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The Blue River Mining District is located in Linn and Lane

Counties, Oregon, in the Western Cascades physiographic province.

A few small veins in the district have been mined intermittently for

gold since 1887, although most activity in the district ceased in 1913,

The volcanic rocks of the district are Miocene in age and belong

to the Sardine Formation, Common volcanic lithologies include

laharic breccias, lapilli tuffs, water-laid tuffs, basaltic andesites,

and a dacite. The basaltic andesites are chemically similar to ba.-.

salts of the Sardine Formation studied by White (personal communi-

cation, 1977) in the North Santiam area.

Intruding the volcanic sequence are small epizonal plutons.

These dacite and andesite porphyries are similar to granodioritic

and quartz dioritic plutons of island arc environments on the basis

of their deficiencies in potassium feldspar and K20. The igneous

rocks of the Blue River District show similarities with the caic-

alkaline rock suite in their increasing K2O, and decreasing FeO,
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MgO, GaO, and Al203 with increasing Si02 content, and in their

systematic distribution on AFM and NKC diagrams.

Northwest-trending fractures and shear zones formed before

and during the intrusive episode and subsequent mineralization. The

area was later uplifted and folded to form the broad Breitenbush

anticline.

Small U-shaped troughs, cirque-like features and spines above

4400 feet indicate that small valley glaciers were active in the district

in recent geologic time. Since glaciation, streams have carved steep

V-shaped valleys. Landslides and artificially induced subsidence

(related to mining activity) have altered the present topography.

Hydrothermal alteration in the district has resulted in large

areas of propylitically altered rocks, as well as some restricted

areas of phyllic alteration in highly fractured rocks and near veins.

Typical propylitic assemblages include chlorite, calcite, epidote,

albite, and pyrite. Locally the phyllic assemblage of quartz, sericite,

and kaolinite is present in shear zones and wall rock adjacent to veins.

Metallization in the district is restricted to a few small veins

and areas of disseminated pyrite. A trace element geochemical

survey indicated slightly anomalous metal values in veins and in the

more intensely altered areas.

Association of the calc-alkaline magmatism with widespread

propylitic alteration, fracture-controlled phyllic alteration, and



disseminated pyrite indicates that the Blue River District may overlie

a porphyry system at depth which has not been exposed by erosion.
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GEOLOGY OF THE BLUE RIVER MINING DISTRICT,
LINN AND LANE COUNTIES, OREGON

INTRODUCTION

The Blue River Mining District is one of a north-trending group

of abandoned gold-silver mining districts which are situated along

the western flank of the Cascade Range of Oregon. Few areas in the

Western Cascades have been subjected to detailed geologic mapping

because of difficult access and dense vegetation. As old mining

districts are often reevaluated in the search for rrnewrr ore bodies,

the Blue River District, and others in the Oregon Cascades, will be

scrutinized closely in the future as the demand for base and precious

metals increases.

Geographic Setting

The Blue River Mining District is located in Linn and Lane

Counties, Oregon, roughly 45 miles east of Eugene (Fig, l) Ap-

proximately nine square miles, including most of the district, were

mapped in detail. Access to the area is provided by forest service

roads from Blue River and Holley. Logging roads, jeep trails and

footpaths provide access within the area.

The main topographic feature of the area is a north-northeast

trending ridge which averages 4400 feet in altitude.. Maximum relief

from the valley floor of Quartz Creek to the top of Gold Hill is about



Q 1Y 2 340 miles

Figure 1. Index maps showing the location of the Blue River Mining District,
nearby towns and access.
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2700 feet. The narrow V-shaped valleys of the area are overgrown

with alder, vine maple, and devil's club. Slopes are covered with

dense forests of fir, cedar and hemlock trees. Much of the area has

been clear cut, making outcrops more accessible and providing addi-

tional man-made exposures.

Previous Investigations

The first study of the Blue River District was by Diller (1900).

This publication summarized the findings of the Diller reconnaissance,

chiefly of the Bohemia District to the south. The report briefly men-

tions the Blue River District which was examined by James Storrs of

that party. Later, Callahan and Buddington (1938) published a con-

prehensive reconnaissance report on the metalliferous deposits of

the Cascade Range which included a more detailed report of the dis-

trict. Peck and others (1964) presented a more regionally oriented

study of Western Cascade geology. The district has been the source

of one previous thesis, by Ralph Tuck (1927, U. Oregon) in which the

geology and ore deposits were described.

Purpose and Methods of Study

The primary purposes of this investigation were to prepare an

accurate geologic map of the district, to determine the geologic

history of the area, and to evaluate the effects of hydrothermal
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mineralization and alteration in terms of modern theories of metallo-

genesis.

Field work was conducted in the summer and autumn of 1976,

using an enlarged portion (1:12000) of the Blue River 15-minute

quadrangle map published by the U. S. Geological Survey in 1956.

Mapping focused on lithology, mineralization, and alteration. Rock

samples were collected for petrographic and chemical analysis, and

stream sediments were collected for trace element analysis.

Chemical analyses involved determination of weight percentages

of FeO (total iron), Ti02, GaO, K20, and Al203 by X-ray fluores

cence spectrophotometry, Na20 and MgO percentages by atomic

absorption spectrophotometry, and Si02 percentages by visible light

spectrophotometry. Most chemical analyses were accomplished by

these methods at the Department of Geology, Oregon State University

by Ruth L. Lightfoot and Dr. E. M. Taylor. In addition, two samples

were analyzed more completely (Fe203, FeO, H2O, and P205, as

well as elements already mentioned) by K. Aoki, Tohoku University,

Japan.

Mineral identifications were based upon physical and optical

properties observed with a petrographic microscope. Plagioclase

composition was determined using the Michel-Levy method (Kerr,

1959). Opaques, both in thin section and in the polished section from

the Lucky Boy vein, were identified in reflected light.



Trace element analyses for Cu, Mo, Pb, Zn, and Ag were

performed by Chemical and Mineralogical 5ervices Only the 8O

mesh fraction of stream sediments were analyzed

5



REGIONAL GEOLOGIC SETTING

The Blue River District is in the western part of the Cascade

Range of Oregon. The Cascade Range is a physiographic and struc-

tural province defined by Callahan (1934) as including two belts, the

Western Cascades and the High Cascades The High Cascades are

dominated by Pliocene to Pleistocene volcanoes and associated vol-

canic rocks which have undergone little erosion The Western Cas-

cades are older Tertiary flows, tuffs, and intrusive rocks which have

been folded and faulted as well as deeply dissected These sub-

provinces occupy a broad north-trending downwarp (Peck and others,

1964) and may be separated by a fault which down-dropped the High

Cascades (Thayer, 1936). Taylor (1968 and 1978, personal commun.)

and Allen (1965) have suggested that the High Cascades occupy a

graben.

Stratigraphic and structural studies are difficult in the Western

Cascades because of common lithologies and a lack of distinctive

marker units in this thick sequence of volcanic rocks. However, in

their reconnaissance report, Peck and others (1964) presented a

composite stratigraphic column that can be used throughout the

Western Cascades. The Little Butte Volcanic Series (Oligocene and

Early Miocene) and the Sardine Formation (Middle and Late Miocene)

are the most extensive formatinrs in the central part of the Western

6
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Cascades, The Little Butte Volcanic Series consists of dacitic and

andesjtic tuffs with some olivine basalts and basaltic andesites. The

Sardine Formation is a sequence of flows, tuff breccia, lapilli tuffs,

and tuffs of hpersthene andesite with sparse dacite and olivine basalt,

The Sardine Formation and the Little Butte Volcanic Series can

also be distinguished by absolute age determinations as McBirney and

coworkers have shown (1974), Their work indicates that the Sardine

Formation (14-16 m.y.) probably includes many rocks previously

mapped as belonging to the Little Butte Series (20-25 m, y.). From

a combination of radiometric age determinations and chemical analy-

ses, White (personal communication, 1977) has demonstrated that

major chemical differences are present between basalts of the Sardine

Formation and those of the Little Butte Series. Associated with the

volcanic rocks of the Western Cascades are small epizonal plutons

which are dioritic to quartz monzonitic in composition. The Detroit

Stock and the Nimrod Stock have been dated by Jaffe (1959) at 23

and 35 ± 10 m.y., respectively. These dates are unreliable because

of uncertainties with the U-Pb method as is indicated by the large

error.

The principal structural features in the northern and central

part of the Western Cascades are broad northeast- striking en echelon

folds, The southern part of the region is characterized by northwest-

trending faults which are less obvious to the north.
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The Western Cascades contain a north-trending group of

propylitically altered areas that are spacially coincident with epizonal

plutons and some sulfide mineralization (Fig. 2). In the past, these

areas have been eploited for gold and silver principally obtained from

stream placers and weathered vein material. Recently, renewed

interest in these old mining districts has resulted from their geologi-

cal similarity with porphyry systems in the Washington Cascades and

in many areas elsewhere along the circum-Pacific belt.

The Cascades are similar to many of the other caic-alkaline

volcanic ranges which rim the Pacific Ocean. It is widely accepted

that these volcanic ranges are formed by subduction of a plate of

oceanic lithosphere beneath a plate of oceanic or continental litho-

sphere. This subduction generates melting in the mantle, and the

magma produced is commonly expressed as stratovolcanoes on the

earth's surface and as calc-alkaline plutons at depth. Other features

associated with the inner arcs above subduction zones are porphyry-

type mineralization, high geothermal gradients, and low pressure

greenschist metamorphism at depth (Sillitoe, 1972; Sawkins, 1972;

Zwart, 1967, Miyashiro, 1961, l972) Although the paucity of

earthquakes off the Oregon coast indicates that the buried trench is

essentially inactive, subduction was active here in the past (Atwater,

1970), and presumably was responsible for many features of the

Cascades.
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Figure 2. Location of intrusions, areas of propylitic alteration, and mining
districts in the Western Cascades north of latitude 43° (after Peck
and others, 1964).
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Although the new concepts of global tectonics are helpful in

understanding the development of the Cascades, many features of this

area are unexplained, especially as more detailed information be-

comes available. McBirney (1975b) has found a periodicity to the

volcanism in the Cascades and worldwide, Subduction as a magma

generative process, assisted by local variations in subduction rates

and local structural controls, vould not lead to such periodicity of

volcanism on a global scale (McBirney, 1975b). This global epi-

sodicity must be accounted for in theories of orogenesis.



SARDINE FORMATION

The Sardine Formation consists of 3, 000 to 10, 000 feet of

flows, tuffs, and breccia of hypersthene ande site. The Sardine Series

was originally described by Thayer (1936) in the vicinity of Sardine

Mountain, northwest of Detroit. The Series, as described by Thayer,

was expanded by Peck and others (1964) to include the Fern Ridge

Tuffs, part of the Breitenbush Series, the Rhododendron Formation,

and the Boring Agglomerate. By paleobotanic evidence, the Sardine

Formation has been dated as mid-Miocene in age and has recently

been dated radiometrically at 14,2 to 16.7 m. y. (McBirney and

others, 1974). The Sardine Formation represents a voluminous but

short episode of volcanism from a series of vents along the trend of

the Western Cascades. The formation reaches a maximum thickness

in the Detroit Dam area 30 miles north of the Blue River District.

In the district, the Sardine Formation is represented by basaltic

andesite and dacite flow rocks, lapilli tuffs, laharic breccias, and

waterlaid tuffs

On the basis of recent geochemical correlations by White

(personal communication, 1977) and formation descriptions by Peck

and others (1964), the rocks in the Blue River District are interpreted

as belonging to the Sardine Formation. This conclusion is contrary

to the results of Peck and others (1964) who mapped both Little Butte

Series and Sardine Formation in the area.

11



Epiclastic and Pyroclastic Rocks

Volcaniclastic lithologies are the most voluminous rocks in the

Blue River District. Moreover, they commonly show evidence of

mineralization. Andesitic laharic breccia, lapillituffs, and water-

laid tuffs are found throughout the district. These rocks usually

formslopes, and thus roadcuts provide the best exposures. Within

the epiclastic and pyroclastic rocks, contacts are usually gradational

both laterally and vertically, and distinctive continuous marker units

are notably lacking.

Character and Lithology

The most abundant epiclastic rock in the area is a light green

andesitic laharic breccia. It contains subrounded to angular clasts

that range from boulders (larger than a meter in diameter) to ash

particles in size, and vary from basalt to andesite in composition.

The best exposures of this rock can be seen in road cuts east of the

Cinderella Mine (sec. 28). This rock has undergone propylitic and

zeolitic alteration, although zeolitic minerals are less common in

the southwestern part of the map area. Alteration minerals other

than zeolites include epidote, chlorite, quartz, calcite, and clay

minerals.

Lapilli tuffs are interbedded with the laharic breccias and are

12
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distributed throughout the district. Particularly good exposures are

found east of Renfrew Grave in a road cut at 3200 feet (NE 1/4 sec. 5,

T. 16 S., R. 4 E.). The pale green to gray lapifli tuffs are composed

of altered ash and small pebble-sized clasts of andesite (Fig. 3).

These tuff a weather readily to form slopes of talus that consist of

triangular- shaped fragments.

Water-laid tuff is present as small pods or lenses of well-bedded

and fine-grained rock similar in outcrop appearance to a shale (Fig. 4).

The best exposure of water-laid tuff is in a roadcut south of the

Cinderella Mine (center, S lIz, sec. 28, T. 15 S., R. 4 E.). These

pale green tuffs are composed of very fine-grained quartz, feldspars,

glass, calcite, and clays.

In the northwest part of the district, two thin atypical rocks (35

to 70 cm thick) are found interbedded (?) with tuffaceous rocks (sam-

ples 29.9 and 29. 14, location on Plate 2: NW 1/4 sec. 29, T. 15 S.,

R. 4 E.). In outcrop, these rocks are parallel to bedding and are

more resistant to weathering than the surrounding tuffs. One of these

rock units (sample 29. 9) has disrupted the bedding of the surrounding

tuffs (Fig. 5). This deformation was originally interpreted as the

result of intrusion of this rock, or it may have formed by some

process of soft sediment deformation (?).

In hand sample, these rocks are very different from each other

and from the surrounding tuffs. Sample 29.9 is medium to light gray



Figure 3. Photomicrograph of Lapilli tuff. Field of view: 4 mm.

Figure 4. Outcrop of water-laid tuff (center, S i/Z, sec. 28).

14
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Figure 5. Contact between unusual tuffaceous rock and surrounding
bedded tuffs (NW 1/4 sec. 29, T. 15 S, R. 4 EU).
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in color and is very Line- grained in texture. Altered plagioclase

feldspar (?) laths and flattened, elongate vesicles are common.

Petrographic examination reveals quartz grains and clusters of lath-

shaped voids (alteration products of the feldspar (?) may have been

removed during thin section preparation) set in a matrix of partly

devitrified glass, clay minerals, and calcite. Glass shards are

difficult to identify with certainty because of extensive devitrification.

Chlorite and clays fill some irregularly shaped cavities.

Sample 29. 14 is beige in color and is distinguished by large

amygdules (up to 2 cm. in longest dimension) filled with chalcedony

and calcite. it is a very fine-. grained rock and has been intensely

altered. Petrographic examination reveals plagioclase feldspar (?)

laths (replaced by clays) and quartz grains set in a fine-grained

matrix of microlites and devitrified glass. Radiating chalcedony

and calcite fill the abundant amygdules. Both the matrix and the

phenocrysts (?) have been extensively altered to clays, silica, and

calcite. Glass shards were not identified in this sample.

In the field, both of these rocks were interpreted as siliceous

sills because of their outcrop appearance, and their apparently

porphyritic texture. However, Dr. E. M. Taylor observed that

silicic magmas rarely form such thin, sill-like intrusions. Thin

sections were reexamined, and relic glass shards were tentatively

identified in sample 29. 9 (with the help of Dr. H. E. Enlows),
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indicating that this rock may be tuffaceous rather than intrusive.

Sample 29. 14, however, remains problematical because its texture

more closely resembles that of an extrusive flow or intrusive sill

rock.

Chemistry

As volcaniclastic rocks are often deposited a great distance

from their source, chemical analyses were obtained for four samples

of tuff from the Blue River District for the purpose of compositional

comparison to the other volcanic rocks of the district, and to deter-

mine whether they may have been derived from a common source.

The chemical analyses, given in Table 1, vary considerably. For

example, concentrations of Si02 range from 55.8 to 71.0 percent,

Al203 from 15.7 to 18.5 percent, MgO from 0.9 to 5.9 percent, and

GaO from 0. 5 to 6. 6 percent. Anomalous enrichments (Si02) and

depletions (MgO and CaO) exhibited by sample 33. 1 may be related

to silicification and phyllic alteration, Chemical variations among

the other three samples are less pronounced, and probably within

the expected limits for stratified rocks. However, the tuffs have

concentrations of Ti02 and Al203 similar to those of both flow rocks

and intrusive rocks of the district (discussed in following sections).

Low K20 contents relative to the average andesites (Table 2, p. 25)

are similar to basaltic andesites of the district. Thus, these



Table 1. Chemical analyses at volcaniclastic rocks from the Blue River District. 2

'Analyses by Dr. E. M. Taylor and R. L. Lightfoot Oregon State University.

2Sample locations on Plate 2.

28.4 32.19 32.27 33.1

Si02 55.8 58,0 60. 9 71.0

Ti02 1.10 1.00 1.10 0. 85

Al203 18.5 16.4 17.4 15. 7

FeO 7.5 9.6 6.8 4. 0

MgO 4.4 5.9 2.0 0.9

CaO 6.6 4.9 4. 8 0. 5

Na20 4.2 2,8 4. 3 5 0

K20 1.7 0.35 1.20 1.00

Total 99.80 98.95 98. 50 98.95



chemical similarities to other rocks may be indicative of a common

source for the tuffs, basaltic andesites, and intrusions of the Blue

River District.

Origin and Correlation

The pyroclastic and epiclastic rocks of the Blue River District

are similar to those described in the Quartzville District (Munts,

1977) and in the Detroit Dam area (Pungrassami, 1970), 22 and 30

miles to the north respectively. However, in these areas the bedding

is more distinct and tuffs are more common than breccias, While

correlation of the rocks as part of the Sardine Formation is obvious,

more detailed correlation is speculative until distinctive marker beds

can be found which extend over a larger part of this region.

Various processes were involved in the formation of these

volcaniclastic rocks. Lapilhi tuffs may have been produced by vol-

caniclastic rocks. Lapilli tuffs may have been produced by volcanic

explosion, or they may represent explosion debris which has been

reworked by fluvial processes. The laharic breccias were deposited

by mudflows as indicated by their chaotic jumble of particle sizes.

However, the shale-like, thinly laminated texture of the water-laid

tuffs indicates that the particles comprising these rocks underwent a

slower rate of accumulation in an aqueous environment, perhaps in

small ponds or lakes.

19
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The volcaniclastic rocks of the Blue River District are probably

of local derivation. This interpretation is chiefly based on the large

size and andesitic lithology of the clasts and on their chemical simi-

larity to the andesitic flow rocks in the district.

Basaltic Andesite Flows

It was previously noted that flows are less voluminous than

volcaniclastic rocks in the Blue River District, However, two flows

in the area served as distinctive marker beds. As they exhibit a con-

sistent stratigraphic distribution throughout the district and are char-

acterized by a similar chemistry, they are herein referred to infor-

mally as the lower and upper basaltic ande site flows. The lower

basaltic andesite is essentially flat-lying and is found at elevations

of approximately 3600 feet. The upper basaltic andesite, previously

referred to as the Gold Hill Basalt (Tuck, 1927) caps the ridges and is

particularly prominent on Gold Hill.

The best outcrops of the lower basaltic andesite occur in the

north central part of the district along Treadwell Creek. Spectacular

cliffs of the upper basaltic andesite can be seen near the headwaters

of the United States Creek (Fig. 6; SW 1/4 sec. 31, T. 15 S., R. 4 E).

Both basaltic andesites form cliffs which display the columnarjointing

that is characteristic of these units. The color of the basaltic andes-

ites vary from brownish gray (usually altered) to black. The lower



Figure 6. Cliffs of upper basaltic andesite.
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basaltic andesite is brecciated near its base and is overlain by pyro-

clastics. In contrast, the upper basaltic andesite is underlain by

pyroclastics and does not have a zone of breccia along its base.

Petrography and Chemistry

Petrographic examination of the lower basaltic andesite reveals

an intersertal porphyritic texture with two different size populations

of phenocrysts (Fig. 7). The larger phenocrysts are severely altered

and zoned crystals of plagioclase feldspar, labradorite (An64), which

are 1-2 mm in length. The smaller phenocrysts consist of plagio-

clase feldspar (labradorite, An53), zoned augite crystals, and Fe-Ti

oxides about 0. 5 mm in diameter. The groundmass consists of micro-

lites of plagioclase feldspar and glass. Alteration of the primary

magmatic minerals is common. The alteration products include seri-

cite, albite and clays after plagioclase feldspar, and chlorite and

green clay after pyroxene. The lower basaltic andesite is not as

extensively altered as the volcaniclastic rocks, except where it has

been sheared or cross-cut by quartz veinlets,

The upper basaltic andesites vary somewhat in texture and

mineralogy, but are uniform in chemical composition. Textures

range from amygdaloidal equigranular flows to intersertal pilotaxitic

flows. The equigranular flows contain labradorite (An68), augite,

and magnetite, whereas the intersertal flows contain a significant
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amount o glass, less calcic plagioclase feldspar (calcic andesine,

An48), and magnetite is absent. Muth of the basaltic andesite has

been altered to propylitic assemblages consisting of abundant chlorite

and smectite with lesser amounts of calcite, sericite, epidote, hema-

tite and silica.

Because these basaltic andesites are not entirely crystalline

(up to 50% glass), they were chemically analyzed to obtain a more

precise indication of their lithic classification from the major oxide

data. Chemical analyses of the lower and upper basaltic andesites,

a basaltic andesite feeder dike, Chayes' (1969) average Cenozoic

andesite, and Nockolds' (1954) average andesite are presented in

Table 2. Relative to the 'average' andesites, the basaltic andesites

of the Blue River District have much lower K20 contents (0. 15 to 0.40

versus 1. 11 to 1.61 percent) and higher CaO (8.2 to 9.3 versus 6.93

to 7. 92 percent), MgO (4. 2 to 5. 9 versus 3. 23 to 4. 36 percent), and

Al203 (17.8 to 18. 8 versus 17. 17 to 17.26 percent) contents. These

differences indicate that the Blue River basaltic andesites are some-

what more basaltic than average andesites.

Basaltic Andesite Feeder Dikes

Basaltic andesite feeder dikes are abundant in the road cut east

of the Cinderella Mine (sec. 28, T. 15 S., R. 4 E.) and in the Lucky

Boy area (sec. 32, T. 15 S., R. 4 E.). The dikes range from 1 to 10



Table 2. Chemical analyses of volcanic rocks from the Blue River District compared to Cenozoic andesite (Chayes, 1969) and average andesite and

1After Chayes (1969); 2After Nockolds (1954); 3Location
R. 4 E.; 5Location: SE 1/4 SE 1/4 Sec. 31, T. 15 S.,
SW 1/4, NE 1/4 Sec. 28, T. 15 S., R. 4 F. ; 8Sample
Taylor and R. L Lightfoot, Oregon State Univ.

SW 1/4 NW 1/4 Sec. 21, T. 15 5., R. 4E.; 4Location: Center SE 1/4 Sec. 32, T. 15 S.,
R. 4 E.; 6Location: Center NE 1/4 Sec. 28, T. 15 S., R. 4 E.; Sample 28. 21. Location
5. 2. Location: SE 1/4, NW 1/4, Sec. 5, T. 16 S., R. 4 E.; 9Analysis by Dr. E. M.

dacite (Nockolds, 1954).

Cenozoic
andesite'

Average
andesite2

Lower basaltic andesite
'V

Upper basaltic andesite
Basaltic
andesite

feeder dike7, 9 Dacite8'9
Average
d acite22l.7' 32.24, 31. 5, 28. 296, 9

Si02 58.17 54.20 57.2 53.0 54.7 54.3 53.0 61.2 63.58

Ti02 0.80 1.31 0. 95 1. 10 1. 10 1. 10 1. 20 1. 55 0. 64

17.26 17. 17 18.2 18.3 17.8 18.8 18.8 15.2 16.67Al203

3.07 3.48 2.25Fe203

FeO 4.17 5.49 7.0 7.8 8.0 7.8 8.2 8.1 3.0

MgO 3.23 4.36 4.2 5.2 5.9 5.2 5.9 2.5 2.12

CaO 6.93 7.92 8. 2 8. 8 8. 5 8. 8 9. 3 4. 5 5. 53

Na20 3.21 3.67 3. 5 3. 8 3. 9 3. 0 3. 1 4. 3 3. 98

K20 1.61 1. 11 0.40 0. 40 0. 25 0. 15 0.25 2.0 1.40

Total 98. 45 98. 73 99. 65 98. 40 100. 15 99. 15 99. 75 99. 35 99. 17
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meters in width and are usually exposed in road cuts (their size is

exaggerated on Plate 1). The dikes exhibit strong jointing. Blocks

of the dike material are found as xenoliths in the dacite porphyry

(N 1/2 SE 1/4 sec. 28, T. 15 S., R. 4 E) and thus are older than

the dacite porphyry. On the basis of comparable amounts of all major

oxides, the basaltic andesite dikes are chemically similar to the upper

basaltic andesite.

Correlation

Chemical correlation of the flow rocks in the Western Cascades

may prove a valuable stratigraphic tool, as it has been in discerning

the stratigraphy of the Columbia River Basalts (Nathan and Fructer,

1974). Single flows of Columbia River Basalt are continuous over

great distances facilitating chemical correlation. Flow rocks of the

Western Cascades are not as continuous as the flood basalts

of the Columbia River Basin. However, recent studies by White

(personal communication, 1977) have indicated the presence of signifi.-

cant chemical differences between basalts of the upper part of the

Little Butte Volcanic Series and the overlying Sardine Formation in

the North Santiam area. In the area between the McKenzie and North

Santiam Rivers, the correlation of many flows and tuffs with either

the Sardine Formation or the Little Butte Series has been difficult

(Peck and others, 1964), Radiometric age dating by McBirney and



27

coworkers have corroborated the chemical differences found by White.

In the North Santiam area, White found that the Little Butte basalts

are tholeiitic in composition, containing approximately 15 percent

FeO (total iron), 2 percent Ti02, and l3.l4 percent Al203. In con

trast, the Sardine basalts contain less FeC and TiC2 and more Al203

(17l8 percent), White also has noted that the basalts of the Sardine

Formation generally contain phenocrysts, whereas those of the Little

Butte Volcanic Series are aphyric. In addition, baalts of the Little

Butte Series show a slight iron enrichment trend relative to the

standard calc-alkaline trend when plotted on an AFM ternary dia..

gram. Basalts of the Sardine Formation follow the calcalkaline

trend more closely. Because of the chemical similarities between

the basaltic andesites in the Blue River District and the Sardine

basalts studied by White, the volcanic rocks of the Blue River District

are therefore tentatively correlated with the volcanic sequence repre

sented by the Sardine Formation.

Dacite Flow

The dacite flow, found only on the south side of Gold Hill (NW

1/4 sec. 5, T. 16 S., R. 4 E.) is both physically and chemically the

most distinctive flow in the district. The best exposure of the dacite

flow occurs in natural meadows on the southeast side of Gold Hill

(SE 1/4 NW 1/4 sec. 5, T. 16 S., R. 4 E.). The flow is underlain
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by volcaniclastic rocks and is overlain by the upper basaltic andesite.

The flow breaks along platy joints and forms gentle slopes. It is

medium gray in color and contains phenocrysts of plagioclase feldspar

and pyroxene. Unfortunately, the very restricted distribution of this

distinctive flow rock renders it of little use in stratigraphic correla-

tion of the district.

In thin section, the dacite has an amygdaloidal porphyritic tex-

ture. Phenocrysts of andesine (An34) and augite make up 20 percent

of the rock. These phenocrysts are surrounded by a groundmass con-

sisting of glass, microlites of: plagioclase feldspar, and Fe-Ti

oxides. The phenocrysts of plagioclase feldspar are extensively

altered to clays, albite, and silica, whereas the augite is altered

to chlorite, Fe-Ti oxides, and silica.

The chemistry of the dacite is compared to that of the average

dacite and andesite reported by Nockolds (1954) in Table 2 (p. 24).

In Si02, Al203, MgO, CaO, Na20, and K20 contents the dacite is

similar to Nockold& average dacite. However, total iron and Ti02

contents of the Blue River dacite flow more closely resemble those

of the average andesite.



INTRUSIVE ROCKS

Dioritic intrusions in the Blue River District have been previ-

ously described by Tuck (1927) and Buddington and Callahan (1936).

These intrusions are small stocks (less than 330 meters in largest

dimension), dikes and irregular shaped plutons, Texturally, they

are very fine-grained to aphanitic, and contain phenocrysts of

plagioclase feldspar and altered ferromagnesian minerals. These

plutonic rocks are texturally similar to volcanic flow rocks, but

display clearly discordant intrusive contacts with the volcanic rocks.

A few small silicic dikes were also mapped. These dikes are

aphanitic and contain phenocrysts and (or) miarolitic cavities. The

small size of these plutons, their textures and their sharp intrusive

contacts indicate that they are typical hypabyssal plutons.

These intrusions are defined on the basis of the petrographic

classification of Williams and others (1954). In addition, chemical

analyses were carefully considered as they demonstrate variations

in composition that cannot be observed from standard petrographic

examinations.

Dacite and Andesite Porphyry Stocks and Dikes

29

Dikes, stocks and irregular shaped plutons of dacite and andes.-

ite porphyry are common throughout the Blue River District (Fig. 8).



Figure 8, Contact of a dacite prophyry dike (left) with
volcaniclastic country rocks (SE 1/4, sec. 22)
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These intrusions range in size from a stock about 330 meters by ZOO

meters (NW 1/4 SW 1/4 sec. 32, T. 15 S.,, R. 4 E.) to a dike only

20 cm. wide (E 1/2 sec. 31, T. 15 S., R. 4 E.). Road cuts provide

the best and often the only exposures of these intrusive rocks. Con-

tacts of the plutons with the volcaniclastic rocks are clearly discord-

ant (Fig. 8) and the plutons usually have thin chilled margins. An

exception is the small stock in section 28. Its contact has been

sheared, but can be determined within 150 cm, The intrusive rocks

are typically dark gray in color. Most are porphyritic in texture and

have an aphanitic groundmass with phenocrysts of plagioclase feldspar

and altered ferromagnesian minerals. Fragments of more equigranu-

lar textured intrusions were found in stream gravels and near out-

crops of intrusions, but never in place. Nearly all outcrops of

andesite and dacite porphyry have been fractured and hydrothermally

altered.

Petrography and Chemistry

In thin section, samples of dacite and andesite porphyry exhibit

prophyritic textures and have an intersertal or hyalopilitic to fine-

grainedhypidiomorphic groundmass (Figs. 9 and 10). Phenocrysts

of plagioclase feldspar are up to 6 mm in length and phenocrysts of

altered ferromagnesian minerals are 1 to 3 mm in length. The pri-

mary magmatic constituents of these rocks are plagioclase feldspar
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(up to 70 percent), quartz (0 to 20 percent, including secondary

quartz), glass (up to 20 percent), Fe-Ti oxides (1 percent), and

minor amounts of augite, hypersthene and hornblende. Products of

hydrothermal and dueteric alteration include calcite, epidote, chlorite,

clays, sericite, quartz, and albite.

The plagioclase feldspar is andesine to labradorite (An38 to

An54) ir composition. It is present both as euhedral phenocrysts and

as tiny laths in the groundmass. The phenocrysts are commonly

zoned and fractured. Alteration of plagioclase feldspar to sericite,

epidote, albite, kaolin, and quartz is common. Inclusions of ferro-

magnesian minerals are found sporadically in the plagioclase feldspar

phenoc rysts.

Quartz is present as a very fine-grained interstitial mineral,

and sometimes as micrographic intergrowths with clay minerals and

feldspar.

Hypersthene, augite, and hornblende are sometimes present

as minute subhedral crystals in the matrix and as phenocrysts. Usu-

ally the ferromagnesian minerals have been entirely replaced by

chlorite, although less commonly, pyroxene-shaped voids may also

be found in the thin sections.

Fe-Ti oxides occur both as primary minerals and as an altera-

tion product of the ferrornagnesian minerals.

Because of the very fine- grained texture of these intrusive
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rocks, several samples were chemically analyzed to define their

compositions more precisely. Normative mineral compositions based

on the whole-rock chemical analyses were calculated and the results

are compared with the average quartz diorite and granodiorite of

Nockolds (1954) in Table 3. The normative calculations of ferro-

magnesian minerals are faulty because all iron was measured as FeO.

Thus, all iron is calculated as diopside or hypersthene, instead of

magnetite. This necessary simplification lessens the amount of quartz

derived from the calculations. The chemical data, normative analy-

ses, or x ioo/ or + ab + an ratios and the petrographically determined

anorthite content of the phenocrysts of seven samples from the Blue

River District and for the average granodiorite and quartz diorite

of Nockolds (1954) are presented in Table 3.. The intrusions in the

Blue River District differ chemically from Nockold& average quartz

diorite and granodiorite by containing larger amounts of Ti02, Al203,

MgO, and H20+, and smaller amount of P205. In addition, the

intrusions of the Blue River District are more strongly oxidized than

the average quartz diorites and granodiorites as indicated by their

high percentages of ferric iron rather than ferrous iron.

The chemical analyses, and particularly the normative mineral

calculations, provide a means of comparing these rocks to those of

deep-seated intrusions which have cooled more slowly. As the basis

for many classifications of igneous rocks is the feldspar composition,



Table 3. Chemical analyses, normative calculations, and or x 100/or + ab + an ratios of intrusive rocks from the Blue River tistrict compared to
average quartz diorite and granodiorite (Nockolds, 1954).

SiO 62. 3 65. 0 65. 61 68. 4 66. 98 66. 15 60. 8 59. 64 58. 8 70. 3 73. 66

TiO 1. 00 0. 75 0. 93 0.45 0. 57 0. 62 0. 80 0.79 1. 10 0. 95 0. 22

Al213 16.8 16.0 15.42 15 6 15.66 15.56 16.7 18.79 17.4 17.9 13.45

Fe20 2. 89 1. 33 1. 36 3. 69 1. 25

FeO 6. 8 4. 7 2. 60 3. 4 2. 59 3.42 5. 6 1. 98 8 4 1. 7 0. 75

MgO 3. 4 2. 2 2. 07 1. 5 1. 57 1. 94 3. 7 2. 85 3. 8 0. 5 0. 32

CaO 2. 8 3. 8 2. 33 3. 9 3. 56 4. 65 5.4 6. 35 4 4 0. 2 1. 13

Na20 3. 5 3. 8 3 79 3. 3 3. 84 3. 90 4 0 3. 88 3. 5 1. 9 2. 99

K 0 3. 35 2. 55 2. 05 2. 35 3. 07 1. 42 1. 60 1.03 0. 9 4. 05 5. 35

H20 2. 31 0.54 0. 69 1. 10 0. 78

0.02 0.21 0.21 0.01 0.07

TOTALS 99. 95 98. 80 100.02 98. 90 99. 92 99. 92 98. 60 100. 11 98. 30 97. 50 99. 12

qz 13. 3 18. 3 27. 1 27. 1 21.9 24, 1 11.0 15.2 13.9 41. 6 33. 2

or 20. 0 15. 0 12. 2 13. 9 18. 3 8. 3 9.4 6. 1 5. 0 23. 9 31. 7

ab 29. 3 32. 0 32. 0 27. 8 32.5 33. 0 34. 1 33.0 29. 3 16. 2 25. 1

an 13.9 18.9 11.7 19.5 16.4 20.8 21.7 30.6 22.0 1.1 5.0

di 1.3 4.1 0.7
hy 19. 2 12. 9 6. 1 9. 3 6. 8 8. 1 16.2 6. 8 17.0 2. 8 0. 8

mt 4.2 1.9 2.1 4.4 1.9

il 2.0 1.4 1.8 0.8 1.1 1.2 1.5 1.5 2.1 1.8 0.5

hm 0.6

C 2. 3 0. 10 2. 7 0. 5 2. 7 9. 9 0. 9

orx
31 22 22 23 27 14 14 9 9 58 51

or + ab + an

'See plate 2 for sample location

After Nockolds (1954)

3Analysis by K. Aoki, Tohoku Univ., Japan

4Analysis by E. M. Taylor and R. Lightfoot, Oregon State University.

2

14 1
32. 32' 28. 38 32. 3013 27.

i14

Piverage
Average quartz2

granodiorite2 diorite
Average

22. 8a
1,4

32.
13

31.
14

27. 61,4 Rhyolite2
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the normative feldspars were plotted on a Q, or, ab + an ternary

diagram (Fig. 11), the chemical analog to the classification scheme

presented by the International Union of Geological Sciences (1973).

Samples plotted on this ternary diagram are preferentially located

in two compositional groups; one is quartz dioritic and the other

granodioritic. This difference is also expressed in the or x 100/ or

+ ab + an ratics (Table 3). The granodiorites are characterized by

ratios of 22 to 31 whereas the quartz diorites are characterized by

ratios of 9 to 14. Although chemical analyses indicate generally

significant amounts of 1(20 (0. 90 to 3, 35 percent), potassium feld-

spars were not identified in thin sections. Presumably, this is

contained in sericite, in clay minerals such as iilite, and in the

plagioclase feldspar as a solid solution component. In addition,

three of the four granodiorites contain normative corundum, whereas

it is calculated in only one of the three quartz diorites.

Thus, the major intrusions of the Blue River District vary in

composition from quartz diorite to granodiorite. These variations,

particularly in K0 content, cannot be distinguished on the basis of

petrographic examination. Such discrepancies between the chemical

compositions and the petrographic analyses of these intrusive rocks

are clearly indicative of their crystallization in a high-level sub-

volcanic environment.



A Blue River Intrusive Rocks
o Average quartz diorite (Nocko .s, 1954)

Average granodiorite (Nocko ds, 1954)

or

granite
granodiorite
tonalite
quartz monzonite
quartz moozodiorite
quartz diorite
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ab + an

Figure 11. 9, or, ab + an ternary diagram ( analogous to the quartz, alkali feldspar, plagioclase
feldspar ternary classification of the LU. G, S, 1973) showing the normative quartz
fedldspar compositions of intrusive rocks from the Blue River District compared to
the average granodiorite and quartz diorite of Nockolds (1954). Rock names for the
numbered fields are from the I, U. G. S. classification.



Silicic Dikes

In the eastern part of the district, two small silicic dikes are

exposed in a road cut (SW 1/4 sec. 27, T. 15 S., R. 4 E.). These

small aikes, 35 to 80 cm. wide, intrude laharic breccia (their size

is greatly exaggerated on Plate 1, which shows one larger dike to

represent the location of the two small dikes). Intrusive contacts

are discordant and are clearly exposed in the road cut. The dikes

are light green and buff in color, although weathered surfaces are

limonite- stained by the oxidation of pyrite. The rocks are porphyritic

in texture and have an aphanitic groundmass. Both dikes are more

intensely altered than the surrounding volcaniclastic rocks. Thus,

in outcrop, the dikes can be distinguished from the surrounding vol'

canic host rocks by their color, texture, degree of alteration, and

by their sharp intrusive contacts.

Petrographic examination of these rocks indicates their intense

alteration. The less altered dike (sample 27. 4, location on Plate 2)

contains glomeroporphyritic c-lusters of plagioclas e feldspar (oligo-

clase to sodic andesine), chlorite and clays after ferromagnesian

minerals, and quartz. These clusters comprise 20 percent of the

rock, The felty groundmass is composed of plagioclase feldspar

microlites, clays, and quartz. Alteration minerals include chlorite

and other phyU.osilicates, calcite, epidote, and albite. Calcite fills

39
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fractures and is accompanied in one fracture by radiating aggregates

of needle-like epidote after tourmaline or a fibrous zeolite.

In hand sample, the second dike (sample 27. 6, location on

Plate 2) has a texture similar to the less intensely altered dike.

Relic plagioclase phenocrysts are visible although they appear to

be completely altered to clays. In thin section, this texture is ob-

scuredby intense alteration and silica replacement. Quartz com-

prises approximately 45 percent of this rock, with plagioclase

feldspar microlites (approximately 20 percent) and clay minerals

(approximately 35 percent) as the other major constituents. FeTi

oxides, pyrite, chlorite, and epidote are minor constituents. This

dike is grossly chemically similar to the average rhyolite (Table 3,

page 36) defined by Nockolds (1954), but contains less CaO,

Na20, and Si02, and more Ti02 and Al203 than the average rhyolite.

Alteration, particularly to clay mineral assemblages, may be parti-

ally responsible for these differences. Because alteration has been

so intense, this analysis may not be representative of the original

composition of the rock.

These siliceous dikes are interesting because their chemical

and mineralogical compositions differ from other plutons in the

district. The siliceous composition of the dikes may be an indica-

tion that they are late-stage intrusions, although there are no expo-

sures of cross-cutting relationships with andesite and dacite
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porphyries to verify this hypothesis. These dikes may be more sus-

ceptible to alteration because of their siliceous composition, and

perhaps because they occupy fractures which were important channel-

ways for hydrothermal fluids.

Origin of the Blue River Igneous Rocks

Several workers (Fiske and others, 1963; Hopson and others,

1965) have suggested a comagmatic relationship between andesitic

volcanism and Tertiary epizonal plutonism in the Cascades. The

evidence for this genetic affiliation is based largely on their close

spatial association and similar chemical trends. Such relationships

may exist between the basaltic andesites and the various intrusions of

the Blue River District.

The plutons contain inclusions of the andesites and thus, are

younger. Also, the volcanic rocks are more basic in composition,

indicating that they may be less fractionated than the intrusions.

Partial Harker variation diagrams (Fig. 12) demonstrate a general

increase in K20 and a decrease in FeO, MgO, GaO, and Al203 with

increasing Si02 content for representative samples from the Blue

River District. Such variations are typical of differentiation trends

in a calc-alkaline rock suite. In addition, when these igneous rocks

are plotted on ternary AFM and NKC diagrams as given in Figures

13 and 14, the samples exhibit systematic distributions similar to
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Figure 13. AFM diagram for plutonic and volcanic rocks of the Blue River District. A = Na20 + K20;
F FeO + Fe203; M MgO
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Figure 14. NKC diagram for plutonic and volcanic rocks of the Blue River District.
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the calc-alkaline trend of the Southern California Batholith (Nockolds

and Allen, 1Q53). They show an enrichment in alkalies versus FeO

and MgO and an enrichment in K20 versus CaO and Na20 in the later

more silicic members of this igneous suite. These nearly continuous

trends provide further evidence for a comagmatic relationship between

plutonic and volcanic rocks of the district. Thus, it is possible that

the shallow plutons of the district represent the final magmatic activity

of a dying volcanic center as indicated by field relationships with

volcanic rocks and by chemical variations demonstrated by both plu-

tonic and volcanic rocks. However, such an interpretation is highly

speculative without additional and more detailed chemical data and

K-Ar dates to confirm the origin and timing sequence of these rocks.

The intrusive rocks of the Blue River District are chemically

more similar to plutons associated with island arc prophyry systems

(Kesler and others, 1973) than to those associated with porphyry

deposits of the southwestern United States. Kesler and coworkers

found that island arc intrusions are deficient in potassium feldspar,

are depleted in lead and rubidium, and exhibit lower 87r/86r ratios

(0. 705 or less) relative to their counterparts of the continent. Similar

deficiencies in K20 and in potassium feldspar have been noted in the

early Mesozoic intrusive rocks of the Cuichon Creek Batholith of

British Columbia and from western Idaho (Field and others, 1975).

Intrusions of the Blue River District are notably low in potassium



feldspar. Moreover, volcanic rocks of the Western Cascades have

low 8Sr/86Sr ratios according to McBirney and White (l977) Kesler

and coworkers concluded that island arc intrusions are from a source

more primitive than their continental counterparts, and are probably

mantle derivatives with no contamination from cratonic crustal mater

ial or from subducted sea floor basalts and sediments. McBirney

and White (1977) have recently presented a similar conclusion regard

ing the origin of the volcanic rocks of the Cascades of Oregon, Thus,

by analogy, it would appear likely that the volcanic and intrusive rocks

of the Blue River District are similarly of mantle origin.

47



STRUCTURAL GEOLOGY

The principal structural features in the northern and central

parts of the Western Cascades are north-northeast trending en echelon

folds (Peck and others, 1964). One of these folds, the Breitenbush

Anticline, passes through the western edge of the Blue River District

in the vicinity of Gold Hill. The orientation of the fold axis is difficult

to define because of the lack of reliable attitudes as a result of intru-

sive activity and shearing in the district. However, the general trend

of the fold is north-northeast (Plate 1).

Superimposed on this northerly trend are fractures and shear

zones which trend approximately northwest. This northwest trend is

characteristic of faulting in the southern part of the Western Cascades.

The larger shear zones in the Blue River District are shown in Plates

1 and 3. Shear zones are distinguished by closely spaced fractures,

and by intense alteration and some cataclasis of the host rocks. A

particularly good exposure of a shear zone is found in section 29

(NW 1/4 SW 1/4 sec. 29, T. 15 S., R. 4 E.).

Most of the prospects and veins and many of the intrusions are

located in these shear zones. Thus, these structures were probably

formed before and during the intrusive episode and subsequent miner

alization. Because of the paucity of marker beds, it has been diffi-

cult, if not impossible, to determine the direction and magnitude of

movement along these shear zones.
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ECONOMIC GEOLOGY

The history of the Blue River Mining District is rather unosten

tatious when compared to mining districts elsewhere. The most proW

ductive property in the district, the Lucky Boy mine, was discovered

in 1887 and was developed in the early 1900's with a forty stamp mill

and electricity provided from a special plant built on the McKenzie

River six miles away (Tuck, 1927). Mills were also installed at

several other mines at this time. Most of the free milling gold was

soon exhausted and cyanide treatments proved unsuccessful at the

Lucky Boy Mine, which closed in 1912 or 1913, and with its closing,

most mining activity in the area ceased. Since that time, mines in

the area have been worked intermittently. Some exploration work

was done in the area in 1964 by a California group (Brooks and Ramp,

1968).

The metals produced in the area were gold (7, 727 oz.), silver

(17, 162 oz.), copper (257 lbs.), and lead (1051 lbs.) (Callahan and

Buddington, 1938; Oregon Metal Mines Handbook, 1951). During 1935,

234 tons of ore yielding 12. 5 tons of concentrate were produced from

the Lucky Boy (Adams, 1937). Total production is estimated between

$240, 000 and $370, 000. However, according to Tuck (1927), more

money was spent on development than was ever recovered from the

mines.
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Descriptions and locations of the mines and prospects of the

district have been included in several previous papers (Callahan and

Buddington, 1938; Oregon Metal Mines Handbook, 1951; Brooks and

Ramp, 1968). Presently almost all the workings in the area are caved

and thus are inaccessible.

Hydrothermal Mineralization

Many of the old mining districts in the Cascade Range of Oregon

are presently being explored and reevaluated for the possibility of

nearby high-level porphyry copper-molybdenum systems at depth.

Sillitoe (1973) suggested that stratovolcanoes, with their associated

fumaroles and hot springs, are the surficial expressions of porphyry

systems at depth. Thus, it is likely that the hydrothermal districts

of the Western Cascades may represent prophyry systems which have

not been sufficiently eroded to expose deeper levels of economic

copper mineralization. In Washington, however, several porphyry

systems are exposed, probably as a result of deeper erosion to the

north, In general, the porphyry systems which are economically

interesting are north of Mt. St. Helens, and are characterized by

their close association with breccia pipes, base metal veins, and

tourmaline accompanying phyllic and potas sic alteration.



Vein Minerals

Pyrite is the principal sulfide found in the Blue River District.

In addition to its occurrence in veins, it is found along fractures and

disseminated in propylitized rocks. Other vein sulfides found in the

district include sphalerite, galena, chalcopyrite, and tetrahedrite

(Callahan and Buddington, 1938). All but tetrahedrite were found by

the writer in a few small samples of sulfide-rich material from the

Lucky Boy Mine dump. Quartz, which exhibits comb, drusy, or

stringer-like textures, constitutes the bulk of the vein material. It is

sometimes associated with calcite and clays. Veins of pure calcite

are common.

A polished section from the Lucky Boy vein reveals small blebs

or stringers of sulfide in a gangue dominated by quartz. Associated

sulfide minerals consist of pyrite euhedra, chalcopyrite subhedra,

and sphalerite and galena anhedra, The sulfide blebs are usually

monominerallic. Small inclusions of quartz are common in the sulfide

minerals.

Alteration Minerals

Both deuteric and hydrothermal processes have probably altered

the rocks of the Blue River District. On the basis of 18o data, Taylor

(1971) interpreted the propylitically altered areas of the Western
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Cascades to be the results of hydrothermal (heated ground water)

rather than deuteric (late magrnatic water) processes. Nevertheless,

these two processes are difficult to distinguish because the resulting

mineral assemblages are similar. To simplify this problem, altera-

tion products will be discussed in terms of the classification scheme

for porphyry copper-type alteration (Burnham, 1962; Creasey, 1966;

Meyer and Hemley, 1967; Lowell and Guilbert, 1970). Five mineral

assemblages are distinguished on the basis of their associated miner-

als: propylitic, intermediate argillic, advanced argillic, phyllic,

and potassium silicic (potassic). The propylitic assemblage is char-

acterized by chlorite, epidote, calcite, and albite, Kaolin and mont-

morillonite are characteristic alteration products of the intermediate

argillic group. Sericite and hydrothermal quartz characterize the

phyllic group. Tourrnaline, a common hydrothermal phase in phyllic

and potassic assemblages associated with mineralization in the

Cascades and elsewhere, was not found in the Blue River District.

Virtually all rocks in the Blue River District are propylitically

altered (Fig. 15). Characteristic minerals include chlorite, epidote,

calcite, sericite, albite, rnagnetite, quartz, pyrite, and zeolites.

Ferromagnesian minerals are typically altered to chlorite, magnetite,

and green smectite. Plagioclase feldspar is often freckled with

sericite and/or partially replaced by calcite or albite, Quartz and

epidote are common replacements of the groundmass. Pyrite is



Figure 15, Photomicrograph of propylitic alteration of
an andesite porphyry. e epidote, c =
chlorite. Feldspars are altered to albite,
sericite, clays, and calcite, Field of view:
1.3 mm.)
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found as disseminated grains and in the ubiquitous quartz veinlets.

Stilbite, chabazite, and natrolite, as distinguished by crystal habit,

are the prevalent zeolites found in the district where they fill voids

and fractures in the propylitized rocks.

Host rocks subjectedto phyllic alteration are found in highly

fractured areas and around largerveins (Plate 3). The largest area

of phyllic alteration is along the shear zone from the southern half

of sec. 29 to the southeast quarter of section 32 (Fig. 16). This type

of alteration is fracture controlled and the rocks have been highly

shattered. Typically, the rock is completely altered to a very fine-

grained mixture of quartz, sericite, and kaolinite.. Limonite is wide-

spread throughout the outcrops and indicates the former presence of

pyrite. Acid solutions formed during the supergene oxidation of pyrite

may produce alteration effects similar to those of phyllic alteration

(Rose, 1970). Since the rocks have been exposed to the process of

weathering, they have very likely been subjected to supergene altera-

tion. Rose (1970) suggests that kaolinite and sericite can both be

produced in the supergene environment, Thus, both hypogene and

supergene processes may have been responsible for this alteration

assemblage.

Trace Element Geochemistry

The concentrations of trace metals (copper, molybdenum, lead,



Figure 16, Intense shearing and phyllic alteration of
volcaniclastic rock (SW 1/4sec, 29).
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zinc, and silver) in stream sediment and rock chip samples are

listed in Table 4. Stream sediment samples were collected from

most of the major drainages in the district, Rock chip samples were

collected from representative intrusive and volcanic rocks, and from

their most severely altered equivalents. Threshold values for the

Pacific Northwest (Field, Jones, and Bruce, 1973) are presented for

comparison, and in most cases closely coincide with, or are greater

than approximate values for the Blue River District. Threshold values

are defined by Levinson (1974, p. 214) as the upper limit of normal

background. Background is the Tmnormal range of concentrations for

an element, or elements in an area (excluding mineralized samples)T

(Levinson, 1974, p. 213). A metal content of two to three times

these threshold values can be considered a significant anomaly indica-

tive of potential metallization (Hawkes and Webb, 1962).

Anomalies in samples of stream sediment appear to be related

either to nearby zones of alteration or to outcrops of veins. Notable

exceptions are samples SS8, SS9, SS1O, and SS11 from the drainage

of Tidbits Creek (sec. 22). This anomaly is not evident from either

proximity to mineralized outcrops or from metal concentrations from

nearby rock chip samples. However, these samples contained an

inordinantly large amount of organic matter which sometimes prefer-

entially adsorbs metals (Levinson, 1974), and thus they may represent

false anomalies.



1-Field and others, 1973; 2-Sample locations on Plate 2; 3-Analyses by Chemical and Mineralogical Services.

Table 4. Trace metal contents (ppm) of representative samples of stream sediments, intrusive rocks, flow rocks and altered volcaniclastic rocks from

the Blue Riqer Disfrict compared to background values for the Pacific Northwest (Field and others, l973),2

STREAM
SEDIMENTS Cu Mo Pb Zn Ag ROCK CHIP Cu Mo Pb Zn Ag Cu Mo Pb Zn Ag

Background Background
1

Background
1

Pacific Northwest 50 <1 30 100 <1 Pacific Northwest 50 <1 20 60 <1 Volcaniclastic Rocks
Blue River District 45 <1 20 60 <1

Background Background 32. 19 45 <1 11 60 <1

Blue River District 35 <1 30 85 <1 Intrusive Rocks 33. 1 11 <1 5 55 <1
Blue River District 50 <1 15 60 <1 32. 27 8 < 1 12 60 < 1

SS1 35 1 45 130 <1 29.21 20 <1 9 55 1.0

SS2 25 1 20 65 <1 31.8 16 <1 15 35 1.0 28.4 20 <1 11 55 1.0

SS3 35 < 1 20 75 <1 32. 30 25 <1 14 40 < 1 28. 15 35 <1 6 40 < 1

SS4 35 < 1 45 125 <1 32. 32 55 <1 10 40 < 1 27. 2 30 <1 5 35 1. 0

SS5 30 < 1 40 125 1.0 32. 5 40 < 1 8 25 < 1 21. 8 altered 30 < 1 10 50 < 1

SS6

SS7

30

35
< 1
< 1

35

95

115

85

<1
<1

29. 11 25

28. 38 60
<1
<1

5

5

55

30
< 1
< 1

22.4 altered,
contains pyrite

12 < 1 5 50 1.0

SS8 60 < 1 130 640 <1 27. 1 14 <1 5 30 < 1 21. 5 altered 8 < 1 6 75 < 1

SS9

SS1O

30
30

2

8

25
20

55

60
< 1.0

1. 0

22. 8a 30 < 1 7 35 < 1 21. 1 altered,
contains pyrite

30 ( 1 5 40 1. 0

SS11 25 4 25 70 1.0 Background 28.45 mine dump 25 <1 12 160 <1

SS13 lucky Boy
powder

40 3 350 290 1.0 Flow Rocks
Blue River District 50 <1 20 55 < 1

sample,
contains pyrite

6. 2 altered 25 < 1 25 25 1, 4

22. 1 16 - 1 7 50 < 1 31. 3 altered 13 < 1 12 85 < 1
21.7 35 <1 5 40 <1 32.34veinmaterial 16 4 15 10 2.0
28. 29 35 < 1 6 40 < 1 32. 26 Treasure Mine 40 4 20 480 39. 7

32.24 40 <1 13 55 <1 dump

5. 2 Dacite 60 <1 20 55 < 1 32. 1 Lucky Boy vein 160 1 140 120 1. 5

29. 17 altered 12 < 1 5 60 < 1
29. 22 altered 18 < 1 12 55 1.0
28. 46 altered 25 C 1 7 55 C 1
32. 29 alteredmaterial 12 2 12 14 < 1

Lucky Boy vein Ui
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Very few of the rock chip samples demonstrate anomalous

metal values. The more anomalously high metal concentrations

were obtained from samples of altered rock collectedfrom mine

dumps, or from the actual veins (Plate 4). Thus, they represent

the "high grade" or most metal rich samples available. As expected,

samples from the Lucky Boy area (sec. 32, T, 15 S., R. 4 E,) are

slightly anomalous. They are correlative with an area characterized

by intense phyllic alteration and closely spaced fractures, However,

samples from other areas of intense alteration (29. 17, 28, 46, and

21.8) did not give anomalous values. Supergene processes may be

responsible for leaching the metals from these rocks.

In addition, a powder sample (SS1 3) from the Lucky Boy sluice

box was analyzed. Metal values are low (40 ppm Cu, 3 ppm Mo,

350 ppm Pb, 290 ppm Zn, and 1 ppm Ag) and thus, are strongly sug-

gestive of the reason for closing this mine.

Evaluation of Future Potential

In view of the low metal values contained in samples collected

both from veins and altered rocks, the Blue River District is not

considered to be a priority exploration target for the immediate fu-

ture. In addition to the low metal values, the district lacks breccia

pipes, and tourmaline associated with phyllic and potas sic alteration

which are commonly associated with porphyry copper systems of the
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Cascades and elsewhere.

It is widely accepted that porphyry copper deposits are associ-

ated with high level calc-alkaline stocks surrounded by concentrically

zoned shells of alteration and mineralization. Lowell and Guilbert

(1970) used these zones to create a model for vertical and horizontal

zoning in porphyry deposits. Unfortunately, thei.r model does not

extend into the unmineralized areas above and below the ore bodies.

Therefore, the Blue River District cannot be evaluated in terms of

their model. Nevertheless, Sillitoe (1973) has proposed a hypothetical

model for the uneconomic upward and downward extensions of these

deposits (Fig. 17). Underlying the deposit is an unmineralized pluton

of large dimensions and dominantly of a phaneritic texture. Upward,

a porphyritic phase becomes predominant (generally thought to be a

cupola) and which is directly associated with zones of mineralization

and alteration, Potassic alteration is predominant in the deeper and

central parts of the deposit whereas phyllic and argillic alteration be-

come increasingly important upward. At the levels of most intense

argillic and phyllic alteration, smaller intrusions and hydrothermal

breccias are common. In many systems the volcanic superstructure

is encountered, in which alteration is distributed irregularly, and is

largely fracture- controlled. Silicification and advanced argillic alter -

ation are encountered along with ubiquitous pyrite. Intrusive rocks

are dike-like in form, and hydrothermal breccias may be common.
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Figure 17, Idealized cross section of a typical simple porphyry copper deposit
(after Sillitoe, 1973).
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"Epithermal" veins containing copper, lead, zinc, and precious metals

may be present at this level. The "top' of the porphyry system is

characterized by fumaroles which deposit native sulfur, and some-

times pyrite and marcasite. The model is, of course, generalized

and oversimplified. Nevertheless, it is a useful tool in evaluating

the hydrothermal districts of the Cascades.

The districts of the Western Cascades range from those con-

taining only a few small intrusions, small areas of silicification, and

virtually lacking in base metals (Fall Creek District, Oregon) to

those with abundant base and precious metal veins, intense phyllic

alteration (with tourmaline), abundant breccia pipes, and larger

stock-sized intrusions (Bohemia District, Oregon), Farther north

in the Washington Cascades a deeper level of erosion exposes several

porphyries (Glacier Peak, Quartz Creek, Middle Fork, etc. Grant,

1969). Tius, the hydrothermal deposits of the Cascade Range may

represent the full spectrum of different levels of erosion in hydro

thermal systems associated with porphyry-type deposits.

Base4 on the Sillitoe (1973) model, the Blue River District is

eroded to the depth of abundant pyrite, fracture-controlled alteration,

and small dike-like intrusions. If economic mineralization exists in

the Blue River District, it may be as deep as 2 to 3 kilometers be-

neath the present surface of erosion as deduced from geologic and

mineralogical criteria suggested by Sillitoe (1973), Rose (1970), and
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Lowell and Guilbert (1970). The inferred high-level of exposure for

thedistrict is consistent with the small dike and stock-like piutons,

predominantly propylitic alte ration with minor fracture - c ontr oiled

phyllic assemblages, and mineralization characterized by small

flepithermalH veins and pyrite disseminations.

Because of the high costs associated with exploration, develop-

ment, and mining of mineral deposits at such a great depth, the Blue

River District can, at best, be considered an exploration target and

possible resource of the future, and then only if new mining techniques

are developed for the extraction of metals from such depths.

T



GEOLOGIC SUMMARY

The Blue River Mining District lies within the Western Cascade

province of Oregon. The district is comprised of a thick sequence of

Miocene volcanic and volcaniclastic rocks which are intruded by a

few small stocks and dikes of andesite and dacite porphyry.

The oldest rocks exposed in the district are lapilli tuffs, laharic

breccias, water-laid tuffs, and flow rocks of the Sardine Formation

(Middle and Late Mj.ocene), Basaltic andesite flows are interbedded

with and overlie the thick pyroclastic sequence. These basaltic

andesites are chemically similar to basalts of the Sardine Formation

in the North Santiam area (White, personal communication, 1977).

A small outcrop of dacite flow is present in the western part of the

district. Pyroclastic rocks are of local derivation as indicated by the

large size and andesitic lithology of the clasts, and by their chemical

similarity to the flow rocks of the district.

Small stocks and dikes of andesite and dacite porphyry intrude

the thick volcanic sequence. These intrusions are fine-giained to

aphanitic in texture and contain phenocrysts of plagioclase feldspar

and altered ferromagnesian minerals. Primary magmatic constitu-

ents are plagioclase feldspar, quartz, glass, Fe-Ti oxides, and

minor amounts of augite, hypersthene, and hornblende. Products

of hydrothermal alteration include cicite, epidote, chlorite, clays,

sericite, quartz, and albite.
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Chemical analyses of these intrusive rocks indicate their simi-

larity to the quartz dioritic and granodioritic plutons of island arc

environments. The intrusions of the Blue River District are notably

low in potassium feldspar and in K20, The igneous rocks of the dis

trict show chemical similarities to the caic-alkaline rock suite.

The rocks of the Blue River District have been fractured and

sheared. This structural activity occurred before and during the

intrusive event and subsequent mineralization. More recently, broad

north-trending folds have deformed and uplifted rocks of the Blue

River District.

Hydrothermal alteration and mineralization closely followed

or perhaps accompanied the emplacement of the plutons. All rocks

in the district have been altered to a propylitic assemblage. This

as semblage includes chlorite, calcite, albite, epidote, magnetite,

pyrite and quartz. Near veins and in intensely fractured areas, the

host rocks have been altered to a phyllic assemblage containing quartz,

sericite and kaolinite.

Pyrite, disseminated and in small veins, is the most common

sulfide in the district. Quartz veins and vein breccias are common

througliout the district, but they rarely contain sulfides other than

pyrite. The Lucky Boy vein contains minor sphalerite, galena, and

chalcopyrite in addition to pyrite.

Small U-shaped troughs and cirque-like features above 4400 feet
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indicate that small valley glaciers were active in the topographically

higher portions of the district during recent geologic time, Since

glaciation, streams have carved their steep V-shaped valleys, and

landslides and artificially induced subsidence have left their imprint

on the topography.

The mineralization and alteration of the Blue River District

exhibit some similarities to porphyry copper systems of the Washing-

ton Cascades and elsewhere in the circum-Pacific belt. The lack of

potassic alteration, breccia pipes, and abundant base metals in the

district indicate th3t the Blue River District may represent a high-

level exposure of a deep-seated porphyry copper deposit. An alterna-

tive explanation is that the district represents a high-level barren

hydrothermal system.
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