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INTRODUCTION

The 20150regonLegislature passedHB 3089, which required the Department of Geology and Mineral Industries
(DOGAMI)to prepare a report that included:

1. Alist of all relevant mineral inventories and studiegpreviously completed by the departmentA compre-
hensive list has been complied and published onih& B A O OweBsite@nl i©included in report Appendix
B.

2. A description of the estimated costs to the department for making the results of mineral invernies avail-
able online. All DOGAMI publications, including mineral resource inventories, have been available for free
download in thedepartmens © 1T 11 ET A 0OAlI EAAOCET T O #A1 OAO OET AA
lished mineral inventories and repostwas not significant.

Also required, and included in this report, were:

3. A review of the mineral resource potential of eastern and southern Oregon countiesised on published
data and research previously completed and available to thdepartment, including an assessment of
which metallic and industrial mineral commodities are most likely to be economically developable
DOGAMI evaluated the mineral resource potentalthe county levefor 22 southernand eastern Oregon
counties The evaluation is a higievel assessment designed for policy makers and the public

4. Recommendations, including estimated related costs, for the department to engage in continued mineral
resource potential assessment activities in southern and eastern Oreganith the department6 €xisting
personnel. Recommendation$or further mineral resource assessment activities are designed to encourage
and supportenvironmentally responsiblenining in southern and eastern Oregon, as called for in Secfion
(5) of HB 3089.

HB 3089 alsorequired that this report be posted on the DOGAMI websitdhe web page linking to the report
is http://www.oregongeology.org/pubs/ofr/p -O-16-06.htm.

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06 1
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Figurel. Map of Oregon showinghe 32 currently permitted and active metal and industrial mineral minsgatewide, and the133
most productive historical mine# the study areaShading indicates th@2 counties evaluated in this study.
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greatly since the gold rush days, and the role of DOGAMI has evolved as well. The Agency was created by the
Legislature in 1937, with statutory duties that focused on studying the mineral resources of the state, providing
information to the public about those resources, and supporting and promoting mineral resource exploration and

mining activities. The agency provided free assays of Oregon oresi PPEAAA OCOOAOOAEAG6 A£OT A
tested Oregon mineraloccurrencesto determine the best ore processing steps and to identify new markets, and

DOAI EOEAA [T ET AOAT OAOI OOAA AOOAOOI AT 008 3ET ARashéeA powyr
oversight of mineral production, with an emphasis on minimizing the environmental and other impacts of mineral
extraction and maximizing opportunities for land reclamation (See Policy section of ORS 517.460). The current

CiT Al 1T £ OEA cemgahdgdnigit og@m i©io Bddninister effective and balanced regulation of mineral
resourcedevelopment to support the environment, economy, and people of Oregon.

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06 2
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Historical Mining Activity

By the early 190G mining activity in the statewas so widespreadhat
the Oregon Bureau of Mines and Geolod®16 Handbook of Minesvas
over 300 pages long and listed several hundred mines and prospects
in nearly 75 districts. In 1939, DOGAMI listed 1621 known metal
mines or prospects, of which 200 were activesold mines in southern
and eastern Oregon producen estimated total ofmore than 6 mil-
lion troy oz'., worth about $8.4 billion at current prices ($1,327/o0z .,
9/2/2016 spot price) . In addition to gold and other metals Oregon
mines have produced a varist of industrial minerals and gem materi-
als, with most of the production coming from southern and eastern
Oregon(Figure 1, Plate 1).

Table 1 summarizes the totalreported mineral production for the
state through 2011. These data representa minimum estimate be-
cause mineral production has not been systematically reported in
Oregon.Although definitive production records are not available, two
of the largest Oregon gold producers were the Cornucoplade mine
(~ 306,000 oz, or $406 million at current price) and the Sumpter
placer dredge mine ¢297,000 oz., or ~$394 million at current price),
both in Baker County (Plate 1)

Themajority of historic mining in Oregonwas for gold. ®ld mining
diminished dramatically during World War Il, when gold mines were
closed to divert resources to the war effortThe mining industry has
changeddramatically since then. The majority of Oregon mines that
operated during the last century were small operationsnining thou-
sands of tons of highvalue ore. Today, metal mining, and gold mining
in particular, is dominated by very large scale industrial operations
that mine millions of tons of lowvalue ore. For comparison, Nevada
produced about 5million ouncesof gold in 2014 from 27 mines, with
90% of the production from the 13 largest minesSeven of those mines
produced more in 2014 than the total production for the Sumpter and
#1 O1 OAT PEA 1T ETAOh / OACiT180 O1 B

Records held by Baker Countinclude claims as early ad862. The
U.S.Bureau of LandManagementmaintains amining claim database
for federal lands that extends from 1976 o the present.Within the
counties studied,the database includesover 6,200 active claims and
~ 110,000 closed claimgsee Plate 1)

* A troy ounce is slightly heavier than a regular ounce: 31.1 grams vs. 28.35.

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06

Tablel. Totalreported Oregon production

of metals and industriaminerals

through 2011

Total Recorded/Estimated

Commaodity Production

Limestone 2,451,000 tongcement)

Chromite 127,531 tons

Clay 11,210,000 tons (brick and
specialty)

Copper 17,640 tons

Diatomite 75,000 tons

Emery 1,150 tons

Gemstones  $57,873,000

Gold 6,362,228 troy o0z.

Lead 1,150 tons

Manganese 317 tons

Mercury 95,319 flasks

Nickel 435,816 tons

Perlite 16 tons (likely very low es-
timate)

Pumice 15,518,000 tons

Silver 6,270,491 troy oz.

Talc 1,554 tons

Uranium 6,672 tons

Zinc 1,277 tons

EEOOI OEA DPOI AOAAOOS
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Current Mining Activity

The U.S.Geological Survey (USGS) publishes annual national summaries
mineral production that include state level dataThese reports are based on
information provi ded by the industry voluntarily and are probably mini-
mum estimates.Historically, DOGAMI playé a key role in collecting this
information, but the department has not had the capacity to do so for at least
two decadeslin the most recent year for which data from théJ.SGeological
Surveyare available (2012), the total reported value of metallic and indus-
trial mineral products mined in Oregon was~$93 million. Of this, $1.15
million was gemstonesand the remainder was thecombinedvalue of lime-
stone, bentonite, diatomite,emery, perlite, pumice, and zeolites This value
includes Portland cement, a manufetured product based on locallymined
limestone, which probably accounts for the majority of the total valueFor
the same yearthe total reported production of aggregate and crushed stone
was ~$198.5 million.

As of July 2016, there were 33 industrial mineral, gem or metal mines
permitted by DOGAMI in OregorfFigure 1, Plate 1). There are no publicly
available data on whether or how much these mines produce.

Mine operators are required to obtain an operating permit from
DOGAMIonly if they disturb an area greater thanl acre per year up to a
maximum of 5 acres in 5 yearsor mine more than 5,000 cubic yards of ma-
terial annually (for reference, this is equivalent to removing about 3.5 ft of
material over an acrg. Starting in 2016, surface mining operations below
the permit threshold are required to register with DOGAMI and obtain an
Excludon Certificate that will provide a better understandingof the extent
of smallscale mining in Oregon, although operators will not be requéd to
report their production. Currently, 23 mines are known to be in this cate-
gory.

Itis also difficult to estimate the amount of exploration activity currently
taking place in thestate. The only dataavailable are BLM records of active
claims, and the number of activddbOGAMIexploration permits, which are
required for mechanized sampling or drilling There are currently6,168 ac-
tive claims and 8active exploration permits.

Mining Economics

Important Terms

Mineralization
Any process whereby minerals
are concentrated or deposited.

Mineral occurrence
A place where a useful or
valuable mineral is known to
be present.

Mineral deposit orresource
A sufficiently large concentration
of a useful or valuable mineral
that extraction at a profit may
be feasible under current or
foreseeable conditions.

Identified resource
A resource whose location,
grade, quality, and quantity
are known or canéestimated
from specific geologic evidence.

Mineral resourcepotential
The likelihood for the occurrence
of undiscovered mineral
resources or deposits.

Soure:

Goudarzi, G.H. (compiler), 1984,
Guide to preparation of mineral
survey reports on public lands:
U.S. Geological Survey Opgeite
Report 84787.
http://pubs.usgs.gov/of/1984/078

7/report.pdf

The path from the initial discovery of an occurrence of a valuable mineral to a profitable mine is long and difficult,
and the vast majority of discoveies neverbecome minesin order for a mineral occurrence tobecomea resource,
it is necessary to defineaccurately the location, quality, and quantity of the target commodity. This usually re-
guires extensive geologic evaluation, includinggeologic mapping, geophysgal surveys, exploratory drilling,
sampling, and chemical analysis and assayindn order to show that a resource is economiand can be profitably
mined, it is necessary to defineaccuratelythe factors controlling the cost of mining, such as the amourdf barren
rock that must be moved in orderto access the valuable mineraland the specific milling processesneeded to

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06


http://pubs.usgs.gov/of/1984/0787/report.pdf
http://pubs.usgs.gov/of/1984/0787/report.pdf

Metallic and IndustriaMineral Resource Potential of Southern and Eastern Oregon: Repdrt ©Oregon Legislature

extract the valuable materialsefficiently from the ore. It is also necessary to obtain the required permits and de-
velop plans and facities to handle overburden and tailings and reclaim the property after mining is complete as
well as building the necessary power, water, and transportation infrastructureThe result is that costs for explo-
ration and development of a mine can be tens toumdreds of millions of dollars. These requirements,coupled
with volatile mineral prices and markets makes mining an inherently risky venture Modern metal mines are very
large-scale industrial operations that require long mine life and large reserves iarder to justify the enormous
investment required to go into production.Industrial mineral mines may be less capital intensive to develop, but
they typically have high transpottation costs, so that even higfguality deposits may not be profitably mined ifan
adequatetransportation infrastructure does not exist

A current exampleof a mining venture is theGrassyMountain project to develop a mediumsize underground
gold minein Malheur County.Theoccurrencewas first identified and claimed in1984 by independent prospecting
geologists.Atlas PreciousMetalsacquired the property in 1986. The property was subsequentlysold to Newmont
Exploration, then toTombstone Exploration and then to Seabridgesold Calico Resources Inc. acquired the prop-
erty and began the process of obtaining an operating permitin 2016, Calico was acquired by Paramount Gold
Nevada Corporation Successiveowners conducted additional exploratory work to better define the deposit.To
date, 245 exploratory holes totaling ~38 miles in length (198,596 ft) have beendrilled, sampled and analyzed
DOGAMIestimatesthe total cost of explorationdrilling and sampling at Grassy Mountain a&30 million. A public
Preliminary Economic Assessment (PEAhat Calico Resources preparetbr the project estimates that itcontains
503,700 . of gold and 843,000 a. of silver that can be mined underground, increasing to 1,149,00Qzoof gold
and 4,133,000 a. of silver if mined as an open pitThe PEA estimateshat the project will require $144 million in
capital, of which ~$1.5million is for permitting and will ultimately net ~$156.6 million , assuming aonstantgold
price of $1,300/0z .

These numbers underscore the fact that developing a modern gold mine is a long and expensive procebst
gold mines opened in theJnited Statesn recent years have therefore developed deposits with very large reserves,
typically exceeding Imillion ounces of gold.Development of new gold mines in Oregon will require identification
of very large orhigh-grade deposits, or a sustained period of much higher gold prices that current values.

For commoditieslike gemstones, landscape roglkand industrial minerals a thorough market analysis and mar-
keting or branding campaign mightsupport the development of newmines in Oregon. This kind of analysis is
outside the expertise of DOGAMI.

REVIEW OF MINERAISREIRCE POTENTIAL

Introduction

HB 3089 defined the study area for the mineral resource potential review d&astern and southern Oregon coun-
ties6 O reforE Eoers Baker, Coos, Crook, Curry, Deschutes, Douglas, Gilliam, Grant, Harney, Jackson,
Jefferson, Josephine, Klamath, Lake, Malheur, Morrow, Sherman, Umatilla, Union, Wallowa, Wasco, and Wheeler
counties (Figure 1). As directed by HB3089, this report coversonly metallic and industrial mineral resources,
excluding rock for aggregate and building stone, sand and gravel, coal, oil and gas, and geotherespurces.
DOGAMI based the review on its own published reports, mapand databasess well as data from the USGS and
other publications. Plate lis amap showing key mineral resource information.

This review is a highlevel, qualitative assessment, dégnedto provide policy makers and the publiovith gen-
eral information about the mineral resource potential of eastern and southern Oregon counties.geographically
specific and technically detailed assessment was beyond the scope of the funding availafde this work. The

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06 5
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Recommendations sectiorof this report outlines the kind of studies needed for an indepth technical assessment
and Appendix A provides estimated related costs

Selection of Mineral Commodities

Although awide range of mineralcommaodities hasbeen foundin Oregon this report focuses omminerals likely

to be economically developable under current economic conditiondlinerals evaluatedfor this report are those
that might support new mining activity, with historical production and exploration dataamong the most im-
portant factors in selection Oregon has been explored for over 150 years, and it is likely that most types of mineral
occurrence that arepresent have already been encounteredlhe selected commodities are:

1 base meétls: copper, lead, and zinc 1 perlite
1 bentonite 1 platinum group metals; platinum, palladium
1 chromite 1 precious metals: gold and silver
1 diatomite 1 pumice
1 limestone 1 silica
1 lithium 1 sunstones
1 nickel 1 uranium
1 zeolites

There has been considerable interest in exotic minerals that are in increasing demand for the hitgleh indus-
try, including rare earth elements (REBE and tellurium. These commodities werenot systematically evaluated
because the potential is very lowThere areno production, exploration, or geochemical data that identifyany
potential for a REE resourceand the geologic settings that host REtEcurrenceshave not been foundn Oregon.
Exploration for REE resources would be highly speculative given tlwirrent state of knowledge Although there
are some data on theoccurrenceof tellurium in Oregon,this mineral is primarily a by-product of gold miningand
is highly unlikely to be mined independently.

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06 6
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ASSESSMENT METHODGY.O

Mineral resource potentialis defined asthe likelihood for the occurrence of undiscoveed mineral resourcesin an
area. A new mineral resource may be discovered in a location where there was no previous indication or evidence
of a mineral occurrencebut it is most likely that a nev mineral resource will be identified by mapping, sampling
and evaluating knownoccurrences Therefore the most costeffective approach to identifying a resource and de-
veloping a mine is to look for commodities that have already been idéfied and to look in the areas where they
are already known to occurFor that reason,this assessment relied in large part on data derived from past explo-
ration activity, including records of mining claims onfederal lands and$/ ' ! - ) 80 AECEOAI 1 ET A
database(Mineral Information Layer for Oregon[MILO]). Each county was réed for the potential for discovery or
definition of anew mineral resourcefor each commodityusing the classes and criteria listed below:
1 High potential: There has beenhistorical production or there are identified resources.At least one of the
following criteria were met:
0 Significant historic or active production
o Deposit with repeated surface and subsurface sampling data
o Numerous areas with high density of MLO data points, or active and closed claims
1 Moderatepotential: Sufficient data existhat it is likely that additional assessmentvould discover or define
anew mineral resource. At least two of the followingcriteria were met:
0 Areas with multiple MILOdata pointswith positive sample/assay results
0 Areas with multiple active or closedclaims
0 Areas with above background chemical data based on numerous points
1 Low potential: Favorable geology ad limited data suggest thatadditional exploration might discover a
mineral resource. At least two of the followingcriteria were met:
0 Scattered MILOdata pointswith or without positive assay results
0 Scatteredactive or closedclaims
0 Scatteredareas or data points with abovebackground chemical values
0 Well-mapped geology with knownassociation with commodity
1 PresentMILO contains at least one entry for the commoditin the county, but there areno additional data
to suggest more widespread occurrence
91 Not found: There are no records of the occurrence of a commaodity, in most instarecbecause the geology
does not host it, in fewer instances because ofcomplete reporting.

To categorize eaclcounty, publicly available datg including papers, reports, digital maps, and databaseswere
assembled(see Sources andAppendix B). The collection included geologic maps, mineral occurrence records,
claim and permit records and geochemical sample data (see appendix for fliit). Over the course of several days,
a team of DOGAMI geologists reviewed all available dé@ each commodity o a county-by-county basis and
assigned the appropriatemineral potential rating. Table 2, Figure 2, andPlate 1show the results;the next section
of this report contains commodity summaries.

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06 7
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Table2. Mineral resource potential by county for selected commodities

Commaodities are grouped into metallic ores and industrial minerals.
Commodities in each group are listed in order of decreasing potential.

Metallic Minerals Industrial Minerals
(&)
[ ol 5
L 5 n T =
>2|s§ O 0 I 2
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33| =25 | = | E g =) 1S % S| E| QS 8| o 5
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5| 4e|lc || 8|80 | £ |eE|S| B Q12|5|5]|5S
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Malheur P NF [ PHTH] Lo
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Sherman | P | NF [NF[ P [NF| NF | NF [ NF| NF|NF| P | NF| NF| NF[ NF
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L
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Mineral Potential Ke
High - For the ratings criteria used to create this table

Moderate M see theassessment methodologyn page 7.
Low L
Present P

Not Found NF
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Figure2. Summarymap showing overall mineral resource potential for each counatings
are based on geological factors, expémowledge, and data from mineral databases.

Mineral Resource Potential

[ Very Low Umatilla Wallowa
[ Low

[ Moderate

[ High

This statewide summary map shows an overall mineral potential rating for each county that combines
the ratings for individual commodities in that county. To make the overall rating for each county,
individualcommaodity ratings were assigned 3 points for High, 2 for Moderate, 1 for Low, and O for
Present or Not Found, and the values were totaled. From these scores the counties on the large map
were assigned High, Moderate, Low, or Very Low overall resourceeptiil. Note that a county with

a Low or Moderat@verallpotential could rate High for aimdividualcommodity.

Oregon Department of Geology and Mineral Industries Opiés RepdrO-16-06 9
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MINERAL RESOURCEBROIMAL BY COMMODITY

M eource Porentt BaseMetals: Copper, Leadand Zinc
m’erate | Numerous basemetal (e.g., copper, lead, and zijoccurrencesand deposits
Present t‘ are foundin Curry, Douglas, Grant, and Josephirgeuntiesand were initially
Not Found ] recognized by early prospectors in their search for goldThese deposits are

either small high-gradeveins of lode ore olow-grade, largevolume ore bodies. Total Oregon production of these
metals is relafvely small by modern standardsand most was a byproduct of gold production. However, several
deposits in southwestern and northeastern Oregon were mined primarily for base metals.

On the basis of higtric production and the presence of numerous depositand occurrences Curry, Douglas,
Grant, and Josephineounties have a High potential. The presence of knowmccurrencesand favorable geology
support a Moderate potential rating for Baker, Coos, Harney, Jackspand Wallowa counties. Although many of
the known depositsare small by modern standards, additional geochemical dateineral and geologic mapping,
and regional models of mineralization may identify larger systems, and ste deposits may have high enough
grade to warrant development despite their size. New or r@pened base metal mines maface significant chal-
lenges meeting modern environmental standardsas they typically generate acidic drainage

Mineral Resource Potenti: " H
B tigh X Bentonite
Moderate . . .
Low iy Bentonite day commonly occurs as the product othemical weathering of
Present volcanic ash inancientlake environments, andfavorable geologyoccurs in
Not Found

many parts of the study area. Bentonite has a wide range of uses including
drilling mud, pet litter, waterproofing, feed additives, foundry sand andiron ore processing U.S. production over
the last5 years has ranged from 4.3 to nearly 5.0 million tons. There are two permitted minga Crook andMal-
heur counties, and an exploration permitfor a location inWasco County.

Oregon production during this period is unknown.Crook, Malheur, and Wascocounties havea High potential
for defining new resources and Baker, Harneyand Jacksorcountieshavea Moderate potential. Detailed geologic
mapping can help identify newoccurrences but existing Oregon mines appar to have significant reserves. mans-
portation costs are a significant factoyso the market may limit development of new mines.

Mineral Resource Potentii™” :
B High Chromite
Moderate . . .. . .
Low . Chromite is a critical component of a rage of specialty steel productand is
Present & used in the chemical industry and as a refractory. Chromite occurs in many
Not Found 1 locations in southwestern and northeastern Oregon, wherethe mineral occurs

as small pods in ultramaficrocks. Oregon was the principal source of domestic chrome during boWorld Wars
ATA £ O A 001 AEPEI A DPOI COAi AOOEIT C OEA +1 OAAT A§1 Al EZ
from a scattering of relatively smallmines in Josephine, Curry, andr@nt counties. The rocks inwhich chromite is
found in Oregon aretypically severely deformed,making it difficult to identify large ore bodies or groups of ore
bodies. Chromite is also @ncentrated in placer depositsand was mined for foundry sand briefly in Coos County
between 2009 and 2013.
There are at least 250 kown chromite occurrencesand deposits in southwestern Oregon, which results in a
High rating for Coosand Josephinecounties and a Moderate réting for Curry, Douglas and Jacksorcounties. At
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least 200 chromiteoccurrencesand deposits are known in northeatern Oregon leading to a Higthrating for Grant
County and a Lowrating for Baker County. Regionaltseam sediment data and imagenbased mineral mapping
coupled with detailed geologic mapping could help identifpew resources

Mineral Resource Potentii” ; H
B tigh Diatomite
oderate A Diatomite consists of the fossil remains of microscopic plants and is ed as
Present l a filter and inert filler. Diatomite is produced in the Wited Statesfrom mines
Not Found

in Oregon, Washington, Nevadand California Five minesare currently per-

mitted in Oregon There arenod OA AOAEI AAT A 11 / OAciT180 AOOOAT O AEAOI
1,000 tons in 2011. It is likely that total historic production substantially exceeds the 75,00bns that have been

reported. In addition to the actively producing or permitted mines in Oregon, there are a moderate number of
permitted exploration sites. The geologic setting that hosts diatomite deposits is widespread in southeastern Or-

egon.

Deschutes, Harney, Lake, and Malheaountieshave aHigh potential for discovery or definition of a new diat-
omite resource. KlamathCounty hasa Moderate potential, and Baker, Crook, and Wheeleountieshave favorable
geology anda Low potential. Imagery-based mineral mapping and detailed geologic mapping may help identify
new resources, buta major problem confronting the diatomite industry is high transportation costs and distance
to market.

Mineral Resource Potentii” H
B rioh W Limestone
oderate M| estone is a sedimentary rock composed of the shells of mige organ-
Present o EOI Oh AT A 1 AOAmefamdipbosdd Equida@q.iBbti dcedin
Not Found 1 many locations in southern and eastern Oregon. Limestone and marble are

generally mined in very large quantities, so proximity to transporation corridors and markets is a critical factor.
Limestone is currently mined at Durkee in Baker Qunty, where it is processed osite into cement. Other Oregon
deposits may be suitable for agricultural purposes, paper manufacturingnd other industrial processes. The total
historic production of ~ 2.75 million tons is certainly a very low estimate, as annual production data are available
for only 20 of the last 60 years.

Baker, Jackson, Josephinand Wallowacounties all have a High potential for a new limestone resource, and
detailed geologic mappingcould identify additional potential deposits. However, there are abundant know
occurrences, and it is probably just as important to find new markets for knowonccurrencesas it is to find new
occurrences

Mineral Resource Potential ithi
B rioh Lithium
Moderate

Low

the demand for lithium-ion batteries to power a wide range of electronic de-
vices including electric vehicles. Todaymost of the world's lithium is
produced from playalake brines in Chile, Argentina, and China, with sagrproduction from Nevada. Lithium has
never been produced in Oregon, but there are significant deposits in the McDermitt area on the Oreddevada
border, with a mine in development on the Nevada side.

Present

l Lithium is a commodity that is increasirgly in demand, particularly to meet
Not Found

Oregon Department of Geology and Mineral Industries Opiéa RepdrO-16-06 11



Metallic and IndustriaMineral Resource Potential of Southern and Eastern Oregon: Repdrt ©Oregon Legislature

Malheur County has a High potential for lithium, basg&on the proximity of the McDermitt deposits in Nevada.
There is alsoa Moderate potential in Harney CountylLake County is given dow potential, because it contains
numerous playa lakes, althoughhere are fewdata on the lithium content of brines fromany of these lakes Addi-
tional geochemical sampling could help identifynew lithium occurrences

Mineralll?i?;)hurce Potentiai NICkel
m‘:erate Nickel is a critical component of a range of specialty steel productiickel
Present .b occurs in southwesern Oregon in deeply weathered soils called laterites,
Not Found t formed on ultramafic rock. The Hannanickel mine at Riddle in Douglas
County operated from 1953 through 1987, producing 412,000 tons of ferronickeDuring this time, it was the only
nickel mine in the Urited States.Smelter operationsat Riddle continued with imported ore until 1998.

Another 20-nickel laterite occurrencesare known from Curry and Josephinecounties, and all three counties
have a High potential for anew nickel resource. Baker, Grantand Jacksorcountiesall havea Low potential, based
on scattered nickel occurrences. In both regions, nickel depositccurrencesare associated with severely de-
formed ultramafic rocks, which means thatore bodies tend to be small and discontinuousRegional stream
sediment data and imagerybased mineral mapping coupled with detailed geologic mapping could help identify
groupings of potential ore bodies.

Mineralll?i?é)hurce Potentii” Perlite
Voderate Crude perlite isa form ofvolcanic glass that has a relatively high water con-
Present ‘ tent. When heatedrapidly in a furnace, perlite puffs up to form a lightweight
Not Found inert material marketed as asoil conditioner that improves aeration and wa-
ter retention. Perlite is also sold as a filler and extender for a wide variety of construction and industrial products.
Perlite has been minedconsistently in Lake County for many yearsand periodically in Baker County, giving
these countiesa High andaModerate potential, respectively. However,few production dataare available. Geologic
settings that host petite occurrencesare also found inMalheur, Umatilla, andWascocounties, giving them aLow

potential for new mines.Detailed geologic mapping could help identify new perlite resources.

Mineral Resource Potential

W High Platinum GroupMetals
Moderate
Low In Oregon, platinum palladium, and rhenium (platinumgroup metals, PGM)
Present have been reported as a secondary commodity in the mining of othenetals.

Not Found . . .
PGMoccurrences have been observed in placer anbde depositsand in

weathered ultramafic rocks in southwestern and northeastern Oregonln most of the placersthe quantity and
grade of P®/ are such that they could not have been recovered economically alone and, typicaizMwere dis-
carded. Total PGV production from southwestern Oregon placer deposits was reported as 1,500 oz PGM
concentrations in lode deposis and other occurrencesare generally well below ore grade, and the bedrock
sources for placer PGM ebosits have not been identified.

Josephine County has a Moderate potential for PGM based on the numbgkidentified placer occurrences
Douglas County isalso rated Moderate based on elevated PGM values identified at the Hamnmine at Riddle. The
distribution of PGM depositsin Oregon remains poorly understoodand known occurrenceshave low grades in
comparison toother known deposits outside of the Unite States Geochemical sampling in regions of a favorable
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geologic setting would help define the distribution and extent of P& minerals within Oregon and might lead to
the discowery or definition of a resource

Mineral Resource Potential

B High Precious Metals: Gold and Silver

Moderate

Low -“!, Gold andsilver are the most widely mined metallic minerals in Oregon, both
Present th "I in terms of the number of mines and the total value of production. Gold and
Not Found silver are found in bedrock, either concentrated in veins of ore (lode) or as
microscopic particles dispersed inlarge volumes of ore(disseminated). Fragments of free gold that have weath-
ered out of lode deposits accumulate in stream sediments, forming placer deposits.

Rich placer deposits in Baker and Josephine counties spurred the early gold rush in Oregon andenke source
for the majority of historical production. These deposits had relatively high concentrations of gold and could be
mined relatively easily without underground workings. Lode gold deposits were worked with underground min-
ing techniques in southwestern and northeastern Oregon until mining ceased during World War Il. Few of these
mines had deep extensive workings, and miners generally pursued ore veins without the exploratory drilling and
resource assessment that is common for modern mines. Dissemated gold and silver occurrences, recognized in
Oregon for the last 30 years, hold very large quantities of very low grade ore and are typically mined as open pits
to keep production costs low. Numerous disseminated deposits were identified in southeaste©Oregon in the
1980s, and exploration and development work is continuing. Grassy Mountain, near Vale in Malheur County, was
one of the first to be discovered, and is now in the middle of a mulfiear permitting process. The low grade of ore
means that these mines are typically largescale operations with high development costs.

Eleven of the 22 counties evaluated have Hdigh potential for discovering or defining a new gold and silver
resource, two have a Moderate potential, and five have a Low potentiakésTable 2).

The vast majority of known gold mines in Oregon are relatively small lode gold or placer deposits, most of
which are inactive and wouldrequire substantial investment to reopen. Unknown numbers of both types of de-
posit are being mined on a hobby or subsistence basis. Many placer deposits remain to be mined, but because
placer deposits typically occur near streams, new mines will face coraping land uses and significant costs in
meeting modern environmental standardsMost remaining placer deposits are likely to be very small by modern
gold mine standards, which may make them less attractive to mediuto large-size mining companies. New de-
tailed geologic mapping may help identify new placer gold occurrences.

Most lode gold deposits in Oregon ceased production without exhausting their resources, and few were mined
to any significant depth by modern standards. Modern geologists have a far neosophisticated understanding of
the origin of lode gold deposits than the miners who first opened them. The application of modern exploration
models and methods to these known deposits has significant potential for identifying new resources and for iden-
tifying more extensive mineralization systems that link smaller shallow deposits. It is likely that considerable lode
gold and silver resources remain in these deposits, though development would require substantial investments
in exploration and, in many ares, would face challenges in meeting modern environmental standards.

There is a significant potential for the discovery of new disseminated gold occurrences through a combination
of new regional stream sediment sampling and imagerpased mineralogical mapmg, followed by detailed geo-
logic mapping. As with lode deposits, development of new ore system models for known occurrences or deposits
may also help define significant resources.
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Mineral Resource Potentii” H
B igh Pumice
Moderate . . . . .
Low ) Pumice is a naturally occurring glass foam that forms duringxplosive vol-
Present ‘ canic eruptions. Pumiceis relatively strong and inert and is an ideal
Not Found

aggregate material for lightweight building blocks and horticultural pur-

poses. Lesser amounts are sold for absorbentigr landscaping, and as abrasives in a variety of indtrial
applications. Pumice has been mined from several sites in Deschutes and Klamahinties, and production has
averaged~ 500,000 tons per year for the 31 years for which production data are available. The last year for which
production datawere repd OAA EO pwwth O OEA ADOOOAT 6 OCDesshutesamsl / OAC
Klamath counties have a High potential for pumice mines;however, pumice has significant transportation costs,

and existing mines may be adequate to satisfy the currentarkets.

Mineral Resource Potential HH
B o Silica
Moderat - . . . . . .
Lo K Silica has various uses including colored container glass, nickel smelting, fer-
Present ‘ rosilicon production, filter bed media, and decorative rock and composite
Not Found t .

applications. Silica deposits in Oregon arethe result of concentration by
weathering and erosion or deposition by hydrothermal fluids.

Within the study area Coos Douglas and Jacksoncounties have a High potential for commercial quantities of
silica. The Quartz Mountaindeposit in Douglas Countyas mined for many years to provide sita for the snelter
at the Hanna nickel mineand hasreservesestimated in exces®f 100 million tons. The Bristol Slica and Limestone
Company depositlocated in Jackson Countynined silica until recently and hasreserves estimated at 12 million
tons. Both deposits were mined at surface usingonventional crushing equipmentpbut neither is currently active.
Aconsiderable silica resourcecould be produced from these deposits if the ght markets could be identified Silica
has been mined from dune sanat the Coos Sand operation in Coos County, but the mine has been inactive for
many years

Imagery-basedmineral mapping may help identify new resourcesand further characterization of the chemis-
try of silica deposits could help to identify new marketsThe lack ofa local industrial market and significant
transportation costs are both barriers to largescale mine development
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Sunstones

Oregon Sunstones are a form of plagioclase feldspavhich is a mineral that

is a common constituent of volcanic roks. Sunstonesare large, clear, come

in a wide range of colorsand can be cut into gemstones of considerable size
and value.There are currently no permitted mines in Oregon, although several small mines operate at levels that
have not requiredeither a permit or an exclusion certificate until this year. There areno data onU.S, Oregonor
global sunstone production. Synthetic sunstones and stones sourced from south Asia may compete with natural
stones mined in Oregon.

Harney and Lakecounties both have a High potential, based on the presence of active minegand Malheur
County hasa Low potential, based on a fewpccurrences Other counties may havea potential, but the geologic
setting in which sunstones form is not clear, which makes exploration farew occurrencesdifficult. A study of the
geologic setting in which the gemstone occugrcould identify new resources, though thesize of themarket for
specialty gemstones may be a limiting factor.

MineraI.R(;?;Jhurce Potentii” Uranium
Moderate Uranium deposits occur at several locations in te study area primarily

Present ‘ I concentrated by low-temperature geothermal fluidsin volcanic rocks The
Not Found most important deposits are at the White King and Lucky Lass mines near
Lakeview and near McDermitt on the OregoiNevada border. TheWhite King and Lucky Lasswere mined
underground and at the surface from 1955 and 1965espectively,and togetherproduced 6,200 tons ofuranium
oxide. The depositat McDermitt has been extensively studied and explored, most recently by Oregon Energy, LLC,
which considered starting the DOGAMI permitting processhut ultimately decided not to proceed. The Oregon
portion of the McDermitt ore body is estimated to contai more than 17 million tons of uranium reserves
averaging 0.05% uranium oxideUranium occurrencesare also known inCrookand Harney counties.

Based on the known uranium deposits therd,ake andMalheur countieshave a High potential. Crooland Har-
ney counties havea Moderate potential based on the presence of severatcurrences The relatively low current
price of uranium and environmentlissues are some of the many challengesttze development of a new resource

MineraI.Ri?gohurce Potentii” Zeolites
oderate Zeolites are porous mineralsthat are used primarily in animal feed, odor
Present ll control, water purification, wastewater treatment, and pet litter. Zeolites in
Not Found Oregon form in ancient lakeenvironments where there is abundantvolcanic
ashand are often found in the same areas as bentonite and diatomifehere are two permitted mines in Oregon,
in Harney andMalheur counties; both counties accordinglyhave a High potential. Baker County has a Moderate
potential. Imagery-based mineral mappirg and cetailed geologic mapping can help identify newccurrences but
existing Oregon mines appear to have significant reserve3ransportation costs are a significant factorso the

market may limit development of newresources
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