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Field

The Ochoco gold prospect is located in the Ochoco Mountains of central Oregon, 26

miles east of Prineville. Small-scale placer and lode mining in the Howard Mining
District of central Oregon began in the early 1 800s, with the principal placer workings

along Scissors Creek and Ochoco Creek. Lode production from the district was mainly
from the Ophir-Mayflower mine (Ochoco mine), with minor production from several
other small workings. Placer mining decreased in importance as the placers were worked
out in 1883; lode mining continued until the last reported production in 1923.

The Ochoco gold deposit is within the Ochoco Mountains subprovince of the western

part of the Blue Mountains province. Generally, the Ochoco Mountains are a broad
uplifted region of Miocene-Eocene volcanic rocks that unconformably overlie Cretaceous
and older marine sedimentary and metamorphic rocks. The deposit is roughly halfway
between the Blue Mountain anticlinorium to the northwest and the Post anticlinorium to
the southeast. These broad, parallel, folded uplifts account for much of the deformation
in the region. Several smaller, parallel-fold axes are found between the large anticlinoria
and are roughly parallel to the Ochoco Creek fault zone, which bounds the study area on
the northwest.

The Clamo Formation, which hosts the deposit, is a terrestrial caic-alkaline
assemblage of flows, plugs, dikes, volcanic breccias, mudflows, ash flows, and tuffaceous
sedimentary rocks of fluvial and lacustrine origin. These rocks are predominantly flow

rocks and lahars of widely variable thickness, probably erupted from stratovolcanos. The
Clarno Formation varies in composition from alkali olivine basalt to rhyolite, with a

dominantly andesitic composition. The formation, based on isotopic ages and faunal
evidence, ranges in age from 54 to 37 Ma. K-Ar age determinations place the age of the
host rocks at 50.8 Ma and mineralization at 46.4 Ma.
Volcanic rocks within the project area are chiefly intercalated andesite tuffs, breccias,

andesite to basaltic andesite flows, and flow breccias. These rocks, subdivided by
mineralogy and texture, are confined to a few map units because of limited exposure and
the effects of hydrothermal alteration. Whole rock composition does not sufficiently
define the differences between units because major element oxide variations are minor
and there is a masking effect as a result of hydrothermal alteration.

Structures in the study area are predominately high angle normal faults that offset

Clarno Formation volcanic rocks. There appear to be two, possibly three, different sets of
faults based on their strike and cross-cutting relationships. Ochoco Creek follows the
main fault along a N40-60E strike, with secondary faults in Scissors Creek striking at
N4OE and N6OE. These en echelon faults cut and offset small faults that strike N6OW.

Several late-stage breccia pipes cut across the early andesite flows.

Hydrothermal alteration and mineralization in the project area are probably related to
Eocene-age intrusions that acted as a heat source for the hydrothermal system. This
hydrothermal system was centered above and around an intrusion of intermediate

composition. A broad zone of weak alteration is characteristic of the area, with local
zones of moderate to strong alteration in and around structures and breccia pipes. On a
broad scale, the areal distribution of alteration displays a crude zonation, with decreasing
intensity of alteration away from the center of mineralization. Weak propylitic alteration

is pervasive throughout most rocks in the area and intensifies with proximity to faults,
fractures, and breccia bodies. The propylitic assemblage is characterized by secondary
minerals of calcite + chlorite + pyrite ± sericite. Mineralogy of the intermediate argillic
alteration is characterized by sericite + calcite + pyrite ± clay ± chlorite. The intensity of
argillic alteration ranges from incipient, in which modest amounts of sericite and calcite

replace feldspar, to advanced, where the feldspar and hornblende are completely replaced
by sericite ± clay. Advanced argillic alteration is characterized by clay minerals and
sulfides replacing the host rocks within narrow structural zones.

Ore mineralogy at the deposit is fairly simple, consisting of ubiquitous pyrite and
subordinate amounts of sphalerite, galena, chalcopyrite, tetrahedrite, pyrrhotite,

marcasite, stibnite, cinnabar, realgar, argentite and minor supergene minerals. The bulk
of the gold is associated with pyrite, although visible gold is scarce. Mineralization is of
two types; pyrite occurring as disseminations and veinlets and calcite veinlets with
intergrown pyrite, sphalerite, galena, chalcopyrite, and tetrahedrite(?), with minor
rhodochrosite.
Exploration drilling in the area has yielded over 11,000 assays for gold, silver,

antimony, lead, zinc, arsenic, and copper. Concentrations of these metals range up to 5

ppm Au, 90 ppm Ag, 0.2% Sb, 0.6% Pb, 0.6% Zn, 0.2% As, and 450 ppm Cu. There is a
median gold to silver ratio of 1:11.

Geologic characteristics of the deposit place it into the volcanic-hosted Au-Ag
epithermal deposit category, with some features found in the Cordilleran vein-type
deposit. This deposit is unusual in that it has anomalously higher base metal
concentrations and low precious metals concentrations than is found in typical Au-Ag
epithermal deposits.
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Geology and mineralization of the Ochoco gold prospect,

Crook County, Oregon

INTRODUCTION

Purpose of research
The purpose of the research presented in this paper is to describe the geological setting
of the Ochoco gold deposit, postulate a model to explain its occurrence, and suggest

models for further exploration. To this end, I have combined my data with that collected
from various geological, geochemical, and geophysical reports assembled by geologists of
Utah International (Prihar, 1982, 1984), Ocelot Mining Company (Breakey, 1983, 1984),

and Orvana Resources (Carter, 1987, and Cruson, 1988). The bulk of the data comes
directly from the exploration efforts of Utah International and Orvana Resources and was
collected with the expressed purpose of evaluating the property for its economic mineral

potential, specifically as a low-grade, bulk-mineable gold-silver deposit. This objective is
reflected in the types of data and the manner in which they were collected. With the data
now available for research, it has become possible to develop a descriptive, three-

dimensional model of the deposit.

Location and accessibility
The project area is located in the Ochoco Mountains of central Oregon, 26 miles east of

Prineville in Sections 19, 20, 29, 30, 31, and 32, T. 13 S., R. 20 E.; Sections 25 and 36, T.
13 S., R. 19 E.; Section 1, T. 14 S., R. 20 E.; and Section 6, T. 14 S., R. 20 E., on the
Ochoco Butte, Oregon, 7.5' quadrangle (Figure 1). Within the project area are 171
unpatented lode claims (now expired except for older leased claims).

From Prineville, the route to the project site runs 16 miles east along U.S. Highway
26 then 10 miles east along Ochoco National Forest Road No. 22, which passes through
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the project area. Many logging and drilling roads within the area provide easy access to
most parts of the area.

Methodology
To develop a model of the deposit, diverse types of data collected by others were
supplemented with data I collected. The data collected by others includes surface outcrop
maps at a scale of 1 "=100', limited unde:rground maps at a scale of 1 "=50', soil

geochemistry data on a 150' x 200' grid, rock chip and stream sediment geochemistry data,
diamond drill core and reverse circulation drill hole assays and logs, major element and
trace element geochemical data for selected samples, and ground magnetics information.

To this array of data I added; 19 whole rock major oxide determinations (Chemex
Laboratories, Vancouver, British Columbia), two K-Ar age determinations (Robert
Duncan, Oregon State University, School of Oceanography), 6 sulfur isotope
determinations, petrographic sections, polished ore sections, limited surface and

underground mapping and sampling, diamond drill core logging, and trace element
geochemistry (Utah International laboratory, Sunnyvale, California).

Of the 16,397 feet of drilling from 47 holes to date, 8,882 feet are of NC (2.75" in
diameter) and NX (2" in diameter) core; the remainder consists of cuttings recovered from
5.25-inch reverse circulation drilling (Appendix 1). For multi-element assays, longitudinal
splits of core samples were taken at approximately 5-foot intervals, with selected samples

taken at shorter intervals in high-grade zones, for multi-element assays. Reverse
circulation samples were taken at standard 5-foot intervals. There are a total of 2,396
assays from all the combined drilling, each analyzed for two to eight elements. Analyses

were performed by Utah International's laboratory for the ODDH (Ochoco diamond drill
hole) and ORC (Ochoco reverse circulation) series holes; by Acme Analytical Labs in

Vancouver, British Columbia, for the 0D87 (Orvana drilling 1987) series holes; and by an
unknown laboratory for the DDH (diamond drill hole) series holes.
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During detailed logging (1 "=5') of several ODDH series core holes, representative
samples were selected for rock types, alteration, mineralization, and petrography. Sample

locations were noted within ±0.1 foot, and the tops were marked on samples. Much of the
core had been handled and split before logging, so original orientations were not always

ascertainable. Many contact relationships were destroyed during splitting. Because of
inconsistencies in the reverse circulation drill logs and the difficulty involved in

determining rock type, especially altered volcanic breccias, few geologic logs from the

ORC series of holes were used.
Because of the lack of adequate control over the locations of soil samples taken by Utah
International, no soil geochemical data were used in this research although soil

geochemistry is briefly discussed. Data from Orvana's soil sampling program were not
supplied to me. To better locate surface features and data, Orvana Resources had a new
base map produced from aerial photographs at a scale of 1 "=500'. Because enlargement of
the existing 15' topographic map was not adequate for plotting geologic or sample data

Orvana's topographic base map is used throughout this study.

District history
Small-scale placer and lode mining in the Howard Mining District of central Oregon
was first reported in the early 1 800s, with the principal placer workings along Scissors

Creek, Wadkins Gulch, Stevenson Gulch, Ochoco Creek, and several other small

drainages (Figure 2). Lode production from the district was mainly from the OphirMayflower mine (Ochoco mine), with minor production from several small workings on
the south side of Gold Hill and on Red Bird Hill. Placer mining decreased in importance
as the placers were worked out in 1883; lode mining continued until the last reported

production in 1923 (Gilluly and others, 1933). It appears that minor, unreported
production has taken place since 1923, but not to any great extent. The following historical

narrative is summarized from Champion (1938). It should be noted that the production

Figure 2. Ochoco area location map.
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reported by Champion, approximately 14,500 ounces of placer gold and 14,000 ounces of

lode gold, is far more than that reported by Gilluly and others (1933). Champion had the
benefit of a long association with mining activity in the area, but he also may have been one

of its most ardent promoters and, thus, may have exaggerated production. All production
figures are recalculated to ounces of gold from the reported dollar amounts using the
prevailing price of gold at the time, $20.67 per ounce. The value of silver is not considered
because only the gross dollar amount of production is reported.
While making camp in late 1871, a party of men hauling grain from Mitchell to

Prinevile recognized ground similar to that seen in the gold country of California. By
panning soil from the area, where the ruins of the stamp mill now stands, they were able to
find approximately 0.1 ounce of gold in a single pan. After returning in early 1872, they

began locating claims and prospecting. Word of the discovery circulated in the spring of
1872, and by that summer placer mining with rockers and pans was in full swing in
Beicher Gulch, with each miner finding roughly 1 ounce a day. During the fall of 1872,
the first of five water supply ditches was hand-dug to supply water to the placer operations.

While digging the "Middle Line" ditch, lode gold was discovered along a short section of
the ditch that lay directly above a vein. One stretch of this ditch reportedly yielded up to 60

ounces of gold per day per man. Early success in the district led to the construction of the
first few buildings in what was to become the town of Howard.
During the fall of 1873, the mineralized area was organized into the Howard Mining
District, centered on the town of Howard, located along the Ochoco Creek north of the

Mayflower mine. It appears that shortly after this event the town of Scissorsville was built
at the mouth of Scissors Creek. By 1888, Scissorsville was the fourth largest town in
Crook County (Bancroft, 1888), although the only post office of record was located in

Howard from May 1877 to October 1881; it was reestablished in January 1882 until
service was discontinued in May 1918 (Crook County Historical Society, 1981).
Placer mining was the main method of gold retrieval in the district until the Mayflower
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vein was discovered during construction of the "Highland" ditch. Discovery of the
Mayflower lode deposit led to the most extensive underground production in the district's
history. An inclined shaft (lower Mayflower aclii2) was sunk in 1884 and intersected rock

assaying 5 opt Au (troy ounces of gold per ton of rock). Drifts were developed along the
vein with minor, continuous production from 1885 to 1896. Work continued slowly until
1892, when a cave-in after blasting exposed high-grade ore (5? opt Au) in what was to

become the Mayflower stope. After the discovery of this additional ore and the extension
of the main adit farther back into Gold Hill, a small smelter was built on site to reduce the

cost of shipping ore to the smelter in Tacoma, Washington. Unfortunately the smelter
burned down shortly after construction, necessitating a resumption of ore shipments to
Tacoma until 1898, when the lode mines shut down.
Lode production was resumed in 1903, with small-scale placer mining continuing
throughout the late 1800s and into the early 1900s. Between 1904 and 1907, the placer
claims on Scissors Creek were consolidated into a single claim group. A wood flume was

built from King's Reservoir (now Walton Lake?) to supply water for hydraulic mining

along Scissors Creek. Approximately 14,500 ounces of placer gold were recovered from
the creek during this time. In 1905 a five-stamp mill (the ruins are yet standing),
concentrating table, and a 25-ton cyanide plant were constructed near the Mayflower adit

portal. Cyanidization did not work because of metallurgical problems with base metals, so

the process was abandoned. However, underground production of concentrates continued
until 1906, with approximately 7,300 ounces of lode gold produced.
After remaining idle for 7 years, the Mayflower mine was reopened in 1913. From
then until 1917, approximately 4,800 ounces of lode gold were mined. Minor lode
production continued until 1925, during which time approximately 1,900 ounces of gold

were produced. In 1926, after the mines had shut down, most of the workings collapsed
and were no longer accessible.

As shown in Figure 3 , the main access to the Ophir-Mayflower mine was through the
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uppermost 1475-foot crosscut adit that enters at the base of Gold Hill on the west side.
This adit is still partially accessible and trends S6OE along the general direction of the

Mayflower draw. At 375 feet from the portal, the adit intersects the Mayflower crosscut

and stope, where most ore was mined. This crosscut trends approximately N5OE and
extends about 165 feet northeast and southwest on either side of the main adit. It was

locally mined to the surface in the Mayflower stope on the north and the Swank stope on
the south.

At the northern-most extension of the north drift, the Blue Bucket tunnel extends to the

surface. Although the Mayflower stope is no longer accessible at this point, Kimerlin 's
(1926) report shows at least three shallow winzes extending below the main adit level in

the area of the stopes. From north to south these winzes are the Frazier, Mayflower, and
Swank. Access to the lower extension of the Mayflower vein is through the winzes. There
is one open, but flooded, ladderway connecting the main adit with the lower adit

immediately southeast of the Mayflower stope.
In addition to the Mayflower vein, three veins cross the main adit. They are the Mary
Davenport vein (232 feet from the portal), the Center vein (885 feet from the portal), and

the Pett vein (1200 feet from the portal). At the back of the main adit, an additional
stope(?) and drift were mined to the south.

Another adit, the Brian O'Lynn tunnel (Gilluly and others, 1933), was driven 350 feet
N7OW into the east side of Gold Hill in an attempt to connect with the main Mayflower

adit. These two adits never intersected, although the drift at the face of the Mayflower adit

was probably an attempt to connect the two workings. Another adit, the Street tunnel, was
driven on the south side of Gold Hill at N15E for 325 feet, with a 225-foot-long drift

(N65W) 75 feet from the portal. It does not appear that any ore was mined from these
adits; they were probably driven for exploration purposes. Both adits were reopened by

Orvana Resources during its exploration work. Several smaller underground workings are
found on Gold Hill, but their portals are caved and no records exist regarding their geology
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and history.

On Red Bird Hill, only the Humdinger adit is open. It is located on the northwest side
of the hill above Scissors Creek. This irregular adit is about 185 feet long and strikes

roughly S65E. D. W. Prihar (oral communication, 1985) reported that this adit was
worked recently by one of the claim holders. A small amount of gold has been mined
from this adit from several narrow, high-grade structures. All other workings on Red Bird
Hill are caved in and inaccessible.

There has been no recorded production in the project area since 1925, although a few

prospectors have sporadically worked on both placer and lode claims. Since the mines
closed in 1925, geologists and prospectors have continued to look into the possibility of

mining and prospecting in and around the Mayflower mine. Kimerlin (1926) was
optimistic about the potential for surface and underground mining of medium-grade ore
left behind by the earlier mining operations. He estimated that approximately 4.5 million

tons of sulfide ore at +0.15 opt Au remained. Kimerlin based his estimates on the total
surface area of oxidized rock and projected downward using the underground workings for
vertical control. He also mentioned the potential for high-grade ore shoots along the
margins of a dacite intrusion, but gave no grades.

In 1953, Puffett examined and mapped an adit located on Morris Page's Red Bird

claim. He noted a single 6-inch-wide northwest structure in rhyolite grading 1.37 opt Au,
10.9 opt Ag, 5.4% Pb, and 1.8% Zn. A mineralized northeast fault cutting across the
northwest structure graded 0.02 opt Au, 0.5 opt Ag, 0.4% Pb, and 0.9% Zn (Puffett,
1953). This indicates that the northwest structures on Red Bird Hill carry higher grade
mineralization compared to the high-grade mineralization along northeast structures in
Gold Hill.

Muñoz (1965) examined several claims around the Mayflower adit but did not support

Kimerlin's (1926) conclusion that a large tonnage deposit could be developed. One point
on which Mufloz and Kimerlin concurred was that low-grade surface sampling showed

11

persistent gold and silver mineralization over a broad area.
Mineral claims in the district, especially around the old placer and lode workings, have

changed hands often over the years, with several prospectors holding the core group of
claims to this day. They work their claims intermittently to retain them and have put them

up for lease on occasion. Claim records suggest that these claims were not only bought
and sold, but also inherited, traded, or won and lost in poker games.
Interest in the area was revived in the late 1970s with the advent of the volcanic-hosted
epithermal gold-silver deposit model and with the increase in the open market prices for

gold and silver. Several mining and exploration companies have carried out regional
exploration programs in central Oregon and have focused on the old Howard Mining

District as a possible target. In the late 1970s, Inspiration Mining did extensive sampling
of the Mayflower adit but did not continue work in the area. Freeport-McMoRan Gold

Company sampled the area during a regional reconnaissance program in the early 1980s
with less than encouraging results.

In 1982, Ocelot Mining Corporation, undertook a regional reconnaissance program and
identified the old Howard Mining District as a possible volcanic-hosted, epithermal gold

target. In 1983, Ocelot optioned J. T. Hoffman's claims, which cover the core of the
project area in and around the old Mayflower mine, and conducted an intensive exploration

program. Anomalous gold was identified in both soil and rock samples. Ocelot then
conducted a shallow core drilling program around the old workings (Breakey, 1984).
Although Ocelot had favorable results, the Hoffman claims were released back to Toby

Hoffman. Subsequently, Utah International leased the claims to consolidate its land
position.

Based on favorable geochemical results, geologic environment, and hydrothermal
alteration, Utah International staked 128 lode claims and optioned the original claim blocks

in 1982 and 1983. After acquiring the land, Utah International commenced an extensive
drilling and mapping program to evaluate the property. Their model was similar to
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Ocelot'sa bulk-mineable epithermal gold system. Most of the data used in this thesis
research were generated from Utah International's exploration efforts. At the conclusion of
Utah International's exploration program, it was decided that the target, as defined by
drilling, was not large enough to warrant further expenditures. Based on the concentration

and spatial distribution of gold in soil samples Prihar (1982) estimated 6.7 to 20.1 million

tons of ore grading 0.10-0.15 opt Au and 0.5-2.0 opt Ag.
In August 1987, Orvana Resources entered an agreement with BHP-Utah (formerly
Utah International Jnc.) and assumed management of the property. Orvana Resources
undertook a program of diamond core drilling, soil and rock chip sampling, and detailed
surface and underground mapping to further define mineralization and to address several

problems in the Utah International data. Cruson (1988) identified 11 targets based on
mapping, soil and rock chip sampling, and examination of previously collected data.
Orvana's drilling program, designed to check the results of previous drilling, did not
confirm grades reported by Utah International, probably because of sampling problems
with Utah International's original core drilling. Several of Orvana' s best soil sample

anomalies were from downslope dispersion of gold from narrow calcite veins and not
from broad areas of mineralization along structures, as was expected. Unable to generate
any further interest in the property, Orvana Resources let the BHP-Utah claims lapse in
1990, turning the original core group of claims back to their respective claim holders.

Production history
Production figures from the Howard Mining District are listed in Table 1. Gilluly and
others (1933) report that from 1885 to 1923, intermittent operations in the Howard Mining

District produced 3,598 ounces of gold. Recorded output from 1902-1923 amounted to
537 ounces of gold and 79 ounces of silver from placers; and 2,225 tons of lode ore from
which 2,478 ounces of gold, 442 ounces of silver, and 2,662 pounds of lead were

recovered. An additional 580 ounces of gold are estimated to have been mined before
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1902. These production figures are incomplete for several reasons: poor to nonexistent
record keeping, concealment of income, missing records, and poor accounting systems. It
is also possible that the reported tonnages were based on estimates of mined volumes and
tonnage factors.

Table 1.

Production Records for the Howard (Ochoco) Mining Districta
Time interval

Au (oz)

Lode production
1885

500
80

Commodity
Ag (oz)
Pb (ibs)
?

1886-1896
1897-1902
1902-1923

2478

442

1902-1923

537

79

3595

521

-

-

Tonnage

Valueb

-

?
?

$10,340
$1,650

2662

2225

$51,680

-

-

$11,150

2662

2225

$74,820

-

-

Placer production
Totals

aModified from Gilluly and others, 1933.
bValues calculated by assuming gold at $20.67/oz, silver at $0.67/oz, and lead at $0.06/lb. Values
rounded off to nearest $5.00.
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PREVIOUS WORK

Previous work in the area is generally limited to the subject of economic mineralization;

however, some theses addressing geological problems have been written about nearby
areas. First to report on the geology and mineralization of the Ochoco mine (OphirMayflower mine) were Parks and Swartley (1916), who briefly described the mine in their
statewide mineral resources evaluation. Kimerlin (1926), who later examined the
Mayflower group of claims, suggested that a large tonnage of medium-grade disseminated
ore existed immediately adjacent to the high-grade veins. Gilluly and others (1933)
followed up Parks and Swartley's work with a regional summary of the mining districts in
eastern Oregon, including a description and geologic map of the Howard Mining District,

where the Ochoco mine was the major producer. Following the work of Gilluly and others
(1933), the only other mineral investigations were about the mercury deposits in the region

around Ochoco Creek that have been reported by Stephenson (1943), Brooks (1963), and

Brooks and Ramp (1968). Of interest is Stephenson's description of right-lateral strikeslip offset of the main fault along numerous small subsidiary faults in the Johnson Creek
fault zone near Lookout Mountain. The fault strike and style of displacement in the
Johnson Creek fault zone is similar to that of the Ochoco Creek fault zone. Gilluly and

others (1933) and Breakey (1984) have described these faults in the Ochoco mine area.
Muñoz (1965), in a private consultant's report, discussed the exploration potential in the
area of the old Mayflower mine.

The most current published work on the economic geology in the region is a
geochemical survey of the western part of the Ochoco National Forest by Ferns and
Brooks (1983) in which they present the results of a regional geochemical sampling

program. There are unpublished company memorandums by Prihar (1982, 1984),
Breakey (1983, 1984), Carter (1987), and Cruson (1988) who discuss the findings of their
respective companies' exploration efforts on the Ochoco property. Cammarata (1987)
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elaborates on the use of thallium as a pathfinder element in soils over part of the project
area in his master's thesis.

Regional studies have been performed by numerous people who examined the fauna
and stratigraphy of the sedimentary sections (Merriam, 1901b; Evemden and others, 1964;

Evernden and James, 1964; Woodhurne and Robinson, 1977; Retallack, 1991a, 1991b);
the volcanic and sedimentary stratigraphy and structure of the Mitchell quadrangle (Oles

and Enlows, 1971); radiomethc dates on volcanic and igneous rocks (Evernden and others,
1964; Enlows and Parker, 1972; Suayah, 1990); and the geochemistry and origin of the
volcanic rocks (Taylor, 1977, 1981; Noblett, 1981; Mullen, 1983, 1985; Novitsky-Evans,

1974; Novitsky and Rogers, 1973; Rogers and Novitsky-Evans, 1977a, 1977b; Rogers
and Ragland, l980a, 1980b; Suayah and Rogers, 1991).
Reconnaissance geologic mapping at a scale of 1:62,500 by Swinney and others (1968)
represents the most detailed regional geologic mapping to date. This work is included in
the compilations by Swanson (1969) at a scale of 1:250,000, and by Walker (1977) at

1:500,000. A nebulous photolineament map by Sandness and others (1982) serves only to
confuse rather than clarify the local and regional structures. An excellent regional

summary covering Cenozoic time is presented in a collection of papers edited by Walker
(1990).
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GEOLOGIC SETTING

Stratigraphy and structure
The Ochoco gold deposit is within the Ochoco Mountains of the western part of the

Blue Mountains province (Dicken, 1950). Generally, the Ochoco Mountains are a broad
uplifted region of Miocene-Eocene volcanic rocks that unconformably overlie Cretaceous

and older marine sedimentary and metamorphic rocks. These rocks have been deformed
along the northeast-trending Blue Mountain anticlinorium. According to Walker's (1977)
map, the deposit is roughly halfway between the Blue Mountain anticlinorium to the

northwest and the Post anticlinorium to the southeast (Figure 4). These broad, parallel,
folded uplifts account for much of the deformation in the region. Several smaller, parallelfold axes are found between the large anticlinoria and are roughly parallel to the Ochoco

Creek fault zone, which bounds the study area on the northwest. Deformation took place
throughout the Tertiary, with one major episode of folding and faulting during the early
Oligocene and another during the early to middle Pliocene (Thayer and Wagner, 1969).

Progressive deformation is inferred from the unconformities that are manifest between the
Clarno Formation and the Cretaceous rocks, the John Day Formation and the Clarno, and
the Columbia River Basalts and the John Day Formation, however the intensity of
deformation and angular discordance are not reported (Swanson and Robinson, 1968; Oles

and Enlows, 1971; Rogers, 1966).
Within the Ochoco Mountains, north of Prineville, the oldest rocks are Paleozoic or

Mesozoic sedimentary rocks that have been described by Peck (1964). In the eastern part
of the Ochoco Mountains, northeast of Mitchell, the oldest rocks are Permian

metasedimentary rocks (Oles and Enlows, 1971; Wilkinson and Oles, 1968). These
metasedimentary rocks are unconformably overlain by Cretaceous marine sedimentary

rocks of the Hudspeth and Gable Creek Formations (Wilkinson and Oles, 1968).
Cretaceous marine sedimentary rocks are not exposed in or near the study area, although
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fragments of Cretaceous(?) mudstone are found in portions of the deepest (750 feet) drill
holes in the project area. Within the western part of the Ochoco Mountains, the Clarno

Formation unconformably overlies Permian rocks (Swanson, 1969).
The pre-Tertiary basement rocks in the Ochoco Mountains are intruded and overlain by
andesitic and volcaniclastic rocks of the middle to late Eocene Clarno Formation

(Fiebelkorn and others, 1982; Rogers and Novitsky-Evans, 1977a, 1977b; Manchester,
1981; Walker and Robinson, 1990). First defined and described by Merriam (190 Ia,
1901b) from exposures near Clarno, Fossil, Cherry Creek, and Bridge Creek, this
formation covers approximately 2,000 square miles. Generally, the Clarno Formation is a
terrestrial calc-alkaline assemblage of flows, plugs, dikes, volcanic breccias, mudflows, ash

flows, and tuffaceous sedimentary rocks of fluvial and lacustrine origin. These rocks are
predominantly flow rocks (30 to 80 percent by volume) and lahars of widely variable
thickness, which implies that much of the Clarno volcanism was associated with

stratovolcanoes (Mullen, 1983). The Clarno Formation varies in composition from alkali
olivine basalt (Brooks and others, 1982) to rhyolite (Swanson and Robinson, 1968), with a

dominantly andesitic composition (Noblett, 1981). One possible source of the andesite
flows and intrusive rocks in the study area is the unnamed intrusive complex immediately
to the south and southeast (Swinney and others, 1968).
Volcanic units within the Clarno Formation are typically characterized by abrupt lateral
and vertical variation, precluding regional correlation to any extent. The estimated

thickness of the formation varies from 600 feet near the Horse Heaven mining district
(Swanson and Robinson, 1968) to less than 120 feet near Prineville (Novitsky-Evans,
1974). The Clarno Formation, based on isotopic ages and faunal evidence, ranges in age

from 54 to 37 Ma; however, a compilation of potassium-argon age determinations for
rocks mapped as the Clarno Formation display a series of age ranges between 54 to 20 Ma
(Walker and Robinson, 1990). The difference in ages suggests that poor analyses or
alteration of minerals affected some of the age determinations. Another source of error
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may be poor control over sample locations within the stratigraphic section, because rocks

of the John Day Formation range in age from about 37 to 19 Ma. In the vicinity of
Mitchell, Painted Hills, and Clarno Bridge, Taylor (1981) places the end of Clarno

deposition at 36 Ma. Subdivision of the Clarno Formation into upper and lower members
is based on the presence of a 41 Ma, saprolite-mantled unconformity near the Horse
Heaven mining district (Swanson and Robinson, 1968), but the saprolite is not exposed in

or around the study area. Division of the Clarno Formation into the "Upper Clarno" and
"Lower Clarno" Formations is based on locally occurring unconformities, with no
evidence for a regional unconformity, thus Walker and Robinson (1990) consider the
Clarno Formation as a single entity.

Mullen (1983) proposed that the Clarno Formation could be further subdivided into

eastern and western units along the 119° 30' west longitude. This division is based on
lithic and petrologic differences, with a dominantly andesitic western unit and a bimodal

assemblage of dacite and basalt (with minor andesitic lahars) in the eastern unit. Within the
western Clarno, flow rocks are porphyritic with abundant plagioclase feldspar phenocrysts
and, in order of decreasing abundance, clinopyroxene, orthopyroxene, and hornblende.

Andesites are either pyroxene- or homblende-bearing, with little or no mixture of

hornblende and pyroxene within flows or entire sections (Mullen, 1983). According to
Calkins (1902) and Taylor (1960), hornblende andesites are found in the basal Clarno,
while pyroxene andesites are typical of the stratigraphically higher units.

Andesitic to dacitic tuffaceous claystone and air-fall tuff with numerous interlayered
ash-flow sheets are the most abundant rock types in the late Eocene, Oligocene, and early

Miocene (37-19 Ma) John Day Formation (Woodburne and Robinson, 1977; Robinson
and others, 1984). There are limited occurrences of rhyolite, andesite, and basalt flows
within the basal part of the formation. The alluvial and lacustrine deposits were supplied
with volcanic ash from the site of the present western Cascades as indicated by

composition and progressive thickening of the units westward (Robinson and others, 1984;
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Robinson and Brem, 1981). Silicic lavas and intrusions related(?) to the John Day
Formation are found locally within both the John Day Formation and discordantly
overlying and intruded into the Clarno Formation (Swanson, 1969) however, Robinson
and Brem (1981) report that there are no source vents within the John Day Formation.
Rocks of the John Day Formation are not present in the study area; the nearest

exposure is a welded rhyolitic ash-flow tuff three miles to the north. Extensive exposures
of basal John Day units with coeval interbedded tuffs form the floor of Big Summit

Prairie, 7 miles east of the study area (Swanson, 1969). Large-scale landslides and slumps
commonly form where John Day tuffs underlie Columbia River basalts, resulting in low

angle zones of weakness. These landslides are found both north and south of the study
area.

Areally extensive olivine-bearing basalt flows of the middle Miocene Picture Gorge

Basalt of the Columbia River Group unconformably overlie both the John Day Formation
and parts of the Clarno Formation along the southeastern flanks of the Blue Mountain and

Post anticlinoria (Rogers, 1966; Swanson, 1969). To the northwest of the Blue Mountain
anticlinorium, younger flows of the Yakima Basalt Subgroup of the Columbia River

Group unconformably overlie tuffs and flows of the John Day Formation and, in places,
rocks of the Clarno Formation. Source vents for the Picture Gorge Basalt are the
Monument dike swarm near the town of Monument (Thayer, 1957; Waters, 1961;
Taubeneck, 1970). In the Ochoco Mountains, the Picture Gorge Basalt thins out to a few
hundreds of feet in thickness, in contrast to its 1,000- to 1,500-foot thickness north of the
Ochoco Mountains. Rogers (1966) attributes the thinning to structurally controlled
topographic highs in the Clarno and John Day Formations.
Unconformably overlying the Clarno Formation east of the study area are Picture

Gorge Basalt flows of the Columbia River Group (Swinney and others, 1968). The closest
outcrop of basalt caps Round Mountain, 3 miles to the southeast (Swinney and others,

1968). Part of the upper Clarno and John Day Formations near the study area are missing,
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either because of the presence of an Eocene to Oligocene topographic high (Rogers, 1966)
or erosion of the upper part of the section (Swanson, 1969).

Alteration
On a regional scale, hydrothermal alteration is restricted to small zones around known

mineral occurrences or in association with faults and intrusions. Most of the zones of
hydrothermal alteration are found in the volcanic and volcaniclastic rocks of the John Day

and Clarno Formations (Waters and Vaughan, 1968a, 1968b; Waters, 1968; Swinney and
others, 1968). Limited hydrothermal alteration has been observed in the Columbia River
Group basalts, especially around the Independent mine on Lookout Mountain. In contrast
to the spatially limited hydrothermal alteration, there is widespread, low-grade alteration in

both the Clarno and John Day Formations. In the Clarno Formation this style of alteration
is characterized by devitrification and crystallization of volcanic glass, with most of the

primary minerals altered to smectite, zeolites, calcite, and secondary silicate minerals such

as chlorite (Walker and Robinson, 1990). This alteration is the result of two different
mechanisms: diagenesis, including weathering, during deposition in a humid climate; and a
large-scale, late Oligocene to early Miocene thermal event that may be related to the basaltic

volcanism of the Columbia River Group (Hay, 1962, 1963; Summer and Verosub, 1987,
1992). Presence of the wide-spread thermal event is based on thermal maturation of

hydrocarbons in the Cretaceous rocks (Summer and Verosub, 1987, 1992). Alteration of
the John Day Formation is characterized by devitrification, vapor-phase crystallization, and

diagenesis. Typical alteration mineral assemblages are generally restricted to the formation
of clays and zeolites replacing feldspars. Deuteric alteration and oxidation are found

mainly in the mafic lavas, resulting in the formation of iron oxides (Robinson and others,
1990).

Within a 15-mile radius of the project area, hydrothermal alteration is found in the host

rocks of all mercury prospects and mines. There is an association between this style of
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alteration and mineralization, and east to northeast-trending fault zones (Swinney, Waters,

and Miller, 1968; Stephenson, 1943). Rhyolite dikes and plugs of John Day Formation are
also found near hydrothermally altered and mineralized Clarno volcanic rocks and may be
the main mechanism for alteration and mineralization. Hydrothermal alteration is generally

limited to fault zones and the margins of rhyolitic to andesitic intrusive centers (Swinney,

Waters, and Miller, 1968). This alteration is distinguished by strong local bleaching and
oxidation of the host rocks and locally by the formation of disseminated pyrite.

Mineralization
There are many small mines and prospects in the Clarno and John Day Formations of
central Oregon; they are mostly mercury deposits, with a few gold-silver deposits, uranium
prospects, and a single antimony prospect. These deposits are concentrated in five areas
(Figure 4): an east-west belt due east of Ashwood, one northeast-trending zone along the
axis of the Blue Mountain anticlinorium, a zone along Ochoco Creek that parallels the Blue

Mountain anticlinorium, a cluster west of Big Summit Prairie, and a northeast-trending

zone from Bear Creek Buttes to the Maury Mountains. The known gold districts and
deposits are found within the Ashwood district in the northernmost trend, the Howard
district along Ochoco Creek, and the Bear Creek prospect northeast of Bear Creek Butte

(Ferns and Huber, 1984). It has been asserted that the mineralization in these deposits is
related to post-Clarno-age volcanism (Waters and others, 1951); however absolute age
determinations on mineralization and alteration are lacking.

Distribution of these deposits is similar to that of hydrothermal alteration in that most
of the deposits are related to fault zones and intrusive rocks. The general northeast trend of
mineralization is coincident with large-scale regional structures. Gold-silver mineralization

is restricted to single or closely spaced deposits within these mineralized trends.

Along Ochoco Creek, in the Ochoco Mountains, is the Howard Mining District, the

focus of this study. The production history and geology is described in another section.

22

Figure 4. Map of regional mineralization and generalized distribution of the Clarno
Formation. Modified after Walker, 1977 and Ferns and Huber, 1984.
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Although there are currently numerous small prospects in the district, none have any
reported production.

Northernmost of the gold-silver deposits are the Oregon King mine and several other

small prospects around Axehandle Butte east of Ashwood. Total production from the
Oregon King mine between 1935 and 1950 was 2,419 ounces Au, 232,402 ounces Ag,
59,076 pounds Cu, and 110,071 pounds Pb, with actual production beginning in 1899 and
taking place sporadically until 1964. This deposit is hosted in hydrothermally altered
andesites that are mineralized along a fault zone that strikes N75W and dips 7SSW.
Mineralization is found in lenticular pipe-like masses in the fault zone, although low-grade

disseminated mineralization is also present in the wall rocks. Ore mineralogy is
predominantly quartz and pyrite with minor amounts of chalcopyrite, galena, sphalerite,
cerargyrite, silver chloride, native silver, arsenic minerals, and stibnite (Brooks and Ramp,

1968). Silver-to-gold ratios in the Oregon King mine are unusual because they are as high
as 100:1, which markedly contrasts with other deposits in Oregon that have ratios closer to
1:1.

Approximately 6 miles east of Bear Creek Butte and 30 miles southwest of the

Howard District is the Bear Creek gold prospect (Figure 4). This prospect lies within the
southernmost belt of mineralization and is roughly on axis with Bear Creek Butte and the

Maury Mountain mine. Drilling and mapping revealed a volcanic-hosted epithermal gold
system in rocks of Clarno(?) age. The center of the project area is made up of roughly
horizontal intercalated andesite flows and tuffs cut by porphyritic andesite dikes. These
flows and tuffs have been cut by a group of discontinuous north-northeast striking
mineralized structures that are the locus of hydrothermal alteration and mineralization.

Gold mineralization is concentrated along the structures within a stockwork of
discontinuous pyrite and limonite veinlets, and is present in concentrations of up to 0.17

opt Au. Also found on the property are narrow gold-bearing quartz + limonite veins,
quartz breccia veins with galena, and pods of quartz-tourmaline + arsenopyrite replacing an
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andesitic mudflow. Several slightly overlapping circular features, possibly related to
stocks, are visible on aerial photographs. These circular features are roughly coincident
with hydrothermal alteration and appear to control the maximum extent of alteration within

their circumference. Hydrothermal alteration extends beyond the margins of the feature but
with decreasing intensity away from the center of the prospect. Gold mineralization is
found within the largest of the features, approximately 3,000 feet in diameter, with base
metal mineralization and tourmalinization on the margins and outside of the circular
feature.

These few, isolated gold districts and prospects in central Oregon stand out in contrast

to the larger gold-producing districts in eastern and southwestern Oregon. The large
districts are associated with a markedly different geologic setting, one of folded and faulted
metamorphosed sedimentary and volcanic rocks and granitic intrusions of pre-Tertiary age.
Mineralization in these large districts is found mainly as mesothermal, high-grade veins
containing native gold (Brooks and Ramp, 1968), although there are recently discovered
epithermal disseminated gold deposits in Miocene volcanic and volcaniclastic rocks in

southeastern Oregon and some isolated deposits in south-central Oregon and the districts

of the Western Cascades. In addition, active geothermal systems in southern Oregon may
be depositing gold at this time.
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GEOLOGY OF THE PROSPECT

Intrusive and Volcanic Rocks
Volcanic rocks which locally host mineralization within the project area are chiefly
intercalated andesite tuffs, breccias, andesite to basaltic andesite flows, and flow breccias.

These rocks, which display a variety of mineralogies and textures, are confined to a few

map units because of limited exposure and the effects of hydrothermal alteration. Whole
rock chemistry does not sufficiently define the differences between units because the
variations are minor and there is a masking effect as a result of hydrothermal alteration.

Further resolution of the stratigraphic section may be done by studying immobile trace
element variations in each unit, however trace elements were not determined.

Poorly defined quaquaversal dips in the tuffs may define one or more eruptive centers
(vents?) as shown on Plate 4. Several porphyritic andesite dikes and an andesite plug(?)
are intruded into the older flows and tuffs. Several late-stage breccia pipes cut across the

early andesite flows. Subsequent faulting cuts and offsets all of the rock units. The six
rock units mapped in the field at 1 "=500' are described below in sequence of oldest to
youngest.

Volcanic rocks
Lithic lapilli tufT
An unusual lithic lapilli tuff was encountered in drill hole ODDH4. However, there are

no surface or underground exposures of this unit. The tuff is light gray, moderately wellthinly bedded, fragment supported, well sorted with normal(?) graded bedding. Clasts are
predominately rounded to subangular, finely porphyritic to equigranular andesite and

andesite(?) tuffs, with minor, poorly sorted, angular clasts of black mudstone. The matrix
is mostly fine volcanic ash with 1 to 2 volume percent of secondary pyrite. Alteration is
generally propylitic with weak chlorite, pyrite, and clays, although the mudstone clasts are
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not altered.

A notable feature of this tuff is the presence of the angular mudstone clasts. Close
examination and chemical analysis of the black mudstone clasts suggests that they are

derived from the Hudspeth Formation and not from Clarno Formation lacustrine tuffs.
There are two possible source-mechanisms to explain how these clasts were incorporated

into the tuff. One possible source could be nearby surface outcrops that supplied
fragments of mudstone by weathering for later incorporation into the tuff. Another
potential source is mudstone spalled off the walls of a volcanic conduit during an eruption.

Given the size, softness, and angularity of the mudstone fragments they do not appear to
have been transported far. The lack of a rim of volcanic rock around the mudstone clasts
suggests that the clasts were not incorporated into the tuff by an eruption of juvenile

material. The poor grading of the mudstone clasts compared to the andesite clasts may
have been a result of density differences between the two rock types or because the

mudstone clasts were transported and mixed with andesite fragments by fluvial processes.
In either case the incorporation of the mudstone into the volcaniclastic sequence suggests

that the Hudspeth Formation was exposed nearby prior to the onset of Clarno Formation
volcanism. The inference is that the lithic lapilli tuff is an early volcaniclastic unit and may

characterize the onset of Clarno Formation depositional activity in the area. Disseminated
pyrite in the matrix and pervasive weak propylitic alteration suggests that this unit has
sufficient porosity and permeability for mineralizing fluids to have been dispersed
throughout the rock.

Basaitic andesite (Tba)
Subcrops of basaltic andesite form rounded slopes with little outcropping on the east

side of the property, especially on the southeast ridge above Red Bird Hill. On Red Bird
Hill, the basaltic andesite is cut by a breccia pipe and a porphyritic andesite dike. The best

exposures of basaltic andesite are found in recent road cuts along Scissors Creek and
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Watkins Gulch.
This unit typically has sparse euhedral phenocrysts of plagioclase feldspar up to 5 mm

long in a dense, siliceous-appearing groundmass. Locally there are scattered 3 to 5 mm
long phenocrysts of homblende. These phenocrysts are set in a microcrystalline
groundmass of fine-grained plagioclase feldspar laths. Unaltered samples of this rock are
dark green and weather to a light brown color. Alteration is generally weak, with a
pervasive propylitic overprint and locally areas of intermediate argilhic alteration along

fracture and vein selvages. The relatively unaltered aspect of this unit is a result of its
dense, fine-grained texture and the lack of reactive mafic minerals characteristic of the
hornblende-bearing andesite.

Hornblende-bearing andesite (Tha)
East Gold Hill is underlain by a hornblende-bearing andesite plug that forms subdued,

grass-covered slopes with few outcrops near the summit. Drilling in this area encountered
approximately 500 feet of hornblende-bearing andesite to the bottom of the drill holes. In
the southern part of this plug, the ande site is cut by a breccia pipe.

The hornblende-bearing andesite is a massive green rock with a senate texture; where
crystal alignment produces nearly vertical trachytoid texture. Plagioclase feldspar

phenocrysts 2 to 7 mm in diameter make up 35 to 40 volume percent of the rock.

Homblende phenocrysts are up to 5 mm in length and comprise 5 to 9 volume percent of
the host. Chlorite and fine-grained feldspars are present around the plagioclase

phenocrysts. The groundmass, comprising approximately one half the volume of the rock,
consists of equigranular microlites of quartz (20 volume percent), plagioclase feldspar

microlites (15 volume percent), homblende microlites (5 volume percent), and
disseminated pyrite (5 volume percent).
Pervasive propylitic alteration is typical in this unit, with argillic alteration confined to

narrow selvages along fractures and faults. Surface oxidization of the abundant
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disseminated pyrite commonly stains outcrops with limonite. Pyrite commonly replaces
mafic minerals and is also found as finely disseminated crystals. Weak stockwork veinlets
of calcite and pyrite have been observed in drill core.

Brown pebble tuff (Tbpt)
Limited exposures of a brown pebble tuff are found on the south slope of Gold Hill,
east of the Sireet adit. Although the stratigraphic relationship between the brown pebble
tuff and andesite tuff are not clear, it appears that the brown pebble tuff is an alteration

product of the andesite tuff. This is supported by similar attitudes on partings in both tuffs
and the distribution of the pebble tuff entirely within the andesite tuff.

The lithic fragments in the pebble tuff are typically brown, well rounded, and

suspended in a light gray to light brown matrix of sericite, calcite, and minor amounts of

finely comminuted rock fragments(?). In thin section, this tuff is best described as an
altered lithic crystal tuff. There are numerous rounded to subrounded volicanic rock

fragments, crystal fragments of subangular to subrounded quartz phenocrysts (2 to 3
volume percent), rock fragments up to 5 mm in diameter, and an ashy matrix replaced with
clay, sericite, and calcite. The brown color is from a disseminated brownish kaolinite that
replaces volcanic glass(?) in the matrix. Widely spaced limonite veinlets commonly occur
in this unit.

Andesite tuff (Tat)
Outcrops of the most extensive unit in the area form the summit and flanks of Gold

Hill and are found extending up the northwest slope of Red Bird Hill. Essentially all of
Gold Hill consists of this unit, with quaquaversal dips (defined by the alignment of lithic

and crystal fragments) centered on the topographic high. This unit is well-exposed in road
cuts on the summit of Gold Hill and in low outcrops on the southeastern slopes of the hill.
In drill cuttings, this unit is especially difficult to identify because of the small size of the
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cuttings relative to the clast size and the masking effects of hydrothermal alteration.
The andesite tuff is a crystal lithic lapilli tuff with abundant xenocrysts of plagioclase

feldspar and lithic fragments in an ash matrix. Throughout the area, this rock is
characterized by a fragmental texture, subparallel partings on 2 to 5 cm intervals, and

alignment of both xenocrysts and lithic fragments. Locally this rock forms massive
outcrops, grading vertically and laterally into a platy tuff. The rock is a light gray to green

in color on freshly exposed surfaces and becomes tan upon weathering.
Approximately 70 percent by volume of this rock is heterolithologic lapilli-sized rock

fragments. These fragments are typically andesites, with a variety of textures, and dacites
to rhyolites with 30 volume percent quartz phenocrysts and 5 volume percent acicular

bornblende phenocrysts. In addition to the rock fragments, there are what appear to be
brown shards of glass(?) that have a mottled texture and are anisotropic in cross polarized

light. They are streaky and slightly flattened parallel to foliation. The dominant

phenocrysts are broken euhedral plagioclase feldspar and minor mafics. Also there are
rare, rounded and embayed quartz xenocrysts derived from the dacite or rhyolite
fragments. The matrix material is dominantly a glassy volcanic ash usually altered to a
mixture of fine clays and carbonate.
This unit is typically propylitized, although there are small areas with intermediate to

advanced argillic alteration along structures. One area where advanced argillic alteration

may be observed is in the saddle between East Gold Hill and Gold Hill. In this location,
the tuff is bleached white to light yellow and is made up of mostly clay and disseminated

pyrite. The phenocrysts of plagioclase feldspar are commonly rimmed with iron carbonate
(siderite or ankerite).
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Intrusive rocks
Porphyritic andesite (Tpa)
An areally limited, but distinctive unit is a coarse-grained porphyritic andesite

remarkable for its white, altered plagioclase feldspar phenocrysts set against a dark green

groundmass. This unit is present as both dikes and a sill that are 5 to 40 feet in thickness.
Exposures are found in both road cuts and in underground workings on Red Bird Hill. A
small extension of the dike is found intruded into andesite tuff in an outcrop on the north

side of Scissors Creek, across from the Humdinger adit. On Red Bird Hill, the dike
intrudes into the breccia pipe and cuts across the southern contact of the pipe. These crosscutting relationships suggest that the dike was the last igneous event. East-west normal(?)
faulting has offset the dike near the summit of Red Bird Hill.
This distinctive unit is typically dark green, with normally zoned plagioclase feldspar

phenocrysts 4 to 7 mm in diameter set in a fine-grained chioritic matrix. There are sparsely
disseminated grains of magnetite 1 to 2 mm in diameter throughout the unit. Homblende
is present in the porphyritic andesite as rare glomerocrysts that may be seen in the less
altered parts of the unit.

In contrast to the typical styles of alteration found elsewhere on the property, the

porphyritic andesite has fine-grained hornfels on contacts with the enclosing units. This
thin (several feet thick) homfels makes the intrusive contacts difficult to identify. Previous
investigators mistakenly described the hornfels contact zone as andesite porphyry in

underground workings and drill core (Cruson, 1988). Everywhere this unit is found, it is
pervasively propylitized, with plagioclase feldspar phenocrysts altered to calcite and
sericite, hornblende to chlorite and calcite, and the matrix to chlorite.

Breccia (Tb)
There are several textural variations of breccias within the property, exposed on the

surface, underground, and in drill core. Samples of breccias encountered in drill cuttings
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are equivocal because of the generally coarse fragment size found in the breccias and the

small size of the cuttings. Although poorly exposed on the surface, the largest breccias
form steep-sided, pipe-like bodies in Mayflower draw, in the saddle between Gold Hill and

East Gold Hill, and most of Red Bird Hill. Several smaller breccias, a few feet to tens of
feet wide, are exposed on Gold Hill. These small breccias may represent the vertical
extension of breccia dikes exposed underground, or are apices of the larger bodies.

The most volumetrically abundant of the breccias are "pebble" breccias which consists
of rounded to subrounded, crudely imbricated accessory and accidental fragments in a

matrix of ash and finely comminuted rock fragments. In places, the matrix has a faint
streaky or streaming appearance. Fragments are manganese-stained, often with an iron
oxide coating. This breccia is matrix-supported, with the fragments making up 25 to 40
volume percent of the rock. Five percent of the fragments are subangular to rounded clasts
of mudstone up to 5 mm in diameter. Locally, all of the fragments are rounded and the
matrix is less than 20 volume percent of the rock. The breccia often forms narrow dikes
and sills in the ande site tuff (Tat).

In the Mayflower adit, a well exposed vertical, northeast-striking breccia dike 4 feet in

width Cuts the shallow dipping andesite flows. This dike is a coarse, angular, matrixsupported breccia with altered fragments of coarsely porphyritic andesite and medium-

grained andesite. The dark gray matrix is composed of fine-grained sulfides, clays, and
finely pulverized rock particles. A surface exposure of this dike, or of a similar, parallel
breccia dike, is silicified and moderately argillized with drusy quartz-lined vugs and minor

jarosite(?) and limonite. Alteration and silicification appear to be supergene and found only
in a small area where the dike is cut by a northwest-striking high-angle fault. There are
minor amounts of disseminated sulfide in the surface exposures of the breccia, but, most
of the original sulfides have been oxidized to limonite.

Features found in all of the breccias are characteristic of several subtypes of

hydrothermal breccias as discussed by Laznicka (1988). Unaltered Clarno Formation
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mudflows adjacent to the study area do not display textures characteristic of any of the

hydrothermal breccias found in the deposit. Rounded, imbricated clasts and streaming
matrix textures in the "pebble" breccia are characteristic of a fluidized breccia that has

undergone sufficient transportation to round off the clasts. A wide size range of angular
and poorly sorted clasts in a mineralized matrix is typical of a single-stage explosive

hydrothermal breccia. The lack of clasts with multiple phases of brecciation suggest a
single-stage brecciation event. An exception to the single-stage breccias are thin multiple
phase breccia dikes exposed in drill core.

Surficial Deposits
Within the project area, there is a relatively thin cover of unconsolidated Quaternary(?)

alluvium in the stream bottoms and a veneer of colluvium covering undisturbed areas

around outcrops. For clarity the alluvium and colluvium are not shown on the geology
map, with the exception of alluvial deposits in Ochoco Creek. Where these alluvial
deposits were mined for placer gold, there are small areas of disturbed ground. Min:ing

disturbance can also be seen in the form of numerous mine dumps consisting of waste
rock excavated from shallow surface workings and more extensive underground workings.
The following descriptions are of deposits mappable at 1 "=500' and shown on Plates 1 and
4, and Figure 5.

Mine dumps (md)
Dumps of excavated material from historic mining activity occur at the portals of each

adit or along the margins of small prospect pits. Where abundant sulfides occur in the
waste rock, the dumps have a distinctive yellow-orange color as a result of oxidation and

the formation of limonite and jarosite. Some dumps contain supergene gypsum that forms
small acicular crystals and weak cement. Some of the largest dumps are found at the
portals of the Ophir-Mayflower mine, Street tunnel, Bryan O'Lynn tunnel, and the
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Humdinger adit.

Placer tailings (pt)
Areas of historic placer mining activity contain excavated unconsolidated alluvium and

colluvium, often occurring in piles of boulders (usually basalt boulders derived from
Round Mountain). The placer-mined material is mainly coarse-grained sand, pebbles, and

cobbles that have been washed and dumped in and adjacent to the stream beds. Scissors
Creek has the most extensive placer debris, extending up the north and northeast slopes of

Red Bird Hill. Isolated areas of placer-mined colluvium occur near the southwest summit
of West Gold Hill, in the Mayflower draw, along Stevenson and Watkins gulches, and on
the north side of Red Bird Hill. Accumulation of flour gold in placers is fairly restricted,
extending downstream along Scissors and Ochoco Creeks only to their junction.

Alluvium (Qal)
Thin deposits of alluvial material fill Scissors and Ochoco Creeks, with minor alluvium

and colluvium found in side drainages and slopes. In Scissors Creek, alluvium is found
directly overlying a mineralized, unoxidized and altered andesite (alluvium-andesite contact

in drill hole 0RC22 at 12.5 feet depth). The alluvium is a poorly sorted mixture of sand
and gravel, occasionally with cobbles and boulder-size detritus. These sediments are both

locally and distally derived, chiefly from the north slopes of Round Mountain. Scissors
Creek contains numerous boulders of Picture Gorge Basalt derived from outcrops on the

north slopes and summit of Round Mountain.

Discussion
Although no ages have been determined for the alluvium, it appears to have been

deposited recently. Limited distribution of placer gold downstream from the source rocks
is either a result of scant erosion or, more likely, caused by fairly recent exposure of the

35

source rocks. The latter theory is supported by the abundance of alluvial material from the

upper slopes of Round Mountain. Alluvium has been transported from sources several
miles away, yet the minor amount of accumulation in the drainages suggests that it is

removed from the catchment areas quickly. Conversely, fine-grained placer gold is found
to be transported only a short distance from its source within the same fluvial environment.
Therefore, the source of placer gold, such as that found in Scissors Creek, has only recently
been exposed, eroded, and transported. Lack of placer gold any appreciable distance
downstream from the source area supports this inference.

Geometry and timing of the deposit
Distribution of rocks in the area is complex because of multiple periods of extrusion,
intrusion, faulting, and masking of original rock textures by hydrothermal alteration. The
deposit occurs within a series of interbedded andesite tuffs (Tat and Tbpt) and flows (Tha)
that overlie(?) an older lithic lapilli tuff (Plate 4). These crudely stratiform units are

intruded by hornblende-bearing andesite (Tha). The contact relationships of the
hornblende-bearing andesite (Tha) are not clear because the unit may be a flow-dome with

both intrusive and extrusive contacts. Cutting most rock units are several(?) breccia pipes
(Tb). The final phase of intrusive activity appears to have been the emplacement of post-

mineralization porphyritic andesite dikes (Tap). These dikes appear to have been emplaced
along earlier faults or fractures and preferentially followed planes of weakness developed
within and along the margins of the breccia pipes.

36

Structure
Structures in the study area are predominately high angle normal faults that offset

volcanic rocks of the Clarno Formation (Plate 4). Fault style is based on the juxtaposition
of units relative to their normal stratigraphic position and on outcrop, underground, and

drill exposures. There appear to be two, possibly three, different sets of faults based on
their strike and cross-cutting relationships. Ochoco Creek follows the main fault along a
N40-60E strike, with secondary faults in Scissors Creek striking at N4OE and N6OE.
These en echelon faults cut and offset small faults that strike N6OW. Because of poor
surface exposure the faults are generally inferred from topographic features, veins,

distribution of units, and alteration patterns. The south side of Gold Hill, along Scissors
Creek, appears to be an erosionally modified fault zone with a steep (70 to 900) south dip.

Faults exposed in underground workings generally strike N40-60E and are usually host to
veins. The N4OW and N6OW striking faults are frequently the locus of advanced argillic

alteration, such as the northwest striking fault in the saddle northeast of Gold Hill. Dips on
faults are difficult to determine because of poor exposure; however, northeast striking
faults generally dip steeply (70 to 900) to the northwest and northwest faults dip steeply (70
to 90°) to the northeast.

Porphyritic andesite dikes (Tap) on the south side of Gold Hill strike approximately
N7OW and probably occupy one of the northwest striking fault zones. Similar dikes in
Red Bird Hill appear to strike in a more northerly direction and dip to the east. Locally
these dikes take on a sill-like appearance. The four breccia bodies (Th) in Gold Hill and
Red Bird Hill are probably faulted portions of a single breccia pipe. Reconstruction of this
breccia pipe suggests that there has been some sthke slip movement along the northwest
faults.

To explain the style of faulting in the Ochoco district Cruson (1988) has suggested that

there is a large ring fracture system. Ochoco Creek forms part of an arc that circumscribes
this system, named the Mill Creek ring fracture by Cruson (1988). Normal faulting in the
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study area may be related to localized, small-scale collapse along the margins of the ring

structure. This ring structure is marked by the alignment of topographic features and the
coincidence of anomalous gold and mercury along part of its length.
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GEOCHEMISTRY OF THE PROSPECT

Hydrothermal Alteration
There have been few studies of hydrothermal alteration associated with rocks of the

Clarno Formation. Most have focused on alteration of the tuffs and intrusives in the John
Day Formation in and around mercury mining districts (Waters and others, 1951; Hay,
1962; Peck, 1964; Wilkening and Cummings, 1987). Hydrothermal alteration and
mineralization in the project area are probably related to Eocene-age intrusives that acted as

a heat source for the hydrothermal system (Willis and others, 1988). This hydrothermal
system was centered above and around an intrusive of intermediate composition. A broad
zone of weak alteration is characteristic of the area, with local zones of moderate to strong

alteration in and around structures and breccia pipes. On a broad scale, the areal
distribution of alteration displays a crude zonation, with decreasing intensity of alteration

away from the center of mineralization. Similar zonations have been observed both in the
scale of outcrops and hand specimens.

Using the nomenclature of Meyer and Hemley (1967), assemblages of hydrothermal
alteration defined near the project area are propylitic, intermediate argillic, and advanced

argillic. The general pattern of hydrothermal alteration is characterized by an early
pervasive propylitic zone. Later overprinting by structurally controlled intermediate and
advanced argillic alteration is locally present. Zones of strong alteration are confined to
northwest- and northeast-striking faults and to breccia pipes and dikes.
The main secondary mineral assemblages of hydrothermal alteration in the project area

are listed in Table 2. These alteration assemblages are described for all rock types and
reflect the presence of gradational boundaries and compositional complexities in intensely

mineralized areas. Because of the similar primary composition of each rock type, the

alteration mineral assemblages do not vary widely between rock types. Each assemblage
may contain minerals representing either partial equilibrium with the hydrothermal fluids
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or an overprinting by younger episodes of hydrothermal or weathering processes. All
assemblages are likely to reflect the combined effects of shallow burial of the volcanic pile,

intrusion of plutonic rock, and subsequent processes of hydrothermal mineralization and
supergene alteration. Alteration related to deposition of volcanic rocks in a humid
environment and shallow burial is probably weaker in intensity than the subsequent
hydrothermal alteration. Later hydrothermal associated propylitic alteration grades outward
into diagenetically altered or weathered rocks of the Clarno Formation. The more intense
zones of intermediate argillic alteration have distinct mineral assemblages which overprint
and are not related to early diagenetic alteration and weathering. Advanced argillic

alteration is mostly associated with supergene alteration along faults and fractures,
overprinting all earlier phases of alteration.

Propylitic alteration is weakly pervasive throughout most rocks in the area and

intensifies with proximity to faults, fractures, and breccia bodies. The propylitic
assemblage is characterized by secondary minerals of calcite + chlorite + pyrite ± sericite
that are not texturally destructive. In hand specimen, propylitically altered rocks are various
shades of dark grayish green to pale olive, depending on the amount of chlorite and calcite.
Minor amounts of calcite partially replace the cores of concentrically zoned plagioclase

feldspar phenocrysts as well as small patches along fractures in the phenocrysts.
Hornblende is incompletely replaced by chlorite and calcite with minor pyrite. In
homblende with a primary reaction rim, the rim is selectively replaced with clay mixed
with chlorite and a fine dusting of pyrite. Propylitically altered rocks are also characterized

by calcite veinlets 0.1 to 1 millimeter wide containing disseminated pyrite. Pyrite is present
as isolated crystals in calcite veinlets, as disseminated crystals in the groundmass, and as

aggregates or isolated clots. Most pyrite-bearing rocks average 1 percent by volume of
sulfide, and sometimes may contain up to 5 percent by volume sulfide.
Mineralogy of the intermediate argillic alteration is characterized by sericite + calcite +

pyrite ± clay ± chlorite. The intensity of argillic alteration ranges from incipient, in which
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modest amounts of sericite and calcite replace feldspar, to intense, where the feldspar is
completely replaced by sericite ± clay. Samples of argillically altered rock are yellowish
Table 2.

Mineralogy of Hydrothermal Alteration Assemblages
Alteration Feldspars
assemblage

Hornblende

Magnetite

Groundmass

Characteristic
assemblage

relict hbld
± sen

relict mag

chi ± calc

±py

±py

chl ± calc
± py

Intermediate calc + sen
argillic
± clay ± qtz

chl + sen
± py

py ± urn

chl ± caic
± sen ± qtz

sen + calc

Advanced
argillic

clay ± py

py + urn

clay ± sen
± py ± qtz

clay ± py

Propylitic

relict feld
± sen

clay ± qtz

caic = calcite
hbld = hornblende
py = pyrite

chlorite
lim = limonite
qtz = quartz
chi

+ py

feld = feldspar
mag = magnetite
sen = sericite

Note: Relative proportions of primary and hydrothermal alteration minerals are based on visual
estimates from thin sections.

gray to medium dark gray in color. These rocks in thin section contain feldspar
phenocrysts partially to completely replaced by sericite, with weak silicification of the

groundmass. Pyrite is significantly more abundant in argiflically altered rocks than in
propylitized rocks. Although propylitically altered rocks average about 1 percent by
volume of sulfide, rocks that have been argillically altered commonly contain 5 percent and

locally up to 10 percent by volume of sulfide. Pyrite and trace amounts of arsenopyrite,
sphalerite, galena and chalcopyrite(?) form the opaque minerals, often completely replacing

magnetite. Calcite, the most abundant carbonate mineral, is ubiquitous in the propylitic

assemblage, replacing both phenocrysts and the groundmass. Epidote is conspicuous by
it's absence from the propylitic assemblage, although it is generally considered diagnostic
of propylitic alteration (Meyer and Hemley, 1967). The distribution of argillic alteration is
controlled by fractures and the margins of breccia pipes. Intermediate argillic alteration
grades outward into the zone of older propylitic alteration and forms an envelope around
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narrow zones of advanced argillic alteration.
Advanced argillic alteration is distinguished by the complete replacement of plagioclase

feldspar and hornblende by clay minerals, calcite, and pyrite. Intensely argillically altered

rocks are almost entirely replaced by clay minerals and sulfides. Calcite is typically found
as corroded relict masses set in a clay matrix. Argillic alteration is structurally controlled

and overprints all earlier assemblages. It is both mineralogically and commonly texturally
destructive. Hand specimens representative of this alteration are characterized by a white to
yellowish-gray color. Pyrite is present in argillically altered rock, replacing primary mafic

minerals as clots and disseminated crystals scattered throughout the groundmass, in
stockwork veinlets, and as coarse-grained aggregates intergrown with sphalerite ± galena in

calcite veins. Minor amounts of rhodochrosite are occasionally associated with this
assemblage in calcite + sulfide vein selvages.

In a few places, there are narrow zones of hornfels along the contact of porphyritic

andesite dikes and andesite flow rock or andesite tuff. Contact metamorphism of the
andesite forms a fine-grained, dense, dusky green rock that lacks original textures.

Cross-cutting and overprinting relationships between hydrothermal mineral
assemblages can be shown in outcrop where zones of strong alteration cut across zones of
weaker alteration. Major element oxide analyses show chemical trends that reflect minor
chemical changes in similar rock types. Comparisons of relatively unaltered and altered

rocks are discussed in the section on whole rock geochemistry. Chemical analyses of
representative fresh and hydrothermally altered rocks are presented in Table 5. Most of
these samples are homblende andesite (Tha) and were selected to illustrate the effects of
hydrothermal alteration. Petrographically, the amount of early-stage chlorite and calcite
replacing hornblende and plagioclase feldspar, respectively, increase with the intensity of

hydrothermal alteration. Increasing intensity of alteration is manifest as a gradual
replacement of plagioclase feldspar with sericite and calcite that ends with texturally

destructive replacement by clays and isolated blebs of secondary quartz.
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Deposit mineralization

Ore mineralogy
Ore mineralogy at the Ochoco deposit is fairly simple, consisting of ubiquitous pyrite
and subordinate amounts of sphalerite, galena, chalcopyrite, tetrahedrite, pyrrhotite,

marcasite, arsenopyrite, and stibnite. The bulk of the gold probably is with pyrite, although

visible gold is scarce (Gilluly and others, 1933). Supergene minerals such as jamesonite,
valentinite, and a "ruby silver" are reported by Gilluly and others (1933). Prihar (1982)
also noted the presence of cinnabar, realgar, and argentite. During this study only pyrite,
sphalerite, chalcopyrite, galena, stibnite, pyrrhotite, marcasite, arsenopyrite, and
tetrahedrite(?) were observed.

Paragenesis and distribution of mineralization
Mineralization is of two types; pyrite occurring as disseminations and veinlets, and as
calcite veinlets with intergrown pyrite, sphalerite, galena, chalcopyrite, and tetrahedrite(?),

with minor rhodochrosite. Gold appears to be mainly associated with both forms of pyrite
and, to a much lesser extent, with base metal sulfides. Less common are sulfide veins
consisting of intergrown pyrite, sphalerite, and marcasite with little or no calcite. In the
veins studied, the paragenetic sequence of ore and gangue minerals is fairly
straightforward. Typically, the sulfide minerals pyrite, sphalerite, and galena are

intergrown with calcite during a single phase of vein mineralization. Chalcopyrite is found
as intergrowths in sphalerite or as fine crystals intergrown with sphalerite + pyrite ± galena,
A variation of this are sphalerite ± pyrite veinlets without calcite or simply pyrite veinlets.

Veins generally do not display banding or brecciation typical of multiple phase

mineralization, however veins are often "sheeted" where numerous veinlets (1 to 3 cm
wide) are found to be parallel and closely spaced with thin (ito 5 cm) bands of rock
separating the veinlets. An exception to this are sporadic, single, thin veinlets of finely
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comminuted rock fragments with 1 to 5 volume percent disseminated pyrite. These
breccia veinlets are found to cut older mineralized breccias and probably represent a weak

localized final phase of hydrothermal activity. It is of interest to note that some of these
breccia veinlets display hydrothermal sedimentation textures similar to those found in the

Bohemia mining district (Schieber and Katsura, 1986). Typical of these sedimentation

textures are thin (l millimeter) laminations of finely comminuted rock fragments draped
over irregularities in the vein walls.

Disseminated mineralization is predominantly pyrite, usually as finely disseminated
crystalline aggregates replacing mafic minerals and as discrete crystals evenly distributed

throughout the rock. Locally there are masses of fine-grained pyrite replacing breccia
fragments in tuffs or forming disseminations in the host rock along the selvages of thin,
discontinuous pyrite veinlets. These two styles of disseminated mineralization are typically
pyrite dominated without any other sulfides present. In addition to pyrite, stibnite and
pyrrhotite occur rarely as finely disseminated grains in the deeper parts of Gold Hill.
In the shallow oxide zone limonite replacing disseminated pyrite is the dominate relict

sulfide. Examination of drill hole assays does not reveal any systematic pattern of gold
enrichment that is typical found in a supergene environment. It appears that gold is
released from sulfides by oxidation but is not remobilized from it's original location.
Vein and disseminated styles of mineralization are found to occur in both Gold Hill and
Red Bird Hill, although the bulk of the vein mineralization is in Gold Hill. Historically,

mining focused on the vein mineralization, thus the best exposures are of veins. The most
intense disseminated mineralization is usually found adjacent to veins and structures, with

weaker mineralization grading outward from the structures. Rock type plays a minor role
in the distribution of mineralization, where tuffs are usually the host to disseminated

mineralization and flow rocks host veins. However, with sufficient induration, either
primary or alteration induced, the tuffs may host vein style mineralization. The reverse
holds true for flow rocks where fractures create enough surface area for mineralizing fluids
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to deposit disseminated sulfides.

Discussion
A model for the distribution of mineralization at the Ochoco deposit are high angle
structures and veins that cut porous, volcaniclastic units, flow breccias, and tuffs that are

interbedded with less permeable units such as flow rocks. The high angle structures act as
fluid pathways, and the permeable units act as physically and chemically receptive horizons

for mineralizing fluids. Lack of an effective cap or seal would not permit the fluids to be
trapped, thus leaving the greatest concentration of metals along narrow veins that served as
conduits.

Examination of drill logs suggests that gold mineralization occurs in the presence of
sulfide mineralization, in contrast to little or no gold in rocks with weak to no sulfides. The
dominate sulfide mineral is pyrite, with subordinate amounts of sphalerite and galena.

Given the wide distribution of finely disseminated pyrite in all types of rocks (tuffs,
breccias, and to a lesser extent, flows) and the likely association of gold with sulfides, it is
inferred that the mineralizing fluids carried gold as a bisulfide or thiosulfide complex.

Reaction of the fluids with mafic minerals, predominantly homblende and magnetite,

formed pyrite and, where gold was in the fluids, auriferous pyrite. The gold may have
been reduced by earlier formed pyrite or carbonate minerals. This association may explain
why much of the placer gold is present as fine grains (flour gold).

As previously mentioned the gold bisulfide or thiosulfide complexes Au(HS)°,

Au(HS)

,

and Au2(HS)2S2- are considered to be the most significant transporting agents

for the deposition of gold from alkaline to near-neutral solutions having temperatures in

excess of 200°C. In order of decreasing importance and stability the three sulfur species;

HS, H2S, and S2, are considered responsible for the transportation of gold in solution.
Of these species, the HS- ion is probably the most important in its ability to increase the
solubility of gold (Seward, 1973). The relative predominance of one gold-sulfide complex
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over another is dependent on the pH of the mineralizing fluid (Webster, 1986).

Au2(HS)2S2-, Au(HS), and Au(HS)° are the dominant thiosulfide and bisulfide
complexes, respectively, in alkaline, near-neutral, and slightly acidic solutions. Gold
solubilities of over 200 mg/kg are found at near-neutral pH (--6), 300°C, pressure of 1

Kbar, occurring in the Au(HS) complex (Seward, 1973). According to Henley (1985),
gold is transported as the bisulfide complex Au(HS) in the 1400 to 300°C range. Given
the buffering effect of the host rock on the fluids, the temperature range of formation, a

presumably shallow depth of formation, and the lack of evidence for boiling, gold was

probably transported as the Au(HS) complex. Precipitation of gold from solution appears
to have been by reduction in the presence of pyrite, or less likely, base metal sulfides such

as chalcopyrite and high-Fe sphalerite. Seward (1973) mentions the common geochemical
association of gold with arsenic and antimony in hydrothermal ore deposits and suggested

that gold may also form complexes with those elements. Both arsenic and antimony are
found in anomalous concentrations in the Ochoco deposit.
There are three mechanisms available to explain the transport of gold in the bisulfide

complex (equations 1,2, and 3). Under reducing conditions in an alkaline solution gold is

stable as the bisulfide complex Au(HS) (Webster, 1986). It appears that reducing
conditions were dominate during the deposition of gold in the Ochoco deposit.
Transportation of gold in solution is described by equation (3).

Equations of gold transport mechanisms:

Au + H25
Au + 2H2S
Au + 2H2S

Au(HS) + H

Au(HS)2 + 2W
Au(HS) + H + 1/2 H2

(1)
(2)
(3)

H2S may be removed during boiling of the fluid where H2S escapes in the vapor
phase, or by sulfidation where H2S is consumed by the formation of pyrite by the reaction
H2S + Fe

FeS + 2W, thus removing H2S from the fluid. There are three possible

reductants available to precipitate gold by utilizing iron, sulfur, or carbon as shown in
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equations (4) through (6).
Equations of gold reducing agents:

FeO

Fe203

(4)

S2= SO2 or SO

(5)

CO2 or CO

(6)

CO

Given the abundance of pyrite, both as disseminations and veins, the primary
mechanism for gold precipitation is probably by sulfidation. Precipitation of Au through
reduction by iron oxide, sulfur, or carbon do not seem to have been responsible for

removing gold from solution. No iron oxide, sulfur, or carbon appear to be associated
with gold mineralization, although calcite is an ubitiquous alteration mineral. The carbon
present in the rocks, in the form of calcite, was probably introduced by CO2-bearing fluids.
Oxidation of sulfides in the near-surface environment resulted in supergene alteration

of the host rocks and the release of fine-grained gold associated with sulfides. Oxidation
appears to have involved mostly pyrite, which is the dominate sulfide species capable of
forming H2SO4. Since much of the placer mining occurred close to the source rocks, the
gold did not have time to agglomerate into larger particles typical of placer deposits. In the
zone of supergene alteration there does not appear to have been any movement of gold
away from the point of release from oxidized sulfides. In addition, the quantity of fine-

grained gold is limited by the shallow zone of alteration (0 to 10 feet). This shallow zone
of supergene alteration is the result of the acidic solutions being buffered by the extensive
carbonate minerals formed by replacement processes in the propylitically altered andesites.
Reaction of the acidic solutions with the carbonate quickly neutralized any acids produced

during oxidation of sulfides, limiting the amount of gold released by the destruction of
sulfides and governing the amount of supergene acid-leaching. To demonstrate this
hypothesis the following discussion regarding the oxidation of sulfides in the supergene
zone is modified from Blanchard (1968).
The initial oxidation of pyrite (FeS2), in the presence oxygenated water, as described by
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equation (7), results in putting ferrous (Fe2) and ferric (Fe3) iron, and sulfate (S02) ions
into solution. Following this reaction the ferric sulfate (Fe2(SO4)3) is hydrolized to form
goethite (Fe203 H20), as indicated by equation (8).

4FeS2 + 1502 + 2H20
Fe2(SO4)3 + 2H20

2Fe2(SO4)3 + 2H2SO4

Fe203 H20 + 3H2SO4

(7)
(8)

The sulfuric acid (H2SO4) formed by the oxidation of pyrite is neutralized by calcite

(CaCO3) and the Fe3 is precipitated out as limonite (Fe203) as shown in equation (9).
Fe2(SO4)3 + 3CaCO3

3CaS0 + Fe203 + 3CO2

(9)

In contrast, the oxidation of sphalerite-pyrite or galena-pyrite mixtures in the presence of
ferric sulfate, derived from oxidizing pyrite (equation 7), respectively yield zinc (ZnSO4)

or lead sulfate (PbSO4) as shown in equations (10) and (11). If there is excess ferric
sulfate remaining in solution after the oxidation of pyrite, and CO2 is also present in
solution, then zinc or lead carbonates will form (equations 12 and 13).

2Fe2(SO4)3 + 2ZnS + 302

2ZnSO4 + 4FeSO4 + 2H2SO4 (10)

2Fe2(SO4)3 + 2PbS + 302

2PbSO4 + 4FeSO4 + 2H2SO4

(11)

and
3ZnCO3 + Fe2(SO4)3

3ZnS0 + Fe203 + 3CO2

(12)

3PbCO3 + Fe2(S 04)3

3PbSO4 + Fe203 + 3CO2

(13)

However, sphalerite and galena are not found oxidized or altered to smithsonite or cerussite

anywhere in the deposit. Instead galena and sphalerite are intergrown with pyrite or in
contact with limonite after pyrite in the supergene zone of oxidation. In gold-bearing
carbonate veinlets the lack of oxidation of the base metal sulfides, in the presence of
limonite, suggests that the gold is released by the oxidation of pyrite and not the other
sulfide species.

48

Sulfur Isotopes

Sulfur isotope analyses were performed on six sulfide mineral separates from samples

ODDH7-39 and 132502 (Table 3). Sample CL-i, supplied by Field (unpublished data,
1986), is shown for comparison. Sample ODDH7-39 (Red Bird Hill, elevation 4691') is a
10-millimeter-thick calcite veinlet with intergrown high-Fe sphalerite, pyrite, galena, and

minor chalcopyrite. Sample 132502 (Gold Hill, Lower Mayflower adit at approximate
elevation 4500') is a 15-millimeter-thick sphalerite vein with a zoned pyrite selvage.

Adjacent to the vein wall is a 5- to 10-millimeter-thick selvage of disseminated mediumgrained euhedral pyrite and minor amounts of galena in sharp contact with a 2- to 8-

millimeter zone of finely disseminated pyrite, which is in sharp contact with a domain that

contains disseminated laths of pyrite pseudomorphs after marcasite(?). Both vein samples
are enclosed in an intensely clay-altered envelope of andesite(?). Sample CL-i is from an
outcrop of Clarno lacustrine tuffs adjacent to a diabase sill near Ochoco Summit on State

Highway 26. Both mineral separates in CL-i are of pyrite, one found as a fine
polycrystalline aggregate in the matrix, the other as finely disseminated grains replacing
carbonaceous plant(?) debris.
Sulfur isotope values from the vein material (132502) fall in the range of both volcanic-

hosted and zoned polymetallic vein deposits of Field and Fifarek (1985). The range of

öS values (-0.8 to +2.9) clustered around 0 % suggests that the sulfur originated from a
magmatic source. Based on the distribution of isotopic values, the deposit appears to fall
into the Cordilleran hydrothermal sulfide category (Field and Fifarek, 1985). Isotopic

values from the CL-i pyrites are slightly lower than from pyrites in the other samples.
Calculated temperatures indicate that the sulfides in sample ODDH7-39 were formed at
moderate (233° to 32 1°C) temperatures (Table 3). Compared to these moderate
temperatures, the pyrite-sphalerite temperature from sample ODDH7-39 is unreasonably
high at 1797°C, suggesting that the pyrite is in disequilibrium. According to Field and
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Sulfur Isotope Sample Descriptions and Analytical Data
Sample
ODDH739a
ODDH7-39b
ODDH7-39
i32502aC

i32503
CL1C

CL-i

Mineral and description
ö34 S%J Mineral paira
Pyrite (py) in calcite veiniet
+2.1
PYa1c
Sphalerite (si) ifl calcite veinlet +2.0
pya-slb
Galena (gn) in calcite veiniet
sl-gn
0.8

Sphalerite vein
Pyrite in vein margin
Pyrite replacing marcasite
Pyrite in polycrystalline
aggregate
Pyrite finely disseminated
in carbonaceous material

\34S%
+2.9
+0.1
+2.8

T°C"
321
1797
233

na

+0.4
+2.9
+2.0

na d

na

pyb-sla
PYc51a

+2.5
+1.7

+0.4

na

na

na

+0.7

na

na

na

71
153

a Subscript on mineral pair refers to subscript following sample number.
b Temperatures determined using equations from Field and Fifarek, 1985. Calculated temperature
error is ±13°C.
Sample of dump material from toe of Mayflower dump, 30 feet west of lower portal.
dNot applicable.

ej,4 is from the south side of State Highway 26, 2.7 miles east of Ochoco Summit (C. Field,
unpublished data, 1986). Pyrite is found Clarno Formation lacustrine tuffs.
1Analytical error for sulfur isotope analyses is ±0.2%o.

Note:
Sulfide mineral concentrates were prepared for analyses of sulfur isotopic compositions by
combustion with excess CuO to produce SO2 by J. Curless, Oregon State University. Mass
spectrometric determinations of the resulting SO2 gases were performed by Global Geochemistry of
Los Angeles, California.

Fifarek (1985), there is little evidence of complete isotopic equilibrium between sulfide-

sulfide assemblages in the geothermal environment. Temperatures calculated for sample

132502 are lower than those for sample ODDH7-39 by 800 to 250°C, suggesting a lower

temperature of formation for sample 132502. One possible explanation for this
relationship is that the sulfides in sample 132502 formed in a cooler part of the system.
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Potassium-argon age determinations

Two samples were selected for potassium-argon (K-Ar) age determinations to estimate
the age of the host rocks within the project area and the age of alteration within the core of

the mineralized zone. An age of 50.8 ± 0.9 Ma was established for a magmatic hornblende
separate from an andesite dike (Sample 132457), and an age of 46.4 ± 0.5 Ma was
established for an altered porphyritic andesite sample (Sample 132485, Table 4).

Measurements of these two samples are based on assumptions outlined by Faure (1977),
however errors in absolute ages may be introduced by Ar loss (by alteration) in sample
132485 and Ar gain (by wall rock contamination) in sample 132457.
Sample 132457 is a hornblende separate from an andesite dike that crops out about
7,000 feet south of Gold Hill. This andesite has weak propylitic alteration in the
groundmass glass and a trace of sericite along microfractures in the phenocrysts of
plagioclase feldspar. Phenocrysts of magmatic homblende are unaltered and lack reaction

rims or fractures. Field relationships demonstrate that the andesite dike intrudes flows and

mudflows of the Clamo Formation (Swinney and others, 1968). This sample was selected
because it is the closest unaltered intrusive rock to the project area and would give the
optimum age of crystallization for the intrusive rocks.

Sample 132485 is from a section of drill core taken near the center of the most intense
hydrothermal alteration. In this sample of porphyritic andesite, alteration is characterized
by an advanced argillic assemblage with plagioclase feldspar altered to sericite ± calcite ±

clay; groundmass to calcite ± sericite ± quartz ± clay ± chlorite; and the mafic mineral

phases to chlorite ± calcite. This sample was selected because of its complete destruction
of plagioclase feldspars. Because unaltered plagioclase feldspar does not remain in the
sample, it follows that the residual or added potassium-bearing minerals were formed by
hydrothermal alteration of the original mineral suite. The assumption is that this sample
represents the age of hydrothermal alteration (46.4 ± 0.5 Ma), which is reasonably
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assumed to be associated with mineralization.

Isotopic ages obtained for rocks from the Clarno Formation range mostly from 55 to
40 Ma (Walker and Robinson, 1990). An age of 50.8 ± 0.9 Ma on the dike places the
volcanic rocks early in the Clamo Formation. The dike cuts older or coeval rocks of the

Clarno Formation. According to Fiebelkorn and others (1982, 1983) the oldest reported
age of Clarno Formation rocks is 53.7 ± 1.0 Ma. The age of hydrothermal alteration is
younger at 46.4 ± 0.5 Ma, thus placing the occurrence of alteration and mineralization in
approximately the mid-part of Clarno volcanism.
Table 4.

Potassium-argon Age Data
Sample No.

132457

132485

Material analyzed
Sample weight (g)

Hornblende

Whole rock

1.36633

%K

O.337±.00l

40j/38

measured
ArP6Ar measured
Fractionation factor
Corrected ratio for 40ArP8Ar
Corrected ratio for 38ArP6Ar
(cm3 STP)
Ar*/g (cm3 STP)
Air Ar/g (cm3 STP)

0.751 ± .001
474 .794 ± 1.269
1.00203 ± .001
0.75293
475.758
9.214364 x 1O
6.743879 x iO
2.995 172 x 10

2.20098
2.495 ± .001
2.4975 ± .0024
293.789 ± 0.509
1.00203 ± .001
2.50257

40Ar/40K
%Ar*

2.993152 x i0

Age (years)
Precision (± years)

50.80 x i0

18.38

0.91 x 106

294. 385

1.002846 x iO4.556361 x 106
3.014279 x 10
2.731471 x 10-s
60.18
46.41 x 106
0.48 x 106

Notes:
Argon extractions were performed in a bakeable, glass, ultrahigh vacuum system using induction
heating of molybdenum crucibles. Radiogenic argon was determined by isotope dilution with high
purity 38Ar in an AEI MS-lOS mass spectrometer. Potassium concentrations were determined on
aliquots using atomic absorption methods. The potassium-argon dates were calculated using the
revised constants of Steiger and Jager (1977) and the quoted errors represent the analytical precision
at the one standard error level.

Constants used: X = 0.581 x 10 1° year 1,

= 4.962 x 10 '° year1, 40K/K = 1.167 X 10
Sample No. 132457 from dike on crest of ridge on west side of Judy Creek (UTM Zone 10),
4919350m N and 710200m E.
Sample No. 132485 from drill hole ODDH2 at 114' (UTM Zone 10), 4920100m N and 709600m E.
See Appendix 2 for sample preparation techniques.
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Whole rock geochemistry

To demonstrate the effect of hydrothermal alteration, 15 samples of hornblende
andesite (Tha), representing the entire range of alteration, were analyzed for major and

minor element oxides. Using the technique of Whitebread (1976) raw, whole rock data
(Table 5) was recalculated to total 100 percent for each sample, then converted to grams per

100 cubic centimeters (Table 6). These samples are arranged in order of increasing
alteration (from unaltered to advanced argillic) on the basis of petrographic examination.

For comparison, sample 132457, taken from outside the immediate study area, is an
unaltered hornblende andesite with a slightly different composition than the samples taken

within the study area. The resulting data are shown (Figure 6) as a series of graphs of the
variation between unaltered and altered rocks, is expressed as the total grams per 100 cubic

centimeter of rock-forming components.
Several assumptions are required in order to apply the previously described method of

compositional variation. These assumptions are that the volume of rock remained constant
throughout alteration and that the density varies with the intensity of alteration. This
assumption is reasonable given the style of alteration (propylitic to advanced argillic) and

the lack of petrographic evidence for volume loss or gain. Although the change in density
(Table 5) is not entirely systematic it does display a crude decrease in rock density with

increasing alteration. An additional important assumption is that the rocks had identical or
similar compositions prior to alteration. Based on petrographic observations of alteration
affects these assumptions are fairly reasonable. However, the presence of calcite veinlets
with or without sulfides is the main exception.

In the Ochoco deposit it appears that minor additions of H20, CO2. and S did occur
during the hydrothermal alteration event(s). A more precise method of calculating lossgains, taking into account the specific gravity of the rock, is described by Gresens (1967),
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TaMe 5.

Analyses of Unaltered and Altered Rocks
Unaltered porphyritic
andesite (Tha)
Sample No.

132457

132482

132477

Clarno Formation
Propylitic alteration Intermediate argillic alteration
porp. andesite (Tim)
porphyritic andesite (Tha)
132470

132478

132456

132465

60.2
0.85

60.1
0.81

59.9
0.83

16.1

162

15.5

132483

Chemical analyses (weight percent)
Si02
Ti02
Al203

Fe203
FeO
MnO
MgO
CaO

Na20
K20
H2O

'205
CO2
S

Total
S. G.

60.1
0.90
16.9
4.46
2.07
0.10
2.27
5.23
3.84
1.92
0.55

61.4
0.79

1.81

1.55

0.45
0.2
0.020

0.28

101

2.52

16.6

2.78
2.97
0.10
2.62
4.82
3.37
1.36

2.08

1.8

0.018
103

2.60

60.5
0.85
17.0
3.08
2.76
0.13
2.22
6.40
3.10
1.32
1.40
0.17
0.29
2.0
0.093
101

2.66

59.2
0.91
16.4
5.07
1.35
0.07
3.27
6.09
3.38
1.21

3.02
3.42
0.29
3.6
0.011
102

2.55

59.8
0.79
16.6
1.19
4.46
0.15
2.57
5.08
2.50
1.54
2.30
1.06
0.30
3.6
0.418
102
2.65

2.65
3.32
0.12
2.20
5,38
3.27

4.26
0.12
2.04
4.70
2.36

1.04
2.45
0.91
0.29
3.1
0.021

1.79
3.13
0.72
0.27
2.7
0.365

102

2.65

1.47

101

2.52

4.04
1.98

0.17
1.90
4.61
1.66
2.53
2.78
1.32

0.29
3.1

0.188
101

2.46
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Table

5

(continued).

Analyses of Unaltered and Altered Rocks
Intermediate argillic alteration
porphyritic andesite (Tha)
Sample No.

132467

132471A 132476

Clarno Formation
Advanced argillic alteration
porphyritic andesite (Tha)
132475

132484

132485

Lacustrine
tuff

132479

132464

54.8
0.62
15.2
3.45

64.8
0.66

Chemical analyses (weight percent)
Si02
Ti02

60.5
0.85

59.6
0.79

60.4
0.79

59.9
0.77

61.6
0.86

56.3

Al203

15.1

16.3
1.88
3.61

16.7
3.04
2.43

15.9
1.36

15.9
3.89

14.3
2.07

0.19
2.09
4.63

0.19

3.88
0.15

1.97

1.99

4.75

5.40

2.56
0.12
2.05
4.27
2.29

Fe203
FeO
MnO
MgO
CaO

Na20
K20
H20 +

2.57
3.67
0.11
2.86
5.40
2.95
1.25

1.73

3.45
1.30
0.47
0.27

1.60
3.05
1.12
0.41

1205

2.07
0.87
0.28

CO2

3.1

3.4

0.27
3.2

S

0.031

0.829

1.58

H20-

Total
S. G.

102
2.65

101

2.56

102

2.54

1.73

2.36
2.09
0.64
0.27
4.5

0.264
101

2.46

1.32

2.22
1.95

0.27
2.9
0.059
102

2.44

0.94

4.65
0.59
5.34
4.32
0.09
2.98
2.25
0.61
0.29
5.9
0.361
101

2.43

1.85

0.40
3.00
6.18
0.07
3.94
0.94
0.48
0.29
8.4

2.15
101

2.48

13.4

2.19
5.14
0.12
2.09
2.86
2.69
0.70
3.74
1.00
0.37
0.40
0.093
100
2.38
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Table 5 (continued).

Analyses of Unaltered and Altered Rocks
Hudspeth(?) Fm.

Mudstone clast
Sample No.

132480

132481

Columbia
River Gp.
Basalt
132468

Chemical analyses (weight percent)
Si02
Ti02
2O3

Fe2 03

69.7
0.97

64.3
1.06

15.3
1.47

16.1

FeO
MnO

3.48

MgO
CaO

2.72
0.33
0.78
3.08
3.08
0.70
0.18

Na20
K20
H20
H20
P205
CO2
S

Total
S. G.

0.21

0.4

0.337
103
n.d.

0.95
3.97
0.11
2.32
0.67
0.24
3.98
3.55
0.86
0.23
0.4
0.685

99
n.d.

50.2
1.57
16.0

4.69
7.54
0.20
6.06
10.46
2.84
0.44
0.14
0.40
0.37
0.1

0.023
101

2.76

Notes:
Major oxides determined by ICP-AES except FeO determined by wet chemistry; H20- by Leco
RMC 100; CO2 by Leco-Gasometric; and S by Leco-TR Detector. All analyses by Chemex
Labs, Inc.
Surface sample locations are shown on plate 2.
Sample No. 132457 from dike on crest of ridge on west side of Judy Creek (UTM Zone 10),
4919350 meters N and 710200 meters E.
Sample No. 132478 from drill hole ODDH1 at 139'.
Sample No. 132456 from "Station 98," located halfway between the Pett and Center veins in
the Mayflower adit.
Sample No. 132476 from back face of Mayflower adit.
Sample No. 132475 from north rib of Mayflower adit, 30' from back face.
Sample No. 132485 from drill hole ODDH2 at 114'.
Sample No. 132477 from drill hole ODDH1 at 121'.
Sample No. 132479 from drill hole ODDH4 at 488.5'.
Sample No. 132464 from south side of State Highway 26, 2.7 miles east of Ochoco Summit.
Sample No. 132480 from drill hole ODDH4 at 479.5'.
Sample No. 132481 from drill hole ODDH4 at 499.5'.
Sample No. 132468 from the summit of Round Mountain.
See Appendix 2 for sample preparation techniques.
S.G. = Specific gravity
n.d. = not determined
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Table 6.

Analyses Converted to Grams per 100 Cubic Centimeters
Sample No.

132457

132482

132477

132470

132478

132483

132456

132465

Si02
Ti02

150
2.25

156
2.00
42.2
7.05
7.53
0.25
6.64
12.2
8.54
3.45
5.27
3.93
0.71
4.56
0.05

159

149
2.29

155

157

150

146
2.03
37.8

203

42.3

Fe203
FeO
MnO
MgO
CaO

11.2
5.17
0.25
5.67
13.1

Na20

9.60
4.80

1(20

H20

1.37

H20-

4.52

P205

1.12

CO2

0.50
0.05

S

2.23
44.6
8.08
7.24
0.34
5.83
16.8
8.14

15.3
8.51

3.46
3.67
0.45
0.76
5.25
0.24

3.05
7.61
8.62
0.73
9.07
0.03

2.05
43.0
3.08
11.6
0.39
6.65
13.2
6.47
3.99
5.95
2.74
0.78
9.32
1.08

41.4
12.8

3.40
0.18
8.24

2.21
41.9
6.89
8.63
0.31
5.72
14.0
8.50
2.70
6.37
2.37
0.75
8.06
0.05

2.02
40.4
3.67
10.6

0.30
5.09
11.7
5.88
4.46
7.80
1.80
0.67
6.73
0.91

Sample No.

132467

132471A 132476

132475

132484

132485

132479

Si02
Ti02

158

152
2.01

151
1.98

147
2.05

135

41.5
4.79
9.19
0.48
5.32

41.8

146
1.87
38.7
3.30
9.43

136
1.54
37.7
8.57

Al203
Fe2O3

FeO
MnO
MgO

CaO
Na20
1(20

H20
H2OCO2
S

2.22
39.4
6.70
9.57
0.29
7.46
14.1

7.69
3.56
5.40
2.27
0.73
8.08
0.08

11.8
4.41

7.61
6.08
0.48
4.93
11.9
4.01
7.64

0.36
4.83
13.1

3.31
1.20

2.80

4.20
5.73
5.08

1.03

1.55

0.69
8.66

0.68

0.66

8.01

2.11

3.96

10.9
0.64

8.79

38.0
9.28
6.10
0.29
4.89
10.2

5.46
3.15
5.29
4.65
0.64
6.91
0.14

2.26
34.5
4.98
11.2
1.42
12.9
10.4

0.22
7.17
5.41
1.47

0.70
14.2

0.87

9.86
4.83
0.42
4.64
11.3

4.05
6.18
6.79
3.22
0.71
7.57

0.46

4.59
0.99
7.45
15.4

0.17
9.78
2.33
1.19

0.72
20.9
5.34

Notes:
Density determinations by immersion method (Sinkankas, 1964). All values are ±0.01 glcm3.
Grams of oxides based on 100 g of sample.
Grams of oxides are calculated on oxides normalized to 100%.
Samples 132464, 132480, 132481, and 132468 are not determined.
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Grant (1986), and MacLean (1990). Each of these authors point out the problems in
assuming constant volume and density. Barton and others (1991) note that in hydrolytic
alteration or hydrogen metasomatism H20, CO2, and S are commonly added with the
concomitant exchange of hydrogen ion for Na, K, and Ca. They also note that there also

may be minor to complete leaching of Na, K, and Ca. According to Meyer and Hemley
(1967), there is little mass change with intermediate argillic alteration. The same situation

is true for propylitic alteration where there is only negligible addition of H20 and minor
substitution of carbonate and sulfide for silica (Seedorf, 1991).

Changes in bulk composition due to the loss-gain of major and trace elements are

shown in Figure 6. Significant losses are in Na20 with substantial gains in K20, CO2.
and sulfur. Minor losses are seen in Si02 and Al203, along with small gains in MnO.
The least amount of change is observed in Ti02 and P205. There does not appear to be a
consistent pattern of gains and losses relative to increasing intensity of alteration, except for

Na20 and CO2. Samples 132485 and 132479, with advanced argillic alteration, have

losses of Si02 and Na20, offset by gains of CO2, K20, and MnO. In contrast, the other
samples with advanced argillic alteration (132475 and 132484) have less losses and gains

than samples 132485 and 132479. This difference suggests that two styles of argillic
alteration have occurred, one with an exchange of ions, the other with the ions remaining
essentially immobile.
The largest changes of any component are those involving the addition of CO2, which

attests to the presence of CO2-rich hydrothermal fluids during alteration. With the
exception of sample 132484, an increase in the intensity of alteration is marked by

commensurate additions of CO2 and K20. Sulfur appears to have reacted differently than
CO2, with no apparent similarity to the CO2 enrichment pattern. This apparent lack of
correlation may be attributed to the CO2 and sulfur species either belonging to different

fluids or, as is more likely, to different host rock reactions with the hydrothermal fluids.
Factors such as rates of reaction, rock texture and grain size, fractures, rate of fluid flow,
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and fluid residency time would influence the relative amount of CO2 and S introduced into
the host rocks.

Nonsystematic variation in the H20+ content may be ascribed to minor variations in
the amount of hydrous mineral phases incorporated in the rock during hydrothermal

alteration. In altered rocks H20 is assumed to reflect the degree of postmagmatic
alteration resulting from low temperature (<110°C) processes such as weathering, which

introduces "absorbed" water to the rocks (Barker, 1983). Loss of H20 reflects the
dehydration of absorbed water by heating during the analytical process.

The relationship between Fe203 and FeO does not display a consistent pattern relative
to the intensity of alteration. Instead the values probably reflect the difference in oxidation

states of Fe3 and Fe2 which is affected by the amount of supergene oxidation.
As previously described the abundance of calcite and the absence of epidote in the
propylitic assemblage may be explained by the presence of abundant CO2 in the

hydrothermal system. According to Creasey (1966) epidote does not form in the chloritecalcite-kaolinite (or montmorillonite) assemblage because CaO is taken up by the
formation of calcite, FeO by chlorite, and Al2O3 by kaolinite.

Sample 132464 (Clarno Formation lacustrine tuff) and samples 132480 and 132481
(clasts of Hudspeth(?) Formation mudstone) were analyzed to determine from which

formation the mudstone clasts in the lithic lapilli tuff unit were derived. The chemical and
petrographic comparisons indicate that the clasts are not from the Clarno Formation, and
have a close affinity with Hudspeth Formation mudstones (A. Niem, personal
communication, 1987).
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Soil geochemistry

Anomalously high concentrations of metals (gold, silver, zinc, copper, and lead) occur
in and near the vertical extensions of northeast-trending structures that are exposed in the
upper Mayflower adit. The structures that are exposed underground do not appear to be
significantly mineralized except locally within narrow sheeted veins of calcite and only
sparsely in the adjacent wall rocks. It is possible that the soil anomalies reflect supergene
enrichment of gold and silver either by residual metals that have been immobilized and

concentration or by fixation with iron and manganese oxides in the soils. Buffering of
humic acids in the soil by carbonate may have enhanced the concentration of gold and
silver by limiting the amount of solution transport (Rose and others, 1979). Surficial
waters in the soil would have had a near neutral pH, thus minimizing the amount of metals

that might undergo dissolution. Metals, once fixed in the soils, could only undergo
dispersion through mechanical transport downslope. This dispersion mechanism argues
against hydromorphic transport where the metals are taken up in solution, usually with the
aid of humic acids, and transported downslope in solution (Rose and others, 1979).

Moreover, these metal anomalies in soil appear to be enriched relative to concentrations in
the host rock that they overlie and distributed over much wider areas than their source
veins.
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Statistical analysis of assay data

A variety of graphic techniques have been developed that may be used to clearly

portray large sets of geochemical data. These techniques are useful for interpreting an
assortment of geochemical data, such as assays of soil and rock chip samples. One of the
problems these techniques attempt to overcome is how to adequately deal with large
populations of samples from different geologic environments and quantitatively represent
the results. Two types of measurements are fundamental to the statistics of geochemical
data: central tendency and dispersion. Central tendency is the mean value of a population
of samples, as measured by arithmetic mean, median, mode, and or geometric mean.
Dispersion is the spread of values within a sample population, as measured by range,

variance, standard deviation, and percentiles (Sinclair, 1986). For the purposes of this
study the mean, median, standard deviation, variance, and standard error are reported.

Exploration drilling in the study area has yielded over 11,000 assays for gold, silver,
antimony, lead, zinc, arsenic, and copper (Table 7). To graphically represent each sample
population, the data for each element has been plotted on a log-probability graph as
described by Lepeltier (1969) and Sinclair (1976). Each drill sample was collected from a
maximum 5-foot interval and analyzed for two to seven elements. Several assumptions
were made in using the data: samples analyzed at different laboratories are treated as a
single population; the intrinsic qualities of the samples are the same (i.e., method of
collection, handling, and preparation); and the absolute length of drilled interval is the same
(i.e., a sample from a 5-foot interval is weighted no differently than a sample from a 2-foot
interval). To avoid smoothing out the data by grouping the assays into regular intervals
(i.e. all samples that fall into the range of 0.1 to 1.0 ppm are considered as a single group

regardless of the actual concentration), samples having identical concentrations were
grouped together, even if the group contains only one sample.

Three populations of samples were defined and examined in this research. Those
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Table 7.

Summary Statistics of Drill Hole Assays
Combined Drilling
Maximum1'

Sum
Number ofsamples
Mean
Median
Root Mean Square
Standard Deviation
Variance
Standard Error

Au (ppm)
0.002
5.1

436
2396
0.182
0.070
0.440
0.400
0.161
0.008

Ag (ppm)
0.01
92

4133
2395
1.73

0.80
4.28
3.91
15.3

0.08

Sb (ppm)

Pb (ppm)

1

1

1870

5800
193915
1348
144
29
454

47970
1237
39
21
127
121

14655
3.4

430
185145
12

Zn (ppm)
2
6000
370153
1346
275
97
626
563
316424
15

As (ppm)

Cu (ppm)

1

12

2200
235171

435
63067
969

1508
156
69
290
245
59963
6.3

65
52
80
46
2130
1.5

Gold Hill Area
Minimum
Maximum
Sum
Number of samples
Mean
Median
RootMean Square
Standard Deviation
Vaziance
Standard Error

0.003
4.37
269
1472
0.183
0.075
0.438
0.398
0.158
0.010

0.01

44
2253
1471
1.53

0.70
3.44
3.08
9.47
0.08

2
1870
25817
598
43
24

2
1780
45142
711
64
27

127
119

150
136

14350
4.9

18382
5.1

2

1

12

4450
139768

2100
174761
1222

435
40715
682
60
49
74
43

711
197
95

442
396
157111
14

143

60
269
228
52137
6.5

1873
1.7

Red Bird Hill Area
Minimum
Maximum
Sum
Number of samples
Mean
Median
RootMean Square
Standard Deviation
Variance
Standard Error

0.002
5.1
166

924
0.180
0.055
0.440
0.4 10

0.160
0.010

0.01

92
1879
924
2.03
0.90
5.35

4.95
24.5
0.16

1

1

25

5

15

1835

5800
148773
637
234

6000
230385
635
362

1700
58210
285
204
110
343
276
76259

415
22352
287
78
68
93
50
2516

16

3

22152
639
35
17
127
122

14928

4.8

32

105

641

782
693
480713
28

597
356324
24

aSamples below detection limit were set equal to one-half detection limit.
bHigh values for Sb, Pb, Zn, As, and Cu were truncated from data set and not used in statistical
calculations.

populations consist of the entire set of drill assays and two subsets. The first subset is
from drilling in the Gold Hill area and the second subset from drilling in the Red Bird Hill
area. The same descriptive and statistical techniques were applied to each subset.
Differences in geology and mineralization between the two areas, in addition to a fault
separating the areas, suggest that two distinct sample populations exist. These differences
are reflected in the distribution of the assay data as shown in Figures 7A through lOB.

A number of observations can be made based on the log-probability graphs. Above
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0.2 ppm, the gold concentration is roughly the same for both areas, but below 0.2 ppm,
Gold Hill has slightly higher values than Red Bird Hill. Silver follows a different pattern,
with slightly higher silver concentrations in Red Bird Hill and lower values at Gold Hill.

The values for silver are coincident between 0.1 to 1.0 ppm. Red Bird Hill consistently has

higher arsenic values than Gold Hill. These distribution patterns suggest slightly different
mechanisms of metal deposition between the two areas. Gold, silver, and arsenic each
have lognormal populations as shown by a straight line on the probability graphs (Figures

7A, 7B, and 9B). The "stair-step" pattern observed in the lower concentrations is an
artifact of analytical techniques where the values have been reported in regular increments.
The distribution of lead between the two areas indicates a partial bimodal distribution,
divided at the 20 ppm level (Figure 9A). The concentration of lead is slightly elevated in
Gold Hill in the 1 to 20 ppm level; above the 20 ppm level, lead is significantly higher in
Red Bird Hill. Copper also has a bimodal distribution with a break at approximately 30

ppm (Figure 8A). However, copper differs from lead in that it is more concentrated
throughout its entire range in Red Bird Hill. This is analogous to the pattern displayed by

arsenic. Antimony displays a much more complex population distribution than any other
element (Figure 8B). It appears to have a different pattern of distribution between both
areas, with an elevated, bimodal distribution in Gold Hill and a polymodal distribution in

Red Bird Hill. Antimony distributions overlap between 80 and 170 ppm. In contrast, zinc
concentrations are markedly elevated above 100 ppm in the Red Bird Hill area, but they

exhibit an identical bimodal distribution in both areas (Figure bA).
Correlation coefficients may be used, in a general sense, to infer the interrelationship of

elements, to one another and probably between coexisting mineral species. Linear
correlation coefficients (r), the measure of similarity between paired data, display
relationships between a number of elements, notably, silver-lead, lead-zinc, lead-copper,

and zinc-copper (Table 8). In this case, the level of significance is defined as r .707, or
50 percent of element-element variability explained by a straight fitted line of linear
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regression (Koch and Link, 1971). The correlation coefficients between Gold Hill and Red
Bird Hill are similar, albeit the lead-copper coefficient for Gold Hill falls below the .707

threshold. The correlation coefficients for depth (feet above mean sea level) versus gold,
silver, lead, zinc, arsenic, and copper reveal a weak inverse correlation for the Gold Hill
area. This suggests that the concentration of these elements slightly decreases with
increasing depth. There are no inter-element associations with gold, although there appears
to be a weak correlation between gold and arsenic in Gold Hill, and to a lesser extent with
all of the elements in Red Bird Hill.
Gold to silver (Au:Ag) ratios were calculated using the entire drill assay data set and

taking a median value of the individual ratios. The higher the Au:Ag ratio the more gold is

present in the sample relative to silver. In the literature, the most common method of
calculating Au:Ag ratios is to use production records. Because of the uncertain quality of
the district production information (Table 1), ratios were calculated from drill assays.

Ratios ranged from a high of 1:0.16 to a low of 1:330, with a median value of 1:11. The
lognormal distribution of the ratios supports the use of the median value (SOth percentile)

for the average ratio (Figure lOB). Gold Hill has an Au:Ag median ratio of 1:9.6, Red
Bird Hill a median ratio of 1:16. Approximately 99 percent of the samples from Red Bird
Hill have higher Au:Ag ratios than Gold Hill samples.

Discussion
Basic statistical analysis of multi-element assays from drill core reveals a number
of significant trends in mineralization. Gold Hill has higher gold concentrations than Red
Bird Hill, with Red Bird Hill having consistently higher base metal values than Gold Hill.

In Gold Hill, the elevated levels of base metals in the low concentration range may be
attributed to, low background levels of the metals, distance from source, or a waning stage

of mineralization. The weak partial correlation between gold and arsenic values at Gold
Hill implies that gold is associated with an arsenic-bearing mineral phase, such as
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Figures 7. Probability graphs of gold (A) and silver (B) in drill cuttings and core.
Cumulated from low to high values.
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Figures 8. Probability graphs of copper (A) and antimony (B) in drill cuttings and core.
Cumulated from low to high values.
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Figures 9. Probability graphs of lead (A) and arsenic (B) in drill cuttings and core.
Cumulated from low to high values.
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Table 8.

Correlation Coefficients (r) of Drill Samples
Combined Drilling
Deptha

Depth
Au
Ag
Sb

Pb
Zn
As
Cu

Au

Ag

Sb

Pb

Zn

As

Cu

1

.131
.103
.096
.063

-.055
-.037
-.007

1

.420

1

.352
.394

.258

.301

724b

1

.407

1

.620

.161

.774

1

.433

.356

.162

.250

.294

.398

.682

.308

.791

.731

.214

Gold Hill Area

Depth
Au
Ag
Sb

Pb
Zn
As

Cu

1

-.117
-.406
.085

-.407
-.323
-.486
-.426

1

.236
.105
.128
.149
.593
.139

1

.351
.790
.628

.480
.553

1

.230
.053
.177
.098

1

.709
.443
.609

1

.426
.856

1

.414

Red Bird Hill Area
Depth
Au
Ag
Sb

Pb
Zn
As
Cu
a

b

1

.164
.128
.089
.053

-.088
-.041
-.009

1

.442
.377
.420
.317
.433
.429

1

.255
.722
.620
.350
.692

1

.408
.162
.160
.317

1

.779
.242
.805

1

.286
.720

1

.203

Depth used in calculating correlation coefficient is in feet above mean sea level.
Coefficients in bold type are .707.

arsenopyrite. Similar mineralogic inferences may be drawn from the stronger interelement correlations: silver-lead, lead-zinc, lead-copper, and zinc-copper. Their respective
mineral associations are argentiferous galena, galena + sphalerite, galena + chalcopyrite,

and sphalerite + chalcopyrite. Each of these mineral pairs are commonly found
intergrown. In drill cuttings and core, high gold values are coincident with abundant
sulfide minerals, but there are many zones with strong sulfides and little or no gold. This

type of antipathetic association is corroborated by the weak correlation coefficients between
gold and the other elements.

71

GENETIC MODEL AND DEPOSIT CLASSIFICATION

The Ochoco deposit has characteristics of both epithermal and mesothermal deposits,
as described by Lindgren (1933), however Guilbert and Park's (1986) modified the
Lindgren classification, thus eliminating the mesothermal catagory. Based on Guilbert and
Park's (1986) classification scheme the deposit has characteristics of both epithermal
deposits (shallow to intermediate depths, 50 to 300°C, and low pressure), and Cordilleran
Veins (hydrothermally transported ore deposited in faults and fractures with open-space
filling, polymetallic, shallow depth, sulfide sulfur isotope ratios close to zero per mu, and
structurally controlled).

Various epithermal models describing volcanic-hosted epithermal gold-silver deposits
have been published during the past decade (e.g. Buchanan, 1981; Berger and Eimon,
1983; Sillitoe and Bonham, 1984; Hayba and others, 1985; Hedenquist, 1987; and Berger

and Henley, 1989). Two excellent summaries have recently been written on epithermal
gold-silver deposits by Bonham (1989) and Berger (1991). The epithermal precious metal
deposit has long been recognized as a separate model based on distinctive textural and

mineralogical features (Lindgren, 1933). These models are generally descriptive and
attempt to categorize deposits based on specific geologic, geochemical, and mineralogical
characteristics with little or no emphasis on the process of formation.

In addition to epithermal deposit characteristics the Ochoco deposit has similar features
found in the Cordilleran Vein type deposits, as described by Sawkins (1972) and
summarized in Guilbert and Park (1986). These features are; association with calc-alkaline
magmatism, hydrothermally transported metals, open-space filling in faults and fractures,
shallow level of deposition, metal zonation in the veins,

4S values clustered around O%o,

structurally controlled mineralization, and are dominantly base-metal rich. Guilbert and
Park (1986) point out that the Cordilleran Vein type deposits have similarities to porphyry
systems and may represent the shallow extensions of the deeper porphyry style deposits.
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Margolis and others (1991) have proposed the use of a process-oriented deposit

classification instead of the typical descriptive type of classification. Of these two methods
of classification, the descriptive methodology is more useful because of the abundance of

descriptive classifications in the literature. Chavex (1991) supports the use of a descriptive
model, especially in areas where deposits have not yet been studied in detail. One flaw in
both methods is that they rarely present quantitative data, instead using subjective terms to

quantify deposit characteristics. This lack of quantative data presents a particular problem
for the present study because there are no comparable sets of data published for similar

gold-silver deposits. Heald and others (1983) pointed out this same problem in attempting
to compile data from a wide range of deposits. Their efforts were frustrated by the lack of
quantitative data available for volcanic-hosted epithermal precious and base metal deposits.

Margolis (oral communication, 1991) pointed out that the lack of quantitative data for such
deposits requires the use of subjective terms such as "base metal-rich" without defining a

range for "-rich" or "-poor." In part, this study attempts to present quantitative data to
overcome this problem.

Key features of the deposit are summarized in Table 9 and discussed below. These
features were selected to best describe the deposit in a manner similar to Hayba and others
(1985), Hedenquist (1987), Heald and others (1987), and Berger and Henley (1989).

Characteristics pertaining to fluid composition, paleodepth, and temporal and spatial
variations in host rock composition and mineralization are not discussed because the

necessary data are lacking. Other subjects are covered briefly because of limited data.

Host rock composition
Materials of andesitic composition, using Gill's (1981) nomenclature (Si02 from 53 to

63 weight percent, 1(20 <(0.145 x Si02 - 5.135), and Ti02 < 1.75%), make up the bulk
of the rocks in the study area. Texturally these rocks are flows, tuffs, and breccias (both
hydrothermal and tectonic), with minor post-mineral dikes. Chemically and
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Table 9.

Summary of Deposit Characteristics
Characteristic

Ochoco Deposit

Sulfide minerals

Pyrite, sphalerite, galena, chalcopyrite,
stibnite ± pyrrhotite ± cinnabar ± electrum

Gangue minerals

Calcite, rhodochrosite, clays ± quartz

Temperature of formation

1500 to 320°C

Sulfidation

Lowa

Rangeandmean( X)of

Au 0.002to5

X=0.182

Ag 0.01 to 90

X= 1.73

Sb ltol,900
Pb ito6,000

X=39
X=144
X=275

metal concentrations (ppm)

a

Zn 2to 6,000
As ito 2,200

X= 156

Cu 10to450

X=65

Gold to silver ratiomedian

i:llb

Host rocks

Andesite flows, tuffs, and breccias

Alteration

Regional diagenetic
Widespread propylitic
Moderate argillic in permeable tuffs and
breccias
Locally advanced argillic along structures

Alteration minerals

Sericite, chlorite, pyrite, calcite, ± quartz, ±
kaolinite

Distribution of metals

Disseminated pyrite with or without gold
Polymetallic base metal + gold in carbonate
veins
Discontinuous to stockwork pyrite veinlets
Weakly disseminated arsenopyrite ± pyrrhotite

Age of host rock

50.8 ± 0.9 Ma

Age of mineralization

46.4 ± 0.5 Ma

Sulfur isotopessulfides

0.8 to 2.9 34S%O

Tectonic setting

Proximal to a stratovolcano
Locally small intrusives and breccias
Abundant faulting in and near deposit

Criteria for "low sulfidation" from Sillitoe (1990).
b Although the Ochoco deposit would be classified as a silver-gold deposit according to Nolan (1933)
and Ferguson (1929), the bulk of recorded production is from gold, not silver (Table 1), and the upper
limit for the gold-silver classification is 1:10. For the purpose of this study, the Ochoco deposit will
be referred to as a gold-silver deposit.
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mineralogically the rocks have similar compositions, the only exception being the basal
lithic lapilli tuff with mudstone clasts.

According to Hayba and others (1985), the composition of host rocks is not a
controlling factor in the formation of ore. They further state that the lack of a genetic tie
between the host rocks and mineralization in an adularia-sericite system is implied by the
difference in age between the volcanic host rocks and ore deposition. In the Ochoco

deposit, host rock composition plays a role in that sulfides are often found replacing mafic
minerals, where sulfur and metal-bearing fluids react with primary iron-bearing minerals.

Gold to silver ratio
Ferguson (1929) and Nolan (1933) used gold to silver ratios to classify and subdivide
epithermal deposits; gold to silver ratios of 1:1 to < 10:1 are gold-silver deposits and ratios

of 1:10 to> 1:100 are silver-gold deposits. Nolan (1933) has described the type of
minerals related to both of these types of deposits. Commonly found in the silver-gold
deposits are electrum, silver sulfides, sulfosalts, and selenides; base metal sulfides; and

complex arsenic- and antimony-bearing sulfosalts. With a median gold to silver ratio of
1:11, the Ochoco deposit falls just outside of the gold-silver and in the silver-gold category.
This is supported by the presence of base metal sulfides and anomalous high
concentrations of arsenic and antimony.

Temperature of formation
Fluid inclusions of sufficient size and quality to determine temperature of formation

and fluid chemistry were not found. This lack of inclusions in vein material is inferred to
indicate that boiling did not take place in the deposit during the hydrothermal event(s).

Instead, the temperature of formation was calculated from sulfur isotopes on sulfide
mineral pairs. The calculated temperatures range from 150° to 320°C, marginally placing
them in the upper range of Lindgren's (1933) epithermal deposits (50 to 200°C) and within
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the mesothermal classification (200 to 300°C). Guilbert and Park (1986) have modified
the temperature range of Lindgren' s hydrothermal deposit classification to include an upper
limit of 300°C, but they have eliminated the mesothermal subdivision. Instead of using

Lindgren's mesothermal deposit classification Guilbert and Park (1986) proposed a
porphyry base metal deposit classification with a temperature range of 200 to 800°C. Ore
deposition associated with hydrothermal activity takes place at approximately 200° to
300°C in adularia-sericite and acid-sulfate hydrothermal systems, with late-stage activity
ranging between 140° and 200°C (Hayba and others, 1985).

Sulfidation
Sillitoe (1990) has suggested a first-order division of epithermal deposits into high-

sulfidation/acid-sulfate (HS) and low-sulfidation/adularia-sericite (LS) types based

primarily on alteration mineralogy. HS deposits contain sulfides with a high sulfur to
metal ratio (such as enargite, luzonite, chalcocite, and covellite) and are enclosed in an

envelope of advanced argillic assemblages. LS deposits contain sulfides characterized by a
relatively low-sulfidation suite of minerals (such as pyrite, sphalerite, and galena) and are
associated with sericitic or intermediate argillic alteration assemblages. Each deposit type
is generated by essentially dissimilar fluids: the HS type from acidic, sulfur-rich, oxidized
fluids, and the LS type from neutral-pH, sulfur-poor, reduced fluids (Heald and others,
1987).

In addition to HS and LS deposit types differing in alteration and original fluid
chemistry, Sillitoe (1990) has noted that they fall into different tectonic settings. HS
deposits tend to be restricted to simple volcano-plutonic arcs in both island arc and

continental arc settings. Sulfide-rich LS deposits are also found in similar arc settings.
However, sulfide-poor deposits are hosted by either subalkaline rhyolitic or alkaline rocks
found in extensional arc terrains.
The Ochoco deposit falls into the LS deposit category because of the presence of
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sericite, ubiquitous carbonate veins, and relatively high (lO percent by volume) sulfides
(principally pyrite, sphalerite, and galena). Characteristic of an LS system, the alteration at
the deposit tends to be areally restricted, with a subtle to moderate propylitic zone and

narrow zones of argiflic alteration. Although LS systems are commonly characterized by
abundant quartz veins, fillings, and replacements, little quartz is present in the Ochoco
deposit. This indicates that little silica was available to form quartz veins or extensive

siicification.

Alteration
Host rock alteration is one of the most significant macroscopic characteristics necessary

to classify an epithermal system. Many of the classification schemes rely on alteration

mineralogy and geochemistry as a "first pass" to categorize a deposit. The Ochoco deposit
is not easily classified because of its lack of extensive silicification and quartz veining and

the apparent lack of adularia. The little quartz that is present is usually found in areas of
supergene alteration or as localized zones of finely disseminated quartz derived from the
alteration of plagioclase feldspar. Silicification is an uncommon and restricted feature,

resulting not from the introduction of silica by fluids, but by the breakdown of
aluminosilicates and the release of silica.

Typical of volcanic-hosted epithermal systems is a crude deposit- to vein-scale zonation

of alteration. Peripheral to the Ochoco deposit is a widespread zone of hydrothermal
propylitic alteration that imperceptibly grades into the regional diagenetic alteration typical

of the Clarno Formation. Chlorite, calcite, iron oxides, and minor pyrite are common
within the propylitic zone. Inside the propylitic zone are narrow zones of advanced argillic
alteration along structures. These advanced argillic zones are characterized by clay and
pyrite grading rapidly outward into a zone of intermediate argillic alteration with sericite,

calcite, and pyrite. Intermediate argillic alteration is also found in permeable tuffs and
breccias. Supergene alteration in the form of strong bleaching and kaolinite(?) is typically
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found in the oxidized zones above structures with advanced argillic alteration. Recent

supergene alteration is also coimnon in the underground workings, where clay and ironoxides are found to occur along fractures in rocks with pervasive intermediate argillic
alteration.

In many respects, the alteration at the Ochoco deposit is typical of volcanic-hosted

epithermal systems, except for the lack of quartz veining and silicification. Other than
silicification and the limited extent of alteration, the Ochoco deposit has many features in

common with the adularia-sericite type deposits described by Heald and others (1987).

Age relative to mineralization
Timing of ore deposition relative to the emplacement of the host rocks is an important
characteristic in distinguishing between acid-sulfate type and adularia-sericite type deposits

(Heald and others, 1987). Acid-sulfate type systems generally are closely spaced in time,
with mineralization following emplacement of the host rocks by < 0.5 m.y. This is in
contrast to the adularia-sericite type systems that usually have> 1.0 m.y. between host rock
emplacement and mineralization. It appears that the adularia-sericite systems were
removed from the heat source that formed the host rocks, but maintained structural
conduits that allowed subsequent mineralization and alteration to take place.

At the Ochoco deposit, there is a difference of 4.4 m.y. between emplacement of the
host rocks and alteration. It should be noted that the age of emplacement is based on a dike
sample taken approximately 1.25 miles from the center of alteration. In any case, there is a
time gap of approximately 1.0 m.y. to 5.0 m.y., placing this deposit well within the range
of typical adularia-sericite type systems. The only evidence of post-mineral intrusive
activity is a coarsely porphyritic andesite dike that is propylitically altered but

unmineralized. Detailed age relationships in this deposit need to be determined using
radiogenic dating techniques and field relations.
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Sulfur isotopes
Although only limited sulfur isotope determinations are available for the Ochoco

deposit, all cluster around zero per mu. This distribution suggests a magmatic source for
the sulfur, which may have come directly from a deep-seated(?) intrusive body or may
have been derived from the volcanic country rocks. Within the regional stratigraphy, there
does not appear to be any other suitable sources for sulfur with this isotopic signature.

Distribution of metals
Metals are distributed throughout the deposit as veins (usually sheeted), discontinuous

stockworks, and as disseminations. Historical mining focused on the sheeted carbonate
precious and base metal sulfide veins, so little material is left for study. The bulk of
mineralization is represented by disseminated sulfides and narrow carbonate veinlets with
pyrite, sphalerite, and minor galena and chalcopyrite. Unlike district-scale mineral zonation
that is commonly found in epithermal districts, the Ochoco deposit is areally restricted and
the zonation subtle.

As previously described, the deposit may be divided along Scissors Creek into the
Gold Hill area to the north and the Red Bird Hill area to the south. Each of these areas has
a distinct distribution of metals, with Gold Hill being predominantly gold rich and Red

Bird Hill having mainly silver and base metal sulfides. The occurrence of metals differs
slightly in that Gold Hill contains the greatest concentration of sheeted veins along

structures and widely disseminated sulfides and Red Bird Hill contains narrow veins along
structures and more spatially restricted disseminated sulfides.

There are three possible mechanisms to explain the distribution of metals. First, there
may have been a single mineralizing system in which the Scissors Creek fault is postmineral and has offset and juxtaposed the base metal zone against the gold-rich zone. In
this instance, mineralization was early and at a short distance from the heat and fluid

source, followed by post-mineral faulting and vertical offset. Another possibility is that
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two separate systems, the base metal-rich Red Bird Hill and the gold-rich Gold Hill, are

separated by the Scissors Creek fault. Faults in Scissors Creek may have restricted the
lateral flow of hydrothermal fluids to Red Bird Hill. Third, Red Bird Hill is the distal base
metal part of a single system that is cut by the Scissors Creek fault, but the fault does not
significantly offset the metal zonation. Red Bird Hill differs because of its proximity to
heat and fluid sources, hence it may have been formed from hotter and slightly metal
enriched fluids. Gold Hill would represent the cooler, shallower, precious metal-rich part

of the system.

Concentration of metals
As previously discussed, there are anomalous concentrations of Au, Ag, Sb, Pb, Zn,
As, and Cu in the Ochoco deposit. Little comparative data appears in the literature on the
concentration of these metals in other similar deposits. The presence of these anomalous
metals, the mode of occurrence, and the geologic setting are permissive of a weak

porphyry copper system at depth. However, the low values of copper relative to the other
base metals suggest that either a porphyry copper system did not develop, or that the high
level gold system represented by the Ochoco deposit is not genetically related to a deeper

porphyry system. This inference is based on the models discussed by Sillitoe (1973),
Bumham, (1979), Sillitoe and Bonham (1984) and Sillitoe (1988). The Ochoco deposit
lacks certain key features that would support an association with a porphyry copper

system. Missing features are: high concentrations of base metals; copper-arsenic
mineralization; greater abundance of copper sulfides relative to pyrite; and widespread

hydrothermal alteration (Sillitoe, 1988). These missing features do not exclude the
possibility that the Ochoco deposit overlies a "failed" or unmineralized porphyry system.
In contrast to the previous arguments, the physiochemical conditions might have been
unsuitable to develop a metal zonation pattern suggestive of a deep mineralized intrusive.
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Tectonic setting
On a continental scale, volcanic-hosted epithermal deposits are usually associated with
subduction zones at plate boundaries and areas of crustal extension with elevated heat flow.

Within this environment, volcanic arcs consisting of stratovolcanos, calderas, domes, and

flows are formed from subduction-generated magmas. Mineralization is commonly found
within each of these volcanic landlorms (Sillitoe and Bonham, 1984). Multiple generations
of structures that typically consist of faults and fractures, are typically found to be

associated with mineralization. According to Heald and others (1987), there is only minor

volcanism subsequent to ore deposition. This inference suggests that mineralization is
formed during the waning stages of a magmatic system when an ore-bearing hydrothermal
system cools to the appropriate temperatures necessary to deposit ore minerals. In terms
of mineralization within a plate tectonic setting, Kesler (1973) has noted that gold

associated with porphyry copper deposits is present in areas where the porphyry systems
were emplaced in thin continental crust.

Based on trace element chemistry, Rogers and Ragland (1980a) have inferred that the

Clamo Formation rocks, which hosts the Ochoco deposit, is a sequence of volcanic and
volcaniclastic rocks whose magmas were generated in a subduction zone setting and
subsequently erupted onto a continental margin. According to Rogers and Ragland (1980a)

the volcanic rocks were erupted through an area of thin continental crust. This area of thin
crust is probably a transition zone between oceanic and continental crust. Such an
interpretation is supported by geophysical and geochemical data according to Walker and

Robinson (1990). Bouguer gravity data suggest a thin crust in central Oregon. The gravity

data is, however, somewhat ambiguous. A comparison of lithophile elements from Clarno
Formation volcanic rocks to samples from island-arc and continental margin rocks exhibit

similar abundances. It may be argued that there are porphyry copper deposits with
associated gold in the Clarno Formation; however, the Ochoco deposit does not appear to
be directly related to a porphyry copper system.
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The total distribution of volcanic rocks in the Clarno Formation volcanic arc is
unknown because of younger cover, thus the location of all the eruptive centers is not

known. However, south of the Ochoco deposit and within the deposit itself are a number
of eruptive centers. These centers are small porphyritic andesite plugs, dikes, and breccia
pipes. Such features have been interpreted as eruptive centers based on their textures and
stratigraphic relationships with the surrounding flows and volcaniclastic rocks. Northeaststriking master faults with secondary northwest-striking faults cut through the volcanic pile
and localize mineralization in and along structures. Faults also appear to both localize and
offset a breccia pipe in the center of the deposit. The temporal and spatial relationships
between eruptive centers and structures are not clear, but it appears that volcanism was

localized along existing(?) structures. Alteration also is present along structures,
suggesting that they acted as post-intrusive fluid conduits. The structurally controlled
alteration is most intense near the core of the deposit, but decreases in intensity outward
and upward from the center of the deposit.
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SUMMARY AND CONCLUSIONS

The geologic history of the Ochoco gold deposit is a complex sequence of events
encompassing volcanic activity, hydrothermal alteration, mineralization, faulting, and

geomorphic processes. On a regional scale, similar processes have taken place throughout
the Clarno Formation in central Oregon.
Small-scale placer and lode mining was first reported in the early 1 800s, with the

principal placer workings along Scissors Creek, Wadkins Gulch, Stevenson Gulch,

Ochoco Creek, and several other small drainages. Lode production from the district was
mainly from the Ophir-Mayflower mine, with minor production from several small
workings on the south side of Gold Hill and on Red Bird Hill. Placer mining decreased in
importance as the placers were worked out in 1883; lode mining continued until the last

reported production in 1923. Minor production has taken place sporadically since 1923
and continues to the present.

Mineralization in the deposit and associated hydrothermal alteration occurred during the
Middle Eocene within Early to Middle Eocene volcanic and volcaniclastic rocks of the

Clarno Formation. The oldest rocks within the project area are chiefly intercalated andesite
tuffs, breccias, andesite to basaltic andesite flows, and flow breccias. Late stage intrusive
rocks consist of a faulted breccia pipe, which is host to the bulk of disseminated gold
mineralization, and unmineralized, narrow porphyritic andesite dikes and sills. These
rocks, which display a variety of mineralogies and textures, are confined to a few map
units because of limited exposure and the effects of hydrothermal alteration. Mudstone
fragments of the Cretaceous Hudspeth(?) Formation are incorporated into the basal(?) lithic

lapilli tuff unit, suggesting proximity to the base of the Clarno Formation. An age of 50.8
± 0.9 Ma was established for a magmatic hornblende separate from an andesite dike, and
an age of 46.4 ± 0.5 Ma was determined for an altered porphyritic andesite sample.
Structures in the area are predominately high angle normal faults that offset each
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volcanic and intrusive rock unit. There appear to be two or three different sets of faults

based cross-cutting relationships. Ochoco Creek follows the main fault along a N40-60E
strike, with secondary faults in Scissors Creek striking at N4OE and N6OE. These en
echelon faults cut and offset small faults that strike N6OW. Faults exposed in underground
workings generally strike N40-60E and are usually host to veins, in contrast to the N4OW
and N6OW striking faults, which are frequently the locus of supergene argillic alteration.

The northeast striking faults generally dip steeply (70 to 900) to the northwest and
northwest faults dip steeply (70 to 90°) to the northeast.
Characteristic hydrothermal alteration assemblages in the project area are propylitic,

intermediate argillic, and advanced argillic. Minerals typically found with these alteration
assemblages are; chlorite + calcite + pyrite ± sericite, sericite + chlorite + calcite + pyrite ±

clay ± quartz, clay ± quartz ± pyrite, respectively. The general pattern of hydrothermal
alteration is characterized by an early pervasive propylitic zone with later limited

overprinting by structurally controlled intermediate and advanced argillic alteration. Zones
of strong alteration are confined to northwest- and northeast-striking faults and to breccia
pipes and dikes.

Ore mineralogy at the Ochoco deposit is fairly simple, consisting of ubiquitous pyrite
and subordinate amounts of sphalerite, galena, chalcopyrite, tetrahedrite, pyrrhotite,

marcasite, arsenopyrite, and stibnite. The bulk of the gold probably is with pyrite, although

visible gold is scarce (Gilluly and others, 1933). Supergene minerals such as jamesonite,
valentinite, and a "ruby silver" are associated with the mineralized system. Also found in
the system are cinnabar, realgar, and argentite.

Mineralization is of two types; pyrite occurring as disseminations and veinlets, and as
calcite veinlets with intergrown pyrite, sphalerite, galena, chalcopyrite, and tetrahedrite(?),

with minor rhodochrosite. Gold appears to be mainly associated with both forms of pyrite
and with base metal sulfides. The paragenetic sequence of ore and gangue minerals is
fairly simple. Typically, the sulfide minerals pyrite, sphalerite, and galena are intergrown
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with calcite during a single phase of vein mineralization. Chalcopyrite is found as
intergrowths in sphalerite or as fine crystals intergrown with sphalerite + pyrite ± galena.
Veins generally do not display banding or brecciation, however veins are often found to be

parallel and closely spaced with thin bands of rock separating the veinlets. Sulfur isotope
values from the vein material fall in the range of both volcanic-hosted and zoned

polymetallic vein deposits. The range of 34S values (-0.8 to +2.9) clustered around 0 %o
suggests that the sulfur originated from a magmatic source. Based on the distribution of
isotopic values, the deposit appears to fall into the Cordilleran hydrothermal sulfide
category.

The Ochoco deposit has the characteristics of an epithermal (Lindgren, 1933), volcanic-

hosted, disseminated gold-silver (Nolan, 1933) deposit with some characteristics of a
Cordilleran Vein type deposit; albeit currently subeconomic. Subtypes of the epithermal
classification are adularia-sericite (Heald and others, 1987), low-sulfidation (Sihitoe, 1990),

and stratovolcano-related (Sillitoe and Bonham, 1984). Evidence in support of this
classification is summarized in Table 9. The basis for this classification is a wide variety of
characteristics displayed in the Ochoco deposit; such as temperature of formation (150 to
320°C based on sulfur isotopes), gold to silver ratio (1:11), style of alteration and alteration

mineral assemblages, and host rock composition. Unlike many mining districts, the
Ochoco deposit lacks pervasive quartz veins and silicification. Their absence suggests that
the hydrothermal fluid chemistry was not ideal for the deposition of the large amounts of
metals and associated alteration typical of productive volcanic-hosted epithermal deposits.
Hydrothermal alteration associated with mineralization is fairly typical of volcanic-

hosted precious metal systems. As previously noted the one unusual aspect is the lack of

introduced Si02, however introduced CO2 is common throughout the deposit. Notable
changes in the composition of rocks are the addition of K20, CO2 and sulfur, with

commensurate losses of Na20, Si02, and Al203, in order of decreasing importance.
On a regional scale, there is potential for the discovery of other Eocene volcanic-hosted
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deposits. Although large areas of hydrothermal alteration associated with mineralization
have not been reported in the Clarno Formation, there is still a great deal of territory that

remains to be explored. Regions with potential for gold mineralization should occur along

strike of the mineralized trends shown in Figure 4. Other areas with potential for
mineralization are in proximity to intermediate and silicic intrusives. These intrusives

belong to both the John Day and Clarno Formations. Gold is usually associated with the
Clarno Formation and mercury mineralization allied with John Day Formation intrusive

rocks. Remaining to be tested are the deeper portions of the mercury deposits that make up
the bulk of mineral occurrences in central Oregon. These systems probably represent the

shallow, vapor-dominated parts of unexposed hydrothermal systems.
Other possibilities for mineralization in central Oregon are exemplified by the Bear

Creek prospect. Alteration and rock types at this prospect suggest that they are equivalent
to the lower part of an Ochoco type system. Circular structures and quartz-tourmaline
alteration at Bear Creek may represent the upper portions of a mineralized intrusive system.
Additional work is needed to determine the timing and distribution of mineralization in

central Oregon. Regional aeromagnetic and gravity surveys would help to define deep
intrusives that are related to yet undefined volcanic centers in the Clarno Formation.
Locating intrusive centers and their associated alteration zones will aid in finding additional

precious and base metal mineralization in central Oregon.
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Appendix 1.

Drill Hole Locations and Bearings
(page 1 of 2)
Hole
Collar
Total Bottom Inc1ination' Bearing Bottom Bottom Collar X
NumbeP Elevationb Depth Elevation"
LateraP Vertical"
ODDH1
4968
750
4229
-80
130
16921
N65W
739
ODDH2
4888
750
4183
257
-70
N65W
705
17809
ODDH3
4865
4395
171
470
500
N65W
18000
-70
ODDH4
4888
500
4418
171
470
N65W
17658
-70
ODDH5
4852
500
4382
171
-70
N65W
470
17530
ODDH6
4762
500
4292
171
470
-70
N65W
17335
ODDH7
4730
500
4260
171
470
-70
N65W
17300
ODDH8
4602
360
4264
N65W
123
-70
14792
338
ODDH9
4727
500
171
4257
470
17849
-70
N65W
ODDH1O
171
4810
500
4340
470
17385
-70
N65W
ODDH footage
5360

Collar ye

23251
23369
22850
22731
22716

225
200
235
244
235

17577
17068
17250
16979
17124
17285
17298
17549
18075
17872
16336
16883
17750
17513
16557
17341
16365
16676
16861
16979
16364
17116

161
158
105
168
161
177

16343
16271
16703
16665
15981
16059

22325
21888
22654
22516
22975
22826

ORC1
ORC2
ORC3
ORC4
ORC5
ORC6
ORC7
ORC8
ORC9
ORC1O
ORC11
ORC12
ORC13
ORC14
ORC15
ORC16
ORC17
ORC18
ORC19

4970
4992
4980
4903
4890
4889
4663
4649
4893
4890
4831
4917
4805
4985
4913
4631
4550
4835
4830
ORC2O
4810
ORC21
4840
0RC22
4593
ORC footage
DDH1
DDH2
DDH3
DDH4
DDH5
DDH6

4896
4855
4918
4916
4713
4728

DDH footage

435
440
405
400
400
500
400
400
500
500
275
320
300
200
300
300
220
260
200
250
260
250
7515

4561
4579
4599
4509
4514
4419
4287
4273
4423
4457
4573
4640
4545
4797
4631
4371
4359
4610
4630
4575
4596
4358

-70
-70
-70
-80
-70
-70
-70
-70
-70
-60
-70
-60
-60
-70
-70
-60
-60
-60
-90
-70
-70
-70

228
223

4735
4697
4813
4748
4551
4550

-45
-45
-45
-45
-45
-45

148

238
228
251
1316

N65W
N65W
N65W
N65W
N65W
N65W
N65W(?)
N65W(?)
N65W
N65W
N1OW
N8OW

S45E
N6OW
N5OW
S8OW
S8OW
S6OW

NA
S7OW
N5OW
S5OW

149
150
139

69

381
394

137

376

171

470
376
376
470

137
137
171

250
94
160
150
68
103
150
110
130
0
86
89

86

S5OE

161

N72E

158
105
168
161
177

S16W
S17W
N13W
N52W

409
413

433
258
277

260
188

282
260
191

22954
21218
21294
21023
21317
21140
20970
20321
21614
23935

22640
21613
21883
21109
20722
23277
23507
23880
23065
22843
22175
21370
21920
22181
22495
22707
21869
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Appendix 1.

Drill Hole Locations and Bearings
(page 2 of 2)
Hole
Collar
Total Bottom Inclination
Number Elevationb Depth Elevatio&'
0D87-1
4969
262
4707
90
0D87-2
4969
262
4707
90
0D87-3
4887
221
4666
90
0D87-4
4890
250
4640
90
0D87-5
4974
4774
200
90
4970
0D87-6
4694
277
90
0D87-7
4901
311
4591
90
0D87-8
4887
194
4704
70
0D87-9
4917
230
4701
70
0D87 footage
2206
Total footage
16397

Bearing Bottom Bottom Collar Xe Collar ye
NA
NA
NA
NA
NA
NA
NA

N25E

Laterald VerticaP'
262
0
262
0
221
0
250
0
200
0
277
0
0
66
79

311
182

216

17654
17496
17712
17892
16863
17032
16881
16706
16657

23188
23312
21251
21169
23006
22909
22712
22108
22512

a ODDH and ORC holes are diamond core and reverse circulation holes, respectively, drilled by
Utah International; DDH holes are diamond core holes drilled by Ocelot Mining Corporation.
b Collar elevation and bottom elevation are in feet above mean sea level.
Inclination is in degrees from vertical where vertical equals 90° and horizontal equals 0°.
d Bottom lateral and bottom vertical are the horizontal and vertical projections from the collar in
feet.
C
Collar X and Collar Y are the X (easting) and Y (northing) coordinates of the drill hole collars
using Orvana Resources' coordinate system in feet.
0D87 holes are diamond core holes drilled by Orvana Resources Corp.
See plate 3 for plotted drill hole locations.
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Appendix 2.

Sample Preparation Techniques

Samples for whole rock K-Ar analyses were broken or sawn into approximately 2centimeter-diameter pieces, taking care to remove any weathering rinds or obvious surface

contamination. From these coarse pieces, roughly 100 grams of sample were selected and

crushed in a ceramic jaw crusher to 10 to 30 mesh. A 10-gram split from the 100-gram
crushed sample was taken by quartering the sample on fresh, clean paper. This 10-gram
split was further crushed to approximately 140 mesh in a tungsten-carbide shatter box.
To ensure a complete grind, the sample was crushed for a minimum of 20 minutes and
then checked for coarse material. If any coarse material remained, the procedure was

repeated. All equipment was thoroughly cleaned between runs.

A hornblende mineral separate for K-Ar determinations was taken from the 10 to

30 mesh fraction prepared as previously described. This sample was further separated
using bromoform (CHBr3) to settle out the heavy mineral fractions, mainly hornblende
and magnetite. After cleaning and drying the heavy mineral separate, a plastic-wrapped

magnet was used to pull out all the magnetic mineral fractions. Approximately 1 gram of
hornblende, free of adhering glass or other minerals, was then hand-picked with the aid of
a stereo microscope. This final mineral separate was cleaned in an ultrasonic bath and air
dried before analysis.

Samples for whole rock major oxide analyses were prepared in a fashion similar to

that for the K-Ar whole rock samples. However, major oxide analysis samples were
crushed to 10 to 30 mesh in a rotary plate crusher, with the final grind to 140 mesh for a
maximum of 15 minutes. All equipment was thoroughly cleaned between runs.

