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ABSTRACT

The Milestone deposit, one mile northwest of the DeLamar
Silver Mine, is a Miocene, hot-spring, silver-gold deposit
hosted by Middle Miocene, hot-spring sinter, by hydrothermal
breccia, and by an underlying porphyritic rhyolite. The ore
body is exposed at the surface and probably contains more than
one million tons of 3.85 oz./ton Ag and .02 oz./ton Au. The
deposit is at the site of a "fossil" geothermal system, as
inferred from the geology, mineralogy, and geochemical
characteristics of active, high-temperature ( 150°C.),
precious-metal-depositing, geothermal systems. The mineral
deposition was about 16 m.y. ago, probably from
deep-circulating, hydrothermal solutions along an active,
northwest-trending fault. The area was influenced by exten-
sional tectonics of the Basin and Range and Snake River Plain
provinces, |

The ore mineralogy of the Milestone deposit includes
naumannite, Se~rich pyrargyrite, and gold, suggesting a
mineralization temperature above 192 *5°C. The hydrothermal
alteration and gangue minerals include quartz and subordinate
illite, montmorillonite, kaolinite, pyrite, marcasite, and
jarosite. Rock geochemistry indicates that Au, Ag, Se, As, Sb,
Ilg, Mo, Ni, Cr, and Cu are probably useful pathfinders for

precious metals in the Silver City-DeLamar district.
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INTRODUCTION

The Milestone area, a joint venture property of NERCO
Minerals Company and Superior O0il Company, is in the Owyhee
Mountains of southwestern Idaho, 50 miles southwest of Boise,
Idaho, and one mile northwest of the DelLamar Silver Mine. The
Milestone deposit 1is a Miocene-aged, "fossil" hot-spring,
silver-gold deposit hosted by hot-spring sinter, by
hydrothermal rhyolite-breccia, and by an underlying, porphyritic
rhyolite. The ore body is exposed at the surface and probably
contains more than one million tons with 3.85 oz./ton Ag and
.02 oz./ton Au. Evidence of the geology, mineralization and
geochemistry of the Milestone area has permitted conclusions to
be drawn about the geologic setting and mineralization history,

and enabled the formation of a model for the Milestone deposit.

HOT-SPRING AREAS AND EPITHERMAL ORE DEPOSITS

A hot-spring area is the surface expression of a
geothermal system (White and others, 1971). It includes
hot-springs, fumaroles, and hydrothermally altered rocks. A
geothermal system includes a local heat source in the earth's
crust, such as an igneous intrusion, and the rocks and water
affected by the heat (White and others, 1971). A geothermal
system with hot, circulating water is called a hydrothermal

system (Ellis, 1979). The outer parts of a hydrothermal system




involve the deep, convective downflow of cold, recharging water
which rises when heated. Where an impermeable cap rock exists,
heated water may be stored near the surface. Hot water
generally boils upon rising when the vapor pressure exceeds the
hydrostatic pressure. If the vapor pressure exceeds the
lithostatic pressure, a hydrothermal eruption occurs because of
explosive flashing of water to steam. The steam and water
expelled from fumaroles and springs are recirculated. Ellis
(1979) indicates that most geothermal fields are associated
with recent silicic volcanic rocks and structures due to
tectonic activity.

An epithermal ore deposit is a near-surface deposit formed
in a hydrothermal system under low to moderate pressure and a
temperature less than 300°Cc. Mineralized "fossil" geothermal
systems are analogous to some active geothermal systems such as
Steamboat Springs, Nevada and Broadlands, New Zealand that are
related to volcanic centers and that are depositing significant
amounts of precious and base metals, both at the surface and at
depth (White and others, 1971; White, 1981). Geothermal
systems most 1likely to deposit precious metal ore generally

have temperatures above 150°C. (Blakestad and Stanley, 1984).




PREVIOUS INVESTIGATIONS

Previous investigations in the Silver City-Delamar region
are included in papers and maps by Lindgren (1900), Lindgren
and Drake (1904), Piper ahd Laney (1926), Asher (1968), Pansze
(1975), Ekren, McIntyre, Bennett, and Malde (1981), Thomason
(1983), Halsor (1983), and Bonnichsen (1983). Previous work in
the DeLamar area is included in company reports at the DeLamar
Silver Mine by W. Rodgers, J. Knox, T. Weitz, K. Moss, W.

Strowd, M. Beebe, and R. Hagni.
THE GEOLOGY OF THE MILESTONE AREA

The geology of the Milestone area (Figure 1) involves a
sequence of Middle Miocene volcanic rock units on a basement of
Silver City dgranite which crops out about 1000 feet to the
northeast of the map area. A major, high-angle, westward-
dipping, northwest-trending, normal fault, called the Northwest
Fault, can be traced from the DeLamar Silver Mine, through the
Milestone area to the northwest. Northwest-trending,
northeast-trending, and east-west-trending faults are also
common. The basalt-rhyolite assemblage of the area 1s
characteristic of an extensional tectonic setting (Christiansen
and Lipman, 1970; Lipman and others, 1970). The area was
influenced by rifting in the Snake River Plain and extension in

the Basin and Range tectonic provinces during the Miocene
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(Pansze, 1975). Eruptive centers for the volcanic rocks of the
region are many exogenous domes, plugs and dikes (Pansze,
1975).

A lower basalt unit (Tlb) overlies the Silver City granite
and is exposed to the east of the Northwest Fault. Overlying
the lower basalt is a latite unit (T1) which may have a source
at a dike which cuts basalt in the eastern part of the map
area. Stratigraphically overlying the latite is a porphyritic
rhyolite unit (Tpr) with which much of the mineralization of
the area is associated. An upper rhyolite unit (Tur) overlies
the porphyritic rhyolite. It is interbedded 1locally with
volcaniclastic sediment (Tvs). The volcaniclastic sediment
also underlies some terrace gravels (Qtg). Terrace dgravels
cover a large hill in the central map area. A hydrothermal
rhyolite-breccia unit (Thrb; described subsequently) crops out
in the central part of the map area and is a major host for the
mineralization. Hot-spring sinter (Ths) partially overlies the
hydrothermal breccia at the main knob outcrop (Figure 1), a
distinct topographic feature, and is at other scattered
localities. Colluvium (Qc) and alluviun (Qal) exist along the

Northwest Fault and alluvium is also present along the creeks.

Hydrothermal Rhyolite-Breccia

The hydrothermal rhyolite-breccia is either a
matrix-supported type of breccia or a clast-supported type of

breccia. - The matrix-supported, hydrothermal breccia is exposed




throughout most of the breccia zone. It has randomly oriented,
rounded to subangular clasts of various sizes and various rock
units including porphyritic rhyolite, upper rhyolite,
hot-spring sinter, and minor latite. The clasts are surrounded
by a gray or brown chalcedonic matrix containing pyrite and
marcasite and vugs with drusy or lamellar quartz. The clasts
are commonly rounded due to the effects of brecciation and
replacement by silica. Where the sulfides in the breccia are
oxidized, the 1rock is a brown color around clasts and where
fractured. The clast-supported, hydrothermal breccia appears
to be a surface feature overlying part of the matrix-supported
breccia. It is exposed on the north and west parts of the main
knob outcrop, and also at an outcrop 100 feet to the west of
the main knob. The clast-supported breccia has randomly
oriented, angular to subrounded clasts of various sizes which
are surrounded and held together by a thin coating of light
yellow silica, leaving open space between the clasts. The
clasts are hot-spring sinter, and lesser amounts of porphyritic
rhyolite and upper rhyolite. The minor cement consists of
microcrystalline quartz, lamellar quartz, pyrite and marcasite.
The hydrothermal breccia contains numerous silicified wood
fragments, indicating that the deposit formed at the present

topographic surface.




Hot-spring Sinter

The hot-spring sinter is bedded and forms a terrace about
280 feet long, 120 feet wide, and 30 feet thick at the main
knob outcrop where it overlies the hydrothermal breccia. The
siliceous sinter is a host rock for part of the Milestone
deposit. The sinter is irregularly layered, multi-colored
chalcedony. Much of it is bedded with sinter fragments or
brecciated. It also contains numerous silicified wood
fragments. The sinter beds strike N35°W, dip 45°NE, and were
probably originally deposited within 20° of horizontal.
Post-depositional tilting of the main knob outcrop has caused
the hot-spring sinter to dip northeast toward the Northwest

Fault.
THE MINERALIZATION OF THE MILESTONE AREA

A surface pfojection of the Milestone ore body shows it to
be V-shaped. It is hosted by the hydrothermal breccia, by the
underlying, silicified, porphyritic rhyolite, and by the
hot-spring sinter. The deposit is associated with a flexure in
the Northwest Fault. The east end of the ore body plunges
under the colluvium. Across the deposit at the main knob, in a
southwest to northeast direction, the ore body is cone-shaped
and widens upward. A high-grade ore zone is localized within a
lower grade ore zone. Silt and sandy silt were deposited

between the Northwest Fault and the main knob outcrop. The age
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of mineralization is about 16 m.y. (Pansze, 1975; Strowd, oral

communication, 1984).

Ore and Gangue Mineralogy and Hydrothermal Alteration

The ore mineralogy consists mainly of naumannite (AgpSe),
selenium-rich pyrargyrite (Ag3Sb(S,Se)3), and gold (Au) which
is probably micron-sized, native gold. Quantitative electron
microprobe data shows the naumannite to be relatively pure with
little S substituting for the Se. The Se—rich pyrargyrite is
shown by quantitative electron microprobe data to have a
stoichiometric formula of Ag3SbSpSe. An isomorphous
substitution of Se for S in the pyrargyrite structure is
assumed. The mineral indicates a temperature of formation of
at least 192 *5°%. (Keighin and Honea, 1969; Chang, 1963),
otherwise, the monoclinic polymorph pyrostilpnite would have
formed. However, it is not known how the Se in the pyrargyrite
structure may affect this temperature constraint.

Naumannite occurs as anhedral grains less than .15 mm in
size, and often occurs as inclusions in Se-rich pyrargyrite.
Se-rich pyrargyrite occurs as anhedral grains less than .55 mm
in size. It commonly rims naumannite grains, indicating that
it was deposited later than the naumannite.

The gangue minerals in the Milestone deposit are quartz,
including predominantly chalcedony, and also lamellar gquartz
and clear, crystalline, medium- to fine-grained quartz which

lines wvugs. Pyrite and marcasite are the most prevalent
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metallic gangue minerals. Hydrothermal alteration minerals
such as illite, montmorillonite, and kaolinite indicate
somewhat acidic and oxidative conditions due to boiling of
hydrothermal fluids and fluid mixing (Berger and Eimon, 1982;
Schoen and others, 1974). Silicification and 1limonitization

are pervasive alteration types.

THE GEOCHEMISTRY OF THE MILESTONE AREA

A geochemistry study of the Milestone area involved
element analyses for 101 surface rock samples and 89 core rock
samples from an inclined, 450-foot deep, diamond drill hole in
the main knob outcrop. The surface rock samples include 87
from mineralized outcrops of hydrothermal breccia and siliceous
sinter, and 14 from outlying outcrops.

High elemept values in many of the samples made it
impractical to establish background values wusing these
analyses. Instead, the average values of the elements were
compared with the average element values for granite because of
the equivalent chemistry and little available data for average
element values in silicic volcanic rocks. An element mean
greater than the mean for granitic rocks may be considered
anomalous, and an element mean more than twice that for the
granitic rocks may be considered very anomalous.

The means of elements in the hot-spring sinter and

hydrothermal rhyolite-breccia show that Ag, Au, As, Sb, Se, Hg,




12

Mo, Ni, Cr, and Cu are very anomalous elements (Table 1).
Nonanomalous elements include Mn, Sn, Zn, Te and Tl. Estimates
of concentration factors for mineralized outcrop samples
compared with the average element values for granite are also
shown in Table 1. Silver shows a concentration factor over 900
times the the granite average. It is determined that there are
no significant differences of mean values for Au and Ag in the
matrix-supported, and clast-supported, hydrothermal breccias.
Mercury values are somewhat higher in the clast-supported
breccia. Correlations of elements include Ag with Se in the
clast-supported breccia and Au with As and Au with Sb in the
siliceous sinter. The values of these pairs also fit simple
linear regression lines at a .05 level of significance.

The results of depth distribution profiles for elements in
the Milestone deposit show that Ag, Hg, and Sb increase with
depth, although Ag and Hg decrease abruptly at a clay-altered
zone at the bottom of the core. Gold values decrease with
depth and then increase abruptly at the bottom of the core.
Arsenic and Tl values are variable with depth. Correlations of
elements in the core include Au with Se in the hydrothermal
breccia and Ag with Se in the porphyritic rhyolite. Pathfinder
elements for precious metals, based upon a direct association
with Au and Ag determined by anomalous values, element
correlations, and distribution associations, are determined to
be Au, Ag, As, Sb, and Se on a detailed scale and Hg, Mo, Ni,

Cr, and Cu on a regional scale., Mercury and Mo are generally
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Table 1. Average Geochemical Element Abundances for
Granite Standards and Average Element Values for Specific Rock
Types in the Milestone Area.

Average Element Average Element Values (PPM) of
Abundances in Rock Types and Number of Samples Cc. F.
Granite - PPM Ths (11) Thrb (ms) (57) | Thrb (cs) (27)
Au - .013 .27 .18 .22 17
Ag - .042 26 31 27 915
Hg - .10 .58 2.05 4.67 24
As - 1.0 57 92 47 65
Sb - .2 15 26 29 117
Se - .1 13.2 11.7 16.4 138
Tl - 1.34 .95 1.60 1.16 1
Te - .03 <.03 <.03 <.03 NC
Zn - 52.3 €52.3 <52.3 <52.3 NC
Mn - 332.5 186 215 207 1
Cr - 10.8 66 65 64 6
Cu - 11.2 44 47 42 4
Mo - 2.7 12 17 18 6
Ni - 3.0 24 32 32 10
Ths (2) Thrb (ms) (8) [Thrb (cs) (6)
Sn - 2.9 <2.9 <2.9 <2.9 NC

Data Source - 95 Outcrop Samples from the Milestone Area.
U.5.G.S.-Atomic Absorption Analyses- Au, As, Sb, Se, T1l, Te, In
U.S.G.S.-Semiquantitative Emission Spectrographic Analyses-

Ag, Mn, Cr, Cu, Mo, Ni
DeLamar Silver Mine Laboratory- Atomic Absorption Analyses- Hg
CHEMEX Labs, Inc.- Sn

Ths - Hot-spring Sinter

Thrb (ms) - Matrix-supported, Hydrothermal Rhyolite-Breccia
Thrb (cs) - Clast-supported, Hydrothermal Rhyolite-Breccia
C. F. = Concentration Factor for Thrb values plus Ths values

NC = Not Calculated

References for average element abundances in granite:
(Carmichael, 1982, p. 112)
(Mason, 1952, p. 45)
(Beus and Grigorian, 1975, p. 8)
(Flanagan, 1976, p. 171)
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associated more with Ag than with Au. No direct correlations
could be found for Hg, Mo, Ni, Cr, or Cu with either Au or Ag,
although they are generally associated with the precious

metals.

MODEL FOR THE MILESTONE DEPOSIT

An epithermal hot-spring model (Figure 2) 1is consistent
with the mineralization and the geologic and geochemical
characteristics of the Milestone deposit. The model is based
on models for hot-spring-related, epithermal Au-Ag deposits by
Berger and Eimon (1982) and Buchanan (1981) and on descriptions
of hot-spring deposits by Bonham and Giles (1983). The
Northwest Fault is a major structure along which the precious
metal mineralization occurred. The hydrothermal explosion
breccia and hot-spring sinter are evidence for explosive
pressure release of the system and boiling of the hydrothermal
fluids. The bedded, hot-spring sinter containing silicified
wood fragments suggests that the water table was at or near the
surface and the system discharged at the surface. The
siliceous sinter is enriched in Au, Ag, As, Sb, Se, Hg, Mo,
Ni, Cr, and Cu. Many mobile elements in the sinter are typical
of the hot-spring type of epithermal deposit. A magmatic
intrusion or associated volcanic rocks was probably the local
high heat source. Continuous recharging of meteoric water into

an area of high heat flow, and boiling of hydrothermal fluids
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GENERALIZED MODEL OF THE MILESTONE
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allowed for the formation of a silica cap and alteration of the
rocks to clays (Berger and Eimon, 1982; Ellis, 1979).
Montmorillonite and illite are predominant shallower in the
deposit than kaolinite which occurs deeper. The mineralization
is near-surface, and the boiling level was below the precious

metal zone.

MINERALIZATION HISTORY OF THE MILESTONE DEPOSIT

The mineralization history of the Milestone area probably
involved concurrent tectonic activity along the Northwest Fault
and hydrofracturing and flashing of superheated, meteoric water
to steam. These caused explosive pressure release,
hydrothermal brecciation, and boiling of the hydrothermal
fluids. The release of HyS and CO2 caused an increase in the
activity of sulfur (HS-,SZ-; Barnes, 1979); and possibly the
activity of Se) and the formation of metal-carrying
thio-complexes (Weissberg, 1969). Boiling in the hydrothermal
system and also mixing with meteoric water caused oxidation of
the hydrothermal fluids. Oxidation was probably an important
process for hydrothermal alteration and deposition of metals.
HpS50), produced by the oxidation of H3S (Buchanan, 1981) was
probably important for the hydrothermal alteration. Oxidation
is also important for the destruction of metal-carrying

thio-complexes and deposition of Au, Ag, and other mobile

elements and gangue minerals (Buchanan, 1981; Weissberg, 1969).
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The hydrothermal alteration and mineral deposition caused
resealing of the hydrothermal system with clays and silica.

Recurrent hydrofracturing and tectonic activity would begin

this process again. This process was cyclic and was repeated
periodically. Evidence for this includes the complex
hydrothermal breccia containing clasts of breccia, the

brecciated hot-spring sinter, sinter fragments included in the
hydrothermal breccia, the rounding of breccia clasts and their
replacement by silica, and the extensive mineralization and

hydrothermal alteration.
CONCLUSIONS

1. The Milestone deposit 1is at the site of a "fossil"
geothermal system, as suggested by the geology, mineralogy,
and geochemical characteristics of active, high-temperature
( 150°C.), pfecious-metal-depositing geothermal systems.

2. The Milestone deposit is associated with a sequence of
Middle Miocene, silicic volcanic flows and domes in an area
of high heat flow. The mineralization was associated with
a hydrothermal convective cell along an ore-localizing,
tectonically active, northwest-trending fault.

3. An epithermal hot-spring model is consistent with the
mineralization and geologic and geochemical characteristics
of the Milestione deposit. The hot-spring sinter indicates

that the water table was at or near the surface and that a
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hydrothermal system discharged at the surface. Wood
fragments in the siliceous sinter and hydrothermal breccia
suggest that the ore deposition was near the present
topographic surface. The hydrothermal breccia is evidence
for a steep, near-surface, temperature gradient and
explosive pressure release of the hydrothermal system.

The mineralization history of the Milestione area involved
tectonic activity along the Northwest Fault and
hydrofracturing and flashing of water to steam. This
caused excessive pressure releases, hydrothermal
brecciation, boiling of hydrothermal solutions, and mineral
deposition. The Se-rich pyrargyrite signifies a
temperature of ore deposition of at least 192 +5°C. The
hydrothermal alteration, including silica and clays, and
the mineral deposition indicate an oxidative environment
due to boiling of the fluids and an influx of meteoric
water. The éeochemical suite of Au, Ag, Se, As, and Sb is
a useful gquide to precious metal ore. Significant regional
pathfinders are Hg, Mo, Ni, Cr, and Cu.

Clues to the presence of an epithermal hot-spring deposit
in the Milestone area include the hydrothermal breccia, the
overlying, hot-spring sinter, the complicated structure,
the ore and gangue mineralogy, the hydrothermal alteration,
pyrite and marcasite, lamellar quartz, the geochemical
signature, the element associations, and the general

silicic volcanic rock assemblage.




19

REFERENCES CITED

Asher, R. R., 1968, Geology and mineral resources of a portion
of the Silver City region, Owyhee County, Idaho: 1Idaho
Bureau of Mines and Geology, Pamphlet no. 138, 106 p.

Barnes, H. L., 1979, Solubilities of ore minerals, in Barnes,
H. L., editor, Geochemistry of hydrothermal ore deposits,
second edition: New York, John Wiley and Sons, p. 632-683.

Berger, B. R. and Eimon, P. I., 1982, Comparitive models of
epithermal silver-gold deposits: American Institute of
Mining Engineers Preprint 82-13.

Beus, A. A. and Grigorian, S. V., 1975, Geochemical exploration
for mineral deposits, Levinson, A. A., technical editor:
Wilmette, Ill., Applied Publishing Company, Ltd., 287 p.

Blakestad, R. B. and Stanley, W. R., March 25-28, 1984,
Monotonic and prograding geothermal systems and precious
metal mineral deposits: Symposium of the Association of
Exploration Geochemists, Reno, Nevada.

Bonham, H. F. and Giles, D. L., May, 1983; Epithermal
gold/silver deposits: The geothermal connection, in The
role of heat in the development of energy and mineral
resources 1in the Basin and Range province: Davis,
California, Geothermal Resources Council, Special Report
no. 13: p. 257-262.

Bonnichsen, B., 1983, Epithermal gold and silver deposits,
Silver City-Delamar district, Idaho: Idaho Bureau of
Mines and Geology, Technical Report 83-4, 29 p.

Buchanan, L. J., 1981, Precious metal deposits associated with
volcanic environments in the southwest, in Relations of
tectonics to ore deposits in the southern Cordillera,

Dickinson, W. R. and Payne, W. D., editors: Tuscon,
Arizona, Arizona Geological Society Digest Volume XIV, p.
237-262.

Carmichael, R. S., 1982, Handbook of physical properties of
rocks, Vol. 1: Boca Raton, Calif., CRC Press, Inc., 404 p.

Chang, L. L., 1963, Dimorphic relations in Ag3Sb83: The
American Mineralogist, v. 48, p. 429-432.

Christiansen, R. L. and Lipman, P. W., 1970, Cenozoic volcanism
and tectonism in the western United States and adjacent




parts of the spreading ocean floor. Part 2, Late
Cenozoic: Geological Society of America, Abstracts with
Programs, v. 2, no. 2, p. 81-82.

Ekren, E. B., McIntyre, D. H., Bennett, E. H., and Malde, H.
E., 1981, Geologlc map of Owyhee County, Idaho, west of
Longitude 116°W.: United States Geological Survey, MAP
I-1256, scale 1:125,000.

Ellis, A. J., 1979, Explored geothermal systems, in Barnes, H.
L., editor, Geochemistry of hydrothermal ore deposits,
second edition: New York, John Wiley and Sons, p.
632-683.

Flanagan, F. J., 1976, Descriptions and analyses of eight new
U.S.G.S. rock standards; 1972 Compilation of data on
U.S.G.S. standards: U. S. Geological Survey Professional
Paper 840, p. 131-183.

Halsor, S., 1983, A volcanic dome complex and genetically
associated hydrothermal system, DeLamar Silver Mine,
Owyhee County, Idaho: Michigan Technological University,
M.S. Thesis (unpublished).

Keighin, C. W and Honea, R. M., 1969, The system Ag--Sb--S
from 600°C. to 200°C.: Mineralium Deposita (Berl.), v. 4,
p. 153-171.

Lindgren, W., 1900, The gold and silver veins of Silver City,
De Lamar, and other mining districts in Idaho: United
States Geological Survey Twentieth Annual Report, Part
IIIc, Chapters 1-4, p.75-189.

Lindgren, W. and Drake, N. F., 1904, Description of the Silver
City quadrangle: United States Geological Survey Folio
no. 104, 6 sheets.

Lipman, P. W., Prostka, H. J., and Christiansen, R. L., 1970,
Cenozoic volcanism and tectonism in the western United
States and adjacent parts of the spreading ocean floor.
Part 1, Early and Middle Tertiary: Geological Society of
America, Abstracts with Programs, v. 2, p. 112-113.

Mason, B., 1952, Geochemistry, Third edition: New York, Jochn
Wiley and Sons, Inc., 329 p.

Pansze, A. J., 1975, Geology and ore deposits of the Silver
City-De Lamar-Flint region, Owyhee County, Idaho: Idaho
Bureau of Mines and Geology, Pamphlet no. 161, 79 p.




21

Piper, A. M. and Laney, F. B., 1926, Geology and metalliferous
resources of the region about Silver City, Idaho: 1Idaho
Bureau of Mines and Geology, Bulletin 11, 165 p. 9, pP.
41-43,

Schoen, R., White, D. E., and Hemley, J. J., 1974,
Argillization by descending acid at Steamboat Springs,
Nevada: Clays and clay minerals, v. 22, p. 1-22.

Thomason, R. E., 1983, Volcanic stratigraphy and epithermal
mineralization of the DelLamar Silver Mine, Owyhee County,
Idaho: Oregon State University, M.S. Thesis
(unpublished).

Weissberg, B. G., 1969, Gold-silver ore-grade precipitates from
New Zealand thermal waters: Economic Geology, v. 64, p.
95-108.

White, D. E., 1981, Active geothermal systems and hydrothermal
ore deposits: Economic Geology, 75th Anniversary Volume,
p. 392-423,

white, D. E., Muffler, L. J. P., and Truesdell, A. H., 1971,
Vapor-dominated hydrothermal systems compared with
hot-water systems: Economic Geology, v. 66, p. 75-97.




