





Chapter D

Mineral Resources of the Owyhee River
Canyon and Deep Creek—Owyhee River

Wilderness Study Areas, Owyhee County, ldaho

By MICHAEL G. SAWLIN, HARLEY D. KING, JAMES D. HOFFMAN,
and DOLORES M. KULIK

U.S. Geological Survey

PETER N. GABBY, DONALD O. CAPSTICK,
and ALAN R. BUEHLER

U.S. Bureau of Mines

U.S. GEOLOGICAL SURVEY BULLETIN 1719

MINERAL RESOURCES OF WILDERNESS STUDY AREAS:
OWYHEE RIVER REGION, IDAHO AND NEVADA



DEPARTMENT OF THE INTERIOR
DONALD PAUL HODEL, Secretary

U.S. GEOLOGICAL SURVEY
Dallas L. Peck, Director

UNITED STATES GOVERNMENT PRINTING OFFICE, WASHINGTON : 1987

For sale by the

Books and Open-File Reports Section
U.S. Geological Survey

Federal Center, Box 25425

Denver, CO 80225

Library of Congress Cataloging-in-Publication Data

Mineral resources of the Owyhee River Canyon and the
Deep Creek-Owyhee River Wilderness Study areas,
Owyhee County, Idaho

U.S. Geological Survey Bulletin 1719-D

Bibliography included.

Supt. of Docs. No. 119.3: 1719-D

1. Mines and mineral resources—ldaho—Owyhee River
Canyon Wilderness. 2. Geology—ldaho—Owyhee River
Canyon Wilderness. 3. Mines and mineral resources—
ldaho—Deep Creek-Owyhee River Wilderness. 4.
Geology—ldaho—Deep Creek-Owyhee River Wilderness.
5. Owyhee River Canyon Wilderness (ldaho). 6. Deep

Creek-Owyhee River Wilderness (ldaho). 1. Sawlan,
Michael G. 11. Series.
QE75.B9 No. 1719-D 5573 s 86-600393

[TN24.12] [553".09796'21]



STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Areas

The Federal Land Policy and Management Act (Public Law 94-579, October 21,
1976) requires the U.S. Geological Survey and the U.S. Bureau of Mines to conduet
mineral surveys of certain areas to determine the mineral values, if any, that may be
present. Kesults must be made available to the public and be submitted to the President
and Congress. This report presents the results of a mineral survey of the Owyhee River
Canyon Wilderness Study Area (ID-16-48B) and of the Deep Creek-Owyhee River
Wilderness Study Area (ID-16-49A), Owyhee County, Idaho.
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Mineral Resources of the Owyhee River Canyon and
Deep Creek—Owyhee River Wilderness Study Areas,

Owyhee County, Idaho

By Michael G. Sawlan, Harley D. King, James D. Hoffman, and Dolores M. Kulik

U.S. Geological Survey

and Peter N. Gabby, Donald O. Capstick, and Alan R. Buehler

U.S. Bureau of Mines

SUMMARY
Abstract

The Owyhee River Canyon Wilderness Study Area
(ID-16-48B) and the Deep Creek-Owyhee River
Wilderness Study Area (ID-16-49A) are contiguous
areas located in the southwest corner of Idaho. At the
request of the Bureau of Land Management, 33,700
acres of the Owyhee River Canyon Wilderness Study
Area and 67,400 acres of the Deep Creek-Owyhee
River Wilderness Study Area were studied. In this
report, the areas studied are refered to as the
"wilderness study areas," or simply "the study areas."
The Owyhee River Canyon Wilderness Study Area
extends along the Owyhee River and the South Fork
Owyhee River canyons. The Deep Creek-Owyhee
River Wilderness Study Area extends along the Owyhee
River, and Deep and Dickshooter Creeks. Fieldwork
for this report was conducted during 1984 and 1985.
Two prospects for lapidary jasper, chalcedony, and
common opal are located adjacent to the study areas,
and one of these extends into both study areas. These
prospects have yielded materials that are mainly of
interest to hobbyists. There are no active mines
located inside either study area and no mineral
resources were identified. A small area in the
southwest part of the Deep Creek-Owyhee River
Wilderness Study Area has low resource potential for
silver. There is no evidence of mineral resources
within the Owyhee River Canyon Wilderness Study
Area. A diatomite deposit is located within a mile of
the northeast margin of the Deep Creek-Owyhee River
Wilderness Study Area but has not been mined for over
50 years. Oil and natural gas leases cover parts of
both study areas, but no exploration has occurred.
Geologic and geophysical evidence for hydrocarbon
source beds or structural traps is lacking in both study
areas.

Character and Setting

The Owyhee River Canyon Wilderness Study Area
and the Deep Creek-Owyhee River Wilderness Study
Area are both located in the Owyhee Plateau region in
the extreme southwest corner of Idaho (fig. 1). The
terrain consists of a flat to rolling plateau into which
deep, narrow canyons have been cut by the Owyhee
River and its tributaries, Deep Creek and Dickshooter
Creek. Canyon depths range from 300 ft in upper
Dickshooter Creek to more than 1,000 ft along the
Owyhee River at the Oregon-ldaho border. The
plateau is underlain by more than 1,000 ft of middle
and late Miocene (9-14. million years before present
(Ma); see geologic time chart, fig. 3) rhyolite
rheoignimbrite (material originally deposited as an ash
flow but which flowed in the manner of lava before
coming to rest). These volcanic rocks are locally
overlain by fluvio-lacustrine sedimentary rocks that
may include minor intercalated basalt flows. Basalt
flows that have a composite thickness of 20-100 ft
form a discontinuous, thin, widespread veneer upon the
rhyolites and sedimentary rocks south of the Owyhee
River and in the Lambert Table area. Locally
abundant, northwest to northeast-trending high-angle
faults are most common in the Owyhee River Canyon
Wilderness Study Area and the Deep Creek-Owyhee
River Wilderness Study Area west of Lambert Table.
These faults displace rhyolite and overlying
sedimentary rocks but, in most instances, do not
displace the mesa-forming basalts.

Mineral Resource Potential of the Owyhee River
Canyon Wilderness Study Area

The Owyhee River Canyon Wilderness Study Area
exhibits no evidence of the existence of metallic or
nonmetallic mineral resources. Available geologic and
geophysical data do not suggest the occurrence of
hydrocarbon source rocks or structural traps within the
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Figure 1. Index map showing location of Owyhee River Canyon and Deep Creek-Owyhee River
Wilderness Study Areas, Owyhee County, Idaho.



study area. Geochemical analyses of stream sediments
indicate widespread anomalous concentrations of tin
and local anomalous concentrations of bismuth for
areas underlain by rhyolite, but geologic field study
does not indicate the presence of favorable structures,
such as caldera ring fractures or vent systems within
the study area. Widespread anomalies of tin and
associated elements in stream sediment samples are
attributed to generally higher tin concentrations in the
rhyolites and do not indicate regional tin
mineralization. These anomalies are best regarded as
high background levels. Construction-grade sand and
gravel occurrences are small and scattered. Available
geologic and geophysical data give no indication of the
occurrence of favorable source rocks or structural
traps for oil and gas. There are no producing oil or gas
wells in Idaho, and exploratory drilling in geologically
more favorable areas 50 mi to the north and south has
yielded only dry holes. Hence, this area is considered
to have no resource potential for oil and gas.

Mineral Resource Potential of the Deep Creek-Owyhee
River Wilderness Study Area

The Deep Creek-Owyhee River Study Area has
low mineral resource potential for epithermal silver
that may be associated with faults in the western part
of the study area. Geochemical analyses indicate
anomalous concentrations of tin, and slightly
anomalous concentrations of cadmium and zinc in
areas underlain by rhyolite. Favorable structures for
mineralization of tin and associated elements are
lacking, however, and the anomalous values most likely
reflect the generally higher concentrations of these
elements in the rhyolite. Although a diatomite deposit
occurs adjacent to the study area, diatomite
occurrences within the study area are small and
impure; hence, this study area is considered to have no
potential for diatomite. Construction-grade sand and
gravel occurrences are small, scattered, and poorly
accessible. Available geologic and geophysical data
give no indication of the occurrence of favorable
source rocks or structural traps for oil and gas. There
are no producing oil or gas wells in Idaho, and drilling
in geologically more favorable areas 50 mi to the north
and south has yielded only dry holes. Hence, this area
is considered to have no resource potential for oil and
gas.

INTRODUCTION
Area Deseription

The Owyhee River Canyon Wilderness Study Area
(ID-16-48B) includes 33,700 acres, and the Deep
Creek-Owyhee River Wilderness Study Area (ID-16-
49A) includes 67,400 acres. Both study areas are in
the flat to gently rolling Owyhee Plateau of
southwestern Idaho and have average elevations of
about 5,000 ft. In the study areas, spectacular canyons
as much as 1,000 ft deep have been cut into the
plateau by the Owyhee River and its tributaries, Deep
Creek and Dickshooter Creek. The climate is arid to

semiarid; vegetation is sparse and consists
predominantly of sagebrush and grasses.

The study areas are located at least 40 mi from
the nearest paved roads. Areas north of the Owyhee
River can be reached by gravel and dirt roads either
southeast from Jordan Valley, Oregon, or southwest
from Grandview, Idaho (fig. 1). Access to areas
located south of the Owyhee River is provided by
gravel and dirt roads that lead west from Idaho State
Highway 51 through the Duck Valley Indian
Reservation. Jeep ftrails provide limited vehicle
access after entering the Owyhee region via the main
dirt roads shown in figure 1.

Previous and Present Investigations

Previous geologic studies related to the
wilderness study areas have focused on the regional
stratigraphy (Ekren and others, 1984) and the
emplacement mechanism of the rhyolites (Ekren and
others, 1982). The geologic map of western Owyhee
County (Ekren and others, 1981; 1:125,000 scale)
includes both study areas. Geologic mapping for the
present study was done at 1:24,000 scale and compiled
at 1:62,500 scale. Lithologic units were based on unit
assignments made by Ekren and others (1981),

Regional evaluations of wuranium resource
potential in parts of the study areas and (or) adjacent
areas were prepared by Geodata International, Ine.
(1980), Berry and others (1982), and the Union Carbide
Corporation (1982) as part of the National Uranium
Resource Evaluation (NURE) program administered by
the U.S. Department of Energy. Previous nonspecific
mineral-resource or exploration geochemical studies in
or adjacent to the study areas include those of
Matthews and Blackburn (1983), R. W. Morris (1976,
unpub. report; available at U.S. Bureau of Mines,
Western Field Operations Center, Spokane, Wash.), and
Gloria Derby (1981, unpub. report; available at U.S.
Bureau of Land Management, Boise Distriect Office,
Boise, Idaho).

The U.S. Geological Survey conducted field
investigations in the study areas in 1984 and 1985. The
work included field checking of existing geologic maps,
new mapping where necessary, and geochemical
sampling.  Analytical data were obtained for 45
stream~sediment samples and 39 nonmagnetic, heavy-
mineral panned concentrates from the Owyhee River
Canyon area, and 70 stream-sediment samples and 59
nonmagnetic, heavy-mineral, panned concentrates
from the Deep Creek-Owyhee River area.

The U.S. Bureau of Mines conducted a library
search for information on mines and prospects within
the wilderness study areas. These data were
supplemented by information from Owyhee County and
U.S. Bureau of Land Management mining and mineral-
lease records and by U.S. Bureau of Mines and State
production records. Field studies were conducted in
1984 for both the Owyhee Canyon Wilderness Study
Area (Gabby, 1985) and the Deep Creck-Owyhee River
Wilderness Study Area (Capstick and Buehler, 1985).
Prospects and claims near the study areas were studied
to determine if mineralized zones extend into the
study areas and to establish guides to mineral deposits
in the region. Reconnaissance panned-concentrate
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sampling was done along the Owyhee River and along
Deep and Dickshooter Creeks to test for gold and
other heavy minerals. Areas of obvious rock alteration
were examined for evidence of prospecting activity
that may not have been recorded.

Twenty-one rock and 11 placer samples were
collected at prospects and mineralized sites in or near
the Owyhee River Canyon Wilderness Study Area.
Sixty roek and 19 placer samples, and 10 samples of
possible diatomaceous material were collected in or
near the Deep Creek-Owyhee River Wilderness Study
Area. Samples were analyzed by fire-assay, atomic
absorption, and semiquantitative methods, examined
under a petrographic microsecope, scanned with a
binocular miecroscope to characterize the heavy-
mineral content, and checked for radioactivity and
fluorescence. Complete analyses are on file at the
U.S. Bureau of Mines, Western Field Operations
Center, Spokane, Wash.
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APPRAISAL OF IDENTIFIED RESOURCES

By Peter N. Gabby, Donald O. Capstick, and Alan R.
Buehler U.S. Bureau of Mines

The two study areas contain no known mines,
mining claims, or prospects and do not lie in or
adjacent to an established mining district. Lode
claims for lapidary jasper, chalcedony and common
opal straddle the study area boundaries at the White
Point prospeet (fig. 2). Oil and gas leases or lease
applications cover the approximately 25 percent of the
Deep Creek-Owyhee River Wilderness Study Area in
its northeast part, and approximately 7 percent of the
Owyhee River Canyon Wilderness Study Area in its
southeast part, east of the South Fork of the Owyhee
River. There are no identified mineral or oil and gas
resources within either of the study areas.

Jasper and Opal

Jasper, chalcedony, and common opal occur
within silicified rhyolite throughout the study areas;
most occurrences are small, scattered, and poor in
quality. In some localities, these materials form
colorful massive specimens or hollow spheroidal
masses (commonly known as geoids or "thundereggs").
Lapidary specimens have been intermittently
extracted from the White Point and Lu Lew prospects
(fig. 2), but the informal production at these sites has
not been recorded. Most production apparently has
been from the White Point prospect. The larger
occurrences of jasper, chalcedony, and common opal
(which are various forms of silica), as at the two
prospects cited here, have formed as replacements of
rhyolite and porous tuffaceous rocks along faults. The
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White Point prospeet includes about 10 acres of
silicified rock, but lapidary material is found only
locally; part of this prospect extends into both study
areas along a common boundary. The Lu Lew prospect
consists of small, isolated occurrences of jasper and
associated silicified roek. These commodities are
mainly of interest to hobbyists.

Diatomite

The diatomite located north of the northeast tip
of the Deep Creek-Owyhee River Wilderness Study
Area is one of Idaho's largest diatomite deposits
(Staley, 1964), but apparently there has not been any
production since the 1930's when a "few" tons were
extracted (Powers, 1947). The diatomaceous earth,
also reported as fuller's earth or clay deposit (Derby,
1981, unpub. report; available at U.S. Bureau of Land
Management, Boise District Office, Boise, Idaho),
occurs in a basin cut in the Little Jacks Rhyolite and is
overlain by 10-20 ft of basalt. This deposit covers an
area of about 0.07 mi“, approximately 1,000 ft north-
south by 2,000 ft east-west, and has a maximum
thickness of 150 ft. It contains an estimated 4.2
million tons of material (Staley, 1964) and has been
regarded as Idaho's best "reserve" because of its purity
and grain size appropriate for industrial use (Powers,
1947). Production from this deposit has apparently
been used as cement admixture, polishing agent,
insulation, and filter media (Powers, 1947; Elevatorski,
1975). Minor amounts of diatomite were found within
the wilderness study areas but the diatomite here is
impure and volumetrically insignificant in terms of
consideration as a resource.

Gold

Trace amounts of gold were detected in heavy-
mineral panned concentrates of stream sediments from
both study areas, but the gold concentrations in all
samples are neither anomalous nor economic. These
stream §ediments contain gold valued at less than
$0.02/yd® (calculated at a gold va‘J{ue of $400 per troy
ounce)  whereas $0.‘Ji0-0.15/yd is  considered
anomalous, and $8-10/yd” is marginally economic.

Sand and Gravel

Construction-grade sand and gravel occur in the
study area in small bars in the narrow canyons but are
not considered to be significant resources because
deposits are small and scattered.

ASSESSMENT OF MINERAL RESOURCE POTENTIAL

By Michael G. Sawlan, Harley King, James D.
Hoffman, and Dolores M. Kulik
U.S. Geological Survey

Geology
The Owyhee River Canyon and Deep Creek-















indication of the presence of oil and gas resources. In
Sandberg's (1983) statewide assessment of oil and gas
resources, this study area and the adjacent Owyhee
canyonlands were rated as having low potential for oil
and gas, based largely on Warner's (1980) suggestion
that hydrocarbon source rocks are present among the
Cenozoic lacustrine strata. In the study area,
however, there is no evidence for hydrocarbon source
beds or structural traps; no surficial tar or oil seeps
are present. The exposed Tertiary strata in the study
area, consisting mainly of voleanic and tuffaceous
sedimentary rocks, are not sources of hydrocarbons. It
is conjectural whether carbonaceous source rocks are
present beneath the volcanic strata in the study area.
The nearest exposures of potential source rocks are
carbonaceous shales of the Sucker Creek Formation of
Miocene age located 40 mi to the north and northwest
(Ekren and others, 1981, 1984). The structure and
lithology of the subvolcanic basement is poorly known
but may include plutonic and (or) metamorphiec rocks
associated with the Idaho batholith, and possibly
Tertiary volcanic, voleaniclastic, and lacustrine
sedimentary rocks.

At present, there are no producing oil or gas
wells in Idaho or adjacent northernmost Nevada within
50 mi of the study area. In the Anschutz Federal No. 1
drill hole, located 45 mi north in the southern Snake
River Plain, no oil or gas shows were reported and the
hole bottomed-out in granite (McIntyre, 1979). Three
drill holes in northern Nevada, located about 40-55 mi
from the study area, have been "dry." These include
an 800" hole drilled by the Bull Run Oil and Gas
Company in 1922, and a 3386-ft well drilled by the
Richfield Corporation in 1956; these were located
within 2 mi of each other. A more recent exploration
attempt by Exxon Corporation in 1985 in a locality 22
mi west of these drill holes resulted in a 14,464-ft dry
hole through a stratigraphic section composed
completely of rhyolitic tuff.

The thick cover of voleanic rocks, which may be
as muech as 1 km in thickness in the study area (Ekren
and others, 1984), has undoubtedly discouraged oil and
gas exploration, and petroleum industry interest in
southwest Idaho appears to be declining. Atlantic
Richfield Corporation, which presently holds the only
leases in the study area, apparently plans to drop the
lease without further exploration. In consideration of
the absence of positive indications for source rocks
and struectural traps, and a history documenting a lack
of oil and gas production in the state of Idaho and
areas 50 mi south into Nevada, we conclude that there
is no potential for oil and gas in the study area.

Conclusions for the Deep Creek-Owyhee River
Wilderness Study Area

Geologic and geochemical studies indicate that
part of the Deep Creek-Owhyee River Wilderness
Study Area has low mineral resource potential for
silver, certainty level C (fig. 2). The presence of
silver is indicated in only a single geochemical sample,
and no widespread, strongly altered, or oxidized zones

were observed in this area. Hence, the source of the
silver is thought to be small and loecal, possibly forming
small hydrothermal veins along faults in the vieinity of
the anomalous geochemical sample. Some high-quality
diatomite appropriate for industrial use occurs in a
deposit located outside the wilderness study area.
Within the wilderness study area, occurrences of
diatomite are poor in quality and small in volume. The
study area has no resource potential for diatomite.

Available geologic and geophysical data give no
indication of the presence of oil and gas resources. In
Sandberg's (1983) statewide assessment of oil and gas
resources, this study area and adjacent Owyhee
canyonlands were rated as having low potential for oil
and gas, based largely on Warner's (1980) suggzestion
that hydrocarbon source rocks are present among the
Cenozoic lacustrine strata. In the study area,
however, there is no evidence for hydrocarbon source
beds or structural traps; no surficial tar or oil seeps
are present. The exposed Tertiary strata in the study
area, consisting mainly of voleanic and tuffaceous
sedimentary rocks, are not sources of hydrocarbons. It
is conjectural whether carbonaceous source rocks are
present beneath the voleanic strata in the study area.
The nearest exposures of potential source rocks are
carbonaceous shales of the Sucker Creek Formation of
Miocene age located 40 mi north and northwest (Ekren
and others, 1981, 1984). The structure and lithology of
the subvolecanic basement is poorly known but may
include plutonic and (or) metamorphic rocks associated
with the Idaho batholith, and possibly Tertiary
volcanic, volecaniclastic, and lacustrine sedimentary
rocks.

At present, there are no producing oil or gas
wells in Idaho or adjacent northernmost Nevada within
50 mi of the study area. In the Anschutz Federal No. 1
drill hole, located 45 mi north in the southern Snake
River Plain, no oil or gas shows were reported and the
hole bottomed-out in granite (MecIntyre, 1979). Three
drill holes in northern Nevada, located about 40-55 mi
from the study area, have not produced oil or gas.
These include an 800' hole drilled by the Bull Run Oil
and Gas Company in 1922, and a 3386-ft well drilled by
the Richfield Corporation in 1956; these were located
within 2 mi of each other. A more recent exploration
attempt by Exxon Corporation in 1985 in a locality 22
mi west of these drill holes resulted in a 14,464-ft
dry hole through a stratigraphic section composed
completely of rhyolitie tuff.

The thick cover of volcanic rocks, which may be
about 1 km in thickness in the study area (Ekren and
others, 1984), has undoubtedly discouraged oil and gas
exploration and petroleum industry interest in
southwest Idaho appears to be declining. Atlantic
Richfield Corporation, one of two oil and gas leasees
in the study area, apparently plans on dropping the
lease without further exploration. In consideration of
the absence of positive indications for source rocks
and structural traps, and a history documenting a lack
of oil and gas production in the state of Idaho and
areas 50 mi south into Nevada, we conclude that there
is no potential for oil and gas in the study area.
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APPENDIX 1. Definition of levels of mineral resource
potential and certainty of assessment

Mineral resource potential is defined as the
likelihood of the presence of mineral resources in a
defined area; it is not a measure of the amount of
resources or their profitability.

Mineral resources are concentrations of naturally
occurring solid, liquid, or gaseous materials in such
form and amount that economic extraction of a com-
modity from the concentration is currently or poten-
tially feasible.

Low mineral resource potential is assigned to
areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment where
the existence of resources is unlikely. This level of
potential embraces areas of dispersed mineralized rock
as well as areas having few or no indications of
mineralization. Assignment of low potential requires
specific positive knowledge; it is not used as a catchall
for areas where adequate data are lacking.

Moderate mineral resource potential is assigned
to areas where geologic, geochemical, and geophysical
characteristies indicate a geologic environment
favorable for resource occurrence, where interpreta-
tions of data indicate a reasonable chance for resource
accumulation, and where an application of genetic and
(or) occurrence models indicates favorable ground.

High mineral resource potential is assigned to
areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment
favorable for resources, where interpretations of data
indicate a high likelihood for resource acecumulation,
where data support occurrence and (or) genetic models
indicating presence of resources, and where evidence
indicates that mineral concentration has taken place.
Assignment of high resource potential requires positive
knowledge that resource-forming processes have been
active in at least part of the area; it does not require
that oceurrences or deposits be identified.

Unknown mineral resource potential is assigned
to areas where the level of knowledge is so inadequate
that classification of the area as high, moderate, or

low would be misleading. The phrase "no mineral
resource potential" applies only to a specific resource
type in a well-defined area. This phrase is not used if
there is the slightest possibility of resource
occurrence; it is not appropriate as the summary
rating for any area.

Expression of the certainty of the mineral
resource assessment incorporates a consideration of (1)
the adequacy of the geologic, geochemical, geophysi-
cal, and resource data base available at the time of
the assessment, (2) the adequacy of the occurrence or
the genetic model used as the basis for a specific
evaluation, and (3) an evaluation of the likelihood that
the expected mineral endowment of the area is, or
could be, economically extractable.

Levels of certainty of assessment are denoted oy
letters, A-D (fig. 3).

A. The available data are not adequate to
determine the level of mineral resource potential.
Level A is used with an assignment of unknown mineral
resource potential.

B. The available data are adequate to suggest
the geologic environment and the level of mineral
resource potential, but either evidence is insufficient
to establish precisely the likelihood of resource occur-
rence, or occurrence and (or) genetic models are not
known well enough for predictive resource assessinent.

C. The available data give a good indication of
the geologic environment and the level of ineral
resource potential, but additional evidence is needed
to establish precisely the likelihood of resource occur-
rence, the activity of resource-forming processes, or
available occurrence and (or) genetic models are
minimal for predictive applications.

D. The available data clearly define the geologic
environment and the level of mineral resource
potential, and indicate the activity of resource—
forming processes. Key evidence to interpret the
presence or absence of specified types of resources is
available, and occurrence and (or) genetic models are
adequate for predictive resource assessment.
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Figure 3. Major elements of mineral resource potential/certainty classification.
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GEOLOGIC TIME CHART

Terms and boundary ages used by the U.S. Geological Survey in this report

'Rocks older than 570 Ma also called Precambrian, a time term without specific rank.
2Informal time term without specific rank.

AGE ESTIMATES
EON ERA PERIOD EPOCH OF BOUNDARIES
(in Ma)
Holocene
Quaternary 0.010
Pleistocene
1.7
Neogene Pliocene 5
Cenozoic Subperiod Miocene
24
Tertiary Oligocene
38
Paleoge_r\e Eocene
Subperiod 55
Paleocene
T 66
ate
Cretaceous Early 96
1
Late 8
Mesozoic Jurassic Middle
Early
Late 205
Tnassic Middie
Early
~240
Phanerozoic i Late
Permian Early
290
Late
Pennsylvaman Middle
Carboniferous Early
Paleozoic Periods ) Lote ~330
Mississippian Early
360
Late
Devonian Middle
Early
410
Late
Silurian Middle
Early
435
Late
Ordovician Middle
Early
500
Late
Cambrian Middle
Early
o~ \
Late Proterozoic 570
- 900
Proterozoic Middle Proterozoic
" 1600
Early Proterozoic
2500
Late Archean
Archean Middle Archean 3000
3400
Early Archean
o awen- L ]
pre-Archean? 138007)
4550
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