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ABSTRACT

A comparative study of over 60 precious metal
vein deposits hosted by volcanics indicates that
ubiquitous physico-chemical features relate to the
genesis of, and exploration for, these deposits.
Host rocks are largely Tertiary calc-alkaline ex-
trusions with hypabyssal intrusions. Andesites are
the more common host to ore shoots, however most
districts have preore felsic tuffs, volcanogenic
sediments, dikes, sills, and plugs. The deposits
£fi1l fractures often related to a caldera environ-
ment. The veins are vertically zoned from agate
and clay near the paleosurface, passing with depth
into barren calcite; then quartz and calcite; then
quartz, calcite, adularia and precious metals; then
in deeper levels to quartz, adularia and base
metals., The interface between the upper precious
metals and the lower base metals is a level of epi-
sodic boiling of the fluids. At this level, CO,
and HyS are released to the vapor phase, pH rises
in the remaining fluid, temperature drops slightly,
and £(07) increases. These results of boiling
cause first the base metals, then the silver sul-
fide, and later the gold to deposit in a well-re-
cognized temporal and vertical sequence. Episodic
sealing of the fracture system, followed by episo-
dic refracturing causes episodic boiling and min-
eral deposition at depths greater than hydrostatic
conditions would allow, and yields the intra-min-
eralization brecciation and banded vein fillings
so often observed in epithermal deposits. A low
pH alteration assemblage, genetically related to
the precious metal deposition, is nearly always
present. This assemblage extends from the base of
the precious metal ore horizom to the paleosurface,
thus it serves as an excellent guide to non-out-
cropping ore shoots.

INTRODUCTION

This paper will present data on epithermal
deposits hosted by volcanics and will discuss the
metal deposition mechanisms. A model will be pre-
sented of a "typical" deposit, describing vertical
and horizontal patterns of wall rock alterationm,
mineralization, levels of ore deposition, and chem-
ical and physical ore controls.

The study will limit itself to omly those
gold-silver vein deposits in an unmetamorphosed
volcanic to subvolcanic enviromment. These depos-
its have been called "epithermal", "bonanza ores",
"precious metal deposits of volcanic association",
and by other names. These names are all slightly
misleading in that most of the deposits were formed
from solutions hotter than the 200°C limit set by
Lindgren (1933) as the upper temperature of "epi-
thermal”, certainly only a few districts were
"bonanzas", and it is not at all clear just what
the association is between the veins and the host
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volcanics (especially as many ore shoots are in sed-
imentary rocks below a volcanic cover). As the word
"epithermal" is so widely used and is now generally
understood to refer more to a genetic-class rather
than a temperature-class of deposits, the word "epi-
thermal” will be retained in this report. With the
limitation of discussing only deposits in a volcanic
environment, some major precious metal districts
(Coeuer D'Alene, Carlin, Leadville, Concepcion Del
Oro, etc.) will not be discussed, although some of
the ideas to be presented may apply equally to
these.

DATA BASE FOR THE MODEL

Table 1 gives physical and chemical character-
istics of 60 epithermal districts. The compilation
reveals several important common characteristics,
features too often present to be relegated to mere
coincidence:

A. The host is typically an Early to Late
Tertiary calc-alkaline volcanic pile commonly con-
taining andesite agglomerates, dikes, breccias and
flows; rhyolite tuffs, dikes and small plugs; latite
and rare dacite flows and breccias; lake bed and
fluvial volcanogenic sandstones and shales. Al-
though andesites are the more common host to ore
(Silberman, 1976), most districts have some felsic
units, Felsic intrusions are usually late in
the volcanic event but are preore. Many field
geologists feel a genetic tie exists between the
mineralization and the felsic intrusions, with the
intrusions acting as a heat source to drive cells
of convecting water, Much more study is required
to confirm this. Basalts are not known to host sig-
nificant amounts of ore in any of the districts in
Table 1.

B. Sediments or weakly metamorphosed sediments
with typically Late Cretaceous to Early Tertiary
intrusions often underlie the volcanics. These
underlying rocks less commonly host ore shoots, but
when ore does occur, it often contains more of a
base metal assemblage than the precious metal de- '
posits in overlying volcanics. Limestone replace-
ment deposits adjacent to the deeper veins are not
uncommon.

C. Only a few deposits are older than Tertiary:
Rochester is believed to be Cretaceous and the
Golden Plateau deposits are thought to be Paleozoic.
On the other hand, many are younger than Tertiary.
There is little geological reason why deposits can-
not have formed throughout the Phanerozoic, however
the older deposits are commonly either eroded away
or metamorphosed to the point they no longer exhibit
epithermal characteristics.

D. The deposits fill pre-existing fractures,
not necessarily tension fractures, and where studied
in detail, most deposits can be placed in a caldron
or resurgent caldron setting. The fractures are
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more complex nearer the paleosurface with numerous
bends, cymoids,. horsetails, and bifurcations, there-
fore, stockwork deposits are more likely to exist
nearer the paleosurface and should pass to more
structurally constricted veins with depth, Numerous
intra-mineralization periods of brecciation are re-
ported in most districts.

E. Ore shoots rarely fill the entire vein
structure, rather they are isolated zones within the
vein enclosed along strike and dip by subore to
barren gangue. Normally, the ore-waste contact is
formed by a rapid drop in grade, or by a thinning of
the pay streak, or both. In almost all districts,
very thin and very high grade veinlets may extend
outward (into a wall or within the main vein along
strike) from the stoped areas, but these veinlets
often become subore grade when the necessary mining
widths are considered. However, the ore shoots do
relate to definite structural features within the
veins, such as at dilatant zones in bends concave to
the hanging wall (Seven Troughs, Oatman, Comstock),
at areas of vein intersection (Hayden Hill, Com-
stock), and in areas of dip decrease resulting in
crushing of the hanging wall (Las Torres at Guana-
juato). As these structural features are localized,
the ore shoots contained therein are localized
within an otherwise subore structure.

F. The precious metal ore zones have a re-
stricted vertical interval of up to 1000 meters, but
the typical uneroded deposit averages close to 350
meters. Because of this restricted interval, most
districts have a definite elevation which marks the
bottoms of the precious metal ore shoots, as well as
a definite elevation which marks the tops of ore
shoots. These elevations may be evident only if
the effects of post-ore faulting are subtracted out
of the district geology (Tayoltita, Oatman). At
Oatman, Pachuca and Tonopah, the precious metal
interval is domed like an inverted saucer. No sat-
isfactory explanation for this doming has yet been
offered. If orebodies bottom at a particular
elevation and top out at another higher elevationm,
we must look at the mineralogy of all three levels
(above, within, and below precious metal ore shoots)
in order to understand the orebody genesis.

G. Above this ore interval, precious metal
values drop rapidly. Although the quartz vein fil-
ling extends well above the top of the ore zone, the
quartz filling of the vein gradually diminishes in
width (Guanajuato, Pachuca, Oatman, Gooseberry,
Silver Peak), and the crystalline nature of the
quartz changes to an agate or chalcedony far above
the ore shoot. As quartz and agate diminish in
volume toward the vein tops, calcite becomes rela-
tively more common., Higher still in the vein sys-
tem, calcite begins to diminish often to the point
where an empty, paper-thin fracture is all that
marks a productive and wide vein at depth (Bulldog
Mountain, Guanajuato, Pachuca, Fresnillo, Oatman,
San Francisco Del Oro, Kimberly).

H. Going the other way, that is, downward from
the base of the precious metal ore shoots, vein fil-
lings often differ from that of the productive hor-
izon by two possible but different manners. These
two types of changes appear to be mutually exclu-
sive, thus are discussed separately:

a., The least common way a precious metal ore
shoot may terminate with depth is illus-
trated by Oatman and by the upper ores at
Guanajuato., In these districts, the pre-
cious metal content rapidly diminishes at
the bottom of the ore shoot to anomalous
but very subore grade. The quartz vein
filling, as well as the strength (width,
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form, persistence) of the structure, contin-
ues downward. There is no appreciable
change in vein mineralogy at the base except
for a probable diminishing of gangue adu-
laria, a possible increase in pyrite, as
well as the near absence of calcite and
precious metal minerals.

b. More commonly, the precious metal content
gradually diminishes at the base of the pre-
cious metal ore interval until a level is
reached where ore grade is not maintained.
Concomittant with the decrease in precious
metal values is an increase in galena, py-
rite, sphalerite, and less commonly, chal-
copyrite and/or pyrrhotite. Quartz persists
downward without appreciable changes, but
calcite is greatly reduced in volume, and
sericite and adularia are slightly to
greatly diminished.

I. Within the precious metal ore horizon, vein
mineralogy is a rather simple assemblage of argen-
tite, adularia, quartz, pyrite, electrum, calcite,
and ruby silvers, Tetrahedrite, stephanite, poly-
basite, base metal sulfides, naumannite, fluorite,
barite, sericite, chlorite may occur in most depos-
its in small to large amounts. Even less commonly
found are stibnite, realgar, rhodochrosite, rhodon-
ite, bornite, boulangerite and a host of other min-
erals. The veins show both a repetitively banded
filling texture characteristic of open space fil-
lings, as well as textures indicative of replacement
of the walls and breccia fragments. Typically, where
high precious metal values exist within a vein, the
quartz gangue is very fine-grained and contains sig-
nificant amounts of adularia (Guanajuato, Jarbidge,
Oatman, Finlandia, Triunfo, Mogollon), and/or seri-
cite intimately mixed with the precious metals.

J. Gold:silver ratios tend to be larger higher
in the vein system, in those districts where ore
shoots are not eroded, Oxidation and secondary en-
richment of both gold and silver tend to obscure
this primary precious metal vertical zonation in the
many districts subjected to erosion of ore shoots.

K. The temperature of formation related to the
precious metal ore interval is from around 200°C (the
lower temperature postulated for Goldfield) to over
300°C, but averages around 240°C, Salinities are
generally lower than 3 equivalent weight percent
NaCl. Rapid or numerous temperature fluctuations
are not noted in deposits studied in detail. The
base metals appear to have been deposited at some=-
what higher temperatures in all deposits studied in
detail, from slightly more saline solutions, and are
typically paragenetically earlier than the precious
metals.

L. The repetitively banded vein fillings in the
ore horizon deserves more description. Banded or
crustified textures are so common in precious metal
deposits hosted by volcanics that it has been con-
sidered a diagnostic feature of epithermal veins.
The banded vein filling is little more than a series
of layers, each one deposited atop the previous, of
gangue and ore minerals, Often, but less often than
generally assumed, the bands on each side of the
centerline of the vein form mirror images of each
other, This feature has led to the probably correct
conclusion that each pair of bands deposited at the
same time from the same solutions. However, little
study has been directed toward answering two fundam-
ental questions:

a. What trigger causes the deposition of cer-
tain minerals in one pair of bands but not
in the next?

b. Why are many veins characterized by repeti-



tively banded fillings; that is, having
numerous bands of the same mineral assem-
blage separated by numerous bands of a dif-
ferent mineral assemblage? For example, a
4" slab of the Gold Road Vein from Oatman,
Arizona, has 41 bands of quartz and chlorite
separated by 40 bands of quartz and adular-
ia. What physico-chemical parameter was
repeated over and over again to give such
repeated bands?

Answers given in the past to explain this fea-
ture appear unsatisfactory:

a., An explanation given is that wallrock and
solution reactions cause changes in the
solution chemistry, causing the bands to
form. This is unlikely in that the wall
rocks are already reacted with and the solu-
tions are already buffered by the rocks. How
could wall rock-solution reactions episo-
dically buffer, then later episodically not
buffer, the solutions?

A second answer given is that simple cool-
ing of the solution forms the bands. Cool-
ing could lead to bands of specific miner-
als, but cooling does not explain the re-
petition of bands of the same mineral.
Assuming a mineral precipitates in a par-
ticular temperature interval, what causes
that temperature interval to be entered and
1 left again repeatedly throughout the vein-
forming time span? Also, fluid inclusion
studies of ores from Oatman, Pachuca, Tay-
oltita, Guanajuato, Creede, and others, in-
dicate that rapid or numerous temperature
reversals do not exist.

c. A final answer given is that changes in

solution chemistry lead to the banding.
What is meant by this is that influxes of
volatile or dissolved species cause the
bands. It is very difficult to imagine a
hydrothermal system that can have repeated
influxes of volatiles or dissolved species,
with each influx so similar to the previous
ones, as to cause the same mineral assem-
blage to deposit scores or hundreds of times
within a narrow vein.

M, Evidence of boiling of the ore-forming so-
lutions is common in those districts studied in de-
tail, At Creede, Pachuca, and Tayoltita, vaporiza-
tion evidence was found at the tops of the base
metal ore shoots; at Guanajuato and Tonopah, the
vaporization level was at the base of the precious
metal ore horizon; and in others such as Lake City
and Finlandia, the boiling occurred in discreet
zones of high precious metal content within an other-
wise base metal assemblage. These seemingly contra-
dictory data may be seen to fit into a pattern if
it is remembered that Creede, Pachuca, and Tayoltita
are high in base metals, thus the boiling occurred
near the top of the base metal horizon. This is the
same position as the base of the precious metal hor-
izon, thus boiling occurred at Creede, Pachuca, and
Tayoltita at the same level as it did at Guanajuato
and Tonopah. Deposits like Lake City and Finlandia
are telescoped, but boiling is noted only in those
zones of precious metal mineralizatiom, not in the
base metal zones.

N. Widespread propylitic alteration (an assem-
blage of chlorite, pyrite, carbonate, montmorillon-
ite, and illite) is ubiquitous in the districts,
Epidote is present in this assemblage at greater
depths. The propylitic alteration commonly forms
halos hundreds of meters wide around the veins, and
usually is wider in the hanging wall than in the
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footwall. This alteration is often believed to be
pre-ore. Silicified vein walls, and less commonly,
adularized or albitized walls, often form a thick
selvage around the veins at the ore horizon. This
selvage may be tens of meters wide, but commonly is
on the order of one meter or less, In many districts
silicified or feldspathized vein walls have abundant
enough precious metal values to comnstitute ore. The
width of the selvage diminishes upward above the ore
zones and often disappears completely a few score
meters above the ore. Silicification has a much
greater vertical extent than do adularization and
albitization, often extending above the ore horizon
for hundreds of meters, and very commonly extending
well below the bottom of the precious metal horizom.
Adularized wall rocks occasionally change with depth
into adularized and albitized wall rocks. Neither
the widespread propylitic alteration nor the more
restricted silicification/adularization/albitization
serve as very useful ore guides. The former is much
too widespread to allow a target to be selected and
the latter are usually so narrow as to be found at
about the same time as the ore is found. What is
needed for the explorationist is an alteration as-
semblage that is small enough to pinpoint individual
targets, is genetically related to the process of
ore formation, and extends well above the ore level
so that non-outcropping ore shoots can be targeted.
Fortunately, such an alteration assemblage exists,
as what will be referred to as the low pH assemblage.
This assemblage may contain any or all of the follow-
ing minerals: Alunite, sericite, illite, kaolinite,
mountmorillonite, or any of the kaolin clay minerals.
This alteration, commonly referred to as "bleaching"
in the literature, forms a halo around and a cap
above individual ore shoots. It is virtually absent
below the precious metal horizom (Or, as at Guana-
juato, it is absent below the lowest precious metal
horizon) and forms a narrow but ever upward-widening
halo in the hanging wall around the ore shoot, and
expands or "blossoms'" above the top of the ore shoot.
In those districts studied in detail, the low pH al-
teration appears to be genetically related to the
deposition of the precious metals, but unlike the
ore itself, the low pH alteration zone extended to
the paleosurface (See Figure l1). At the hot spring
orifice on the paleosurface, siliceous sinter and
opal are mixed with or forms a cap over alunite and
kaolinite (Schoen and others, 1974). These layers
often up to scores of meters thick, are believed to
be caused by downward percolating sulfuric acid so-
lutions formed by water mixed with oxidized HjS. Be-
neath these layers are alteration assemblages of
illite, adularia, and celadonite as wide halos around
the fractures, formed primarily by the loss of COp
(near surface degassing) resulting in a rise in the
K¥/H* ratio. This assemblage passes
with depth and toward the fractures into more well-
ordered white micas, often to a sericite structure.
Often at the fracture wall, montmorillonite or kao-
linite form an inner alteration halo, widest on the
hanging wall of the fracture.

THE MODEL

All of these common characteristics must somehow
relate to the process of ore formation. The discus-
sion to follow will offer a model which will unify
all of these seemingly disconnected characteristics
into a simple genetic model. Figure 1 should be
consulted while reading this sectionm.

It has long been suggested that epithermal de-
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posits form in convecting water cells (White and
others, 1971), where water of largely meteoric origin
circulates deeply into a volcanic/sedimentary pile,
becomes heated, and dissolves metals, alkalies,
chlorides, and sulfur species. Eventually, the now
heated but low salinity solution rises through a
fracture system and deposits ore and gangue minerals
as vein fillings.

Broadlands, New Zealand, is part of such a con-
vection cell., Water at 280°C to 160°C (from depths
of 1400 m. to 400 m., respectively), rises up a ser-
ies of fractures, and gangue, precious metal, and
base metal minerals are deposited at various eleva-
tions within the fractures. Data presented by Ewers
and Keays (1977) indicates that the location of metal
deposition is in part a function of the level of
boiling of the rising fluids. Most base metals de-
posit at and below the boiling level, whereas pre-
cious metals deposit largely at and above that level.
Thus, at the level of boiling, a mixed zone of pre-
cious and base metal mineralization occurs. The
precious metal content decreases at and below the
boiling level, and conversely, the base metal content
decreases at and above that level.

It appears that boiling at a particular eleva-
tion in a vein system must mark that division between
the now well-recognized upper precious metal ore hor-
izon and the deeper base metal ore horizom. This
elevation is the same as that district wide bottom of
ore shoots mentioned previously, and as well, the
boiling level marks the flat bottoms of individual
precious metal ore shoots within a particular vein.
Obviously, the level of boiling cannot remain con-
stant in space or time: 1) Local irregularities in
the paleotopography lead to local elevation differ-
ences of the boiling fluid; 2) No geothermal system
has uniform isotherms (Ellis and Mahon, 1977) in a
horizontal plane, thus warmer solutions in some
areas will boil at greater depths than cooler solu-
tions in other areas; 3) Similarly, no geothermal
system has uniform isobars (Ellis and Mahon, 1977)
in a horizontal plane, thus completely preventing
boiling in some areas of the system; 4) Deep self-
sealing of the fracture system and its later
refracturing can allow boiling at depths much greater
than allowed under hydrostatic conditions; and 5)
Less commonly, episodic fluctuations in temperature
and/or volatile content of the solutions can cause
fluctuations in the boiling level. These factors,
among others, can cause long vertical intervals of
mixed base and precious metal mineralization.

Boiling affects profound change in the physical
and chemical state of the fluids:

A. Significant amounts of CO; and usually les-
sor amounts of HyS are partitiomed into the vapor
phase, according to the simple reactions:

HCO™ + H' = C0y (vap.) + Hy0

S~ + HY — HpS (vap.)
This release of volatiles results in a pH rise in the
remaining solutions., Data of Drummond and Ohmoto
(1979) indicate that a 1 mole NaCl solution at 250°C
containing 0.10 mole CO2(gq,) (similar to a typical
epithermal fluid), will experience a one unit pH
rise by the loss to the vapor phase of approximately
3% of the solution mass. By contrast, simple calcu-
lations indicate that at Guanajuato, approximately
247 mass loss to the vapor phase occured.

B, ; The salinity of the remaining solutions will

rise, a result of simple concentration of salts by

the loss of Hy0 steam.

C. Oxygen fugacity in the remaining liquid in-
creases as the ratios of CO,:CHy, and S0,:HS increase.
CHy, and HpS have a greater rate of partitioning into
the vapor phase than do CO; and SO, respectively
(Drummond and Ohmoto, 1979).

D. The solution will cool, but much less so
than is commonly believed. It is true that the heat
of vaporization requires energy to convert water li-
quid to water steam, but the large thermal reservoir
contained by the wall rocks will prevent any major
temperature drop in the solutions., As the life of a
geothermal system is measured in 10% to 108 years,
the already heated rocks will act to buffer the so-
lution temperature.

E. Major loss of COp and lessor loss of H,S
results in a rise in the activity of S~ and HS~, thus
leading to formation of strong thio complexes with
Au, As, Sb, and Hg (Weissberg, 1969). These com-
plexes are stable to near the paleosurface, where the
higher oxygen fugacity results in precipitation of
the metals,

All of these consequences of boiling combine to
promote mineral deposition. Drummond and Ohmoto's
study (1979), cited earlier, indicates that most base
metals in solution will precipitate after about 5% of
the mass of the solution is lost to the vapor phase,
but that about 207% of the solution must vaporize
before the bulk of the silver will precipitate. As
any packet of water will continue to rise as it is
boiling, with the water bouyed up by bubbles, the
silver will naturally tend to precipitate higher in
the vein system than do the base metals., Gold, car-
ried as a thio complex, will not precipitate until
nearer the paleosurface in areas of high oxygen fu-
gacity, where the thio complex is destroyed by oxi-
dation to sulfate.

This single phenomena - boiling - explains the
vertical zoning of precious metals passing into base
metals with depth; as well as explains the early
paragenetic position of the base metals so often
observed in these deposits. Furthermore, as the pH
of the solution rises to the alkaline side, the field
of adularia stability is quickly entered, resulting
in the association of high precious metal values and
high adularia content in the vein. An exception may
be those near surface, cool, systems like Goldfield,
where the gold is deposited in an acid enviromment,
where clays and/or alunite substitute for the adu-
laria.

But, how can boiling explain the repetitive
banding? At Guanajuato, Tayoltita, and Tonopah,
studies of fluid inclusion morphology and distribu-
tion across iundividual veins or across individual
gangue minerals suggest that the boiling was episodic.
There were periods of intense boiling followed by
periods of non-boiling or by periods of greatly re-
duced boiling. Buchanan (1980) has recently documen-
ted six major boiling episodes in a single 2.1 cm.
wide veinlet at Guanajuato, with each boiling epi-
sode accompanied by acanthite and adularia deposi-
tion. These boiling episodes were not the result of
temperature or chemical fluctuations, and Buchanan
(1980) called upon episodic pressure release as the
causative mechanism. Episodic drops in the total
confining pressure will allow the solutions to boil
episodically. This results in the episodic pH rises
and precipitation of ore and gangue minerals, As

*minerals deposit, the thin, near surface veinlets
become filled by calcite, zeolites, clays, alunite,



and other minerals, effectively forming a sealed cap
to the fracture system. Once sealed, the pressure
increases (White and others, 1975), boiling at depth
stops, and the pH of the solution drops to normal.
Tectonism, or more likely hydrofracturing, can break
the sealing cap to allow a second episode of boiling
and mineralization, and later seal the system again.
In this manner, a repetitively banded vein may
result with no necessity to call upon a change in
solution chemistry or temperature. Such near-sur-
face self-sealing is well documented in modern geo-
thermal systems (Facca and Tonani, 1967; Keith and
others, 1978; Anderson and others, 1978).

The low pH alteration assemblage may also be
explained using the boiling mechanism. Upon boiling,
CO, and HpS were selectively partitioned into the
vapor phase, As these vapors, along with steam,
rise to cooler regions nearer the paleosurface, the
vapors condense and heat the rocks slightly, or mix
with cooler groundwaters, to form a solution of low
pH. This solution then attacks rock-forming sili-
cates to form the white micas and/or clay minerals.
If the solution is of sufficiently low pH, alunite
may form.

IMPLICATIONS OF THE MODEL

Figure 1 illustrates the vertical and horizom-
tal mineral zoning in a typical epithermal district,
based upon the data of Table 1 and of the previous
discussion. A major implication of the model pre-
sented is that epithermal vein deposits do not form
under simple hydrostatic conditions. If sealed caps
episodically develop a pressure on the system in
excess of hydrostatic, then when the cap is frac-
tured and the excess pressure is released, the so-
lutions will boil at a depth greater than allowed
under strictly hydrostatic conditions. This deep
boiling is only momentary, and the boiling level
will gradually rise until hydrostatic conditions
prevail, Evidence that epithermal deposits do form
at greater than hydrostatic depths is gathered from
the data of Table 1, where numerous districts (Oat-
man, Pachuca, Guanajuato, Goldfield, and Bodie) have
a greater vertical ore interval than should be al-
lowed under hydrostatic conditions. As an example,
the temperature of the solutions at Bodie would
allow a low-salinity solution to begin boiling
at a depth of about 330 meters, but the known ore
interval is 400 meters. At the present time, there
is no certain way to precisely calculate the depth
in excess of hydrostatic.

Large concentrations of volatiles in the solu-
tions will also allow boiling at depths greatly in
excess of hydrostatic conditions, but few systems
appear to contain appreciable volatiles (Rochester
and Oatman may be notable exceptions).

APPLICATION OF THE MODEL

.If the model as presented is largely correct,
then exploration for deposits unexposed by erosion
will be greatly facilitated by mapping of alteration
assemblages along otherwise unfilled and barren, or
filled ‘and barren structures., Also, the depth to a
suspected ore shoot below the present surface may be
estimated by noting type and degree of vein filling,
by noting alteration grades and intensities, and by
fluid inclusion temperature determinationms.

As examples of the application of this model to
exploration, Figures 2 through 5 are presented il-
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lustrating wall rock alteration patterns at Oatman,
Arizona, and Guanajuato, Mexico. Also presented in
each figure are longitudinal sections of the major
veins with outcrops of the low pH alteration assem-
blage plotted on the profile, and known ore shoots
at depth plotted in section. At Oatman, the low pH
assemblage is illite and montmorillonite; at Guana-
juato, it is kaolinite and halloysite adjacent to the
fractures, passing outward into sericite, illite, and
montmorillonite. Note that in both districts only a
small perceantage of ore shoots cropped out. Also
note that the size of the low pH alteration assem-
blage is crudely proportional to that of the under-
lying ore shoot.

The data presented in Table 1 suggests that
similar maps should be made for many districts in
North America, and that many ore discoveries will
likely result,

This author does not wish to imply that boiling
is the only explanation for many of the features of
epithermal deposits, but boiling does offer a genetic
mechanism whereby most observable features may be
connected, However, as an "orebody" by its very
definition is an anomaly, it should not be unexpected
that some deposits will vary drastically from this
model of a typical system, nor should it be surpris-
ing that all deposits will vary in some degree from
the model.
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