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STUDIES RELATED TO WILDERNESS
Bureau of Land Management Wilderness Study Area

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 conduct mineral surveys on certain areas to
determine the mineral values, if any, that may be present. Results must be made available to the public
and be submitted to the President and the Congress. This report presents the results of a mineral survey
of the Santa Rosa Mountains Wilderness Study Area (CDCA-341), California Desert Conservation Area,
Riverside County, California.
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Mineral Resources of the
Santa Rosa Mountains Wilderness Study Area,
Riverside County, California

By ).P. Calzia, D.J. Madden-McGuire, and H.W. Oliver

U.S. Geological Survey

R.A. Schreiner
U.S. Bureau of Mines

SUMMARY
Abstract

The Santa Rosa Mountains Wilderness Study Area
(CDCA-341) covers 68,051 acres in the Santa Rosa Moun-
tains, California. An appraisal of the mineral resources
(known) and an assessment of mineral resource potential
(undiscovered) of this wilderness study area, hercinafter
designated “the study area,” were made at the request of the
U.S. Bureau of Land Management and are described in this
report. There are no identified mineral resources in the
study area. Geologic, geochemical, geophysical, and min-
eral surveys indicate that the study area has high potential
for tungsten and marble resources, moderate potential for
gold, and no potential for oil, natural gas, and geothermal
resources.

Character and Setting

The Santa Rosa Mountains Wilderness Study Area is
in mountainous terrain 15 mi south-southeast of Palm
Springs, Calif. (fig. 1). Access to and within the study area
is limited to unmaintained jeep trails and existing foot
trails. Topographic relief, expressed by steep ridges and
deep steep-walled canyons, is about 6,200 ft.

The geologic setting of the study area is unusual in
that it sits astride a zone of sheared, pulverized rock known
as the Santa Rosa mylonite zone. This mylonite zone was
caused by a block of rocks being thrust southwest at about
the same time as intrusive rocks pushed upward to form the
Peninsular Ranges batholith. Rocks structurally below the

Manuscript approved for publication, June 3, 1988.

mylonite zone, in the lower plate, include gneiss, schist,
marble, and metasedimentary rocks intruded by quartz
monzonite, gabbro, and tonalite of the batholith. The Santa
Rosa mylonite zone includes crushed and deformed gneiss,
marble, and tonalite. Rocks structurally above the Santa
Rosa mylonite zone, in the upper plate, include marble,
gneiss, schist, metasedimentary rocks, and granitic rocks.
These upper-plate rocks were thrust westward over the
mylonite zone along a series of low-angle thrust faults that
are spatially and temporally related to the Santa Rosa
mylonite zone.

Mineral Resources and Mineral Resource
Potential

Twelve mines, prospects, and mineral occurrences are
present in or adjacent to the study area, however there are
no identified resources present. Gneiss and schist in the
lower plate have high potential for tungsten resources in
skamns. Both upper and lower plates have high resource
potential for marble that may be used in the manufacture of
Portland cement and for construction materials. Quartz
veins that cut quartz monzonite, gneiss, and schist in the
lower plate and mylonitic rocks in the upper plate have
moderate potential for gold resources. Oil, natural gas, and
geothermal resources are not present and there is no poten-
tial for resources of them within the study area.

INTRODUCTION

This mineral survey was requested by the U.S. Bu-
reau of Land Management and is a joint effort by the U.S.
Geological Survey and the U.S. Bureau of Mines. An
introduction to the wilderness review process, mineral
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survey methods, and agency responsibilities were provided
by Beikman and others (1983). The U.S. Bureau of Mines
evaluates identified resources at individual mines and
known mineralized areas by collecting data on current and
past mining activities and through field examination of
mines, prospects, claims, and mineralized areas. Identified
resources are classified according to a system that is a
modification of that described by McKelvey (1972) and
U.S. Bureau of Mines and U.S. Geological Survey (1980).
Studies by the U.S. Geological Survey are designed to
provide a reasonable scientific basis for assessing the po-
tential for undiscovered mineral resources by determining
geologic units and structures, possible environments of
mineral deposition, presence of geochemical and geophysi-

116°30'

cal anomalies, and applicable ore-deposit models. Mineral
assessment methodology and terminology as they apply to
these surveys were discussed by Goudarzi (1984). See the
appendixes for definition of levels of mineral resource
potential, certainty of assessment, and classification of
identified resources.

Location and Physiography

The Santa Rosa Mountains Wilderness Study Area
(CDCA-341) covers 68,051 acres in the Santa Rosa Moun-
tains about 15 mi south-southeast of Palm Springs, Calif.
(fig. 1). The study area is accessible by foot trails from
Toro Peak and by unmaintained jeep trails from Coachella
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The Santa Rosa mylonite zone of Erskine and Wenk
(1985) is the northernmost segment of the Peninsular
Ranges mylonite zone of Sharp (1979). The Santa Rosa
mylonite zone includes more than 26,000 ft of strongly
deformed cataclastic gneiss, marble, tonalite, and ultramy-
lonite. Regional geology and small-scale structures (folds
and shear planes) suggest that the Santa Rosa mylonite
zone represents a southwest-directed thrust fault (Sharp,
1979; Simpson, 1984) that formed nearly synchronously
with intrusion of the mid-Cretaceous plutonic rocks.

The Palm Canyon, Deep Canyon, and Martinez
Mountain faults of Matti and others (1983) are part of a
series of imbricate low-angle thrusts faults that are spatially
related to the Santa Rosa mylonite zone (pl. 1). These
thrust faults are characterized by zones of sheared, crushed,
and fractured rocks that contain one or more fault surfaces
with cataclastic fabrics. Sharp (1979) suggested that the
mylonite zone and the thrust faults are genetically related
although Matti and others (1983) reported that the mylo-
nitic fabric is cut by the low-angle thrust faults. Dokka
(1984) and Wallace (1982) reported fission track and potas-
sium/argon ages from the mylonitic and upper plate rocks
that range from 60 to 64 million years. These data repre-
sent cooling and uplift ages of the deformed rocks and
suggest that the Santa Rosa mylonite zone and the closely
associated low-angle thrust faults were formed from mid-
to Late-Cretaceous time.

Rocks in the upper plate and structurally above the
Palm Canyon fault include pelitic schist, gneiss, marble,
metasedimentary rocks, and granitic rocks. The metasedi-
mentary rocks, mapped as part of the Palm Canyon Com-
plex of Miller (1944) by Erskine and Wenk (1985), include
amphibolite and calc-silicate hornfels probably derived
from a lower Paleozoic or upper Precambrian miogeoclinal
protolith. These rocks are similar to the metasedimentary
rocks in the lower plate except for the lack of quartzite in
the upper plate.

Granitic rocks in the upper plate of the Palm Canyon
and Deep Canyon faults include coarse-grained, foliated
hommblende quartz diorite, granodiorite, and biotite-horn-
blende tonalite. The granodiorite is medium to coarse
grained, foliated, and characterized by large subhedral to
euhedral hornblende, magnetite, and sphene crystals as
much as 0.5 in. long. Coarse-grained granodiorite and ton-
alite in the upper plate of the Martinez Mountain fault and
an unnamed thrust fault in the northeast corner of the study
area are characterized by a poorly developed foliation.

The Pliocene and (or) Pleistocene Bautista Formation
of Axelrod (1966), equivalent to the “Bautista beds” of
Fraser (1931), unconformably overlies the Peninsular
Ranges batholith and the Santa Rosa mylonite zone. The
Bautista Formation consists of poorly indurated fanglomer-
ate deposits that were shed southwestward during uplift of
the Santa Rosa Mountains.

Geochemistry

Geochemical analyses of rock and stream-sediment
samples, including nonmagnetic heavy-mineral concen-
trates, helped delineate several areas of mineralization
within the study area. Stream-sediment samples collected
in dry streams that drain gneiss and schist in the lower plate
contain anomalous concentrations of gold, arsenic, barium,
boron, lead, and zinc, Heavy-mineral concentrates from
the same area contain scheelite and yield anomalous con-
centrations of arsenic, barium, beryllium, copper, lead, and
tungsten. A stream-sediment sample collected south of the
Miller Ranch prospect (table 1, No. 4) contains 0.55 parts
per million (ppm) gold; heavy-mineral concentrates from
the same area contain 200 to 500 ppm tungsten and as
much as 2,000 ppm arsenic.

Rock and stream-sediment samples from mylonitic
rocks in the upper plate between the Palm Canyon and
Martinez Mountain faults contain anomalous concentra-
tions of gold, silver, barium, copper, tin, and zinc but no
enrichment in tungsten. Rock samples from an unnamed
prospect (table 1, No. 6) north of Rabbit Peak contain as
much as 1.4 ppm gold, 20 ppm silver, 10,000 ppm copper,
and 1,800 ppm zinc. Rock samples collected within an
altered fault zone cast of Rabbit Peak (table 1, No. 7)
contain 0.1 ppm gold. Stream-sediment samples from this
area contain 2,000 ppm tin, 2,000 ppm zinc, and a trace of
silver. Scheelite is common in heavy-mineral concentrates
of upper plate rocks east of California Highway 74.

Stream-sediment samples from streams that drain the
coarse-grained quartz monzonite on the southwest side of
Buck Ridge contain 0.95 ppm gold, 2,000 ppm barium, and
200 ppm boron. Heavy-mineral concentrates of these
samples contain 300 ppm tungsten and 20 ppm copper.

Geophysics

The residual magnetic ficld within the study area
varies from a magnetic low of =550 nT southwest of the
San Jacinto fault zone to a magnetic high of -140 nT over
granitic rocks in the upper plate of the Martinez Mountain
fault (H.W. Oliver, unpub. data, 1987). The magnetic
patterns outline three lithotectonic units: (1) tonalite and
pre-batholithic rocks in the lower plate are characterized by
a nearly flat magnetic field of -500+50 nT; (2) granitic
rocks in the upper plate of the Martinez Mountain fault are
marked by a general rise in the magnetic field from about
—450 nT to =300 nT and are bounded by the —-400 nT
contour; and (3) mylonitic rocks in the upper plate between
the Palm Canyon and Martinez Mountain faults are marked
by a northwest-trending magnetic gradient bounded on the
southwest by the —450 nT contour. This magnetic gradient
corresponds with the southwest side of the Santa Rosa
mylonite zone. The magnetic data also provide negative
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evidence for the otherwise possible existence of subsurface
magnetite and (or) pyrrhotite occurrences, which are typi-
cally evident from magnetic surveys over similar terranes
in the Sierra Nevada (Oliver, 1977, 1982).

Isostatic residual gravity values range from -42 mGal
in the Coachella Valley to +6 or +8 mGal in upper plate
granitic rocks (Mariano and others, 1987). The gravity
relief across imbricate thrust faults in the upper plate is 12
to 16 mGal. The density of granitic rocks in the upper plate
(2.77 g/cm?) is about 0.1 g/cm® greater than the mean
density of 2.67 g/cm?® for tonalites in the lower plate.
Assuming an infinite sheet approximation, the gravity and
density data suggest that the upper plate is about 2 to 3 mi
thick.

Farther to the southwest, residual gravity values
decrease about 10 mGal across the San Jacinto fault zone,
indicating that the fault has juxtaposed relatively low den-
sity rocks to the southwest with relatively high density
tonalites to the northeast. Assuming a density contrast of
0.05 to 0.1 g/cm?, the tonalites continue to a depth of 2 to
4 mi.

Mineral Resource Potential

Geologic and geochemical data indicate that areas of
gneiss, schist, marble, and mylonitic rocks that are intruded
by tonalite in the lower plate have high potential for tung-
sten resources at certainty level C (see appendixes for
definitions of levels of mineral resource potential and cer-
tainty of assessment). Tungsten skarns often occur along
the contact between carbonate and intrusive rocks (Cox,
1986). Typical skarn deposits are characterized by anoma-
lous concentrations of tungsten, beryllium, bismuth, cop-
per, molybdenum, tin, and zinc (Cox, 1986).

Areas containing pre-batholithic rocks in the lower
and upper plates have high resource potential for marble
that may be used in Portland cement and for construction
materials (roofing granules, decorative stone, rip rap) at
certainty level C. Marble from the Dolomite mine (table 1,
No. 8) was used for roofing granules and decorative stone
(Matti and others, 1983). This mine and the Nightingale
limestone claims (table 1, No. 9) were inactive in 1987.

Quartz veins in an area of Cretaceous quartz mon-
zonite along Buck Ridge, in an area of lower plate gneiss
and schist, in an area of upper plate gneiss, schist, and
metasedimentary rocks, and in an area of mylonitic rocks
between the Palm Canyon and the Martinez Mountain
faults have moderate potential for gold resources at cer-
tainty level B. Gold-quartz veins associated with the early
intrusive rocks of the Peninsular Ranges batholith and the
mylonitic rocks in the Santa Rosa mylonite zone are char-
acterized by anomalous concentrations of arsenic, bismuth,
copper, lead, silver, tungsten, and zinc and the absence of
visible sulfide minerals. Similar geologic and geochemical
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characteristics occur in quartz veins that cut the Penrod
Quartz Monzonite of Brown (1980, 1981) and the Desert
Divide Group south of Pyramid Peak (Calzia, 1988). Here,
several active gold mines are located along iron-stained
quartz veins. Rocks similar to the Penrod Quartz Mon-
zonite and the Desert Divide Group continue southeastward
into the study area (Sharp, 1967).

Narrow seams of slip-fiber amphibole asbestos occur
in two prospects (table 1, Nos. 10 and 11) west of the study
area. No asbestos was noted along the thrust faults within
the study area. There is no potential for asbestos within the
study area, certainty level D.

The Bautista Formation is a possible source of sand
and gravel for construction use. These deposits are thin
and limited in areal extent. Larger more accessible sand
and gravel deposits (table 1, No. 12) are available in the
Coachella Valley closer to major metropolitan centers.
Sand and gravel in the study area are not classified as
identified resources (see p. 3), and there is no potential for
sand and gravel at certainty level D.

The study area has no potential for oil, gas, and
geothermal resources at certainty level D. The presence of
structurally complex amphibolite-grade metamorphic rocks
and the batholitic rocks preclude the formation of oil and
gas resources. No thermal springs or geothermal indicia
are present within the study area.

REFERENCES CITED

Axelrod, D.I, 1966, The Pleistocene Soboba flora of southern
California: University of California, Publication in Geo-
logical Sciences, v. 60, p. 5-10.

Baird, AK., Baird, KW., and Welday, E.E., 1979, Batholithic
rocks of the northern Peninsula and Transverse Ranges,
southern California: chemical composition and variation,
in Abbot, P.L., and Todd, V.R., eds., Mesozoic crystalline
rocks: Peninsular Ranges batholiths and pegmatites, Point
Sal ophiolite: San Diego, San Diego State University, p.
111-132

Beikman, H.M., Hinkle, M.E., Frieders, Twila, Marcus, S.M., and
Edward, J.R., 1983, Mineral surveys by the Geological
Survey and the Bureau of Mines of Bureau of Land Man-
agement Wilderness Study Areas: U.S. Geological Survey
Circular 901, 28 p.

Brown, AR., 1980, Limestone deposits of the Desert Divide, San
Jacinto Mountains, California, in Fife, D.L., and Brown,
AR., eds., Geology and mineral wealth of the California
desert: Santa Ana, South Coast Geological Society, p.
284-293.

1981, Structural history of the metamorphic, granitic, and
cataclastic rocks in the southern San Jacinto Mountains, in
Brown, AR, and Ruff, R'W., eds., Geology of the San
Jacinto Mountains: Santa Ana, South Coast Geological
Society, Annual Field Trip Guidebook no. 9, p. 100-138.

Calzia, J.P., 1988, Mineral resources of the Pyramid Peak
Roadless Area, Riverside County, Califonia: U.S. Geo-

South-Central California Desert Conservation Area, California



logical Survey Miscellaneous Field Studies Map MF-1999,
scale 1:62,500.

Calzia, J.P., Crowley, J.A., Dockter, R.D., Simoni, T.R., Jr., and
Server, G.T., 1979, Leasable mineral resources of the Cali-
fornia Desert Conservation Area: U.S. Geological Survey
Administrative Report, 183 p.

Cox, D.P., 1986, Descriptive model of W skarn deposits, in Cox,
D.P., and Singer, D.A,, eds., Mineral deposit models: U.S.
Geological Survey Bulletin 1693, p. 55.

Dockum, M.S., and Miller, R.H., 1982, Ordovician conodonts
from the greenschist facies carbonates, western Imperial
County, California: Geological Society America Abstracts
with Program, v. 14, p. 160.

Dokka, R.K., 1984, Fission-track geochronologic evidence for
Late Cretaceous mylonitization and Early Paleocene uplift
of the northern Peninsular Range, California: Geophysical
Research Letters, v. 11, 46-49.

Erskine, B.G., Wenk, H.R., 1985, Evidence for Late Cretaceous
crustal thining in the Santa Rosa mylonite zone, southern
California: Geology, v. 13, p. 274-277.

Fraser, D.M., 1931, Geology of San Jacinto quadrangle south of
San Gorgonio Pass, California: California Journal of Mines
and Geology, v. 27, p. 494-540.

Gastil, R.G., 1975, Plutonic zones in the Peninsular Ranges of
southern California and northern Baja Calfornia: Geology,
v. 3, p. 361-363.

Goudarzi, G.H., 1984, Guide to preparation of mineral survey
reports on public lands: U.S. Geological Survey Open-File
Report 84-787, 51 p.

Grimes, D.J., and Marranzino, A.P., 1968, Direct-current arc and
alternating-current spark emission spectrographic field
methods for the semiquantitative analysis of geologic mate-
rials: U.S. Geological Survey Circular 591, 6 p.

Hill, RI., 1984, Petrology and petrogenesis of batholithic rocks,
San Jacinto Mountains, southern California: Pasadena,
California Institute of Technology, Ph.D. dissertation, 660

p-
Jahns, R.H., 1954, Geology of the Peninsular Range province,
southern California and Baja California: California Divi-
sion Mines and Geology Bulletin 170, Chapter I1, p. 29-52.

Mariano, John, Roberts, C.W., Erdman, C.F., and Biehler, Shawn,
1987, Isostatic residual gravity map of the Santa Rosa
Mountains Wildemess Study Area and vicinity, east-central
Santa Ana 1° x 2° quadrangle, California: U.S. Geological
Survey Open-File Rept. 87-88, scale 1:62,500.

Matti, J.C., Cox, B.F., Powell, R.E., Oliver, H.W., and Kuizon,
Lucia, 1983, Mineral resource potential of the Cactus
Spring Roadless Area, Riverside County, California: U.S.
Geological Survey Miscellaneous Field Studies Map
ME-1650-A, 10 p.

McKelvey, V.E., 1972, Mineral resource estimates and public
policy: American Scientist, v. 60, p. 32-40.

Miller, W.J., 1944, Geology of Palm Springs-Blythe strip, River-

side County, California: California Journal Mines and
Geology, v. 40, p. 11-72.

Murdock, J. and Webb, R.W., 1956, Asbestos, in Minerals of
California; California Division of Mines and Geology
Bulletin 173, p. 44.

Oliver HW., 1977, Gravity and magnetic investigations of the
Sierra Nevada batholith: Geological Society America, v.
77, p. 445-461.

1981, Interpretation of the gravity map of California and

its continental margin: California Divison of Mines and

Geology Bulletin 205, 52 p.

1982, Geophysical studies of the Minarets Wildemess and
adjacent areas, Madera and Mono Counties, California; in
Mineral resources of the Minarets Wilderness and adjacent
areas: U.S. Geological Survey Bulletin 1516, p. 49-72.

Oliver, H.W., Chapman, R.H., Biehler, Shawn, Griscom, Andrew,
Silver, E.A., Beyer, L.A., and Robbins, S.L., 1981, Gravity
map of California and its continental margin: California
Division of Mines and Geology Special Map, scale
1:750,000.

Schreiner, R.A., 1983, Mineral investigation of the Santa Rosa
Mountains Wilderness Study Area, California Desert
Conservation Area, Riverside County, California: U.S.
Bureau of Mines Open-File Report MLA 100-83, 9 p.

Sharp, R.V., 1967, San Jacinto fault zone in the Peninsular
Ranges of southern California: Geological Society of
America Bulletin, v. 78, p. 705-730.

1979, Some characteristics of the eastern Peninsular
Ranges mylonitic zone: U.S. Geological Survey Open-File
Report 79-1239, p. 258-267.

Simpson, Carol, 1984, Borrego Springs-Santa Rosa mylonite
zone: A Late Cretaceous west-directed thrust in southem
California: Geology, v. 12, p. 8-11.

Tucker, W.B., and Sampson, R.J., 1945, Mineral resources of
Riverside County: California Journal of Mines and Geol-
ogy, v. 41, p. 121-182.

U.S. Bureau of Mines and U.S. Geological Survey, 1980, Prin-
ciples of a resource/reserve classification for minerals:
U.S. Geological Survey Circular 831, 5 p.

U.S. Geological Survey, 1982, Aeromagnetic map of the Cactus
Springs area, California: U.S. Geological Survey Open-
File Report 82-945, scale 1:62,500.

1983, Aeromagnetic map of the Salton Sea area, Califor-
nia: U.S. Geological Survey Open-File Report 83-664,
scale 1:250,000.

Wallace, R.D., 1982, Evaluation of possible detachment faulting
west of the San Andreas fault, southern Santa Rosa Moun-
tains, California: San Diego, California State University,
M.S. thesis, 77 p.

Wright, L.B., 1946, Geology of Santa Rosa Mountain area, Riv-
erside County, California: California Journal of Mines and
Geology, v. 42, p. 9-13.

Mineral Resources of the Santa Rosa Mountains Wilderness Study Area, Riverside County California D9







APPENDIXES




DEFINITION OF LEVELS OF MINERAL RESOURCE POTENTIAL
AND CERTAINTY OF ASSESSMENT

LEVELS OF RESOURCE POTENTIAL

H

cz

HIGH mineral resource potential is assigned to areas where geologic, geochemical, and geophysical char-
acteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data
indicate a high degree of likelihood for resource accumulation, where data support mineral-deposit models
indicating presence of resources, and where evidence indicates that mineral concentration has taken place.
Assignment of high resource potential to an area requires some positive knowledge that mineral-forming processes
have been active in at least part of the area.

MODERATE mineral resource potential is assigned to areas where geologic, geochemical, and geophysical
characteristics indicate a geologic environment favorable for resource occurrence, where interpretations of data
indicate reasonable likelihood for resource accumulation, and (or) where an application of mineral-deposit models
indicates favorable ground for the specified type(s) of deposits.

LOW mineral resource potential is assigned to areas where geologic, geochemical, and geophysical characteristics
define a geologic environment in which the existence of resources is permissive. This broad category embraces
areas with dispersed but insignificantly mineralized rock, as well as areas with little or no indication of having
been mineralized.

NO mineral resource potential is a category reserved for a specific type of resource in a well-defined area.
UNKNOWN mineral resource potential is assigned to areas where information is inadequate to assign a low,
moderate, or high level of resource potential.

LEVELS OF CERTAINTY

onNnw>»

Available information is not adequate for determination of the level of mineral resource potential.
Available information only suggests the level of mineral resource potential.

Available information gives a good indication of the level of mineral resource potential.
Available information clearly defines the level of mineral resource potential.

A B C D
U/A H/B H/C H/D
HIGH POTENTIAL HIGH POTENTIAL HIGH POTENTIAL

-
;_ M/B M/C M/D
é MODERATE POTENTIAL | MODERATE POTENTIAL |  MODERATE POTENTIAL
Q | UNKNOWN POTENTIAL
O L/B L/C L/D
)
0 LOW POTENTIAL LOW POTENTIAL LOW POTENTIAL
ok
o
[T
o N/D
-
s NO POTENTIAL
(§5]
-

LEVEL OF CERTAINTY ——»

Abstracted with minor modifications from:

Taylor, R.B., and Steven, T.A., 1983, Definition of mineral resource potential: Economic Geology, v. 78, no. 6, p. 1268-1270.

Taylor, R.B., Stoneman, R.J., and Marsh, S.P., 1984, An assessment of the mineral resource potential of the San Isabel National Forest, south-central Colorado: U.S.
Geological Survey Bulletin 1638, p. 40-42.

Goudarzi, G.H., compiler, 1984, Guide to preparation of mineral survey reports on public lands: U.S. Geological Survey Open-File Report 84-0787, p. 7, 8.
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RESOURCE/RESERVE CLASSIFICATION

IDENTIFIED RESOURCES

UNDISCOVERED RESOURCES

Demonstrated Probability Range
Inferred
Measured | Indicated Hypothetical Speculative
! Inferred
ECONOMIC Reserves Reserves
|
T ferred
MARGINALLY Marginal Marggnal
ECONOMIC Reserves Reserves
-
SUB Demonlstrated Inferred
- Subeconomic Subeconomic
ECONOMIC Resources Resources
1

Major elements of mineral resource classification, excluding reserve base and inferred reserve base. Modified from McKelvey, V.E., 1972, Mineral
resource estimates and public policy: American Scientist, v. 60, p. 32-40; and U.S. Bureau of Mines and U.S. Geological Survey, 1980, Principles
of a resource/reserve classification for minerals: U.S. Geological Survey Circular 831, p. 5.
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GEOLOGIC TIME CHART
Terms and boundary ages used by the U.S. Geological Survey in this report

AGE ESTIMATES OF

EON ERA PERIOD EPOCH BOUNDARIES IN
MILLION YEARS (Ma)
Quaternary H?locene 0.010
Pleistocene 17
Neogene Pliocene 5
Cenozoic Subperiod Miocene 24
Terti i
erary Paleogene Oligocene 38
Subperiod Eocene 55
Paleocene 66
Late
Cret: —
retaceous Early 96
138
Late
Mesozoic Jurassic Middle
Early
205
Late
Triassic Middle
Earl
Y ~240
Permian Late
Phanerozoic rmia Early
290
Late
) Pennsylvanian Middle
Carboniferous Early
Periods ~330
Mississippian Late
Early
360
Late
Devonian Middle
Paleozoic Early
410
Late
Silurian Middle
Early
435
Late
Ordovician Middle
Early
500
Late
Cambrian Middle
Early
1~570
Late Proterozoic
Proterozoic Middle P i oo
T T
En ' eP roteroz<':nc 1600
ali Y :)te;ozonc 2500
e e o
Archean toge Archean 3400
Early Archean
------------------------------------------- (38000)- -~ - - - - - - oo oo - 1
pre-Archean?
4550
'Rocks older than 570 Ma also called Precambrian, a time term without specific rank.
ZInformal time term without specific rank.
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