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Abstract 

The National district, 20 miles (33 km) southeast of McDermitt, Nevada, produced 
200,000 ounces of gold and 750,000 ounces of silver during the period 1906-1941. 
Precious metal quartz-sulfide-silicate veins near the townsite of National and on Buckskin 
Mountain occur within a 3,000-ft-thick (910 m) sequence of Miocene volcanic and intrusive 
rocks which vary in composition from basalt to rhyolite. Veins formed about 15.6 million 
years ago, and associated rhyolites are • 18 to 15 m. y. old. The volcanic pile at National 
is highly faulted and deposits are localized within orthogonal fault sets that coincide with 
major upper crustal structures in the northern Great Basin. Intrusive rhyolite and eruptive 
centers spatially related to v'eins at National partly define the Goosey Lake depression, a 
shallow basin situated on the western edge of the Owyhee volcanic plateau. 

Wall rock in the district is progressively hydrolyzed and sulfidized to assemblages 
dominated by chlorite + calcite, illite-montmorillonite + quartz + pyrite, and kaolinite 
+ quartz + pyrite as veins are approached. Alteration assemblages exposed by exploration 
on Buckskin Mountain include the paleosurface. At Buckskin planar, open-space-filled veins 
disperse upward into structurally unconfined, fiat-lying zones of kaolinite + quartz, quartz 
+ alunite, and chalcedonic silica (sinter)+ quartz-altered rhyolite, the latter being the 
paleosurface assemblage. Metallic minerals in four nested and coalescing vein stages include 
cinnabar, stibnite, electrum, silver sulfosalts and selenides, and base metal sulfides. Vein 
silicates are quartz, kaolinite, illite, and, at depth, muscovite. 

The spatial distribution of hydrothermal sulfides and silicates throughout Buckskin 
Mountain is strongly influenced by physical properties of premineralization volcanic rocks. 
Porous and permeable rhyolite tuff capping Buckskin Mountain is pervasively hydrolyzed 
to laterally extensive silica, alunite, and kaolinite-bearing assemblages which lack tabular 
zones of open-space filling. Underlying dense and brittle rhyolite flows confine hydrothermal 
assemblages to a relatively few planar fractures flanked by parallel selvedges of progressively 
altered wall rock. 

At Buckskin Mountain two distinct but synchronous thermal events are documented by 
fluid inclusion studies. The earlier event involved temperatures ranging from •295 ø to 
250øC and culminated in rupture of overlying rhyolite, producing an inverted conical mass 
of bilithic breccia. Fluids associated with the second, postbrecciation event boiled at 100 ø 
to 255øC from the paleosurface to depths exceeding 2,000 ft (606 m). Near-surface 
hydrothermal assemblages were deposited from low-salinity (1-2 wt % NaCI) solutions 
containing •2 weight percent dissolved gases. Precious metal precipitation occurred at a 
temperature of about 250øC and a pressure of about 40 bars, largely from boiling solution. 
Periodic restrictions to convective heat loss resulting from silica deposition and episodic 
fluid circulation cause observed temperature and pressure data to deviate somewhat from 
an ideal hydrostatic model. The vertical temperature gradient is consistent with a water- 
saturated melt of granitic composition about 10,000 ft (3,030 m) below the paleosurface 
during mineralization. Close spacing of isotherms below 200øC reflects paleosurface 
proximity (cooling by conduction and steam loss) as well as accelerated convective cooling 
of fluid circulating through permeable rhyolite tuff. 

Integration of hydrothermal assemblages, thermal measurements, fluid-mineral equilibria, 
and active hot springs data suggests that as temperatures in Buckskin Mountain decreased 
from 250øC at depth to 100øC at the surface, pH increased from •3.7 to near neutral, ZS 
increased from 10-4"•m to '•10-2'•m, and fo2 decreased from 10 -s" to •10 -4•. The 
distribution of alteration assemblages, precious metal minerals, stibnite, and cinnabar was 
apparently controlled by boiling, a sulfldation gradient, temperature decreases, and near- 
surface hydrology. 

Introduction 

THE National district is in the northern part of the 
Santa Rosa Range, Humboldt County, Nevada, about 

20 miles southeast of McDermitt (Fig. 1). It en- 
compasses precious metal veins near the deserted 
town of National (sec. 27, 28, 33, and 34, T 46 N, 
R 39 E) and on the eastern slope of Buckskin 
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FIG. l. Index map of Nevada showing the location of the 
National district. 

nounced sulfide-silicate zoning in the vicinity of 
precious metal veins which accurately predicted 
subsurface assemblages and confined the search for 
ore-grade vein segments. That portion of the hydro- 
thermal system contained in Buckskin Mountain is 
particularly revealing, because assemblages from the 
paleosurface downward are largely preserved. Min- 
eralization in the National district was markedly 
controlled by proximity to the surface. Physical 
properties of host rocks and their stratigraphic po- 
sition were especially important in shaping and 
confining the hydrothermal system. 

Geology 

Metal deposits in the National district occur within 
a 3,000-ft-thick section of Miocene volcanic and 
intrusive rocks which unconformably overlies Me- 
sozoic metasedimentary rocks. Triassic-Jurassic slates, 
siltstones, and quartzites in the Santa Rosa Range 
(Compton, 1960; Willden, 1964) are part of a thick 
sequence of fine-grained, siliceous sedimentary rocks 
that is widely exposed throughout north-central Ne- 
vada. These rocks crop out along Canyon Creek in 
the southwestern part of the district. The Mesozoic 
sequence was apparently weathered into consider- 
able relief prior to the deposition of Miocene volcanic 
rocks. Andesite and rhyolite flows partly fill upper 
Canyon Creek (Fig. 2) suggesting that uplift of the 
Santa Rosa range predates mid-Tertiary volcanism. 
Many drainages on the western side of the range 
are probably antecedent. 

Stratigraphy and petrography of Miocene 
volcanic rocks 

Mountain (sec. 11 and 14, T 45 N, R 39 E). Mercury 
deposits also occur in sinter and rhyolite tuff capping 
Buckskin Mountain. 

The National and Birthday veins at National pro- 
duced about 175,000 ounces of gold and 457,000 
ounces of silver from 85,000 tons of ore during the 
period 1909 to 1936 (Vanderburg, 1938). Most of 
the gold came from a section of the National vein 
with nearly unprecedented grade. Ore from the Stall 
brothers ("electrum") stope commonly contained 
lq- ounces of gold per pound. Eighty percent of the 
district gold production, about 8,500 tons averaging 
17 ounces of gold and 19 ounces of silver per ton, 
was removed from this stope. The Bell vein on 
Buckskin Mountain was mined intermittently from 
1906 to 1941 and produced about 24,000 ounces 
of gold and 300,000 ounces of silver from 34,000 
tons of ore. Mercury production in the district was 
negligible. 

Reports by Winchell (1912), Lindgren (1915), 
and Roberts (1940) describe geological aspects and 
metal deposits of the National district. Recent ex- 
ploration by ASARCO Incorporated elucidated pro- 

Lithologies within the Miocene section (Fig. 2) 
are largely coextensive, but unconformities occur 
between units emplaced immediately prior to vein 
deposition. Premineralization flows are predomi- 
nantly andesite with lesser amounts of dacite, basalt, 
quartz latite, and rhyolite. Rhyolite may be as much 
as 150 ft thick, but all other flows are less than 50 
ft in thickness. 

Dark color, columnar jointing, angular talus, 
spheroidal weathering, and vessiculated flow tops 
characterize mafic rocks (Tab in Fig. 2). The common 
occurrence of flow tops at contacts between litho- 
logic units coupled with conformable attitudes of 
flows suggests that they were deposited with little 
hiatus. Intercalated among the mafic flows are thin, 
well-bedded tuffs (included with Tab in Fig. 2) 
which provide structural and stratigraphic control. 
In Canyon Creek premineralization mafic volcanic 
rocks directly overlie an irregular surface of Mesozoic 
slate and phyllite and are at least 1,200 ft thick. 

Mafic flows consist of similar mineralogy through- 
out the district. An equigranular flow west of Buck- 
skin Mountain contains 60 percent andesine-labra- 
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dorite and about 25 percent augitc, thereby plotting 
mineralogically on the andesitc-basalt boundary 
(Travis, 1955). The chemical compositions of similar 
rocks (samples J and K, Table 1; Fig. 3) are andesitic. 

Even though the flow is several thousand feet from 
the nearest intrusion, calcite replaces augitc and 
occurs in varioles; brown claylike aggregates make 
up the remaining 15 percent of the rock. An amyg- 
daloidal flow adjacent to intrusive rhyolite in 
Charleston Gulch is a fine-grained holocrystalline 
aggregate of equal amounts o{ • subophitic clinopy- 
roxene and plagioclase which are partly replaced by 
calcite and clay minerals. 

The sources of some premineralization mafic flows 
are thin, nearly vertical dikes (Tmi) that are exposed 
on the slopes of Eightmile, Threemile, and Canyon 
Creeks. These porphyritic intrusions are mineral- 
ogically similar to andesitc-basalt flows, but microlites 
of magnetite and hematite are noticeably more prev- 
alent in matrices of mafic dikes than in their assumed 

volcanic equivalents. Plagioclase and pyroxene phe- 
nocrysts and matrix in the intrusions are partly 
altered to a brown, claylike mineral. 

The upper premineralization section consists of 
quartz latite and rhyolites which cover the Santa 
Rosa Range crest from Windy Gap to the National 
townsite. The thickest extent of flow rhyolite, about 
1000 ft, forms Buckskin Mountain (Tra). Resistant, 
hackly outcrops, fine platy talus, and buff to red 
coloration caused by extensive hydrothermal alter- 
ation and weathering of pyrite are characteristic of 
this rhyolite. Phenocrysts may be absent fi'om a 
given hand specimen, but flow banding is conspic- 
uous. Devitrified matrices consisting of feldspars, 
quartz, and pyrite or iron oxide include sparse 
quartz, K-feldspar, albite, biotite, and enstatite phe- 
nocrysts. Phenocrysts in basal vitrophyre are deu- 
terically altered to hematite, illitc, and plagioclase. 
In the vicinity of vein deposits vitrophyre alters 
directly to kaolinitc, illite-montmorillonite, and py- 
rite. A chemical analysis of vitrophyric rhyolite 
(sample D, Table 1) indicates that it is peraluminous 
(Shand, 1947). A rhyolite flow sampled at Windy 
Gap has a K-Ar age of 14.5___ 0.6 m.y. (sample 
BN82-1, Table 2). 

Intrusive sources (Tri2) for some premineralization 
siliceous volcanic rocks are recognized near National. 
Porphyritic rhyolite occurs in thin dikes and elongate 
stocks which measure up to 1 mile in maximum 
dimension. In Charleston Gulch dikes are gradational 
with rhyolite flows lower in the section, but else- 
where similar-appearing intrusive rhyolite is younger 
than most premineralization rocks. Intrusive rhyolite 
which penetrated mafic flows at the National mine 
is 17.8 m.y. old (average of biotite and K-feldspar 
ages for sample Trdi, Table 2). 

Textures and modal compositions of intrusive 
rhyolites vary somewhat throughout the district. 
Quartz, K-feldspar, albite, and biotite phenocrysts 
and porous matrix, partly filled with quartz and 
calcite, characterize these rocks. Virtually all intru- 
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FIG. 3. Location of samples used for K-Ar dating and major 
oxide analyses reported in Tables 1, 2, and 4. Dashed lines are 
roads. 

sive rhyolite is hydrothermally altered to mixtures 
of quartz, illite, sericite, and pyrite regardless of 
proximity to veins. Vitrophyric remnants containing 
spherulites, axiolites, and partly devitrified glass are 
locally present. Chemical analyses of intrusive vitro- 
phyre from Charleston Hill (samples B and C, Table 
1) indicate that intrusive rhyolite is slightly peralu- 
minous. 

Dark, vitrophyric dikes (Tri•) with associated 
lithie, vitric tuffs and intrusive breccia are interpreted 
to be rhyolitic eruptive centers. These vents are 
exposed 1 mile east of Radiator Hill, at the head of 
Threemile Creek and on the south slope of Buckskin 
Mountain. Significantly, several of the vents spatially 
coincide with plugs and dikes of older intrusive 
rhyolite (Tri•). Vitrophyric intrusive breccia from 
Buckskin Mountain has a K-Ar age of 17.5 m.y. 
___ 0.8 (sample BN81-21, Table 2). Both intrusive 
rhyolites (Trie and Tri•) clearly penetrate flow rhy- 
olites (Tr3) that are several million years younger, 
according to K-Ar dates. These conflicting age rela- 

tions may stem from excess argon in intrusive rocks 
because it is less likely that widely scattered samples 
of volcanic rocks would reset to give consistent ages 
(Table 2). 

Capping Buckskin Mountain and unconformably 
overlying flow rhyolite are 300 to 600 ft of porphy- 
ritic, lithic rhyolite tuff (Tre) and superjacent well- 
bedded, volcaniclastic deposits (included with Tre 
in Fig. 2). Neither facies occurs north of Buckskin 
Mountain. The tuff is partly welded and composed 
of quartz, feldspar, biotite, pumice, and rhyolite 
clasts. Lithophysae are locally abundant. On Buckskin 
Mountain this rock is strongly silicified and hydro- 
lyzed. Aside from quartz phenocrysts, silicates are 
altered to varying proportions of quartz, alunite, 
kaolinite, and pyrite. The volcaniclastic beds consist 
predominantly of fragments of rhyolite tuff in chal- 
cedonic silica matrix. Lenses of finely layered chal- 
cedonic silica and opal, which precipitated directly 
from thermal waters as surface sinter, occur in the 
upper part of the unit. Samples of lithic rhyolite 
tuff collected west and south of Buckskin Mountain 

have K-Ar ages of 15.0 ___ 0.6 m.y. and 14.4 ___ 0.6 
m.y., respectively (samples BN81-22 and BN83-10, 
Table 2). 

Quartz latite flows (Tqle) beneath the altered 
rhyolites (Tr3 and Tre) are mineralogically and 
chemically inseparable from quartz latites (Tql•) that 
overlie those rhyolites. The two series of flows are 
only distinguishable by stratigraphic position. The 
lower premineralization sequence is 100 to 400 ft 
thick. It has been altered near the National and 

Birthday veins, adjacent to intrusive rhyolite, and at 
depth below Buckskin Mountain. Premineralization 
quartz latite has a K-Ar age of 20.2 ___ 1.4 m.y. 
(sample BN81-8, Table 2). The upper sequence, 
200 ft thick, conformably overlies rhyolite at Na- 
tional and covers Buckskin Mountain rhyolite (Tr3) 
on the eastern side of the district. It has a K-Ar age 
of 15.5 + 0.7 m.y. (sample BN83-11, Table 2). Platy 
cleavage, tabular talus, mafic phenocrysts, and dark 
gray-green color characterize both quartz latites. 
The lower sequence of quartz latite at National was 
called latite and trachyte by Lindgren (1915). Pet- 
rographic and chemical analyses of specimens from 
both sequences (samples G and H, Table 1) most 
closely correspond to quartz latite. 

All of the flows are marked by the near absence 
of phenoerysts, but hornblende, biotite, clinopyrox- 
ene, or feldspar (albite-oligoclase, microcline, san- 
dine) phenocrysts may be diagnostic in the field. 
Megascopically most quartz latites appear unaltered. 
Thin section examination reveals that many flows 
contain significant amounts of alteration phases, re- 
gardless of proximity to veins or intrusive rocks. 
Matrices consist of feldspars, quartz, biotite, amphi- 
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T•,BLE 2. K-Ar Ages of Rock and Hydrothermal Phases from the National District 

__ 

Sample 4øAr -- 

number Location, rock type Mineral K(%) K 4ø (ppm) (ppm) • 4øAr¾• 4øAr Age (m.y) 2 Source 

BN81-8 South Fork, Eightmile Creek; 
quartz latite (Tq12) 

Trdi Charleston Hill; intrusive 
vitrophyre (Tri•) 

BN81-21 South slope, Buckskin 
Mountain; intrusive 
vitrophyre (Tri•) 

BN2-268 Buckskin Mountain; (drill 
core); rhyolite tuff (Try) 

BN2-297 Buckskin Mountain; (drill 
core); rhyolite tuff (Try) 

BN81-22 2 miles west of Buckskin 

Mountain; rhyolite tuff 
(Tr2) 

BN83-10 2 miles south of Buckskin 

Mountain; rhyolite tuff 
(Tr2) 

BN82ol Windy Gap: rhyolite flow 
(Tr3) 

BN83-11 2 miles east of Buckskin 

Mountain; quartz latite 
(Tql•) 

feldspar 0.624 0.761 0.000907 0.079 20.2 ___ 1.4 1 
0.200 

biotite 7.318 8.928 0.009547 0.370 18.2 ___ 0.7 1 
0.475 

K-feldspar 2.496 3.045 0.003113 0.257 17.4 ___ 0.8 1 
0.600 

feldspar 3.631 4.430 0.004553 0.251 17.5 ___ 0.8 1 
0.518 

alunite 5.959 

alunite 7.246 

feldspar 4.825 5.887 

feldspar 8.375 10.218 

feldspar 5.366 6.546 

feldspar 3.460 4.221 

0.006367 0.774 15.4 ___ 0.2 2 

0.007951 0.852 15.8 ___ 0.2 2 

0.005191 0.564 15.0 ___ 0.6 1 

0.513 

0.008637 0.757 14.4 ___ 0.6 1 

0.760 

0.005558 0.698 14.5 ___ 0.6 1 

0.713 

0.003842 0.521 15.5 ___ 0.7 1 
0.511 

1. Geochron Laboratories, Cambridge, Massachusetts 
2. E. H. McKee, U.S. Geological Survey, Menlo Park, California (in cooperation with Nevada Bureau of Mines and Geology) 

_ __ 

• 4øAr refers to radiogenic 4øAr; K and 4øAr are averages of two determinations 
• Constants used: Xa = 4.72 X 10-•ø/year, Xe = 0.585 X 10-•ø/year, 4øK/K = 1.22 X 10 -4 g/g 
Sample locations are shown in Figure 3 

boles, pyroxene, calcite, iron oxides, clay minerals, 
and, occasionally, glass. Microlites and crystallites 
define flow banding in the less altered varieties, 
some of which are partly spherulitic. 

Rhyolite flows and breccias (Try) which overlie 
upper quartz latite (Tql•) on ridges east of National 
and Buckskin Mountain are similar in texture and 

composition to premineralization rhyolites but are 
not hydrothermally altered. Their age relative to 
that of mineralization is not clear. 

Age of mineralization 

Stratigraphy and K-Ar dates (Table 2) indicate 
that precious metal veins in the National district are 
younger than both flow rhyolites (Tr3 and Tr,2) and 
intrusive rhyolites (Tri,2 and Tri•). Alunite, which 
occurs with silica and kaolinitc replacing tuff that 
caps Buckskin Mountain, is 15.6 m.y. old (average 
of samples BN2-268 and BN2-297, Table 2). The 
alunite is part of a near-surface hydrothermal assem- 
blage which changes to precious metal-bearing as- 
semblages with depth. The ages of alunite, the tuff 
(Tr,2) it replaces--sampled where unaltered several 
miles west and south of Buckskin Mountain--and 

premineralization rhyolite (Tr3, Table 2) overlap 
when analytical error is considered. Precious metal 
veins at National are apparently coeval with mag- 
matism that produced the rhyolite ash-flow tuff. 
Numerous Tertiary precious metal deposits in the 
western Great Basin display a relatively narrow time 
gap of 1 m.y. or less between mineralization and 
the end of volcanism (Silberman et al., 1979). At 
National, however, no postmineralization volcanic 
rocks have been clearly documented, and the position 
of mineralization within the volcanic cycle is uncer- 
tain. 

Regional Structure 

The National district lies on the western edge of 
a physiographic province in northern Nevada and 
southern Oregon-Idaho known as the Owyhee pla- 
teau. In Nevada the plateau consists of Miocene 
volcanic rocks which unconformably cover Mesozoic 
and Paleozoic strata from McDermitt 200 miles 
eastward to the Utah border. Volcanic rocks exceed 

3,000 ft in thickness in the western part of the 
plateau but thin to the east. Pre-Tertiary rocks are 
exposed in ranges east of Midas, Nevada (Fig. 1). 
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Average elevation of the plateau is 1,000 to 2,000 
ft higher than valleys to the south and west. 

Faults along the western margin of the plateau 
largely coincide with a pervasive, west-northwest- 
trending tectonic feature, the Orevada lineament, 
which is defined by distinct geologic and geophysical 
characteristics (Stewart et al., 1975; Rytuba, 1981). 
This lineament can be traced from south-central 

Oregon to Ely, Nevada. A number of precious metal 
districts, including National, occur in silicic volcanic 
and sedimentary rocks along the edge of the plateau 
adjacent to the lineament (Granger et al., 1957; 
Smith, 1976; Stewart and Carlson, 1978). 

The National district lies on the crest of the Santa 

Rosa Range. Immediately east of National is a shal- 
low, elliptical basin, 14 to 20 miles in diameter, that 
is partly ringed by volcanic centers and filled with 
inward-dipping flows (Fig. 4). The eruptive centers 
and vein deposits at National are situated along the 
topographic rim of this basin, herein called the 
Goosey Lake depression. The origin and significance 
of the depression are unknown, but subsidence may 
be related to withdrawal of magma, analogous to 
evolution of the nearby McDermitt caldera (Rytuba 
and Glanzman, 1978; Rytuba, 1981). 

District Structure 

Two approximately orthogonal fault sets have 
influenced rock distribution and hydrothermal min- 
eralization in the western half of the Goosey Lake 
depression. North-south faults contain the vein de- 
posits of the National district. They are parallel to 
range fronts a few miles to the west. Displacement 
along these faults seldom exceeds several hundred 
feet and apparent offsets shown in Figure 2 may 
include prefaulting topographic irregularities. Most 
dikes in the district are also aligned north-south and 
suggest common structural control of volcanism, 
faulting, and mineralization. East-west faults at Na- 
tional contain no vein mineralization and are weakly 
altered at best. These faults also displace flows less 
than several hundred feet. Where north-south and 

east-west faults intersect, the latter appear younger, 
but age relationships are not always clear. 

Nearly all faults are conspicuous on aerial pho- 
tographs and faults are commonly marked in the 
field by a combination of scarps, hydrothermal al- 
teration, lithologic variation, and vegetative patterns. 
Recent movement on many faults of both sets is 
evidenced by linearity of fault traces and prominence 
of some scarps. Postmineralization faulting has se- 
verely crushed parts of the Bell and National veins 
(Fig. 2/. 

Hydrothermal alteration is associated with other 
intrusive rhyolites situated on the rim of the depres- 
sion. Alteration related to known vein deposits is 

apparently confined to the National district, but 
rhyolitic eruptive centers 3 miles southwest of Buck- 
skin Mountain (Fig. 2) and near the Spring City 
district (Fig. 4) are strongly pyritic and hydrolyzed. 
Placer gold and mercury production occurred in the 
vicinity of the southwest Buckskin Mountain center. 
The altered Spring City center is adjacent to precious 
metal veins in Mesozoic rocks. 

Hydrothermal Sulfide-Silicate Assemblages 

Hydrothermal assemblages in the National district 
include the precious metal vein deposits of Buckskin 
Mountain and National, mercury-bearing siliceous 
sinter which caps Buckskin Mountain, and zoned 
alteration assemblages in wall rocks. 

Bell vein 

The Bell vein apex is on the eastern slope of 
Buckskin Mountain (Fig. 2). The vein strikes north- 
south, dips 75 ø west, and averages 2 ft in thickness 
in the Buckskin National mine workings. The vein 
is entirely enclosed by rhyolite flows. It has been 
developed for 4,500 ft along strike and to 700 ft 
below the surface (Fig. 5). At least four stages of 
mineralization, each characterized by distinctive 
phases and textures, comprise the vein. All stages 
were formed by open-space filling and collectively 
display marked time-space variations. 

Stage 1, the earliest vein filling, consists entirely 
of coalescing euhedral to subhedral quartz crystals. 
It is recognized only in drill core. Stage i contains 
no precious or base metal minerals and its vertical 
extent is probably limited to elevations below 7,000 
ft. At these elevations the quartz is associated with 
kaolinite + muscovite vug filling and vein selvages. 
No stage i quartz was observed on dumps or in 
mine workings which exposed the Bell vein at ele- 
vations of 7,300 to 8,000 ft. 

Stage 2 vein filling consists of banded quartz, clay 
minerals, sulfides, selenides, sulfosalts, and electrum 
(Table 3, Fig. 6). On the Hatch-Halcyon level (ele- 
vation •7,700 ft) this stage forms 90 to 100 percent 
of the vein, and throughout the mine constituted all 
ore-grade vein segments. Quartz and clay minerals 
comprise more than 95 percent of stage 2 phases 
and pyrite and marcasite are the most abundant 
sulfides. Gold occurs in sub-100-#m grains of elec- 
trum. Pyrargyrite, miargyrite, silver selenides, and 
tetrahedrite are the chief silver-bearing minerals 
(Table 3). Replacement textures among sulfides sug- 
gest that stage 2 may be subdivided into an early 
assemblage dominated by pyrite, tetrahedrite, and 
sphalerite (stage 2A, Figs. 6 and 7A) and a slightly 
younger suite of precious metal, base metal, and 
silicate minerals (stage 2B, Figs. 6 and 7B) which 
locally comprise significant tonnages with gold values 
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exceeding 6 oz/ton and silver values greater than 
250 oz/ton. In both of these substages, the mineral 
pairs pyrite + sphalerite and electrum + silver 
selenides coexist and are apparently coeval. 

The third and most recent stage 2 assemblage 
(stage 2C, Fig. 6) consists of electrum, sulfosalts, 
selenides, and sulfides in thin (•0.04 in.) fractures 
which cut or partly replace earlier stage 2 assem- 
blages. Volumetrically this substage is insignificant, 
but it contains numerous precious metal minerals. 
Crosscutting stage 2C veins are most prevalent where 
stages 2A and 2B occur. 

Textures in stage 2 vein segments are striking. 
Stage 2 phases are arranged in alternating bands of 
sulfides, sulfosalts, selenides, and silicates which 
impart to the vein a strongly variegated appearance. 
Encrustations on one side of the vein are faithfully 
mirrored on the other side and, barring the presence 
of later stages, merge in the center of the vein (Fig. 
7A). Sulfides and sulfosalts are disseminated rather 
uniformly along interfaces between silicate bands, 
but in the rich stage 2B assemblage they form 
arborescent growths (Fig. 7B). A micalike mineral 
occurs mainly as acicular pseudomorphs (after K- 
feldspar?) oriented perpendicular to banding. In the 
Bell and Lawrey (Fig. 2) veins on the Hatch-Halcyon 
level kaolinite fills stage 2 vugs that, in places, are 
lined with quartz and pyrargyrite euhedrons. 

Calcite included in stage 2 (Fig. 6) was completely 
replaced by quartz prior to the deposition of stage 
3 minerals. Quartz pseudomorphs after coarse, in- 
terlocking "angel wing" calcite crystals fill elongate 
vugs that measure up to several inches in length. In 
the Bell vein the pseudomorphs have been observed 
only in the centers of thick sections of finely banded 
barren quartz which locally comprises nearly all of 
stage 2. In the Lawrey, and other narrower veins 
encountered on the Hatch-Halcyon level, quartz 
pseudomorphous after vuggy calcite is parageneti- 
cally younger than pyrargyrite-rich quartz-silicate 
bands. The precipitation and subsequent dissolution 
of calcite by hydrothermal fluids during the waning 
period of stage 2 mineralization was not accompanied 
by repeated fissure movement and brecciation. 

Stage 2 vein filling is recognized in drill core at 
an elevation of 6,400 ft and is superceded by stage 
3 and stage 4 mineralization above the Hatch-Hal- 
cyon level (Fig. 5). The vertical extent of stage 2 
precious metal phases in the Bell vein therefore 
exceeds 1,600 ft. 

Vuggy, massive sulfide-sulfosalt aggregates which 
are internal to stage 2 minerals comprise stage 3 
(Fig. 6). Stage 3 is characterized by intergrowths of 
subhedral to euhedral marcasite, pyrite, arsenopyrite, 
and stibnite. Stibnite crystals at the margins of vugs 
are commonly rimmed by arsenopyrite euhedrons 
which are in turn overgrown by chalcedonic silica. 
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Hydrothermal leaching 
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Brecciation 

Quartz, chalcedonic silica, stibnite, (cinnabar), (pyrite) 

Hematite, goethite, acanthite, chlorargyrite, clay minerals 

FlC. 6. Mineralogy and paragenesis of Bell vein assemblages on the Hatch-Halcyon adjoining 
levels. Parentheses denote rare phases, brackets denote phase replaced by a later mineral. 

Minor amounts of tetrahedrite and pyragyrite add 
no more than a few ounces of silver per ton to this 
stage and electrum is absent. Clay minerals (kaolinitc, 
hydrated halloysite) occasionally occur in small 
pockets and vugs. Stage 3 appears in hand specimens 
to consist largely of sulfur-bearing phases, but under 
the microscope chalcedonic quartz interstitial to 
sulfides forms 30 to 40 volume percent of the 
assemblage. 

Stage 3 sulfides occur in thin (<0.5 in.), finely 
crenulated, wavy bands that approximately parallel 
stage 2 bands. Symmetrical banding of stage 3 
minerals becomes indistinct toward the vein interior 

where sagenitic and irregular quartz-sulfide inter- 
growths predominate (Fig. 7C). The general para- 
genetic sequence within stage 3 mineralization is 
marcasite + pyrite + arsenopyrite, followed by 
stibnite, followed by late arsenopyrite + chalcedonic 
silica. 

Stage 3 vein assemblages are rare on the Hatch- 
Halcyon level, and the best samples are found on 
dumps. Based on mine mapping and assays stage 3 
is scarce or absent in rich vein ore which is dominated 

by stage 2 minerals. The vertical extent of stage 3 
is unknown, but its prevalence may increase with 
depth where fewer high-grade stopes were mined. 

Movement along the Bell fault following the de- 
position of stage 3 minerals crushed portions of that 
assemblage and earlier stages into angular fragments. 
These clasts were cemented by the final pulse of 
mineralization, stage 4, which consists of silica, 
stibnite, cinnabar, and pyrite (Fig. 6). Quartz and 
chalcedonic silica from this stage fill vugs in stage 3 
mineral aggregates as well as interstices in brecciated 
stage 2 vein. Euhedral stibnite occurs as radial 
clusters in the quartz matrix and some crystals 
exceed 1 in. in length (Fig. 7D). Cinnabar fills 
fractures cutting stages 2 and 3 vein assemblages 
but is not common. Minor amounts of pyrite occur 
with stibnite. 

The stage 4 assemblage is rare on the Hatch- 
Halcyon level but forms a major part of the Bell 
vein where its apex is above the Halcyon portal. 
The assemblage is apparently coeval with chalcedonic 
silica that caps Buckskin Peak and was the only 
assemblage deposited several hundred feet below 
that silica. The occurrence of cinnabar in stage 4 
vein assemblages immediately beneath bedded chal- 
cedonic sinter containing cinnabar (Fig. 7E, F, G) 
attests to synchronous vein and sinter deposition. 
The approximate vertical extent of stage 4 is from 
7,800 to 8,700 ft in elevation. 
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Breccias 

Two types of breccia are closely associated with 
mineralization at Buckskin Mountain. Tectonic brec- 

cia occurs adjacent to and above open-space vein 
filling. It consists of angular to subrounded clasts, 
generally less than 2 in. in maximum dimension, 
which mark former fault zones. Fragments are em- 
hayed in matrix that varies from chalcedony to 
alunite, kaolinRe, or illite-montmorillonite depending 
on hydrothermal zoning. Clast/matrix volume aver- 
ages approximately 0.3. Tectonic breccia always 
defines planar structures and is monolithologic. 

A large mass of bilithic breccia underlies the 
eastern slope of Buckskin Mountain. It is nearly 
entirely covered by colluvium or volcaniclastic de- 
posits and is best observed in drill core. Based on 
drill intercepts and limited surface exposures, bilithic 
breccia is approximately elliptical in plan and tapers 
with depth below the surface (Fig. 8). The breccia 
penetrates both rhyolite flow (Tr3) and rhyolite tuff 
(Tr2). These two rock types comprise all breccia 
fragments. Clasts/matrix volumes range from <0.25 
to >20 (Fig. 7H). 

Bilithic breccia has texture that is locally indistin- 
guishable from that of tectonic breccia and coarse 
volcaniclastic tuff. However, it is unrelated to faults 
and is characterized by mixed clast lithologies, matrix 
composed of hydrothermal phases, and clast sorting 
at margins. Clast comminution and pronounced fo- 
liation caused by fluid streaming are uncommon, 
suggesting that brecciation was not accompanied by 
phreatic eruptions. Clast movement varies from local 
displacement of monolithologic clasts to the consid- 
erable upward transport demonstrated by flow- 
banded rhyolite (Tr3) clasts in breccia at rhyolite 
tuff (Tr2) elevations. 

Bilithic breccia is cut by stage 2 quartz veins, and 
by kaolinite, alunite, and cinnabar-bearing veins 
(Fig. 7H). It therefore predates precious metal min- 
eralization and other higher level hydrothermal as- 
semblages. Both breccia matrix and clast mineralogy 
consist of chalcedonic silica in near-surface exposures 
and alunite, kaolinitc, or illite-montmorillonite at 
depth, corresponding to hydrothermal zoning. Pyrite 
and arsenopyrite often form more than 50 percent 
of breccia matrix below about 8,300-ft elevation. 

National and Birthday veins 

Five veins crop out near the deserted town of 
National but only two, the National vein and the 
Birthday vein, were appreciable precious metal pro- 
ducers. The veins intersect a variety of volcanic and 
intrusive rocks, but most gold and silver were mined 
from vein segments enclosed by silicic and inter- 
mediate rocks. 

The National vein strikes north to N 25 ø W, dips 
55 ø west, and is 2 to 5 ft thick. The vein is exposed 

on Charleston Hill and is enclosed by intrusive 
rhyolite and quartz latite (Fig. 2). It has been 
developed for 2,000 ft along strike and to 700 ft 
below the surface (Fig. 5). Most of the vein width 
consists of sheared wall rock in which discontinuous 

6-in. quartz veins occur (Lindgren, 1915). Economic 
quantities of precious metals are apparently re- 
stricted to quartz, and altered wall rock very rarely 
contains significant gold and silver values. Veins are 
composed of quartz, pyrite, marcasite, arsenopyrite, 
electrum, tetrahedrite, berthierite, stibnite, sphal- 
erite, chalcopyrite, silver sulfosalts, silver-lead sul- 
fosalts, galena, and pyrrhotite (Table 3). Lindgren 
(1915) reports the presence of calcite and adularia. 
Some minerals that optically look like stibnite are 
actually berthierite and an antimony-arsenic sulfide 
(samples BN78-119A and BN78-156, respectively, 
Table 3). 

Paragenesis in the National vein is pronounced in 
dump samples, but because underground workings 
are inaccessible, Lindgren's description is para- 
phrased here with some modifications. An early 
stage of layered comb quartz and fibrous stibnite 
q- berthierite q- pyrite q- tetrahedrite at vein margins 
encloses a younger assemblage of white, fine-grained 
quartz and electrum. The most recent stage consists 
of interior cavities coated with marcasite. These 

three stages, which rarely aggregate more than 6 
in. in width, are enclosed by sheared wall rock 
containing 5 to 10 volume percent pyrite and arse- 
nopyrite. Although their exact paragenetic position 
is not clear, lead, zinc, and copper sulfides seem to 
occur with quartz that fills internal breccia matrices. 
Usually the quartz sulfide assemblages occur along 
footwall contacts. 

Postmineralization faulting has crushed mineral- 
ized quartz in places. Much of the vein in the famous 
electrum stope consisted of rounded quartz boulders 
in gouge. Within this stope, gold distribution was 
highly irregular. The average value of $20+ per 
pound (at $20.68/oz Au) excludes much barren or 
low-grade quartz which formed more than 95 per- 
cent of the ore shoot. Rich gold ore occurred in 
discontinuous streaks only 1 to 2 ft long and a few 
inches thick. 

The Birthday vein strikes north, is vertical, and 
is i to 2 ft wide. It crops out on Radiator and Round 
Hills, and is enclosed by quartz latite and rhyolite 
flows (Fig. 2). The vein can be traced for a strike 
length of 5,000 ft. Production and depth of mining 
are unknown but are probably both small figures. 
The vein consists of relatively coarse-grained quartz, 
pyrite, marcasite, tetrahedrite, an antimony-arsenic 
sulfide, silver sulfosalts, silver-lead sulfosalts, sphal- 
erite, chalcopyrite, galena, arsenopyrite, and pyr- 
rhotite, enclosed by strongly pyritized wall rock 
(Table 3). Electrum is virtually absent. Paragenetic 
relations are obscure owing to inaccessibility of 
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mine workings, but dump samples suggest a para- 
genesis similar to that of the National vein. 

Except for the electrum shoot of the National 
vein, gold was a minor component of veins near 
National which derived their value chiefly from 
silver. The veins are partly oxidized, and near- 
surface pockets of silver halides were mined. Al- 
though the National vein cropped out over the 
electrum stope, which was only 40 ft below the 
surface, no placer gold has ever been recovered 
from any drainages in the-district. 

Hydrothermal silicate zoning in Buckskin Mountain 
Hydrothermal assemblages enclosing precious 

metal veins in Buckskin Mountain were determined 
by surface and underground mapping, and by ex- 
amination of 7,000 ft of diamond drill core. Petro- 
graphic, X-ray diffraction, infrared, and microprobe 

studies and chemical analyses defined mineralogieal 
and chemical transitions between assemblages. Five 
assemblages ,representing varying degrees of both 
hydrolysis and suifidation are associated with vein 
mineralization. In the aggregate these zoned assem- 
blages minimally extended 2,000 ft below the surface 
and encompass 4 square miles centered on Buckskin 
Mountain (Fig. 9). 

Chalcedonic silica + quartz + cinnabar: The 
uppermost part of the hydrothermal system which 
affected rhyolites comprising Buckskin Mountain 
(elev 8,743 ft) is manifested by a chalcedonic silica 
+ quartz + cinnabar assemblage (Fig. 7E, F, G). 
Mercury-bearing rocks cupping Buckskin Mountain 
(Lindgren, 1915; Vanderburg, 1938; Roberts, 1940; 
Baily and Phoenix, 1944; Benson, 1956) consist of 
intercalcated lenses of opal-chalcedony and silicified 
volcaniclastic rocks. These strata form a resistant, 
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FIG. 7. (cont.) E. Chalcedonic silica + quartz + cinnabar from the top of Buckskin Moun{ain 
(elev 8,743 ft). F. Plan view of opal-filled dessication cracks in pool sinter, from the top of Buckskin 
Mountain. G. Section showing pool sinter overlying volcaniclastic bed, U.S. quarter for scale; from 
top of the Buckskin Mountain. H. Cinnabar vein cutting breccia cemented by chalcedonic silica; 
from the top of Buckskin Mountain. See text for description of stages and assemblages.- 

blanketlike deposit that is up to several hundred 
feet thick and covers an area 600 by 800 ft. Strongly 
silicified rhyolite forms the ridges immediately north 
and northeast of Buckskin Mountain suggesting that 
the chalcedonic silica + quartz + cinnabar assem- 
blage originally covered several square miles. 

Massive, finely banded lenses of opal and chal- 
cedony are exposed at the present' surface. These 
pool sinter deposits fill shallow depressions in lithic 
tuffs and commonly display dessication cracks ('Fig. 
7F). With decreasing depth opal disappears and all 
silica is chalcedonic. Far more voluminous than 

chalcedonic pool sinter are silicified, bedded volca- 
niclastic rocks (Fig. 7G). Upper facies are composed 
of 10 to 70 percent angular fragments of locally 
derived rhyolite ash-flow tuff and older chalcedony 
cemented by microcrystalline quartz. Rhyolite clasts 
are completely silicified with only quartz phenocrysts 

remaining. In places the matrix of these clasts merges 
indistinctly with interclastic silica, rendering beds 
very dense and porphyritic. Underlying clastic de- 
posits are generally more porous and exhibit varying 
degrees of sorting, bedding, and silicification. ! Vol- 
caniclastic beds, which represent basinal detritus, 
dip 5 ø to more thah 20 ø northeast where they abut 

'outcrops of rhyolite ash-flow tuff (Fig. 8). 
Cinnabar, metaeinnabar, and calomel after both 

mercury sulfides occur in thin discontinuous veins 
and crosscutting fractures in chalcedony, or coat 
fragments and fill openings in volcaniclastic deposits. 
Mineralized zones in the latter are rarely more than 

•. Analyses of the "residual" elements titanium and zirconium, 
oxides of which are not 'normally deposited by low-temperature 
hydrothermal solutions, partly distinguish sinter from silicified 
tuff, but some data are inconclusive. 
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EXPLANATION 

• CHALCEDONIC SILICA +QUARTZ + CINNABAR 

•'• QUARTZ+ALUNITE +KAOLINiTE +_ PYRITE 

• KAOLINITE+QUARTZ ñ ALUNITE ñ ILLITE .t- PYRITE 

• ILLITE / MONTMORILLONITE +_KAOLINITE +QUARTZ +PYRITE 

• ILLITE/MONTMORILLONITE +QUARTZ+PYRITE 

(CHLORITE +CALCITE + QUARTZ NOT SHOWN) 

SCALE 

o iooo 5000 FEET 

FIG. 9. Distribution of hydrothermal assemblages in the National district. Map covers the same 
area as Figure 2. 

a few inches thick. They parallel bedding even 
where beds display soft sediment deformation, in- 
dicating that mercury sulfide precipitation was con- 
comitant with sedimentation. Small amounts of dis- 
seminated microcrystalline pyrite occur in unoxi- 
dized lenses of chalcedonic sinter. 

The presence of surficial hydrothermal facies, in 
conjunction with other alteration mineral and ele- 
ment zoning, shows that the top of Buckskin Moun- 
tain coincides with the Miocene surface during pre- 

cious metal mineralization. Numerous lenses of pool 
sinter intercalated with cinnabar sediments further 
suggest that the Miocene surface and the water 
table were coplanar. 

Quartz + alunite _ kaolinite _ pyrite: Massive 
replacement of rhyolite tuff by chalcedonic silica 
and quartz diminishes with depth. Below about an 
8,500-ft-elevation silicification of tuff is intermittent 
and the abundance of alunite markedly increases. 
Some alunitized rhyolite retains primary textures, 
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- (plain reflected light): (A) hematite (hm) euhedron marginal to enstatite phenocryst (sample TC- 
383), (B) pyrite (py)-hematite (hm) intergrowth in enstatite phenocryst partly altered to illite- 
montmorillonite (sample HT-580), and (C) pyrite (py) in relict plagioclase completely altered to 
kaolinitc, illite-montmori!lonite, and quartz (sample HTV-85). Chemical data for these samples are 
given in Table 4. 
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but zones of massive alunite several feet thick are 

not uncommon. Light pink alunite is largely micro- 
crystalline and replaces 30 to 100 percent of the 
tuff matrix and phenocrysts. Kaolinitc, occasionally 
massive, and pyrite are locally prevalent within 
alunitized tuff, and their abundance progressively 
increases with depth. All feldspar in the tuff is 
entirely replaced by quartz, alunite, kaolinitc, and 
pyrite. 

Two samples of massive alunite from diamond 
drill core (DDH BN2) yielded an average radiometric 
age of 15.6 m.y. (Table '2). Diamond drill hole BN2 
was collared approximately at the base of strongly 
silicified rhyolite and sinter (chalcedonic silica 

+ quartz + cinnabar assemblage) capping Buckskin 
Mountain and the hole penetrated underlying alter- 
ation zones. Alunite is most abundant from 8,500 to 
8,250 ft in elevation. 

Kaolinite q- quartz +_ alunite +_ illite +_ pyrite: On 
the Hatch-Halcyon level (Fig. 5, elev 7,700 ft) 
hydrous silicate assemblages flanking open-space- 
filled veins are well exposed. The assemblage re- 
placing rhyolite immediately adjacent to the Bell 
vein in both hanging wall and footwall consists 
largely of kaolinitc and quartz, which color rhyolite 
light gray to white. Alunite is a local component 
which increases in abundance with increasing ele- 
vation until the kaolinitc q- quartz-dominated assem- 

TABLE 4. Major Oxide and Selected Minor Element Analyses of Rhyolite in Buckskin National Mine Workings 

A B C D E F 

Sample no. TC-383 HT-310 HL- 1000 HTV-85 HLV-325 HLV-326 

Distance from 190 545 

Bell vein 

Position Footwall Footwall 

115 30 1 0 

Hanging Footwall Footwall Vein 
wall 

Type Rhyolite Rhyolite Rhyolite Rhyolite Silicified Bell vein 
vitrophyre rhyolite (stage 2) 

breccia 

Wt % 70.3 71.2 70.6 72.0 82.2 97.3 

SiO2 14.2 14.7 17.9 16.4 4.9 2.2 
AI2Oa 0.04 0.30 0.02 0.02 0.18 0.04 
MgO 0.75 0.63 0.15 0.14 0.21 0.11 
CaO 1.8 3.5 1.4 1.5 0.08 0.09 

Na•O 5.5 4.4 5.5 5.7 1.2 0.25 
K20 0.83 1.2 0.88 0.53 7.3 0.40 
FeaO0 0.58 1.5 0.16 0.13 0.05 0.10 
FeO 1.9 0.30 0.68 0.89 0.21 0.08 

HaO(110øC) 0.04 0.13 0.13 
MnO* 0.25 0.33 0.25 0.17 0.05 

TiOa* 0.06 
SO2' 0.04 0.36 0.38 5.4 0.10 
S 0.22 0.22 0.33 0.22 0.06 
BaO* 

Total 96.50 98.45 98.18 98.08 101.97 100.67 

S.G. 2.27 2.56 2.50 2.53 2.66 2.50 

ppm <0.02 <0.02 <0.02 <0.02 0.39 1.16 oz/ton 
Au <0.2 0.2 4.2 0.2 7.6 37.24 oz/ton 
Ag <1 <1 30 1 170 330 
Sb < 10 10 130 10 11,000 90 
As 1.5 0.06 0.10 0.02 7.0 0.8 

Hg 4 2 4 4 <2 <2 
U 2.2 32.7 7.9 13.2 2.0 9.2 
Li 

Distances of sample locations from the Bell vein are orthogonal; *signifies value calculated from separate analysis or spectrographic 
estimate; minor element values in ppm; S. G. = specific gravity 

Sample A is unaltered rhyolite vitrophyre (Tr0 on Fig. 2); samples B, C, and D are rhyolite (Tro) altered to chlorite + calcite 
+ quartz, illite-montmorillonite + quartz + pyrite, and kaolinitc + quartz + illitc + pyrite, respectively; samples E and F are silicified 
rhyolite breccia in the Bell vein footwall and stage 2 assemblage minerals from the Bell vein, respectively 

Analyses are by Skyline Labs, Inc. (Tucson, Arizona), and Huffman Laboratories, Inc. (Denver, Colorado); silica and sulfur were 
determined gravimetrically; A1•O3, MgO, CaO, Naa, KaO, and total iron were determined by atomic absorption following silica 
removal; ferrous iron was titrated; HaO (110øC) was determined by weight loss after heating; minor elements were determined by 
atomic absorption and fire assay 



382 PETER G. VIKRE 

4- • •' '. ': '•'• ' '"'." '•ff'. • ' 
UNALTERED + ..-" + ::.•:' • I '•'"',""•.:'• ':" CAL '.:::::"' QTZ ":::.'.'-' Q+TZ , S L :•!':",,:.i\\•'::'.'•, BELL 
RHYOLITE .: + ...... ::... + <'.... ILL ,FTWI•":•,•,::•.ii•' VEIN 

QTZ .•":' PY !i•' I•'Y • BX"•.:';'?•".":i.•\• 
NOT TO $•ALE 

Agx 

-- O• 

As o •:t $b ß 

O-- 

Hg 

)12,700•/•//0 >4000 

ß ()----"<)" .... <:)•--- -0----"•:)•, & , , 

225 

$iOe 

175 

AlaO$ 2• 
K•O 5- 

0 
Io- 

Ne•O 5- 
o 

. 

5- 
CeO 

o 

Fe•O$ • 

280] 
SPECIFIC -I 

GRAVITY i 
22..0 • 

SAMPLE NUMBER BN78-205 TC-'385 I0 HL-000 HTV-85 HLV-•_.5 HLV-:526 

FIG. 11. Schematic section of alteration zones and chemical variations in increasingly metasomatized 
eruptive rhyolite near the Bell vein. Data are from Tables 1 and 4. Unaltered intrusive rhyolite 
(sample BN78-203 is Tri• from the National mine area) is included for comparison. Distances of 
samples from the Bell vein are orthogonal. Location of samples: BN78-203, intrusive rhyolite 
vitrophyre, Charleston Hill; TC-383, rhyolite vitrophyre, Bell vein footwall, 190 ft from Bell fault; 
HT-310, rhyolite, Bell vein footwall, 545 ft from Bell vein; HL-1000, rhyolite, Bell vein hanging 
wall, 115 ft from Bell vein; HTV-85, rhyolite, Bell vein footwall, 30 ft from Bell vein; HLV-325, 
silicified breccia, Bell vein footwall; HLV-326, Bell vein (stage 2). 
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blage merges with rhyolite replaced by quartz and 
alunite. Illitc, abundant pyrite (occasionally with 
marcasite and arsenopyrite), and barite are significant 
local components of the kaolinitc + quartz assem- 
blage, particularly at depth. All alteration minerals 
replace feldspars, marie minerals, and iron oxides in 
rhyolite and increase in abundance as the Bell vein 
is approached. 

The kaolinitc + quartz assemblage extends from 
8,250 ft downward to at least 6,400 ft in elevation, 
as determined from diamond drill holes. It grades 
outward from the vein into mixed illite-montmoril- 

lonite, illitc, or, at depth, muscovite-dominated sil- 
icate assemblages. Selvedges of altered rock adjacent 
to veins are asymmetrical with a given alteration 
zone more than twice as thick in the hanging wall 
than in the footwall. Primary textures are mostly 
preserved even in extensively altered rhyolite vitro- 
phyre next to veins. 

Illite-montmorillonite + quartz + pyrite: Flanking 
the kaolinitc + quartz-dominated vein selvedge is 
rhyolite altered to illite-montmorillonite + quartz 
+ pyrite. These minerals partly to completely replace 
feldspars, marie minerals, glass, and iron oxides. 
With increasing lateral distance from the Bell vein 
chlorite and calcite increase in abundance. With 

increasing depth a transition takes place from micro- 
crystalline, disordered illitc to coarser grained, well- 
crystallized muscovite. 

Dark gray to gray-green rhyolite is indicative of 
the presence of illite-montmorillonite. In general, 
darker rhyolite contains more unaltered primary 
phases (feldspars, marie minerals, iron oxides), while 
green rhyolite contains illite-montmorillonite, in ad- 
dition to quartz and pyrite. Iron oxides are abundant 
in dark rhyolite, scarce to absent in gray-green and 
green rhyolite, and entirely sulfidized to pyrite in 
white- to buff-colored rhyolite which contains ka- 
olinitc + quartz (Fig. 10). 

Within both kaolinitc + quartz-dominated and il- 
lite-montmorillonite + quartz-dominated assem- 
blages, the degree of wall-rock hydrolysis varies 
markedly on a local scale, although within about 50 
ft of the Bell vein, kaolinitc + quartz alteration is 
uniformly intense. Beyond about 50 ft from vein 
contacts illite-montmorillonite becomes the prevalent 
phase, although kaolinitc is locally abundant. Where 
the two assemblages merge, kaolinitc + quartz is 
clearly later than and superimposed upon the illite- 
montmorillonite + quartz assemblage. The kaolinitc 
+ quartz assemblage overlaps illite-montmorillonite 
+ quartz-altered rhyolite gradationally, and remnant 
masses of the latter are commonly enclosed by 
strongly kaolinized rhyolite. The contact between 
the two assemblages is a zone tens of feet thick, 
marked by thin fractures with 0.25-in. buff-colored 

selvedges of kaolinitc + quartz + pyrite in darker, 
illite-montmorillonite-bearing rhyolite. Toward the 
Bell vein, the altered fractures increase in abundance. 
Their selvedges thicken and eventually coalesce, 
forming massive kaolinitc + quartz + pyrite-altered 
rhyolite. 

Chlorite + calcite + quartz: Between unaltered 
rhyolite and the illite-montmorillonite + quartz as- 
semblage, feldspars and marie minerals are replaced 
to varying degrees by chlorite, calcite, and quartz. 
Chlorite + calcite-altered rhyolite is dark green and 
dense, indicative of relatively limited hydrolysis 
compared to assemblages closer to the Bell vein. 
This assemblage merges indistinctly with unaltered 
rhyolite and vitrophyre hundreds of feet from the 
Bell vein. It grades veinward into the illite-mont- 
morillonite + quartz assemblage. Temporal relations 
are not conclusive, but illite-montmorillonite appears 
to be superimposed on the chlorite + calcite assem- 
blage. 

All hydrolyzed silicate assemblages in the National 
district are structurally controlled or spatially related 
to intrusive rocks. There is no evidence for regional 
premineralization propylitic alteration that occurs 
near other precious metal deposits and consists of 
some of the same minerals that make up the chlorite 
+ calcite + quartz assemblage at Buckskin Mountain. 

Chemical changes: Six major oxide and selected 
minor element analyses of rhyolite from the Hatch- 
Halcyon level of the Buckskin National mine were 
used to characterize metasomatism adjacent to the 
Bell vein (Table 4; Fig. 11). Chemical variations 
among components (normalized by whole-rock den- 
sity), correlated with modal changes determined by 
petrographic examination and other instrumental 
analyses, reveal several trends. 

Density of altered and unaltered rhyolite is largely 
controlled by silica content as there is no evidence 
for significant volume loss resulting from wall-rock 
leaching or increased porosity during mineralization. 
Small amounts of quartz have been added to all 
devitrified rhyolite (samples B, C, D, and E, Table 
4; Fig. 11), probably contemporaneously with feld- 
spar hydrolysis. Silica content increases markedly 
near the Bell vein and forms more than 85 percent 
of the brecciated wall rock at vein contacts. Alkali 

leaching is variable. Na20 and CaO have been 
progressively removed toward the vein where pla- 
gioclase and pyroxene alteration is more complete. 
The K20 content of the wall rock remains fairly 
constant even in strongly altered rhyolite. This sug- 
gests that appreciable amounts of K-feldspar remain 
in altered rhyolite, as sericitization of orthoclase 
would be marked by lower K•O contents. Optical 
examination of matrices is inconclusive because most 

microcrystalline components are not distinguishable, 
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but potassium staining with cobaltinitrite suggests 
that K-feldspar remains in the matrices. 

Brecciated wall rock and veins (samples E and F, 
Table 4; Fig. 11) are depleted in alkalis and alumina. 
Small amounts of illite and clay minerals account for 
residual K20 and A1203 from wall-rock fragments. 
Ferric and ferrous iron behave similarly. Fe•O3 is 
strongly enriched in heavily pyritized wall-rock and 
breccia adjacent to the Bell vein but depleted in 
the vein sample of low sulfide stage 2 minerals. 

Lithologic control of assemblages: Hydrothermal 
sulfide-silicate assemblages in the National district 
are strongly influenced by physical properties of 
premineralization volcanic rocks. In Buckskin Moun- 
tain, where assemblages from the paleosurface 
downward are complete, distinct vein structures are 
not recognized above the 8,000 ft elevation, or 
about 750 ft below the paleosurface. This upper 
limit for open-space filling closely coincides with 
the contact between overlying rhyolite tuff (Try) 
and rhyolite flows (Try, Fig. 12). 

Remnants of tuff west and south of Buckskin 

Mountain suggest that the rhyolite tuff capping 
Buckskin Mountain was soft and porous prior to 
mineralization. Pervasive hydrolitic alteration of the 
tuff to form laterally extensive, homogeneous assem- 
blages and lack of recognizable tabular zones of 
open-space filling indicate that hydrothermal solu- 
tions permeated the entire unit at Buckskin Moun- 
tain. Below 8,000 ft relatively dense rhyolite flows 
broke with sharp, planar fractures which confined 
fluids to a few planar conduits. Mineralized faults in 
rhyolite flows, as exemplified by the Bell vein, are 
enveloped by coalescing selvedges of progressively 
hydrolyzed wall rock which parallel vein contacts. 

Metal values also reflect rock permeability. 
Anomalous mercury occurs throughout pervasively 
altered rhyolite tuff that comprises Buckskin Moun- 
tain above the 8,000-ft elevation. Precious metal 
abundances in the Bell vein decrease to undetectable 

in rhyolite flow a few inches from vein contacts. 
Permeable rhyolite flow breccia and tuff (Tt in Fig. 
12) intersected by drilling beneath the rhyolite 
flows (Try) contain elevated silver abundances that 
are dispersed laterally for tens of feet from the Bell 
vein. Abundances of selected elements and phases 
in Buckskin Mountain are shown in Figure 13. 
Vein alteration at National 

Intrusive rhyolite was at least partly glassy when 
hydrothermal fluids first pervaded fault zones which 
became the National and Birthday veins. The vitric 
component of rhyolite adjacent to veins crystallized 
to quartz, kaolinite, muscovite, and pyrite. Feldspar 
and mafic phenocrysts were also entirely replaced. 

Most intrusive rhyolite at National is apparently 
composed of these minerals regardless of vein prox- 
imity. 

Hydrothermally altered vein selvedges in quartz 
latite are more distinctly zoned around faults and 
may exceed hundreds of feet in thickness. The most 
thoroughly altered rocks lie within several tens of 
feet of vein contacts. In the National and Birthday 
mines quartz latite at vein margins consists of mus- 
covite, kaolinite, and quartz. 

Mafic flows near veins are much less metasoma- 
tized. Lindgren (1915) observed muscovite, chlo- 
rite, pyrite, and calcite-filled amygdules in basalt in 
National mine workings. Altered basalt selvedges 
adjacent to the National and other veins are less 
than 10 ft thick. All altered rocks retain primary 
textures except where completely replaced at vein 
contacts. 

Temperature and pressure of mineralizing fluids 

Thermal histories for vein assemblages on Buck- 
skin Mountain were derived from mineral stability 
data and fluid inclusion studies. The composition of 
arsenopyrite in the common assemblage arsenopyrite 
+ pyrite suggests vein temperatures below about 
350øC (Kretschmar and Scott, 1976) although ana- 
lytical precision (Table 3) and extrapolation of ex- 
perimental data below 400øC add considerable un- 
certainty to this limit. Kaolinite + quartz rather than 
pyrophyllite + quartz in post-stage I veins and sel- 
vedges restricts depositional temperatures to less 
than about 260øC (Hemley et al., 1980). According 
to numerous field measurements on active thermal 

systems, siliceous sinter coeval with late-stage vein 
filling on Buckskin Mountain was probably deposited 
at less than 180øC (White, 1967, 1974; Arn(•rsson, 
1975). 

Fluid inclusions in quartz provided more detailed 
temperature, pressure, and compositional estimates 
for hydrothermal solutions. More than 1,000 fluid 
homogenization temperatures and 31 fluid salinities 
were measured with microthermometry apparatus 
manufactured by SGE, Inc., at the University of 
Arizona. Based on stage calibration, reproducibility, 
and visual uncertainty, accuracy of measured ho- 
mogenization temperatures to 300øC is estimated 
at _5øC, and freezing point depression measure- 
ments are accurate to ___0.2 ø . Resolvable fluid inclu- 

sions varied from 5 to • 100 t•m but were scarce in 
all samples. Numerous plates were cut from each 
sample in order to accumulate viable frequency 
plots. 

Buckskin Mountain samples contain two inclusion 
populations which have different vapor-liquid ratios. 
Analyses of inclusion fluids separated by vacuum 
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decrepitation from samples containing both popu- 
lations average about 2 weight percent combined 
COs, carbon, sulfur, and other gases (Table 5). The 
phenomenon of double-freezing and other visual 
criteria for detecting COs clathration (Collins, 1979) 
were never observed during freezing studies. There- 
fore, all inclusion fluid behavior was assumed to 
correspond to the system H20-NaCI. 

Paragenetically early stage 1 quartz in deep level 
vein segments (<6,400-7,000-ft elevation) contains 
a liquid-rich inclusion population with uniform phase 
ratios. This population homogenizes at 295 ø to 
250øC depending on elevation (Figs. 14 and 15) 
and the fluid contains 2.1 weight percent NaC1 
(calculated on the basis of data in Clynne and Potter, 
1977). Relative to the established palcosurface these 
inclusions plot in the vapor domain for low-salinity 
hydrous fluids under hydrostatic pressure (Fig. 15). 
The absence of vapor-rich inclusions therefore re- 
quires that stage 1 quartz precipitated under pres- 
sures greater than hydrostatic. Since conceivable 
Miocene elevations of ---2,500 ft in the National 
district (Axelrod, 1968) would only increase the 
pressure discrepancy, an increment of lithostatic 
pressure must be invoked to prevent stage 1 boiling. 
By rescaling Figure 15, total pressure on deep level 
stage 1 quartz was minimally 75 bars, including 
both hydrostatic and lithostatic components. 

Stage 2 quartz + precious metal minerals were 
deposited over stage i quartz. Striated quartz over- 
growths of clear quartz euhedrons in deep level 
veins (present elevation 6,400 ft) were deposited at 

about 255øC (Fig. 14). The striated quartz inclusion 
population plots in the liquid domain for low salinity 
hydrous fluids, in compliance with uniform phase 
ratios of the liquid-rich inclusions and the position 
of boiling curves (Fig. 15). The fluid inclusion pop- 
ulation in quartz at higher vein levels (present 
elevation 7,500-8,200 ft) indicates that portions of 
stage 2 as well as stages 3 and 4 fluids boiled at 
about 255 ø to 175øC, depending on elevation, and 
contained about 1.3 weight percent NaC1. 

Stages 2, 3, and 4 populations consist of both 
vapor-rich and liquid-rich inclusions, although be- 
cause of homogenization temperature imprecision 
only a few vapor-rich inclusion data are included in 
Figure 15. The inclusion histograms show data scatter 
that commonly results from homogenization of in- 
clusions with variable phase ratios. Boiling temper- 
atures were assigned by selecting median tempera- 
tures for each sample from histograms of minimum 
entrapment temperatures. Because of possible post- 
depositional changes, such as necking down and 
leakage, in inclusions near the limit of visual uncer- 
tainty, the lowest homogenization temperatures re- 
corded were not deemed indicative of true boiling 
temperatures. 

In Figure 15, 0 and 5 weight percent H20 
+ NaC1 boiling curves are positioned so that siliceous 
sinter which caps Buckskin Mountain, the geologi- 
cally inferred palcosurface, coincides with the inter- 
section of the two curves at 100øC. Inversely, ad- 
justing the curves to best fit histograms of samples 
in which boiling demonstrably occurred, places the 

TABLE 5. Weight Percent Gases iu Fluid Inclusions from Some Buckskin Mountain Samples 
(determined by vacuum decrepitation and mass spectrometry) 

Sample number BN79-114 BN84-3 BN84-1 BN1-1396 BNl-1916 

Location Summit, Buckskin Hatch dump Hatch dump Hatch dump, Hatch dump, 
Mountain diamond diamond 

drill hole drill hole 
Elevation (ft) 8,700 •7,700 •7,700 6,750 6,400 
Vein stage 4 2 2 2 2? 

Weight percent 
CO2 0.25 0.43 0.14 0.26 0.04 
H2S 0.03 0.09 0.34 0.67 0.48 
SO• 0.16 0.15 0.28 0.39 1.48 
N•, CnHn, 0.65 1.04 1.04 1.09 1.28 

CH4, H• 
• gases 1.09 1.71 1.80 2.41 3.28 
H•O 98.92 98.17 98.11 97.60 96.72 

Weight of 
analyzed 
sample (g) 

4.95 2.25 3.00 3.32 2.70 

Analyses by D. I. Norman, New Mexico Institute of Mining and Technology 
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FIG. 14. Stage I quartz (clear euhedral cores), deposited in 
open space at •295øC, overgrown by stage 2 quartz (striated 
margins), deposited in open space at 255øC. Dark mineral is 
pyrargyrite. Temperatures are from fluid inclusion microther- 
mometry. Sample elevation is 6,400 ft. 

palcosurface at the same elevation. Because mid- 
Miocene elevations were several thousand feet lower, 
true homogenization temperatures may fall between 
the pressure-dependent temperature scales shown 
in Figure 15. In any event, elevation corrections are 
relatively minor in light of other uncertainties. Al- 
though pressure may not have been continuously 
hydrostatic, widespread boiling suggests that the 
assumption of hydrostatic pressure is a close approx- 
imation. No pressure corrections were therefore 
applied to post-stage I fluid inclusion data. 

In addition to boiling, fluid inclusion data scatter 
in upper levels may have resulted from restrictions 
to fluid circulation. Rapid precipitation of silica 
below 180øC that episodically reduced permeability 
and altered fluid conduits probably produced local 
overpressures. Silica precipitation in fractures and 
intergranular pore spaces may also have reduced 
convective heat loss, thereby insulating fluids and 
increasing subsinter temperatures. These barriers to 
the escape of fluid and heat allowed pressure to 
build and th e boiling point to shift to higher tem- 
peratures. Buckskin Mountain hydrology thus de- 
viated slightly from an ideal hydrostatic model. 

The lithostatic pressure increment that influenced 
stage 1 vein temperatures was apparently removed 
.catastrophically as evidenced by the large volume 
of overlying, pre-stage 2, bilithic breccia. In deep 
level veins pressure reduction was immediately fol- 
lowed by fluid temperature decrease and precipita- 
tion of stage 2 assemblages (Fig. 15). At higher vein 
levels reduction of temperature and pressure is 

'manifested by bilithic breccia which extends from 
the palcosurface to a known depth of about 1,000 
ft (Fig. 8). Fractures open to the palcosurface caused 

fluids at all vein levels to assume hydrostatic head 
instantly and fluid temperatures to drop in response 
to steam loss (throttling), enhanced convective cool- 
ing, and possibly mixing with cooler ground water. 
Thus, the onset of precious metal mineralization was 
sponsored by sudden temperature and pressure re- 
duction of approximately 40øC and 10 bars, respec- 
tively (Fig. 15). 

Temporal relations among wall-rock alteration 
assemblages can be correlated with the fluid inclu- 
sion-defined temperature-pressure evolution of hy- 
drothermal fluids. The distal assemblages chlorite 
+ calcite and illite-montmorillonite + quartz + py- 
rite may have formed during stage I vein depo- 
sition, from a single-phase fluid at nearly 300øC. 
The temperature and pressure reduction that im- 
mediately preceded stage 2 quartz + precious metal 
deposition and promoted boiling in upper vein levels 
is apparently coeval with the onset of kaolinitc 
+ quartz + pyrite vein selvedge development and 
alunitization of overlying rhyolite tuff. Boiling in- 
creased [H +] in upper level ore fluids, stabilizing 
kaolinitc at the expense of illite-montmorillonite. 

The strong temperature gradient defined by fluid 
inclusion homogenization in widely distribul•ed sam- 
ples allows for the construction of isotherms on the 
section through Buckskin Mountain (Fig. 15). Based 
on available data, the isotherms are roughly hori- 
zontal and approximately evenly spaced. Lack of 
marked irregularities or distortions suggests that the 
heat source responsible for hydrothermal convection 
was centered well below the deepest drill hole 
(BN•). Downward projection to 600øC using stage 
I isotherm spacing permits a water-saturated melt 
of grantic composition minimally 10,000 ft below 
the palcosurface at the time of mineralization (Car- 
michael et al., 1974). K-Ar dating indicates that this 
prospective heat source temporally coincided with ' 
the eruption of rhyolite ash-flow tuff which covers 
Buckskin Mountain (Table 2). 

Condensation of isotherms below 200øC reflects 

palcosurface proximity but also may be related to 
strong convective outflow in permeable beds near 
the surface. The 200øC isotherm is colinear with 

the rhyolite tuff-rhyolite flow contact (Fig. 15). Both 
convective and conductive heat loss were greatly 
accelerated in the tuff, with a consequent increase 
in the thermal gradient. 

Fluid chemistry 

Solute activities in National district hydrothermal 
fluids were estimated from sulfide-silicate assem- 

blages, compositions of selected minerals, the ther- 
mal gradient at Buckskin Mountain, and published 
thermodynamic data. Isothermal pH-fo2 diagrams 
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(Fig. 16) correlate changes in solution chemistry 
and stabilities of solid phases with decreasing tem- 
perature as the Buckskin Mountain paleosurface is 
approached. 

Fluid inclusion studies show that most gold and 
silver minerals were deposited at about 250øC (Fig. 
15). The presence of kaolinite + quartz and pyrite 
+ stibnite in upper vein segments, kaolinite + mus- 
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F]O. 16. Isothermal log .•)2-pH diagrams for solid aud aqueous phases of National district 
hydrothermal systems, constructed using empirical data from this paper and equilibria from the 
followiug sources: irou species, Robie et al. (1978); sulfur species, Barnes and Kuilerud (1961), 
Helgeson et al. (1978), Helgeson (1969); pyrite + bornite-chalcopyrite, Bartou and Skinner (1979); 
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(1969), Helgeson et al. (1978); kaolinite-muscovite, Montoya and Hemley (1975); aqueous gold 
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covite + quartz at lower vein elevations, and 2 to 
11 mole percent FeS in sphalerite (Table 3), positions 
Buckskin Mountain precious metal minerals. Bell 
vein assemblages were depsited at pH • 3.7 and 
fo2 • 10-a9 bars (A, Fig. 16) for an assumed [K+I 
= 10 -1 m and Y•S = 10 -4"5 m. Kaolinitc 4- muscovite 

4- quartz, pyrite 4- pyrrhotite, berthierite rather 
than pyrite 4- stibnite, and 6 to >20 mole percent 
FeS in sphalerite (Table 3) place ore-grade National 
and Birthday vein segments at similar pH and fo2 
• 10 -40 bars (B, Fig. 16). 

On a 250øC JS.,-fo., construction 7-S • 10 -4'.5 m 
best satisfies kaoliniteomuscovite, pyrite-pyrrhotite, 
pyrite 4- stibnite-berthierite, and mole percent FeS 
in sphalerite equilibria. At the pH indicated by 
kaolinitc + muscovite, higher ES values require an 
iron-poor sphalerite (mole % FeS _< '--3) 4- pyrite 
assemblage coexisting with precious metal minerals. 
Lower ES values would produce pyrrhotite-domi- 
nated assemblages with sphalerites containing >20 
mole percent FeS. Neither of these assemblages is 
present. A [K +] several orders of magnitude lower 
than that assumed would be necessary to stabilize 
observed assemblages at ES > 10 -4'.5 m. The depen- 
dence of observed mineral assemblages and ES on 
[K +] at 250øC is shown in Figure 17. 

Based on fluid inclusion temperatures, stibnite 
4- pyrite, alunite ___ kaolinitc 4- quartz, and barite 
4- kaolinitc were the only hydrothermal assemblages 
precipitated at 200øC at Buckskin Mountain (Figs. 
12, 13, and 15). Because [K+], [Ba+2], and 7-S can 
only be approximated, the pH and log fo., estimates 
for these assemblages are 3.4 +_ 1.2 and -38 _ 1.6 
bars, respectively (Fig. 16). Although scarce but 
widely distributed, barite invariably occurs in veins 
with kaolinitc rather than alunite or muscovite, and, 
by inference, supports ES =< 10 -3 m. From a 200øC 
construction similar to Figure 17, a total sulfur value 
less than about 10 -'5 m restricts alunite stability to 
unreasonably low pH and [Ba +2] to molalities that 
are too high to be consistent with the amount of 
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barite observed. At 200øC and an assumed [K +] 
= 10 -'5 m, 7-S • 10 -3"5 m is consistent with observed 
assemblages. 

Chemical trends are defined by mineral assem- 
blages in deeper, higher temperature vein segments. 
At 250øC, mole percent FeS in sphalerite decreases 
with increasing elevation and fs., (Fig. 18). This 
isothermal relationship indicates that sulfidation as 
well as oxidation states (Fig. 16) increased slightly, 
probably in response to palcosurface proximity and 
boiling. The vein temperature decrease from 250 ø 
to 200øC was also accompanied by a slight increase 
in fo., (Fig. 16), further reflecting the effects of 
boiling and mixing with oxygenated surface waters. 

The solubility gradient for the aqueous silver 
species AgCI• is nearly orthogonal to the fo= and 
fs• trend for gold-silver vein segments (Fig. 16). An 
abrupt event such as boiling rather than gradual 
increases in fo., and pH or a temperature decrease 
probably caused most precious metal mineral pre- 
cipitation at 250øC. The slope of contours for the 
aqueous gold species Au(HS)• also supports a dy- 
namic precipitation mechanism. However, the gra- 
dient of Au(HS)• solubility curves is opposite that 
of AgCI• curves and the dissolved gold concentra- 
tions are exceedingly small. It is likely that the 
complex AuHS ø is more important for gold transport 
at low pH, according to the calculations of Seward 
(1973). 

Numerous variables, no fluid compositional data, 
and possible metastability render a chemical char- 
acterization of the palcosurface environment at 
Buckskin Mountain difficult. Conformity of fluid 
inclusion temperatures above 150øC to low-salinity 
boiling curves allows the prediction that silica 
4- cinnabar-bearing sinter was deposited at about 
100øC (Fig. 16). Although alunite lies within tens 
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of feet below the palcosurface, it does not occur 
with sinter. Quartz solubility in water is maintained 
above 180øC (Arn•rsson, 1975), but in lower tem- 
perature hot springs systems [SiO2] commonly ex- 
ceeds quartz saturation. Elevated [SiO2] displaces 
alunite-kaolinite equilibrium to low pH values, but 
the absence of a K-A1 phase probably resulted from 
low [K +] and [A1 +3] in diluted, near-surface fluids. 

Without an aluminous phase, sulfur or hematite 
microcrystalline pyrite in siliceous sinter places few 
restrictions on surface water geochemistry. Permis- 
sible pH values only limit maximum fo2 to •' 10 -4•. 
Mercury complex equilibrium is dominated by vapor 
phases and the vanishingly small complex solubilities 
(Barnes, 1979) place no realistic fo2-pH limits. Other 
mercury-depositing hot springs (Weissburg et al., 
1979; White, 1981) contain an average Y•S • 10 -•2'6 
m and are slightly acid to slightly alkaline. Analogy 
to these systems suggests that the pH and Y•S in 
fluids emerging at the Buckskin Mountain palcosur- 
face were one order of magnitude higher than at 
depth. 

Fluid inclusion data and alteration mineral zoning 
show that 250 ø to 200øC ore solutions circulated 

through sharply defined fractures in rhyolite flows 
(Figs. 12 and 15). Cooling of fluids toward the 
surface caused a negligible change in pH and modest 
increase in log fo• of less than 2 log units. The 
oxygen fugacity of fluids encountering overlying 
rhyolite tuff dropped from •, 10 -3• to 10 -47 or lower 
upon fluid cooling to 100øC. Proposed pH and Y•S 
increases at this palcosurface temperature probably 
resulted from increased cooling rates through con- 
vective heat and steam losses as well as by ground- 
water dilution in permeable tuff. 
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