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This is the second of a series of four articles prepared be-
cause of renewed interest by major mining firms in mineral-
alized areas in the north-central Western Cascades; the
general public's growing interest in geology, mineral col-
lecting, and mining history; and the need for local planning
groups to know what is in their planning units. These arti-
cles summarize information that has been published piecemeal
concerning mineralization and mining in the area, showing
what has been studied and what needs to be studied. This
geologic jigsaw puzzle has many scrambled pieces that need
to be put together before the picture becomes clear.

The first article, "A Geological Field Trip Guide from
Sweet Home, Oregon, to the Quartzville Mining District," ap-
peared in the June 1977 ORE BIN. This article presents an-
overview of published information on mineralization in the
north-central Western Cascades. The third article, sched-
uled for an early summer 1978 ORE BIN, will provide a closer
view of typical mineralization in the Western Cascades and
will serve as an introduction to the last article in the
series, "A Field Trip Guide to the Bohemia Mining District,"
to appear in a following ORE BIN.

Location and Geography

Mineralized areas in the north-central Hestern Cascades have produced
approximately $8.9 million worth of metals at today's prices since
1858, when gold was first discovered in this region. Most production
took place prior to 1920. The mineralized areas are fairly evenly
spaced along a north-south line extending from Clackamas County on the
north to the northern part of Douglas County on the south. The mineral
deposits are in Tertiary volcanic rocks and are apparently associated
with small Tertiary intrusive bodies.

The north-central Western Cascades (Figure 1) are located on the
east side of the Willamette Valley. The Western Cascades are composed
of old, deeply dissected, Tertiary volcanic rocks lying to the west of
the younger High Cascades which, in Oregon, extend from the Columbia
River on the north to the California border on the south. Because the
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High Cascades are composed of younger volcanic rocks, they have not been
deeply eroded and have 1ittle known mineralization.

Summits in the Western Cascades rise to altitudes of 2,000 to 6,000
ft; relief ranges from 1,000 to 4,000 ft over a horizontal distance of 2
to 4 mi. No original upland surfaces are preserved; divides are sharp
and valleys narrow. The stream pattern is dentritic (see Glossary at
end of article), and streams drain toward the west. The highest ridges
form divides between major drainage systems, and lower ridges slope to-
ward the valleys. Valley walls are generally steep, and cliffs occur in
many places. Glaciation has modified the higher summits.

Heavy forest cover of Douglas fir and hemlock is common, and timber
productivity is excellent. The climate is generally mild and wet during
winter months and dry in summer. The average annual rainfall is from 28
to 110 in, depending on elevation. Precipitation is greatest at higher
elevations and is largely in the form of snow.

The location of mineralized areas that will be discussed in this
article is shown in Figure 2. Granitoid intrusions are indicated on the
same map.

History and Production

The discovery of placer gold in southern Oregon in 1851 stimulated
interest in the prospecting of all streams in the Cascade Range. Small
amounts of gold panned in the tributaries of Row River led to the dis-
covery of a lode gold deposit at Bohemia in 1858; placer gold in the
Molalla and North Santiam Rivers pointed the way to the North Santiam
Todes in 1860. The Middle Santiam placers preceded the development of
the Quartzville district, and in 1863 the discovery of placer gold in
the McKenzie River led to the discovery of the Blue River lodes.

Interest in the Western Cascades languished after the first flurry
of discovery until the 1890's, when the Lawler mine at Quartzville and
the Musick, Champion, and Noonday mines of the Bohemia district became
active. The major producing mine in the Blue River district, the Lucky
Boy, reached its peak in the early 1900's. During this period, mining
was with hand steel (Figure 3), and crushing was done by stamp mill
(Figure 4) or arrastre (Figure 5). Gold was recovered with an amalga-
mation plate, a copper plate coated
with mercury, that trapped any free
gold touching it. Only free goid
found in near-surface oxidized ore
could be recovered by this system;
and because this type of ore is never
completely oxidized, only 50 percent
of the total gold value present was
ever recovered by early-day miners.
Furthermore, these mining techniques
were completely unsuited for recover-
ing values in complex primary (un-
oxidized) sulfides. Selective flo-
tation had not been developed; and
gravity concentration, where tried,
produced a complex concentrate of
copper, lead, and zinc not desired
by smelters.

Figure 1. Location map of north-
central Western Cascades,
Oregon.
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Mineralized areas in north-central Western Cascades, Oregon.
by Kath Eisele.
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Figure 5. Arrastre used to grind friable gold and silver ore. Ore spread
on floor was crushed by heavy stones chained to arms pivoting around
central shaft. In this drawing, water provides power to turn shaft;
in other cases, horses or steam could be used. Gold was then recov-
ered, as it wae from a stamp mill, by sluicebox and copper-mercury-
coated plate.

The first recorded Western Cascades mercury production was from the
Black Butte-Elkhead district in 1882, and production was more or less
continuous from then until the 1960's. Mercury was discovered in the
Dak Grove Fork area in 1923-1924, first mercury was produced in 1925,
and latest production was in 1943.

The nature of the ore, technology, and economics of the times were
all important factors determining the intermittent operation of the
Western Cascades mining districts. Of the total production from the
north-central Western Cascades, 47 percent came from the Bohemia dis-
trict, 23 percent from Black Butte-Elkhead, 14 percent from Quartzville
13 percent from Blue River, 2 percent from North Santiam, and less than
1 percent from Oak Grove Fork (see Table 1).

Geology
The north-central Western Cascades in Oregon are underlain by a
downwarped, 10,000-ft-thick pile of Tertiary volcanic rocks, consisting

mainly of andesite with some basalt and rhyolite flow rock, extensive
tuff beds, and lenses of lacustrine and fluviatile sediments. The rocks,
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Table 1. Summary of production of mining dis§ricts of Cascade Range
from 1880 to the present -/

District Mercury | Gold [Silver | Copper| Lead | Zinc Sept. ;77
(flasks) | (oz) | (oz) (1b) (1b) | (1b) Va]ue-j

Oak Grove

Fork........ 172 — —_ - J— — 19,780

North

Santiam..... _ 4541 1,412 | 41,172 40,700]110,063 148,4873

Quartzvilie. — | 8,559] 2,820 S - — 1,253,730—/

Blue River.. — | 7,72717,162 267 _ — 11,196,773

Bohemia..... — - |28,285| 9,567 {14,831 120,816] 5,550(4,192,634

Black Butte-

Elkhead {est.) 18,000 . — — f— — 12,070,000
Total: 18,772 |45,023]31,061 [ 56,260 [161,516[115,6138,881,404

1
- Statistics taken from Brooks and Ramp (1968) and Brooks (1963)

2
f Metal prices: mercury, $115/flask; gold, $145/0z; silver, $4.44/0z;
\ copper, $0.64/1b; lead, $0.31/1b; zinc, $0.34/1b

e/ Unreported production might raise production value another $1,000,000

ranging in age from Eocene to late Miocene (see Figure 6), are folded
into a series of anticlines and synclines with north- to northeast-
trending axes. Northwest-trending faults occur in many of the miner-
alized areas of the Western Cascades. To the west, the volcanic rocks
overlie or interfinger with Tertiary marine beds. Undeformed Pliocene
and Pleistocene fluviatile deposits and andesite and basalt flow rock
are locally present. Small late Miocene to Pliocene granitoid intru-
sions occurring in the mineralized areas are believed to be the sources
of mineralizing solutions.

Stratigraghx

The following brief summary of the stratigraphy of the Western and
High Cascades is derived largely from the work of Peck and others (1964},
Griggs (1969), and Baldwin (1974). The time-rock chart (Figure 6) was
?ege]oped by John Beaulieu, Oregon Department of Geology and Mineral
ndustries.

The oldest unit discussed in this article is 3,000 ft of flows,
breccias, tuffs, and tuffaceous sandstones of the Eocene Colestin Forma-
tion. These nonmarine rocks crop out along the western edge of the Cas-
cade Range, covering the eastern margin of older marine Eocene rocks.

The next oldest exposed unit in the area is the 0ligocene and early
Miocene Little Butte Volcanic Series, consisting of 3,000 to 15,000 ft
of pyroclastic and flow rock. These rocks form the bulk of the Western
Cascades south of the McKenzie River and crop out in the foothills and
in axes of anticlines to the north. Tuffs, some of them welded, ranging
in composition from andesite to rhyodacite, account for more than three-
fourths of this unit; basalt and andesite flow rock and breccia make up
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Figure 6. Time-rock chart for Western Cascades, Oregon. Stratigraphy by
John Beaulieu, Oregon Department of Geology and Mineral Industries.

much of the remainder. Water-lain tuffs and conglomerate are present
locally through the section. The thickest section of the Little Butte
Volcanic Series, 15,000 ft, is exposed along the North Umpqua River.

In the northern Western Cascades, where the base is not exposed, from
1,500 to 5,000 ft are exposed in eroded anticlinal cores. Intermittent
subsidence of the volcanic pile as it accumulated is evident in the cen-
tral part of the western margin, where the interfingering of marine rocks
marks the last eastward incursions of the seas into the Western Cascades.
Interbedded stream and lake deposits show that westward-flowing streams
that drained the Cascades and the country to the east were dammed by vol-
canic material from time to time.

In the northern part of the Western Cascades, middle Miocene basalt
flow rock of the Columbia River Group crops out along the east and west
fringes of the Cascade Range. Basalt of the Columbia River Group laps
onto eroded edges of rocks of the older Little Butte Volcanic Series.
The section of Columbia River Basalt exposed in the Columbia Gorge is
more than 2,000 ft thick, but the flows generally pinch out at about the
latitude of the North Santiam River. Basalt of the Columbia River Group
is, however, exposed at intervals farther south along both the eastern
and western margins.

The Sardine Formation is composed of flow rock, breccia, and tuff,
mostly hypersthene andesite in composition, that conformably overlie the
Columbia River Group in the northern part of the Western Cascades and
unconformably overlie older volcanic rocks to the south. As presently
mapped, the Sardine Formation, which is considered to be mostly middle
to late Miocene in age, covers most of the northern part of the Western
Cascades. Some correlative basalt and basaltic andesite flow rock ex-
posed along the west-central margin of the Cascade Range is included in
this unit. Locally along the North Santiam River, as much as 10,000 ft
of section is exposed; but in most places, thickness is 3,000 ft or less.

191



During the middle to Tate Pliocene, a huge up-arching of the earth's
crust, extending from Canada to California, began along the axis of what
was presently to become the High Cascades. This great arch disrupted
westward-flowing streams originating in eastern Oregon, forcing them
eventually to flow northward to join the Columbia River. As the arch
increased in height, it also uplifted the volcanic rocks of the Western
Cascades, subjecting them to intense erosion and the development of a
new drainage system. The ruggedness of the Western Cascades contrasts
sharply with the much flatter slopes that are common in the High Cascades
promontory upon which the younger Cascade peaks such as Mount Hood, Mount
Jefferson, and the Three Sisters rest.

Pliocene conglomerate, mixed with sandstone, shale, tuff, and vol-
canic rock, is found along both margins of the Cascade Range for 30 to
40 mi to the south. Fluvial and lacustrine rock on the west side com-
prise the Troutdale Formation; the andesitic debris fan to the east
forms the Dalles Formation. These units may be as much as 1,500 ft
thick but are generally less.

The High Cascades are predominantly basalt and basaltic andesite,
mostly in the form of lava flows that built up the chain of broad vol-
canoes that cover the eroded eastern margin of the Western Cascades,
form the plateau, and underlie the narrow eastern slope of the Range.
Eruptions of these rocks began early in the Pliocene and continued into
the Holocene. Isolated volcanoes of the High Cascade type also developed
in the Western Cascades (Treasher, 1942; Trimble, 1963). Some Western
Cascade valleys were filled by many hundreds of feet of intracanyon flows
from these Pliocene-Holocene volcanoes.

Quaternary deposits in the Western Cascades consist of gravel, sand,
silt, and local glacial till in major stream valleys. Some of these de-
posits are gold bearing, but none have a history of production.

Intrusive rocks

Small bodies of intrusive rock, ranging in composition from rhyo-
dacite to basalt, cut the volcanic rocks of the Western Cascades. The
intrusions are related to the volcanic units and intrude rock ranging in
age from Oligocene to late Miocene. Most granitoid rocks (including
quartz diorite, granodiorite, and quartz monzonite) associated with
mineralized areas are probably Miocene to Pliocene in age. Figure 2
shows their distribution in the Western Cascades. These intrusions are
almost uniformly porphyritic in texture and are scattered throughout a
narrow north-south belt. Some of the intrusions cover as much as 4 sq mi,
but most are less than 1 sq mi. They are usually round to elliptical in
plan and have nearly vertical margins.

Country-rock alteration/metamorphism

In the Western Cascades, most Miocene or older volcanic rocks have
been partly or completely changed in composition and appearance by the
intrusion of molten rock and associated heat and hydrothermal fluids.
Three general types of country-rock changes have occurred (see Figure 7):
rock farthest from intrusions has undergone zeolite alteration; rock
somewhat closer has been altered propylitically; and rock closest to the
intrusions has been subjected to contact metamorphism.

Zeolite alteration, the weakest and most widespread type of alter-
ation in the Western Cascades, chemically breaks down (devitrifies) rel-
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atively unstable volcanic glass
in pyroclastic and lava flow rock,
altering it to green clay and
zeolites. Because flow rock does
not contain much glass, even af-
ter alteration it may remain
fresh in appearance. Pyroclas-
tic rock, which contains more
glass, is generally much more
affected in appearance by alter-
ation.

Propylitic alteration affects
country rock more intensely. Pro-
pylitically altered rocks are
generally greenish-gray in color.
As they are altered, they become

more brittie; when broken, they

Figure 7. Country-rock alteration/ often develop a conchoidal frac-
metamorphism. ture. A zone of propylitic alter-
ation surrounding granitoid intru-

sions forms an apparently discontinuous, north-south trending band in the
Western Cascades. Most of the mineralized areas shown in Figure 2 are
associated with this alteration zone.

Rock closest to intrusive bodies is affected most profoundly and
may be contact metamorphosed into a dark, fine-grained, flinty rock
called hornfels. The major effect of this type of alteration is the
introduction or remobilization of silica (silification) and the forma-
tion of the following mineral assemblages: tourmaline-quartz, epidote-
tourmaline, tourmaline-specularite-sericité, epidote-chlorite-magnetite
(or pyrite), and quartz-sericite-pyrite. These mineral assemblages may
occur in the total rock mass, along rock fractures, or as nodules within
the rock mass. Such nodules have been found as far as 4,000 ft away from
the intrusive body in the Bohemia mining district.

Within the Western Cascades, another type of metamorphic rock has
also been found. Deposits of emery may have been formed as the result
of contact metamorphism of ferruginous bauxite by mafic intrusions.
Mineral assemblages occurring within the emery deposits include corundum-
magnetite, mullite-cristobalite, and hercynite-mullite-crisobalite.

In this report, the term “wall rock" is applied to country rock
that surrounds a mineralized vein or other mineralized zone. The alter-
ation of wall rock by hydrothermal fluids will be discussed in the fol-
Towing section.

Ore Deposits

Base- and precious-metals mineralization

Areas of mineralization are more or less evenly distributed along
a north-south line running through the center of the Western Cascade
Tertiary volcanic rocks. Most of the sulfide mineralized areas are
associated with small granitoid intrusive bodies that are believed to
pe genetically related to the mineral deposits. Sulfide minerals found
in mineralized zones and veins in the Western Cascades include pyrite,
sphalerite, chalcopyrite, and galena. The common noneconomic (gangue)
minerals include quartz, calcite, and, in places, barite. The veins,
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which cut across virtually all
rock types including intrusions,
generally strike northwest to
west and dip steeply. Some veins
found in the Bohemia district are
more than 0.5 mi Tong and 20 ft
wide.

In general, ore-bearing
fluids change gradually in com-
position as they migrate from
their sources. The spatial
distribution of mineral deposi-
tion is known as zoning. Zoning
patterns are shown by changes in
mineralogy over a distance in
both vertical and horizontal
directions in mineralized areas.
Most mineralized areas are zoned,
both in wall-rock alteration and
and in vein minerals. Figure 8

shows the stages of zoning in
wall-rock alteration, starting

Figure 8. Stages of zoning in with the closest to the source:
wall-rock alteration. silica flooding (silicification),
clay mineral (argillic), and
propylitic.

Zoning is also shown by minerals in veins. Figure 9 is a general-
ized picture of vein-mineral zoning in both vertical and horizontal
directions. Theoretically, the porphyritic-copper-molybdenum zone is
the closest to or part of the granitoid intrusion, followed by copper
vein minerals, followed by lead-zinc vein minerals, followed by iron-gold
vein minerals, all surrounded by veins of gangue minerals. Figure 9
also shows a pipe-shaped body, called a breccia pipe, filled with frag-
mental rock, which can be a favorable locale for mineralization.

Veins within mineralized areas in the Western Cascades show this
type of zoning. In the North Santiam district, a central zone of chal-
copyrite veins is surrounded by a zone of complex-sulfide veins, which
in turn is surrounded by carbonate veins. In the Quartzville district,
a center zone of gold veins have lead-zinc veins around the periphery;
in the Bohemia district, a central zone of large veins with abundant
sulfides is surrounded by a zone of veins containing minor amounts of
sulfides, and this zone in turn is surrounded by one with stibnite veins.

A11 past prospecting, mining, and geological studies in this region
have concentrated on the veining systems of the districts. The economics
of today call instead for the mining of massive orebodies. Evidence from
the north-central Western Cascades suggests that copper-molybdenum por-
phyry-type orebodies such as that shown in Figure 9 may lie at depth.
Because the mineralogy of veins is generally related to proximity to the
copper-molybdenum-porphyry heart below, the targets for exploration com-
panies should be zoning centers, zones of disseminated copper minerals,
geochemical molybdenum anomalies, and breccia pipes (see Figure 9).

Other mineralization

Other types of mineralization occurring in the north-central Western
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Figure 9. Vein-mineral zoning. Fe=iron; Au=gold; Pb=lead; IZn=zinc;
Cu=copper; Moly=molybdenum.

Cascades are discussed later in this article in the sections describing
the areas in which they occur. Native copper is found at Cottage Grove;
mercury mineralization occurs in the North Fork, Oak Grove Fork, and
Black Butte-Elkhead areas. Emery is found in the Cone Peak area, and
barite occurs at both Lookout Point and Oakridge.

Mineralized Areas (see Figurel)

Cheeney Creek, area 1

The Cheeney Creek area is located in Clackamas County, sec. 20,
T. 3 S., R. 7 E. One hundred claims were staked by 1903, with workings
totaling 87 ft of shaft and 400 ft of adit. Total reported production
is 48 oz of gold. Mineralization appears as narrow gouge seams and thin
seams of vein matter consisting of fragments of country rock altered to
an aggregate of quartz and clay minerals on which are crusts of galena
and sphalerite with quartz and dolomite. The country rock is a light-
gray)andesite that is only slightly altered (Callaghan and Buddington,
1938).

North Fork, area 2

The North Fork area is located in Clackamas County, secs. 7 and 8,
T. 4S., R. 5 E. Traces of mercury mineralization in the form of cin-
nabar are found in agglomerate and tuff of the Sardine Formation. De-
velopment consisted of a 30-ft adit and scattered open cuts. No pro-
duction has been reported (Brooks, 1963).
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Figure 10a. Oak Grove Fork. Coun- Figure 10b. Oak Grove Fork. Mine
try rock is brecciated basalt, cut adit shows typical mine conditions
by vein surrounded with alteration. today in this district.

Oak Grove Fork, area 3

The Oak Grove Fork area is located in Clackamas County, secs. 4 and 5,
T. 6 S., R. 7 E. The mercury mineralization occurs as cinnabar in fissure
veins of banded calcite and zeolite and as narrow fracture filling in the
basalt adjacent to the veins. The country rock, basalt of the Columbia
River Group, has been brecciated near the veins and altered by hydro-
thermal solutions to a dark, gray-green rock containing considerable
clay and showing some limonite stains (Figure 10a). Reported mercury
production from 1923 to 1943 was 71 flasks. The mining was through
several adits (Figure 10b), with the ore transferred across the river
by tramline (Brooks, 1963).

North Santiam, area 4

The North Santiam mining district (Figure 11) is located in Clack-
amas and Marion Counties, Ts. 7, 8, and 9 S., Rs. 3, 4, 5, and 6 E.
Production of this complex-sulfide mineralized area is given in Table 1.
Country rock of the Little Butte Volcanic Series has been intruded by
small dacite-porphyry dikes and plugs. One quartz-diorite body is ex-
posed at the Crown mine. Large areas of contact metamorphic alteration
and zoning of the vein mineralization indicate the possibility of large,
unexposed intrusive bodies. Zoning of vein mineralization appears to
be better developed in the North Santiam district than anywhere else in
the Western Cascades. Chalcopyrite-bearing veins from the Crown mine to
and along the Little North Fork of the Santiam River form a central high-
temperature zone that is succeeded in the section by pyrite-bearing veins
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Pigure 11. Ruth mill, North Santiam district, built and operated in
early 1930's. This mill, whieh had a very small production rum,
ig no longer standing. Photo courtesy George Atiyeh.

on Gold Creek that, in turn, give way to complex-sulfide veins in the
Blende Oro mine and, farther east, in the Ruth mine. These complex-
sulfide veins contain sphalerite with variable amounts of galena and
chalcopyrite. An outer low-temperature zone is represented by a calcite
vein on lower Elkhorn Creek and at the Ogle Mountain mine.

Reported development totals 16,344 ft of crosscuts, drifts, winzes,
raises, and stopes. Twenty-five different mines and claims groups have
been described (Oregon Department of Geology and Mineral Industries, 1951).
Because of recent interest by major mining firms, most of the district
has been staked with mining claims (Callaghan and Buddington, 1938;

Brooks and Ramp, 1968).

Quartzville, area 5

The Quartzville district (Figure 12) is in Linn County, Ts. 11 and
12 S., R. 4 E. See Table 1 for production from this district. Mineral-
ization has occurred in rocks of the Sardine Formation. Scattered dikes
and plugs of dacite porphyry are also found in this district. Most of
the veins contain mixed sulfides; pyritization (Fe-Au zoning, Figure 8)
is widespread; and propylitic alteration is common.

Reported development of drifts, open cuts, shafts, crosscuts, and
raises totals 10,688 ft. Twenty-five different mines and claims groups
have been described (Callaghan and Buddington, 1938; Brooks and Ramp,
1968). Recently a large mining firm has developed a land base by claim
staking. The Oregon Department of Geology and Mineral Industries has
published a field trip guide to this district (Gray, 1977).
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FPigure 12. Small-scale weekend
placer mining in Quartaville
mining dietriet. Children in
foreground are panning for
gold; ehild in backgrowund is
using mechanical rocker. Pho-
to courtesy Albany Democrat
Herald.

Cone Peak, area 6

The Cone Peak emery deposit is located in Linn County, sec. 30,
T. 13 5., R. 6 E. The mineralogy of the emery is reported by White and
others (1968). Emery is a high-temperature, contact-metamorphic rock
(Figure 13a) that is used as an abrasive. Some assays show as much as
70 percent A1,03. Along with the aluminum, every sample assayed shows
anomalous values in one or more of the following: copper, zinc, nickel,
chromium, vanadium, and silver.

These rocks appear to lie at the contact between the Western and
High Cascades. Bauxitic material overlying the Western Cascade rocks may
have been fused into emery by a High Cascade feeder dike. Development
has been limited and consists of discovery shafts and one open pit from
which less than 300 tons of hand-sorted emery have been mined (Figure 13b).

Blue River, area 7

The Blue River mining district (Figure 14) is located in Linn and
Lane Counties, Ts. 15 and 16 S., R. 4 E. Production is given in Table 1.
The complex-sulfide mineralization occurs in volcanic rock of the Sar-
dine Formation. Two groups of dioritic dikes and plugs surrounded by
narrow contact metamorphic rock (hornfels) occur, one northeast of Gold
Hi1ll and the other on the south fork of Tid Bit Creek.
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Figure 13a. Flow banding in Cone Peak contact-metamorphosed emery.

Figure 13b. Small-scale mining operation at Cone Peak emery deposit.
1ieal equipment used is gasoline-driven conveyer and
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Figure 14. Blue River. Typical early-day miner and adit. FPhoto cour-
tesy Oregon Historical Society, Portland, Oregon.

Some vein zoning is present. The vein in the center of the district,
the Lucky Boy, contains pyrite, sphalerite, galena, chalcopyrite, and
tetrahedrite, with quartz the dominant gangue mineral. Calcite is pre-
dominant in a few veins on the edges of the district. Pyrite veins with-
out other sulfides occur between the other two zones. A1l of the veins
in the area strike north to northwest and generally dip steeply. Re-
ported development work for the district totals 15,400 ft (Callaghan and

Buddington, 1938; Brooks and Ramp, 1968).

Lookout Point, area 8

The Lookout Point barite, pyrite, and quartz mineralized area (Fig-
ure 15) is located in Lane County, secs. 20, 21, and 27, T. 20 S., R. 2 E.
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Figure 15. Lookout Point.
Note size of barite
erystals lining vug
that ie large enough
to accommodate man.
Photo courtesy Leo
Paschelkt.

North of the Lookout Point Reservoir, a small open vein of barite, with
crystals up to 6 in across, occurs in rocks of the Little Butte Volcanic
Series. The vein has been mined for crystals from an open pit and from
a 60-ft adit driven 30 ft below the open pit.

A group of pits on a steep hillside about 600 ft above the south
bank of the Middle Fork of the Willamette River at Black Canyon exposes
a seam containing a small lens of quartz that has been brecciated and
cemented with comb quartz. Pyrite occurs both disseminated and in bands
in the quartz lens. No production has been reported (Callaghan and Bud-
dington, 1938; Leo Paschelki, personal communication, November 1, 1977).

Winberry, area 9

The Winberry area is located in Lane County, T. 19 S., R. 2 E. Pyrite
and gold mineralization occurring in Little Butte Volcanic Series rocks
does not appear to have been very intense, but a small gold content has
been reported. The country rock contains limonite and other oxidized
iron minerals, and unconfirmed reports suggest the presence of some
coppir mineralization. Reported development totals 50 ft of adit (Smith,
1938).

Fall Creek, area 10

The Fall Creek mining district is located in Lane County, T. 19 S.,
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Rs. 3 and 4 E. Gold and pyrite mineralization was discovered in 1901, and
one mine was worked in a small way for several years. Ore was ground in

a five-stamp mill, but the amount recovered was not recorded. Little
Butte Volcanic Series rocks have been intruded and mineralized by dio-
rite and dacite-porphyry plugs and dikes. Gold occurs in quartz veins

and in zones without any apparent structure. Gold in quartz veins is
associated with comb and cockade quartz. Pyrite is apparently the only
sulfide present in the district. A total of 1,040 ft of adit has been
driven (Callaghan and Buddington, 1938; Brooks and Ramp, 1968).

Cottage Grove, area 11

The Cottage Grove native copper deposit, located in Lane County,
sec. 19, T. 21 S., R. 2 W., was discovered in 1940. Mineralization
occurs as thin sheets of native copper occurring along fractures in
rocks of the Colestin Formation. The sheets of copper are rarely more
than 0.04 in (1 mm) thick and 0.4 to 0.8 in (1 to 2 cm) in diameter;
commonly they have been altered to malachite. This deposit has had no
reported production. Development work included 244 ft of drill hole,
53 ft of shaft, and two or three open pits (Smith, 1938).

Oakridge, area 12

The Oakridge pyrite and barite mineralized area is located in Lane
County, secs. 5 and 6, T. 21 S., R. 3 E. Pyrite is the only sulfide pre-
sent, and no gold values have been reported. The Little Butte Volcanic
Series country rock has been extensively altered; some alteration zones
have been silicified and pyritized, and others have been altered to ag-
gregates of clay minerals and cherty quartz. Quartz vugs are filled
with barite crystals averaging 0.4 in (1 cm) in length (Callaghan and
Buddington, 1938).

Black Butte-Elkhead, area 13

The Black Butte-Elkhead mercury mineralized area (Figure 16), located
in Douglas and Lane Counties, T. 23 S., Rs. 3 and 4 W., occurs in rocks of

Figure 16. Black Butte mercury retort. Tramline in upper 1eft.tz°cms—
ported ore downhill from mine to retort. Cinnabar containing
mercury and sulfur was heated in rotary kiln to drive off sulfur.
Free mercury left behind was condensed as quicksilver. Photo cour-
tesy Daniel Mills.
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the Colestin Formation. Production is described in Table 1. The prin-
cipal ore zone lies along a normal fault. Subordinate faults are dis-
tributed through a wide zone both above and below the main fault, and
the intervening rocks are extensively brecciated and altered. Veinlets
of quartz, calcite, and dolomite are thickly massed in the fault zone;
as they are more erosion resistant than the surrounding rock, they are
responsible for the butte's standing above the surrounding countryside.
Cinnabar occurs as irregular veinlets and disseminations scattered
throughout most of the brecciated and altered country rock. The grade
of ore is highest in material that was silicified and brecciated prior
to the introduction of cinnabar.

The Black Butte mine was developed with adits distributed over a
vertical interval of about 1,300 ft. The principal ore shoot has been
worked from surface outcrops to the 1,100-adit level, a vertical dis-
tance of about 850 ft. Average recovery from the ore has been about
3.5 1b mercury/ton.

Mercury mineralization at the Elkhead deposit occurs in amygdaloidal
basalt overlain by a series of interbedded sandstones and shales of the
Colestin Formation. The higher grade mineralization lies along the north-
eastward-trending contact of basalt and an overlying layer of tuffaceous
sandstone. Both the basalt and the sandstone are intensely fractured,
hydrothermally altered, and cut by numerous thin iron ribs. Alteration

has been more intense in the sandstone,
and limonite veinlets are more abundant-
ly developed in the sandstone than in the
basalt. The veinlets appear to have been
originally composed of intermixed silica
and siderite, but, because of oxidation
of the siderite, only limonite and silica
generally remain. A little cinnabar oc-
curs within 25 to 30 ft of the mined-out
contact as disseminations and occasional
veinlets in the altered sandstone, which
assays less than 1 1b mercury/ton. De-
velopment work for both mines totals an
estimated 6,000 ft of drifts, crosscuts,
raises, and stopes (Brooks, 1963).

Bohemia, area 14

A description of the Bohemia mining
district (Figure 17) will be published
in the early summer of 1978, and a field
trip guide to Bohemia will appear in a
following ORE BIN. Production figures
from the Bohemia district are given in
Table 1.
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Figure 17. Bohemia Mountain, with The authors thank all the people
Bohemia City in lower right- who helped in the preparation of this
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dump i to left of the eity; are extended to Harold Barton of
another is in center of photo. C(Cottage Grove, who served as guide and
Photo eourtesy Ray Nelson. source of invaluable information.
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Glossary

(This glossary defines geological terms that may be unfamiliar to the
reader. For information on minerals discussed in this article, readers
are urged to consult any standard mineralogy text.)

adit - mine entrance.

amygdaloidal basalt - basalt in which small holes called vesicles have
been filled with secondary minerals such as zeolites, calcite, or
forms of silica.

breccia - angular rock fragments; rock composed of angular fragments.

cockade quartz - quartz deposited in successive crusts around vein breccia
fragments.

comb quartz - quartz crystals growing perpendicular to vein walls.

country rock - the rock into which a mineral deposit or intrusion is em-
placed.

crosscut - small passageway driven at right angles to direction
of main workings in a mine.

dendritic - branching.

drift - horizontal underground passage in a mine.

extrusive rock - igneous rock that has cooled rapidly on the surface of
the earth.

ferruginous - containing iron.

flotation - method of mineral separation in which froth created in water
floats some finely crushed minerals and allows others to sink.

fluviatile - produced by action of a stream or river.

friable - said of rock or mineral that crumbles naturally or is easily
broken or pulverized.

granitoid - a textural term applied to rock that has cooled underground
slowly enough to have formed relatively large crystals.

hydrothermal fluids - hot-water solutions circulating within the earth.

intrusive rock - igneous rock that has cooled slowly under the earth's
surface.

lacustrine - produced by lakes.

lode - a narrow fissure, crack, or vein in country rock filled with a
mineral deposit.

placer mine - mine operation that extracts free gold from river deposits.

porphyritic - crystalline rock containing some crystals that are larger
than the rest.

pyritgzed - converted to pyrite by simple replacement or alteration or
oth.

pyroclastic - produced by explosion or aerial ejection of material from
a volcanic vent.

raise - a vertical or inclined opening driven upward in a mine.

riffle - the T1ining in the bottom of a sluicebox, made of blocks or slats
of wood, or stones, arranged in such a way that spaces are left be-
tween them.

rocker - a sluicebox in which a mixture of water and gold-bearing sand
and gravel are agitated in such a way that the gold is separated
from the sand and gravel.

sluicebox - long, inclined trough containing riffles in the bottom to
provide a lodging place for heavy minerals as water and mineral-
bearing river sand and gravel flow through the box.

stope - an excavation from which ore has been removed in a series
of steps by working horizontally in a sequence of workings,
one on top of another.
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tuff - rock composed of very small particles of compacted pyroclastic
material.
vug - small cavity in rock, usually lined with mineral incrustation.
winze - a vertical or inclined opening that has been sunk down-
ward, connecting two levels in a mine.
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REPRINTS OF OUT-OF-PRINT PUBS NOW AVAILABLE

The following publications, once out-of-print, have been reprinted and are
now available from the American Trading Company; P.0. Box 1312; Bellevue,
Washington 98009; phone (206) 747-1764: USGS Professional Paper 73,
"Tertiary Gravels of the Sierra Nevada of California," by Waldemar Lind-
gren ($15.00). "Oregon Metal Mines Handbooks": Bulletin 14A, Baker, Union,
and Wallowa Counties ($9.00); Bulletin 14B, Grant, Morrow, and Umatilla
Counties ($9.00); Bulletin 14C, vol. 1, Coos, Curry, and Douglas Counties
($9.00); Bulletin 14C, vol. 2, sec. 1, Joseph*ne County ($10.00}; Bulletin
14C, vol. 2, sec. 2, Jackson County ($10.00); Bulletin 14D, Northwest
Oregon (including Bohemia mining district) ($9.00). A1l prices include
postage and handling.
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ALL ABOUT FOSSILS

"Fossils in Oregon," for which the Department has received numerous re-
quests, is now available as Bulletin 92.

The book is a 227-page compilation of 22 ORE BIN articles, many of
which have long been out of print, on fossils, written by a number of spe-
cialists and categorized as Fossil Plants, Fossil Animals, and Fossil Lo-
calities. It is richly illustrated.

Measuring 6 x 9 inches and selling for $4.00, "Fossils in Oregon"
will make a readily-wrapped and welcome gift for all of your friends who
are fossil fans. Orders will be filled promptly.

* k * * *

JACKSON COUNTY LAND USE STUDY PUBLISHED

Deputy State Geologist John D. Beaulieu and Consulting Geologist Paul W.
Hughes collaborated to produce the Department's Bulletin 94, "Land Use
Geology of Central Jackson County, Oregon.

Among the topics covered in the 87-page publication are geography,
geologic units, mineral resources, and geologic hazards. Twenty-nine
pictures enhance the text, and a convenient glossary is appended.

With the book come geologic and geologic hazard maps of Ashland and
Lake Creek quadrangles, Gold Hill quadrangle (in part), parts of Ruch and
Wimer quadrangles, Medford quadrangle, and parts of Trail and Talent quad-
rangles.

Together, the bulletin and 10 maps are priced at $9.00.

* Kk * % %

BAKER QUADRANGLE GEOLOGIC MAP AND TEXT NOW AVAILABLE

GMS-7, "Geology of the Oregon Part of the Baker 1° by 2° Quadrangle," is
a package comprising a geologic map and text of 25 pages which is now
available from the Department.

Howard C. Brooks, Oregon Department of Geology and Mineral Indus-
tries; James R. McIntyre, Cousulting Geologist; and George W. Walker,
U.S. Geological Survey are the authors. S.R. Renoud was their carto-
grapher.

The text describes pre-Cenozoic rocks, tectonic evolution, Cenozoic
rocks, and structural history, along with geography and geologic setting.

Information from prior work by Ashley, Prostka, Bateman, Vallier,
Wolff, Corcoran, Wagner, Imlay, Carlat, and Calkins was incorporated into
the mapping.

Sale price for map and text in envelope is $3.00.

* % * * &

TIME TO RENEW? Most ORE BIN subscriptions expire in December. Be sure
to check the back cover of your October copy, where your expiration date
is shown. If it's time for you to renew, do it promptly. We don't want
you to miss even one issue!
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INDEX TO THE ORE BIN
VOLUME 39, 1977

Beach profiles obtained with an amphibious DUKW on the Oregon and Wash-
ington coasts, by Paul D. Komar (39:11:169-180)

Change of horses in midwinter (39:1:19)

Department recejves Walters fossil collection (39:2:35)

DeWeese retires from governing board (39:10:167)

Environmental geology, by J.D. Beaulieu (39:2:22-25)

Fie]dzorienteg geology studies in Oregon during 1976, by J.D. Beaulieu
3:37-41

Field trip guides:
Corvallis and vicinity, Oregon, Field guide to the geology of, by
R.D. Lawrence, N.D. Livingston, S.D. Vickers, and L.B. Conyers
(39:4:53-71)
Jordan Craters, Malheur County, Oregon, The geology of, by
Bruce R. Otto and Dana. A. Hutchison (39:8:125-140)
Quartzville mining district, A geological field trip guide
from Sweet Home Oregon, to the, by J.J. Gray (39:6:93-108)

Geothermal:
Geothermal activity in 1976, by D.A. Hull and V.C. Newton, dJr.
(39:1:7-15)
Geothermal assessment, by D.A. Hull (39:2:26)
Potential environmental issues related to geothermal power genera-
tion in Oregon, by R.D. Wimer, P.N. LaMori, and A.D. Grant
(39:5:73-91)
Preliminary heat-flow map and evaluation of Oregon's geothermal
energy potential, by D.A. Hull, R.G. Bowen, D.D. Blackwell, and
N.V. Peterson (39:7:109-123)

Geologist examiner board members, Governor appoints (39:11:182)

Geologist registration bill, Governor signs (39:10:168)

Lava Butte, The age of, by Lawrence A. Chitwood, Robert A. Jensen, and
Edward A. Groh (39:10:157-163)

Lost Creek glacial trough, Geology and hydrology of the, by Ernest H.
Lund (39:9: 141-156)

Margaret Steere retires (39:4:72)

More Oregon lakes described (39:3:47)

New USGS chief geologist named (39:11:183)

No moss on our stones, by R.S. Mason (39:2:21-22)

Notice to contributors (39:3:42)

0il and gas:
Committee estimates future natural gas potential (39:7:124)
Federal oil and gas lease fees rise {39:2:34)
0i1 and gas, by V.C. Newton, Jr. (39:2:27)
0i1 and gas exploration in 1976, by V.C. Newton, Jr. (39:1:16-18)
0i1 and gas leases issued by BLM in eastern Oregon (39:1:20)

Mining, mineralization, and mined land reclamation:
Farming mined farm land, by R.S. Mason and J.J. Gray (39:2:28-32)
Fish and Wildlife Department issues placer mining guidelines
(39:2:35)
Mine names (39:3:47)
Mined land reclamation in 1976, by S.L. Ausmus (39:1:5-6)
Mined land reclamation office relocates (39:11:181)
Mineralization in the north-central Western Cascades, by R.S. Mason,
J.J. Gray, and B.F. Vogt (39:12:185-205)
Miner's inch, The (39:3:51)
National Park areas closed to mineral development (39:2:35)
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New Bureau of Mines State Liaison Officer appointed (39:5:92)
NOTICE MINING CLAIM OWNERS (39:10:165)
?regon's ?1nera] and metallurgical industry in 1976, by R.S. Mason
39:1:1-5
Record new mining claims (39:3:42)
U.S. energy independence requires vast amounts of minerals (39:3:48-49)
Open-file reports -
Breitenbush KGRA telluric and gravity surveys (USGS) (39:3:43)
Geothermal gradient data (DOGAMI 0-77-2), by D.A. Hull, D.D. Blackwell,
N.V. Peterson, and G.L. Black (39:5:92)
Heat flow study of the Brothers fault zone, Oregon (DOGAMI 0-77-3),
by D.A. Hull, D.D. Blackwell, R.G. Bowen, and N.V. Peterson (39:7:123)
Jackson County preliminary reconnaissance geologic map (USGS) (39:7:123)
Quartzville mining district geology and mineral deposits, by S.R.
Munts (39:2:36)
Sawtooth Ridge and Keating NW quadrangle preliminary geologic maps
(DOGAMI) (39:3:42)
Summer Lake KGRA gravity survey (USGS) (39:2:34)
Position of State Geologist to open (39:8:140)
Publications announced.(Department):
Baker 1° x 2° quadrangle geologic map (39:12:206)
Department pubiications (39:2:32-33)
Fossils in Oregon (Bulletin 92) (39:12:206)
Jackson County land use geology (Bulletin 94} (39:12:206)
Northern Hood River, Wasco, and Sherman Counties geologic hazards
(Bulletin 91) (39:8:140)
Upper Nehalem River basin natural gas production and underground
storage of pipeline gas (006-5) (39:2:34)
Virtue Flat geologic map (39:8:140)
Publications announced (USGS):
?lsea Fo;mation booklet published by Survey {Bulletin 1395-F)
39:2:36
Eagle Cap Wilderness gets mineral survey (Bulletin 1385-E) (39:1:20)
Eastern Oregon color geologic map (39:10:166)
Geologic quadrangle maps published (39:1:18)
Geothermal gradient map of North America and Subsurface temperature
map of North America (39:7:124)
McDermitt Caldera (39:2:34)

Publications announced (Miscellaneous)
K-Falls space heating (0IT) (39:3:46)
Reprints of out-of-print publications now available {39:12:205)
South Mogntain-Juniper Mountain area map, (Idaho Bur. Mines Pamph. 166)
(39:3:43
Study of Portland earthquake (PSU) (39:5:92)
Schwabe appointed to governing board (39:10:167)
SOSC offers degree in geology (39:3:43)
Spokane QOffice furnishes U.S. Geological Survey books (39:2:36)
Spokane USGS Office sells maps direct (39:4:71)
Staff geologist honored {39:10:167)
Steve Renoud takes to the woods (39:4:72)
USGS sells open-file reports by mail (39:10:166)
Washington State Geologist reports, by Ted Livingston (39:3:50)
What happened to these rocks? (39:3:44-45)
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