemia Blue River N. Santiam
intrusions4 intrusions5 intrusions6

Cu 26 50 57
Zn 89 60 69
Pb 18 15 38
Mo 1.4 -1 1

A g 0.8 -1 0.6

Element (ppm) Pacific Northwest7
rock chip stream sediment

Cu 50 50
Zn 60 100
Pb 20 30
Mo
A g



Figure 20.
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found in the stream sediments of Copper and Miners Creeks, are

directly correlative with the presence of sulfide -bearing breccias and

old prospect workings.

Economic Potential

The mineralized breccia system of the Miners Queen and Black

Jack prospects probably represents the best potential for economic

concentrations of base metals in the Washougal District. In contrast,

the numerous vein deposits found in the southern part of the district

cannot be considered favorable targets because of their apparent small

tonnage and low total metal content.

In summary, the predominate characteristics of mineralization

from the north part of the Washougal Mining District are as follows:

Mineralization and alteration appear to be associated in time

and space with the emplacement of the granodiorite porphyry

intrusion and the formation of breccias;

Alteration assemblages are subdivided into propylitic, phyllic,

potassic, and tourmaline groups on the basis of associated

minerals;

The alteration assemblages, alghough somewhat erratic in dis-

tribution, are crudely zoned within the district, with pd assic

and tourmaline groups spatially coincident with mineralized

breccias and the phyllic and propylitic groups localized at the



periphery; and

4)/ Sulfides similarly exhibit an imperfect zonation with the highest

concentrations of Mo, Cu, and Ag associated with the breccias

and with increasing concentrations of zinc and silver toward

the periphery.

On the basis of analogous characteristics with mineral deposits

elsewhere, the Washougal District is interpreted to be part of the

porphyry copper-molybdenum class of deposits, which have been

extensively described by Burnham. (1962), Creasey (1966), Lowell

and Gilbert (1970), Sillitoe (1973), Field and others (1974), and

Gilbert and Lowell (1974). Porphyry deposits generally are associ-

ated with the emplacement of epizonal calc-alkalic magma. Altera-

tion and mineralization assemblages are coaxially zoned with high

concentrations of Cu and Mo with potassic alteration in the central

core of the deposit. This association grades outward. and upward to

high concentrations of Zn and Pb in the propylitic zone. Sillitoe

(1973) demonstrated that the upper extensions of porphyry copper

systems may not necessarily have the concentric zones displayed

in the deep seated portions. Furthermore Gilmour (1977) has

suggested that mineralized breccia pipes are likely to overlie buried

or concealed porphyry copper systems. This inference is based on

the close association of breccia pipes with porphyry copper mineral-

ization.
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GEOLOGIC SUMMARY

The Washougal Mining District is on the western slope of the

Cascade Range about 50 km northeast of Vancouver, Washington.

Bedrock in this area consists primarily of a thick sequence of Ceno-

zoic volcanic and volcaniclastic rocks and a series of intrusions that

form a stock and related dikes and plugs of calc-alkalic composition.

The oldest rocks exposed in the district consist of lapilli tuffs,

tuff breccias, water-laid tuffs, and basaltic flow rocks of the infor-

mally named East Fork formation. These rocks were probably

deposited in a shallow subaqueous environment along the flanks of

a nearby and periodically emergent volcanic center. The East Fork

formation has been tentatively correlated with the Goble Volcanics

(Wilkinson and others, 1946; Livingston, 1966) on the basis of com-

parable lithologies and environments of deposition. Although the age

of this formation has not been determined precisely, paleontological

evidence found to the west and east of the study area suggests that it

is late Eocene to early Oligocene.

The strata of the East Fork formation probably were eroded and

gently deformed prior to the deposition of the unconformably overlying

Skamania formation. These stratigraphically younger rocks consist

primarily of augite and olivine-bearing basaltic andesites, with inter-

calated volcaniclastics and dacite flows. The Skamania formation is

115



116

inferred to have been deposited in a largely subaerial environment

associated With a volcanic edifice consisting of basaltic andesite.

This formation has been tentatively correlated with the Ohanapecosh

Formation of middle to late Oligocene age (Fiske an.d others, 1963;

Wise, 1970).

Both the East Fork and Skaman.ia formations were intruded by

the dikes, cupolas, and stocks of the Silver Star plutonic complex,

which includes both the Silver Star and Saturday Rock stocks. This

complex consists of seven major phases whose sequence of emplace-

ment, as determined from contact relationships and chemical trends,

was a chilled border phase followed by diorite, quartz diorite, grano-

diorite, quartz diorite porphyry, granodiorite porphyry, and granite

aplite. The more mafic and presumably older phases are generally

restricted to the cupolas, the northern portion of the Silver Star stock,

and the Saturday Rock stock. In contrast, the younger and more

silicic phases are associated with granodiorite of the Silver Star

stock. In general, these intrusions are medium crystalline equi-

gran.ular to hiatal porphyritic in texture. They are composed of

varying amounts of quartz, orthoclase, plagioclase feldspar, augite,

hornblende, biotite, and iron-titanium oxides.

The intrusive phases of the plutonic complex display systematic

and continuous variations in mineralogy and chemical composition

that are characteristic of a rock suite differentiated from a single
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magma which underwent lat silica and potassium enrichment. Intru-

sions elsewhere throughout the Cascade Range of Washington and

Oregon exhibit similar chemical trends.

Concurrent and (or) closely following the youngest magmatic

event was the formation of at least 21 tourmaline-bearing hydro-

thermal breccia pipes. These structures are believed to have origi-

nated by a complex combination of geologic processes including: (1)

intense solution of the host rock by corrosive magmatic fluids

(Sillitoe and Sawkins, 1971), (2) development of a large vapor bubble"

under the chilled shell of a cupola (Norton and Cathles, 1973), and

(3) fluidization caused by a high pressure gradient in the breccia

column (Reynolds, 1961; Bryant, 1968) that presumably was related

to surface venting.

The rocks of the Washougal District have been gently folded and

fractured by a series of northwest-trending faults and plunging folds

(Hammond and others, 1977). This structural activity probably took

place before and during the intrusive event and associated mineraliza-
tion. A close correlation between joint plane orientations mapped

in the field anci lineaments determined from aerial photographs sug-

gests that pre-existing northeast and northwest regional structures

not only controlled the emplacement of the plutonic complex, but

localized the mineralization as well.

Hydrothermal mineralization was closely associated in time and
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space with the emplacement of granodiorite porphyry and the forma-

tion of tourmaline-bearing breccias. Chalcopyrite, molybdenite,

specularite, and pyrite are apparently restricted to the breccia

pipes, whereas minor copper and zinc mineralization is sporadically

confined to vein structures in the aajacent country rock. The quartz

diorite and more mafic plutonic rocks, in addition to the volcanic

country rocks, have been weakly to moderately altered to a propylitic

assemblage of chlorite, epidote, sericite, quartz, magnetite, and

calcite. In contrast, the phyllic alteration assemblage consists of

sericite, quartz, clay, and tourmaline, with or without pyrite. This

type of alteration is restricted to veins, fractures, zones of hornfels,

and breccia pipes. Although propylitic and phyllic types of hydro-

thermal alteration probably had their source in magmatic water

emanating from the granodiorite porphyry at depth, a significant pot-

tion of these assemblages may be due to meteoric water incorporated

into the convecting hydrothermal system (Taylor, 1971). In con-

trast, the potassic alteration assemblage of secondary orthoclase,

biotite, quartz, sericite, and tourmaline might have its source

exclusively in magmatic waters.

In conclusion, although the zonations of trace elements and

hydrothermal sulfide and alteration mineral assemblages are imper-

fectly developed at best, the association of metallization with silicic

porphyritic intrusions, tourmaline-bearing breccias, and potas sic
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and phyllic types of alteration suggest that the Washougal District

is a high-level porphyry copper-molybdenum system. Similar

mineral deposits are found elsewhere in the northern Cascades

and throughout the circum-Pacific region as described by Lowell and

Gilbert (1970), Field, Jones, and Bruce (1974), and Gilbert and

Lowell (1974). Thus, the potential for future base-metal discov-

eries within the mining district must be considered good. Noneths-

less, current environmental and economic considerations might

impose severe constraints on any near-term plan to develop one

or more mineral deposits of this district.
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APPENDIX H

Representative partial sections of the East Fork and Skamania formations were measured utilizing a
home-made five-foot Jacobs staff, a calibrated 100 foot rope, a Silva Ranger compass and a Thornmen

altimeter. Lithologic descriptions were made with the aid of a 10x hand lens, the Rock Color Chart

(Goddard and others, 1963), and selected thin sections.

The partial section of the East Fork formation is located at elevation 1600 feet along U. S. Forest
Service road N-413 approximately 300 m(1000 ft) east of the junction between N-413 and N-420 in

the SW 1/4 SE 1/45W 1/4 sec. 14, T. 3 N., R. SE. Lookout Mountain, Washington 15-minute

quadrangle. Author was assisted by T. Peargin in measuring the section.

UNIT DESCRIPTION THICKNESS
ft
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Upper contact covered
11 Pyroclastic flow: grayish-blue (5PB 5/2) to grayish purple (5P 4/2); massive 7.6 26

lapilli tuff sample number 186; well indurated, forming an erosion resistant

unit; modal analysis, lithic fragments of basalt and andesite (28 percent),

fragments of dacite ( /3 percent), pumic lapilli (trace), unidentifiable frag-

ments (8 percent), matrix groundrnass (50 percent); no apparent preferred

orientation to the clasts; slight increase in fragment size near the top of unit;

lower contact sharp and conformable.

10 Basalt flow: pale olive (10Y 6/2); massive fine grained basalt (?); indistinct 1.5 5

sub-horizontal joint set; variably altered to epidote and chlorite; contact sharp
and conformable.

9 Pyroclastic flow: lithologic ally identical to unit 13, except does not display 8 27

increase in fragment size; contains organic-rich volcanic siltstone layer 2 cm
thick: bedding attitude on siltstone layer N. 800 W. & 20° NE.; base covered.

Normal fault of unknown vertical displacement; attitude on fault plane N. 10

W. & 80° SW.; small basalt dike present along fault zone.

Upper contact covered.
8 Pyroclastic flow: grayish-red purple (5P 4/2); interbedded friable lapilli tuff

and volcanic siltstone; individual beds less than 12 cm thick: contains sub-

rounded clasts that are less than 5 cm in diameter; fragments predominately
pumice lapilli (?) and volcanics; contact sharp and conformable.

7 Lava flow: lithologically similar to unit 9; contact sharp and conformable.

6 Pyroclastic flow: lithologically identical to unit 7; bedding attitude N. 40°

E. & 20° NW.; contact covered.

Upper contact covered.
5 Volcanic siltstone and sandstone: gteenish gray ( 5GY 6/1); friable, fine-

grained volcanic sedimentary rock; massive, with poorly developed sub-

horizontal partings; contact gradational.

0.9 3

3.5 12

8.2 28

0.9 3
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UNIT DESCRIPTION THICKNESSIt

4 Pyroclastic flow: lithologically identical to unit 7; contact covered.

Normal fault, attitude on fault plane N. 700 W. & 70° SW. ; down-
thrown to SW (?); vertical displacement unknown; subvertical basalt
dikes are present along the fault zone.

Upper contact covered.
3 Lava flow: lithologic ally similar to unit 9; contact sharp and

conformable.

2 Pyroclastic flow: lithological similar to unit 7; bedding attitude
N. 80° W. & 10° NE.; contact sharp and conformable.

1 Lava flow: greenish gray (5G 6/1); fine grained basalt; plagioclase
phenocrysts altered to epidote, albite ( ?), and clay; well developed
blocky jointing; elongate subhorizontal amygdales, commonly filled
with calcite and zeolites; base covered.

UNIT

6.5 22

1.5

3 10

in ft

10.6 35

6.1 20

4. 6 15

Total thickness 46.6 153

The partial section of the Skarnania formation is located on the east slope of Silver Star
Mountain, approximately 1.5 km north of the Silver Star summit, in the northwest part
of the unsurveyed portion of T. 3 N., R. 5 E., Lookout Mountain, Washington 15-minute
quadrangle. The bottom of the section is at about 1110 m (3640 ft) elevation, whereas
the top of the section is on the ridge crestline at approximately 1180 m (3880 ft), In
general, the attitude of the Skamania formation at this location is S. 5-10°W. & 70° NW.

DESCRIPTION THICKNESS

7 Lava flow: dark-greenish gray (5G 4/1), weathering to dark yellowish
brown (10YR 5/4); andesite porphyry, with approximately one percent
medium-grained mane phenocrysts (olivine ?); indistinct vertical joint
set, in addition to well-developed platy jointing in the upper portions,
joint attitude N. 70°E. & 10° SE.; quartz and epidote found both as vein-
lets and as crustations along joint surfaces; base not exposed.

Covered interval.

5 Lava flow: lithologically similar to unit 7; joint attitudes, N. 60° W. &
10° SW., N. 20° & W. & 80° NE.; base covered.
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UNIT DESCRIPTION THICKNESS
m ft

4 Lava flow: dark greenish-gray (5G 4/1), weathering to dark yellowish- 18. 3 60

brown (10YR 5/4); sample number 353; modal analysis, P-feld (13 percent),

augite (6 percent), olivine (5 percent), opaques (trace), groundxnass (74

percent); contains well-developed blocky joint set within the centralpart of
unit, whereas the upper part has platy jointing; joint attitudes, N. 80° W. &
800 NW., N. 60° W. & vertical, N. 20° W. & 80° NW.; upper portion of unit
contains quartz and epidote veinlets; base not exposed.

Covered interval - talus contains volcaniclastic, volcanic, and dacitic (unit 3) 18. 3 60

rock types.

3 Lava flow: very light gray (N8), weathering to light gray (N7); quartz-bearing
dacite, sample number 351; modal analysis, quartz (3 percent), P-feld (6 per-

cent), opaque (trace), groundm ass (90 percent); unit contains three texturally
distinct zones, including an amygdale-bearing friable upper zone, a well-
indurated middle zone, and a friable lower zone; joint attitudes, N. 80° W. &

70° NE., N. 60° W. & 10° SW,; weathered surfaces contain limonite stains
and yellow lichens; base not exposed.

Covered interval. 1.5 5

2 Lava flow: lithologically similar to unit 4; joint attitudes, N. 60° W. & 100 7. 6 25

SW,; base not exposed.

Covered interval. 6. 1 20

1 Lava flow: lithologically similar to unit 4, except that it contains only a 12. 2 40

trace amount of mafic phenocrysts; joint attitudes, N. 40° W. & 70° NE.,

N. 20°E, & 80° SE., N. 70° E., & 15° SE.; base not exposed.

Total thickness 109. 7 360ckness
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Rock Chip Geochemistry
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Intrusions

Ag ppm Cu ppm Mo pprn Pb ppm Zn ppmSample #

004 .3 120 2 11 50

014 .3 145 2 10 60

034-A .4 100 2 5 12

034-B .7 40 3 18 12

035 .3 12 2 9 20

058 1.5 6100 3 100 60

061-B-1 . 3 2060 3 7 18

061-B-2 .7 1280 2' 8 11

082 .3 45 /" 11 30

118 .7 55 1 7 35

134 .3 95 Z 7 55

205 ,3 13 4 12 14

300 .6 400 2 14 35

309 .4 670 2 6 25

RC-4 .3 75 2 8 20

SS-1 .3 SO 2 10 20

Breccias

Ag ppm Cu ppm Mo ppm Pb pprn Zn ppmSample #

023 .3 220 3 8 SO

036-A .4 35 2 SO 10

036-B 1.0 25 2 30 5

061-A 4,1 91000 10 20 70

089 .3 115 3 12 12

102 .3 60 7 5 5

115 .4 40 3 5 5

177 .3 60 2 10 30

298 .3 20 3 6 12

RC-5 .3 30 2 60 10

Vokanics

Ag ppm Cu ppm Mo ppm Pb ppm Zn ppmSample #

147 .7 310 2 7 35

172-1 .7 400 4 8 30

172-2 .4 280 3 10 25

172-3 .6 120 4 50 30

186 .3 105 2 12 90

208 1,5 230 40 10 9

254 .3 55 6 30 130

274 .7 970 2 11 480



Stream Silt Geochemistry
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Sample # A g pprn Cu-pprrt MO ppm Pb ppm- Zn ppm

001 .7 90 2 20 90

058-B .7 85 4 25 135

060 .3 165 3 55 160

164 .3 80 1 20 100

190 .5 85 2 25 80

203 , 5 50 2 30 80

253 .3 75 2 20 75

267 .3 140 2 45 135

269 .7 70 2 20 140

280 .7 70 -1 25 115

331 .7 540 5 70 120




