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ABSTRACT

Field and laboratory mineralogic studies of samples taken from 
Creede, Colorado have shown the presence of two forms of mineralization: 
relatively well-understood classic epithermal vein mineralization and 
newly discovered multi-stage disseminated mineralizatione The vein min
eralization is here divided into nine assemblages based on megascopic 
field relationso Quartz in several varieties is the most abundant con^ 
stituent of the vein mineralization. A paragenetic sequence and spatial 
distribution are presented. The disseminated mineralization is incon
spicuous, fine-grained, occurs at relatively low abundance at less than 
two volume percent, and exhibits no systematic tendency for increasing 
values with approach to major structures. Silver itself is the most im
portant economic component of the suite of disseminated mineralization. 
It occurs primarily as sulfides; occupies a restricted, late position in 
the paragenetic sequence; and is found in irregular pods within broader 
zones of disseminated mineralization. A complex model of origin of the 
disseminated mineralization and associated wall rock alteration includes 
the interaction of stratigraphic, structural, and chemical phenomena.

x



CHAPTER I

INTRODUCTION

The presence of economically important disseminated mineraliza
tion has only recently been recognized in epithermal silver districts. 
Recent economic incentives reflected in high silver prices have made one 
troy ounce recoverable silver, or 31.3 grams, per ton attractive to many 
companies. These economic incentives in turn have stimulated interest 
in reevaluating previously mined silver districts. ,

This study was designed to clarify mineralogy and ore controls 
in the upper portions of the Amethyst and OH fault systems of the Creede 
Mining District, Mineral County, Colorado. This zone, considered favor
able for large tonnage ore bodies, has higher silver values and higher 
fracture densities than deeper zones. Exploration activity in 1978-79 
provided access to several mine levels which had been sealed off since 
1940, affording excellent three-dimensional exposure of the zone of dis
seminated mineralization. This new access, plus the background work of 
over 20 calendar years of research by members of the U. S. Geological 
Survey in other parts of the system, were the primary reasons for choos
ing the Creede study area.

Many geologic tools were employed in the process of this study. 
Sixteen weeks were spent between June, 1978 and April, 1979 mapping and 
sampling in the field. Due to limited surface exposure in the area of 
interest, all field study, aside from surface reconnaissance, was



conducted underground. Geologic mapping was undertaken to determine 
megascopic relations. Laboratory studies were undertaken to identify 
silver-bearing phases and to develop specific relations between wall- 
rock alteration, disseminated mineralization, and vein assemblages.

Scores of samples collected covered the entire accessible vol
ume on the Chance 2, Sloan/Ruth Elder, P & E 60, P & E 150, Amethyst 5, 
and Commodore 5 levels of the Emperius Mine. Samples were chosen to ex
hibit the range of megascopic variations in alteration and mineraliza
tion; transition zones between alteration types were extensively sampled. 
Samples were analyzed using ore microscopy, thin section petrography, 
x-ray diffraction, scanning electron microscopy, and quantitative elec
tron microprobe analysis. Metric system terminology was used when not 
in conflict with district practice. For example, all elevations are 
given as feet above sea level, but all petrographic data are metric.

The organization of this paper, in line with the course of this 
study, concentrates on the distribution and occurrence characteristics 
of ore mineralization and unraveling the controlling processes involved. 
Previous investigations and production history are presented in chrono
logic format with a table showing past production in 1980 metal prices. 
Regional geologic history, the district geologic column, and an account 
of structural characteristics have been included as background informa
tion with emphasis on aspects pertinent to mineralization. Discussion 
of mineralization was subdivided into two sections concerning previously 
mined and well-understood vein mineralization, and disseminated miner-

Ialization which is only recently of economic importance. Wall-rock



alteration is discussed, concentrating on its spatial and genetic asso
ciation with mineralization. These data are summarized in a section on 
interpretation of the evolution of this hydrothermal system.

Geography
The Creede Mining District (Figure 1), located at the geographic 

center of the San Juan volcanic field (Figure 2), comprises all of the 
mines within a few miles of the town of Creede, Mineral County, Colo
rado (latitude 37°53’N, longitude 106°57’W) . Elevations vary between 
8,500 ft at the Rio Grande Valley to 14,000 ft at the Continental Di
vide; mine workings studied cover a 1,025 ft vertical interval between 
9,225 ft and 10,251 ft. Less than 5% of the district is outcrop, the 
rest being covered by glacial debris, soil, and vegetation. Most of the 
productive veins in the district have little or no surface expression. 
Scattered clay alteration, minor silica veining, and slight topographic 
depressions are the only surface traces of major vein systems. Were it 
not for fortuitous erosion, this epithermal district might never have 
been discovered. Access to the area of investigation was good, since 
recently reopened workings afforded good exposure to the central por
tion of the study area. Heavily muddied mine walls made geologic mapping 
slow and obscured inconspicuous transitions between alteration and min
eralization types. The mine was generally dry and warm, and tempera
tures varied between about 45 and 55°F. Overall, this area was well 
suited for study.



Figure 1. Creede District Oblique Aerial Photo (Facing Northwest).
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Previous Investigations 
Many distinguished and dedicated scientists have studied the 

Creede district. Geology of the Creede district was first reported by 
Hayden (1877). His study was a regional study encompassing all of Colo
rado and parts of adjacent territories. Following the discovery of ore 
in 1891, a flurry of articles describing the district appeared in vari
ous scientific and mining journals. The more notable of these are 
Kirby (1892), MacMechen (1892), Rickard (1897), and Lee (1903). Emmons 
and Larsen (1913, 1923) published the first comprehensive geologic in
vestigation of the geology and ore deposits at Creede. Larsen (1929) 
followed up earlier reports with an account of developments between 1913 
and 1927. Hills (1924) was the first to report on the occurrence of 
silver in carbonaceous trash in the sedimentary Creede formation. In 
1950, Cannaday detailed the ore mineralogy of the OH vein and discussed 
some of the structural features at the convergence of the OH and Amethyst 
veins. Steven and Ratte (1960) published the first recommendation of 
exploration in the Bulldog fault zone which, five years later, led to a 
major new discovery. Steven and Ratte (1965) presented new surface and 
underground geologic mapping and comprehensively reviewed the geology of 
the .Creede district. A detailed analysis of the petrography and whole- 
rock geochemistry of the volcanics in the Creede district was released 
by Ratte and Steven (1967). A major U. S. Geological Survey effort to 
understand a hydrothermal system in detail was begun in 1959. This ef
fort has concentrated on the accessible OH vein in an attempt to identi
fy and define the physical and chemical parameters with which to



quantify the environment of hydrothermal mineralization. Detailed ore 
petrography, fluid inclusion studies, oxygen, hydrogen, carbon, and 
yet-to-be-released sulfur isotope investigations, x-ray analysis of 
clay minerals, and detailed isotopic dating of ore minerals and 
district-wide volcanic rocks have been incorporated into this effort. 
Many researchers have taken part in this project and many papers have 
been generated (Bethke, Barton, and Bodine, 1960; Roedder, 1960, 1977; 
Barton, Bethke, and Toulmin, 1963, 1971; Steven and Friedman, 1968; 
Steven, 1969; Bethke and Barton, 1971; Bethke, Rye, and Barton, 1973; 
Wetlaufer, 1977). Currently, this work is being released in a continu
ing series of papers in Economic Geology (Steven and Eaton, 1975;
Bethke et al., 1976; Barton et al., 1977; Bethke and Rye, 1979). Ge
ology and alteration north of the Creede district was studied by Chafee 
(1967) in an unpublished Ph. D. dissertation, and Hull (1970) provided 
the first comprehensive study of the Bulldog vein system. Creede dis
trict surface geology was revised by Steven and Ratte (1973).

Production History 
Several publications describe the Creede district production 

history in detail. Meeves and Darnell (1968) compiled the Creede dis
trict’s production history as part of a broader U. S. Bureau of Mines 
study to evaluate United States silver resources. Production data have 
been recorded in various U. S. Bureau of Mines bulletins and mineral 
yearbooks since 1923. Prior to 1923, the U. S. Geological Survey Miner
al Resource annual volumes contained sporadic production records. A
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summary of total district production is presented in Table 1. In terms 
of June, 1980,metal prices, the district's past production would have a 
1,2 billion dollar gross metal value, with a silver-to-gold production 
ratio of 388 to 1.

A brief historical account of the discoveries which have been 
made in the Creede mining district are presented chronologically. Pros
pects and mines in the Creede district are located on Figure 3, Miner
alization was first discovered in 1968 on the Alpha claim along the 
Alpha Corsair fault. Production did not last, due primarily to inade
quate metallurgical technology. In 1889, Nicholas Creede made the first 
major ore discovery along the Solomon-Holy Moses vein, which was fol
lowed by ore discoveries along the Amethyst fault in 1891. These devel
opments caused a rapid population increase from 600 in 1889 to 10,000 in
just two years in the town of Creede. By 1900, the bulk of the high-
grade silver from the southern third of the Amethyst vein had been mined 
out. By 1915, lead, zinc, some silver, and minor gold and cadmium were 
being mined from the base metal zone in the north portion of the dis
trict. As high-grade silver ore diminished so did the mining activity. 
Due to a sharp drop in the price of silver in 1930, all mines in the 
district closed. Many mines were rejuvenated in 1934 when the federal 
government put a floor under the price of silver at roughly twice the 
then-current free market price. The next major development was the dis
covery in 1938 of the OH vein, a major new structure. This event was
soon followed by the Strategic Metals Act which de-emphasized precious 
metals in favor of base metals, motivating the miners to follow the



Table 1. Greede District Production. -—  Gross metal value at June, 1980, metal prices.
Tonnage mined 1891-1966 = 2,144,904 short tons. DaLta from Meeves and Darnell 

__________(1968). _____________ ____________ ______________ ______________________

COMMODITY . PRICE PRODUCTION
AVERAGE
GRADE-

1980 
$ VALUE 
(X1000)

PERCENT OF 
TOTAL VALUE

gold $600/oz 150j399 oz 0.07 oz/ton $ 90,239 7.4
silver 16/oz 58,342,763 oz 933,484 76.5
lead 0.65/lb 250,937,535 lb 5.8% 163,109 13.3
zinc 0.35/lb 78,152,213 lb 1.8% 27,353 2.4
copper 1.20/lb 4,562,292 lb 0.1% 5,475 0.4

TOTAL $1,219,660 100%
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district zoning north, away from the silver-rich areas and into the 
lead- and zinc-rich areas. Exploration instigated by Steven and Ratte 
(1960) led to the discovery in 1961 of a major new vein system, the 
Bulldog. This fault zone had been sporadically prospected since the 
1890*s. Production,did not begin until 1969 due to the difficulties in 
mining narrow vertical veins (Jackson, 1974). This discovery was the 
last major development in the Creede district production history until 
1978. A substantial exploration effort, instigated by Paul Eimon of 
Chevron Resources, is currently underway to prove out the economic vi
ability of bulk tonnage mineralization in the Emperius Mine workings.



CHAPTER II

REGIONAL GEOLOGIC HISTORY

The regional geology of the San Juan volcanic field, only brief
ly to be outlined here, has most notably been reported by Lipman, Steven, 
and Mehnert (1970), Steven (1975), Steven and Lipman (1976), and Lipman 
et al. (1978). The central San Juan volcanic field may lie directly on 
Precambrian basement (Tweto, 1968), since no rocks between Tertiary and 
Precambrian age are exposed within 25 miles of the Creede district (Fig
ure 2). Magnetic and gravity geophysical tests do not resolve this 
question. Similarly, studies of the isotopic composition of minerals 
from the Creede district have been inconclusive. Bethke and Rye (1979) 
and Doe et al. (1979) present isotope data on the ores of Creede that 
neither confirm nor negate the possibility of underlying Mesozoic rocks. 
Three periods of regional Tertiary geologic history may be defined by 
compositional changes in eruptive rocks.

The first eruptive period occurred in early Oligocene, when 
eruptions from widely scattered volcanic centers coalesced into a vol
canic field which covered the southern Rocky Mountains. These eruptions 
began about 40 m.y. ago and peaked in activity between 35 and 30 m.y. 
ago. The rocks formed were fundamentally andesitic lavas and breccias. 
Approximately two-thirds' by volume of the volcanic field erosional rem
nant is composed of these rocks. Lipman et al. (1970) estimate that

Ooriginally 40,000 km were erupted during this time span.
12
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The second period began about 28 m.y. ago with eruption of vo

luminous ash flows in the western San Juans. One million years later, 
while ash flows were still being erupted to the west, the central San 
Juans erupted. About 26.5 m.y. ago, after just 3.5 m.y., eruptions of 
the main ash flow sheets, which ranged in composition from quartz la- 
tite to rhyolite, had ended. Sixteen major ash. flow sheets, generally 
coextensive with the earlier andesites, were erupted. Lipman et al.
(1978) summarized the ages of these ash flows. Caldera-forming subsi
dence was concurrent with the ash flow eruptions. Fifteen known cal- 
deras (Figure 2) were formed during this 8 m.y. interval. Plouff and 
Pakiser (1972) theorized the epicrustal emplacement of a great batholith 
concurrent with this event, based on interpretations of gravity and 
magnetic data. As the batholith worked its way up and evolved with 
time, eruptions were able to tap more differentiated parts of the batho
lith, accounting for the compositional change to more silicic rocks at 
this time. The planar outline of the proposed batholith is generally 
coextensive with the present erosional remnant of the San Juan volcanic 
field. The third and final eruptive period is marked by a bi-modal as
semblage of basalts and rhyolites beginning about 25 m.y. ago in the 
early Miocene, coinciding with the beginning of Basin and Range faulting 
in the nearby San Luis Valley portion of the Rio Grande depression 
(Lipman and Mehnert, 1975). It also coincides with volcanic activity 
changes throughout the western United States which have been associated 
with tectonic changes on the western edge of the North American conti
nent. Atwater (1970) considers Basin and Range activity to be the



result of changes associated with the cessation of subduction of the 
Farallon plate and the beginning of transform interaction with the Pa
cific plateo Sporadic eruptions continued until 3„6 m.yo ago, covering 
much of the Oligocene volcanic field with a thin veneer of basalts and 
rhyoliteso This Basin and Range activity was the last major geologic 
event to effect the San Juan region.



CHAPTER III

DISTRICT GEOLOGIC COLUMN

Regional geologic, history establishes the background for the 
district's geologic column, to be considered here with emphasis on its 
role in control of ore deposition. This chapter is organized according 
to rock formations and associated calderas of development. An interim 
eruptive period cannot definitively be linked to any distinct caldera, 
but all other volcanic formations have been correlated with specific 
calderas. Two comprehensive studies have been made of Creede district 
geology. Emmons and Larsen (1923) provided a classic review of early 
production, geography, and general geology with keen observations and 
insights into overall district ore genesis. Steven and Ratte (1965) as
similated data from four decades of mining and applied newly developed 
ideas on subaerial volcanism and ore genesis. After a remapping of the 
district, Stevens and Ratte abandoned Emmons and Larsen's terminology, 
redefining the stratigraphic nomenclature. Stratigraphic definitions 
are continually being reviewed and minor changes have been made since 
1965. The most comprehensive recent review is the Creede quadrangle ge
ologic map by Steven and Ratte (1973). Age dates reported herein are 
from numerous sources which have been reviewed by Steven and Lipman 
(1976) and Bethke et al. (1976).

oApproximately 8,000 knr of rock, exposed in the immediate Creede 
district, were formed within a 1.4 m.y. period in mid-Oligocene time

15
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from 27.8 to 26.4 m.y. ago. Twelve volcanic formations and four major 
known calderas are exposed in the district (Table 29 Figure 4).

La Garita Caldera 
The earliest caldera was the La Garita caldera (Figure 4). It

oformed as a result of the eruption of more than 23000 km of Fish Canyon 
and La Garita tuffs at 27.8 m.y. ago, and the units formed were 
phenocryst-rich crystal ash flow tuffs of quartz latite composition.
The collapse structure, measuring 40-48 km in diameter, was followed by 
resurgence which domed the caldera core. The southwest side of the cal
dera has been obliterated by later volcanism and younger caldera 
formation.

Bachelor Mountain Caldera 
Eruptive units associated with the Bachelor Mountain caldera 

host more than 80% of the mineralization in the district. This caldera 
became active during the waning stages of formation of the La Garita 
caldera, as evidenced by intertonguing of the Willow Creek lithology of 
the Bachelor Mountain Formation with the Phoenix Park member of the La 
Garita formation near the east side of the district. The Bachelor Moun
tain caldera, centered on the west flank of the La Garita collapse 
fault, is not nearly as well preserved as the La Garita. The far- 
reaching Carpenter Ridge tuff was expelled from the Bachelor Mountain 
caldera. It has not been dated, but is sandwiched between rocks with 
27.8 and 26.7 m.y. dates.



Table 2. Geologic Coltmm. —  General geographic distribution of forma
tions are illustrated by the abscissa and age of formation on 
the ordinate. The vertical bars denote relative duration of 

 _______ eruption.___________________________________________________
CALDBRA ACTIVITY FORMATIONS

West or South East or North
Resurgence of 
Creede

Subsidence of 
Creede

Subsidence of 
San Luis

Ts: Snowshoe Mountain 
Quartz Latite

Tabs Andesite of 
Bristol Head

Subsidence of 
Bachelor Mountain

Mineralization (24.6 m.y.) 
Tfs Fisher Quartz Latite 

(26.4 m.y.) .
Tc: Creede Formation

Tn: Nelson Mountain Quartz 
Latite

Trcs Rat Creek Quartz Latite 
Tw: Wasson Park Rhyolite

Tm: Mammoth Mountain Rhyolite 
(26.7 m.y.)

Tfc: Farmers Creek Rhyolite

Tbs Bachelor Mountain Rhyolite 
(intracaldera facies of 
Carpenter Ridge Tuff) 
Tcr-Carpenter Ridge Tuff 
Tbwg-Windy Gulch Lithology 

of Tb
Tbc-Campbell Mountain 

Lithology of Tb 
Tbw-Willow Creek Lithology 

of Tb

Tls Quartz Latite- 
Rhyolite Flows

Tgps Phoenix Park
Lithology of Tg

Subsidence of 
La Garita

Tmcs Rhyolite of 
Miners Creek

Tgs La Garita Tuff (in
tracaldera facies of 
Fish Canyon Tuff) 
Tfg-Fish Canyon Tuff 
Tgo-Outlet Tunnel 

Lithology of Tg 
_________ (27.8 m.y.)
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The Bachelor Mountain Formation, an intracaldera facies of the 

Carpenter Ridge tuff, is a highly differentiated ash flow tuff cooling 
unit with variable phenocryst and rock fragment content (Table 2, Figure 
5). The member is subdivided into three lithologic members on the basis 
of degree of compaction. The basal Willow Creek lithology has a basal 
vitrophyre, is densely welded, and contains relatively few phenocrysts 
and foreign rock fragments. It also shows strong fluidal texture, with 
pumice stretching ratios of up to 300:1. The densely welded nature of 
the Willow Creek unit makes it a dominant cliff-former throughout the 
district. The overlying Campbell Mountain lithology is compacted but 
not densely welded and generally lacks foliation. It is the predominant 
host of mineralization throughout the district due to its structural 
competency and its favorable location rather than as a result of any 
unique chemical properties. The uppermost Windy Gulch lithology is non
compacted and is phenocryst- and lithic fragment-rich, to a total of up 
to 30% by volume. Pumice fragments often have preserved reticulate 
structure. Due to the soft nature of the Windy Gulch, it has been erod
ed off of much of the district and, where present, allows only very poor 
outcrop. The Bachelor Mountain Formation, a simple, single 4,000 ft 
,thick cooling unit which filled the Bachelor Mountain caldera as that 
caldera collapsed, shows a classic transition from a densely welded base 
to an uncompacted top. Compositionally the formation is a rhyolite, 
with minor chemical variations including a decrease in silica and an 
increase in alumina upwards.
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Shortly after deposition of the tuff and collapse of the Bache

lor Mountain caldera, resurgence resulted in the formation of a keystone 
graben along the crest of the resurgent core. Many of the faults which 
were developed by this resurgence were later reactivated during mineral
ization. A barren silicified breccia fills these faults. Dip-slip dis
placement along these faults was as much as 500 m (Steven and Ratte, 
1965).

Interim Eruptive Period
Following the Bachelor Mountain caldera collapse was an interim 

eruptive period which is evidenced by several rock formations that can
not definitively be linked to any caldera source. The first of this 
activity resulted in the deposition of the Mammoth Mountain tuff 26.7 
m.y. ago (Table 2). The source of this formation has been obliterated 
by later volcanism. The formation grades upwards from a rhyolitic, 
phenocryst-deficient tuff to a quartz latite with abundant phenocrysts. 
The lower rhyolitic units dip 5-25° to the northeast while the upper 
quartz latites are flat, indicating structural adjustment during deposi
tion perhaps related to an unknown caldera collapse. The Wasson Park 
formation succeeded the eruption of Mammoth Mountain, and it is also a 
phenocryst-rich rhyolite. Its silica content of 68.5% is less than the 
average Mammoth Mountain and Bachelor Mountain Formations, but is more 
than that of the uppermost portion of the Mammoth Mountain Formation. 
There is no evidence for the location of the source area of the Wasson 
Park formation. A thin veneer of Wasson Park rocks overlies the western 
half of this study area. A few, low-volume, sporadic, scattered
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eruptions occurred after the Wasson Park formation. Quartz latitic 
flows erupted along the northwestern third of the district were accompa
nied by small dacitic to andesitic lavas and flow breccias erupting 
along the western margins of the district.

San Luis Caldera 
The San Luis caldera was the third and next major collapse 

structure (Table 2, Figure 4). The Rat Creek tuff, the precursor to 
San Luis collapse, grades upward from a phehocryst-poor rhyolite to a 
phenocryst-rich quartz latite. The intracaldera facies of the Rat Creek 
tuff has been largely altered to chlorite. This chloritic alteration is 
not related to any known mineralizing events. The eruption of the Nelson 
Mountain tuff was concurrent with resurgence of the San Luis caldera.
The tuff is a quartz latite with abundant phenocrysts. Resurgence of 
the San Luis caldera extended northward, reactivated some of the faults 

of the Bachelor Mountain caldera, and created a new set of east-west 

faults along its southern margin which would later be mineralized.

Creede Caldera

The fourth and last major caldera subsidence, that of the Creede 
caldera itself, occurred concurrently with the eruption of the Snowshoe 
Mountain quartz latite. There was no substantial outflow facies associ
ated with this volatile-deficient eruption. Subsidence, as evidenced by 
the thickness of the Snowshoe Mountain quartz latite, was more than 1.5 
km. Resurgent doming and subsidence tilted the flanks up to 40° and 
created a north-northwest trending graben along the crest of the core
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toward the San Luis caldera (Figure 4). The margin's of the Creede cal- 
dera were the site of many rhyolite to quartz latite eruptions. Includ
ed in this are the Fisher quartz latite at 26.4 ± 0.6 m.y. ago, denoted 
as post-caldera lavas on Figure 4, and the Point of Rocks volcano. Con
current with these eruptions was the deposition of the sedimentary Creede 
formation in the arcuate Creede caldera moat. This formation consists 
of fluvial and lacustrine sediments, interbedded ash beds from the Fish
er volcanoes, and irregular travertine deposits. A fanglomeratic facies 
of this formation originates on the southern margin of the study area.



CHAPTER IV

STRUCTURAL CHARACTERISTICS

Structural characteristics in the Creede district show many of 
the classic features of an epithermal system at different scales. An 
extensional regime has been dominant throughout the region's geologic 
history. Classic cymoid loops, warped fault planes, anastomosing veins, 
and multiple periods of movement along the same structure are all common 
features in this system.

District Scale Structures 
Structures on a district-wide scale originate from events asso

ciated with volcanic eruptions and exhibit episodic reactivation of ear
ly structural weaknesses. Much of the early structural movement has 
been obliterated by later volcanic events. The earliest movement in the 
Creede district revealed in the exposed rocks is ring faulting associ
ated with the La Garita caldera collapse in the central portion of the 
district. Following and spatially coincident with this early ring 
faulting was a period of resurgence and the formation of the keystone 
graben associated with the Bachelor Mountain caldera. Reactivation of 
these structures may have occurred with the eruptions of the Mammoth 
Mountain and Wasson Park formations. Cessation of major movement in 
the central part of the district was followed by movement in the north
ern part of the district associated with the San Luis caldera events and 
in the southern part of the district by Creede caldera activity. All of
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the above movements predate mineralization. Hydrothermal activity dur
ing these events includes silicification and potassium metasomatism as
sociated with the Bachelor Mountain caldera and chloritization 
associated with the San Luis caldera. These early structural adjust
ments account for the majority of the actual displacement in the district.

Preceding and concurrent with mineralization was another vein- 
forming structural disruption. This period was the result of transla
tional and tehsional forces which reactivated four major subparallel 
fault zones but caused only minor displacement; resulting veins are 
named., from west to east, the Alpha-Corsair, the Bulldog, the Amethyst, 
and the Solomon-Holy Moses (Figure 6). These faults were filled by the 
major veins of the district. They closely mirrored the earlier struc
tural weaknesses, but at places deviate from them by as much as 300 ft.
The bulk of production has come from the Amethyst and two related hanging 
wall faults, the OH and the P, in the Emperius mines.

Mine Scale Structures
Closer inspection of structures at mine scale reveals features 

which were important in localizing ore (Figure 7). The Amethyst fault 
is the most significant structural feature in the Emperius mine. Stress . 
and strain along this structure must have been initiated while the Wil
low Creek lithology was somewhat plastic, as evidenced by observable 
steepening of foliation and bedding planes with proximity to the fault. 
This relationship is exposed on the surface at the Commodore 5 and Ame
thyst 5 addits, where the Willow Creek foliation steepens from a sub
horizontal, district-wide orientation to steeply dipping near the
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Figure 7. Major Structures of the Emperius Mine.



Amethyst fault, with no observable faults interrupting the transition. 
Dip-siip of this normal fault is at least 1400 ft (500 m), the minimum 
displacement needed to account for the absence of the Willow Creek bed 
on the hanging wall of the fault on the Commodore 5 level (elevation 
9,225 ft, 2,814 m). The fault is sinuous in plan and curviplanar in 
section. The average strike of the fault plane is N20°W with an average 
dip of 60°SW. It has a total strike length of approximately seven miles. 
Beyond the reach of Figure 7, the south end bends sharply to the south
east and dissipates in a mass of horsetail fracturing near the junction 
of East and West Willow Creeks. The northern half of the Amethyst fault 
outcrop is obscured by glacial debris. Limited prospecting along this 
northern trend has revealed the anastomosing of the main fault.

Major hanging wall splits occur at changes in strike and dip of 
the Amethyst fault. The two most significant hanging wall splits, the 
OH and P veins, originate at bends in the Amethyst fault (Figure 7).
The OH vein extends for over 3,000 ft (915 m) northwest from this 
bend, striking 15° off vertical. Many smaller veins are similarly con
centrated at these bends. The most pronounced bend in the Amethyst 
fault occurs near the location of the Last Chance mine. On surface, 
strike deviates from N25°W south of this shaft to due north beside it 
and then within 2,000 ft (610 m) gradually bends back to a strike of 
N20oW. On the Commodore 5 level, 1,400 ft (427 m) beneath the surface, 
the Amethyst fault is nearly planar, striking N25°W and dipping 65°SW. 
This pronounced bend in strike is accompanied by a roll in the dip of 
the Amethyst fault. North of the bend, the Amethyst fault dips 55-60°SW.
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The dip steepens 10-15° south of the bendo As a result of movement 
along this warped fault plane, drag opened subsidiary hanging wall frac
tures including the major OH and P veins0 Only minor displacement is 
evidenced across these hanging wall fractures, comparisons having been 
based on similar lithologies and degrees of compaction because of the 
lack of any key marker beds. Some minor rotation of blocks appears to 
have occurred but cannot be detailed due to the scarcity of foliation.

An economically important dense zone of small complex fractures 
extends several hundred feet into the hanging wall north of the bend in 
the Amethyst fault where the OH converges into it. This fracturing in
cludes ones which are antithetic, vertical, and sub-parallel to the main 
Amethyst fault. These fractures are controlling factors at different 
scales in the occurrence of both disseminated and vein mineralization. 
Displacement across these fractures appears to be negligible. Complex
ity and abundance of this hanging wall fracturing decreases with depth. 
There are markedly fewer, generally wider, more planar and more persis
tent fractures at depth on the Commodore 5 level 645 ft (200 m) below 
the Amethyst 5 level. The trend of this densely fractured zone paral
lels the rake of the intersection of the Amethyst and OH faults, plung
ing to the north.

Only minor movement post-dated mineralization, as evidenced by 
the uncrushed nature of most of the ore and the pristine open spaces 
that remain in some of the breccia zones associated with major veins.
One accessible open space on the P vein is large enough for a person to 
crawl into, the walls being coated by euhedral galena and sphalerite



crystals. Some areas do show delicate open-space textured veins cross
cutting veins which show minor crushing, indicating ongoing movement 
during mineralization. No variations in orientation of early veins with 
respect to late veins were distinguished, indicating that stress direc
tions were fairly constant, throughout the period of mineralization. A 
few localities along the Amethyst vein do show minor post-mineral dis
placement which may be a result of adjustments associated with the Rio 
Grande graben.



CHAPTER V

MINERALIZATION

The nature of mineralization can be considered within the frame

work provided by the regional geologic history, district geologic col

umn, and structural characteristics. After remarks on district-wide 

characteristics, age of mineralization, and methods used to solve the 

problems associated with this mineralization, the morphology, spatial 
relations, and temporal relations of both vein and disseminated mineral

ization will be described.

General Characteristics 
Many distinguished scientists have contributed to the present 

understanding of the characteristics of mineralization in the Creede 
district (Emmons and Larsen, 1923; Steven and Ratte, 1965; Bethke and 
Barton, 1971; Barton, Bethke, and Roedder, 1977; Bethke and Rye, 1979). 
Silver, lead, zinc, and copper, in order of decreasing production value, 
have been the dominant metals produced from the Creede district. The 
district is strongly zoned both laterally (north-south) and vertically 
(Figure 8). The Amethyst-OH convergence area where this study was made 
occurs at the transition between four zones of mineralization and is 
the only accessible exposure of the newly discovered disseminated min
eralization. The north and deeper mineralization consists of galena, 
sphalerite, chalcopyrite, and tetrahedrite-tennantite series with chlor
ite as the dominant gangue. The south and upper mineralization is
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composed of native silver, rhodochrosite, barite, and several sulfosalt 
minerals. A central zone defined in the course of this study consists 
of base metal sulfides, acanthite, and quartz. A manto zone of exten
sive illitic alteration caps the mineralization in the northern two- 
thirds of the district, but essentially fresh rock overlies the entire 
mineralized system. These assemblages will be discussed in greater de
tail in the section on vein mineralization. The disseminated minerali
zation, while most accessible in the Amethyst-OH convergence area, may 
occur in other as yet undiscovered areas in the district.

Age of Mineralization 
The age of mineralization in the Creede district is well known 

from both direct geologic evidence and radiometric age dating. Direct 
geologic evidence indicates that mineralization post-dates the last 
known igneous activity of the Fisher quartz latite. Several strongly 
mineralized faults crosscut the Creede formation, which is interbedded 
elsewhere with Fisher quartz latite. Ore in these faults is not appre
ciably crushed; mineralization was after the faulting which, in turn, 
post-dates the Creede and Fisher formations. Mineralization has been 
dated at 24.6 ± 0.3 m.y. ago by K-Ar dating of four samples of vein 
adularia and sericite. This leaves a 1.8 ±0.9 m.y. gap between the 
Fisher quartz latite at 26.4 ± 0.6 m.y. and the mineralization. There 
may be younger Fisher lavas exposed which have not been dated. A U. S. 
Geological Survey study is in progress to refine the age of the Fisher 
event.



Methods of Analysis
The nature of mineralization in the study area became an inter

esting unknown when recent detailed sampling revealed that substantial 
"invisible" mineralization was present between megascopic vein struc
tures at Creede. Definition of this mineralization was the central task 
of this thesis. Detailed mapping and sampling of selected crosscuts was 
performed to discern megascopic relations which might reveal the nature 
of this mineralization. Vein mineralization was described and assem
blages determined in this field portion of the study. From this mapping, 
it was determined that fine-grained, megascopically inconspicuous min
eralization not related to the major veins did occur and that a miner- 
alogic study was required to determine the nature and distribution of 
this mineralization.

Several techniques were used to determine pertinent mineralogic 
variations. The primary means of data collection were reflected light 
ore microscopy, elemental mapping with a scanning electron microprobe 
quantometer, and quantitative microprobe analysis. Transmitted light 
microscopy, x-ray diffraction, heavy mineral separation, and staining 
for both potassium feldspars and clay determination was used to supple
ment the above data. Reflected light ore microscopy was essential in 
determining ore mineralogic variations, textural features, and para- 
genetic relations, particularly for the disseminated mineralization. 
Variations and relations were documented by drawings and photographs 
which were also used to record the locations of microprobe analyses.
This microscopic study identified the presence of fine-grained



disseminated sulfides as the probable host of the mineralization in 
hand specimense More sophisticated techniques were needed to determine 
the distribution of silver itself. A scanning electron microprobe 
quantometer was employed to define the mineralogic distribution of sil
ver « Simply puts this instrument focuses a ten-micron diameter beam of

. ' '' ' xelectrons onto a highly polished, electrically grounded sample and meas
ures resulting secondary x-rays generated by the electron bombardment 
which are characteristic of the elemental composition of the sample0 
This tool was used in two ways. It was used to analyze specific miner
als for their silver.content; unless otherwise noted, all elemental com
positions reported here are from analysis performed with the microprobe. 
The microprobe was also used to map the distribution of particular ele
ments in specific mineral grains. Photographs were taken of some of 
these raster-scan elemental maps to document these distributions. The 
instrument used was an Applied Research Laboratories Scanning Electron 
Microprobe Quantometer at The University of Arizona, with a detection 
limit of approximately 0.02% Ag. This limit is equivalent to 5.82 troy 
ounces per short ton, or 200 ppm. A substantial problem may exist if

V
undetected silver values are disseminated in low abundances through 
several minerals.

In a deposit where one ounce per ton may be the difference be
tween profit or loss, the potential problem of this insensitivity to 
low abundances required some cross-checking. In order to determine the 
magnitude of the potential problem, comparison between whole-frock silver 
analyses and analyses of the mineralogic components in four rocks was



made (Table 3)» Fire assay was used to determine the abundance of sil
ver in the whole rocko Polished sections were made from carefully cho
sen splits of the assayed rocks„ Ore petrology was employed to determine 
abundances of minerals present, and microprobe analysis was used to de
termine the concentration of silver in these sulfides. The samples were 
then ground to -200 mesh, and heavy mineral separation was* employed to 
define the weight abundance of the heavy minerals in it. Calculations 
based on the abundance of the sulfides in the whole rock, the relative 
abundance of each sulfide, and the silver content of each sulfide con

firmed that the budget was complete and that the microprobe was detected 
the significant silver-bearing phases present. Four samples yielded 
similar results (Table 3). In other words, the 200 ppm detection limit 
of the microprobe did not pose a problem in identifying silver distri
bution either qualitatively or quantitatively, all but an insignificant 
percentage occurring at levels of 0.02% Ag or above.

Vein Mineralization 
Vein mineralization discussed in this section is presented under 

four headings: morphology, mineralogy, zoning, and paragenesis. The
first two topics, morphology and mineralogy, present observable features 
of the vein mineralization exposed in the study area. The final two 
topics, zoning arid paragenesis, synthesize the data presented in the 
first sections as an interpretive discussion on spatial and temporal 
relations.
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Table 3. Comparison of Whole Rock Fire Assay and Microprobe Analysis 
of Mineral Constituents.

MINERAL

% OF TOTAL 
SULFIDES 
FROM ORE 

PETROGRAPHY
% OF 

MINERAL 
IN ROCK

AG CONTENT 
OF MINERAL 

FROM 
MICROPROBE 
ANALYSES

AG CONTENT 
OF ROCK 

FROM EACH 
MINERAL

pyrite 20 0.82 NDa 0
chalcopyrite 15 . 0.61 0.24% 15 ppm
coveilite 60 2.45 0.47% 115 ppm
sphalerite 5 0.20 ND 0

4.08b 130 ppmc

Sample No. Fire Assay Result Microprobe Result % Difference

37109 133 ppm . 130 ppm 0.23
aNot detected.
^From heavy minerals weight/rock weight.. 
c130 ppm = 3.8 troy ounces/short ton.
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Morphology

Veins in the study area exhibit many characteristics typical of
1 . •

an epithermal system. They reach thicknesses of up to 15 ft and are
variable in orientation. The Amethyst vein is the only vein which may 
be traced along dip and strike throughout the Amethyst—OH convergence 
study area, because it is the only vein which occupies a fault that dis
placed distinctly different rock types. None of the hanging wall veins 
exhibit the persistence necessary-to permit tracing singular veins, ei
ther laterally or vertically throughout the study area. A stoped area 
on the Chance 2 (Figure 9) is typical of the complexity of vein strike 
orientation in plan at one locale. Although they are planar overall, a 
single vein may be seen in detail to split, crosscut itself, then rejoin 
itself or another vein. Similarly, vein patterns are complex in sec
tion, as can be seen in many of the large stoped areas. Figure 10 shows 
a sectional veiw drawn from a series of photographs of a stope face on 
the P & E 60 level. Due to this variability, singular ore shoots were 
generally not named during mining. When veins were named, different 
veins on different levels were apt to be given the same name and the 
same vein might be given different names in various places. Veins are 
more persistent, more planar, somewhat thicker, and less abundant deeper . 
in the study area. The vein-wall rock contact is generally knife-sharp 
(Figure 11). When disseminated mineralization is not present, the vein 
contact is an abrupt grade cutoff.

Primary vein-filling minerals exhibit many classic textures. 
Cockscomb textures, roughly symmetrical mineralogie bands, matching
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Vein Strike Complexities. —  From the northern crosscut on 
the Chance 2 level. All veins shown are greater than two 
inches thick.
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Figure 10. Vein Dip Complexities. —  This cross section is drawn from 
a series of photographs of a mine face on the P & E 60 
level. Orientation of the section is within ten degrees of 
perpendicular to vein strike so the apparent dip shown is 
equivalent to true dip. The bottom of the section is ten 
feet across.
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Figure 11. Wall Rock Vein Contact. —  Note sharpness of the contact.
This vein assays more than 100 oz/ton (3400 ppm) Ag (penny 
included for scale).
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wall-rock surfaces, sharp wall-rock contacts, euhedrally terminated 
crystals pointing toward vein center lines, coarse euhedral crystals, 
even open spaces which have not been filled— all of these traits clearly 
indicate the domination of open space filling in vein mineralization.
Some replacement textures have also been observed, but they are sparse.

Mineralogy
Nine vein mineral assemblages were defined in the course of this 

study (Table 4). These assemblages represent the mineralogic distribu
tions from three mineralizing phenomena: hypogene spatial variations,
hypogene temporal variations, and supergene overprinting of hypogene 
events. The assemblages were classified in the field as an aid in map
ping important relations which they reflect. After discussing each of 
the vein assemblages, their spatial and temporal relations will be pre
sented. In general. Assemblages I and II appear supergene; III may be 
high-level hypogene; IV is the principal hypogene vein filling; V, VI, 
VII, and IX are variant vein fillings; and VIII is a wall-rock altera
tion assemblage.

Assemblage I. Assemblage I (Table 4) is restricted to the upper 
portions of the mine, with distinctly increased abundance in the extreme 
uppermost levels. Below the P & E level at 10,070 ft (306 m) eleva
tion, these minerals are uncommon and are generally only seen coating 
mine walls. Minerals of this assemblage occur as open-space coatings in 
fractured or vuggy zones in earlier vein assemblages. Leached cavities 
are common features associated with this assemblage. It occurs as an
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Table 4. Vein Mineral Assemblages«
Assemblage
Number Vein Minerals

Alteration 
Minerals'

I native silver
native copper
anglesite
emboiite-bromyrite
native sulfur
cerrusite
hematite
goethite
jarosite
oxide coppers including: 
brochantite 
azurite

kaolin 
halloysite 
other clays

II

III

manganese oxide group including: 
hollandite 
cryptomelane

kaolin 
quartz 
other clays

alunite
quartz

IV chalcocite 
acanthite 
native silver 
pyrite 
galena 
sphalerite 
chalcopyr it e 
greenockite

kaolin
illite
quartz (minor 
chlorite)

V native silver 
undetermined sulphosalts

quartz
barite
rhodochrosite

VI "gel" pyrite
VII quartz
VIII minor pyrite quartz ,

illite

IX pyrite
galena
sphalerite
ehalcopyrite
tetrahedrite-tehriantite series

chlorite 
quartz \
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irregular overprinting of Assemblages IV, V, VI, and IX and appears to 
be part of supergene oxidation of both pre- and post-mine age. Common
ly, detailed examination of a vein reveals primary mineralogy, though 
supergene effects occasionally eradicate previous mineralogy beyond dis
tinction, leaving only the quartz component of the earlier assemblage 
unaffected.

Clays are volumetrically the most significant component of this 
assemblage. X-ray diffraction studies reveal kablinite most common. 
Morphologically distinct halloysite was also identified; it has a hard 
and waxy appearance when dry, and it gels when moistened. Other clays 
may occur, but were not identified. The impure and fine-grained nature 
of these clays requires a major study to define exact clay mineralogy.
An x-ray diffraction study by the U. S. Geological Survey under the di
rection of P. Bethke to detail variations in clay mineralogy throughout 
the district is presently underway.

An attempt was made to refine the determination of clay types 
in the field. It was hoped that clay variations might be useful for 
interpreting supergene versus hypogene assemblages. Benzidine, safranine 
Y, and malachite green staining techniques (Mielenz, King, and Schiettz, 
1950) were applied unsuccessfully. The results were too subtle to be 
effective when applied to illite, kablinite, and .halloysite.

A complex assemblage of metal-bearing minerals occurs in this 
group. Silver is present in the native state in alloy with native cop
per up to 8.43% Ag, in anglesite up to 0.43% Ag, and in some of the 
copper oxides up to 0.78% Ag. The copper oxides are volumetrically



insignificant and were not studied in detail. Native silver, copper, 
and even native sulfur are present in these highly oxidized veins.
Leaf silver was commonly found coating fractures in pods of halloysite. 
Anglesite, cerrusite, hematite, jarosite, goethite, and a variety of 
copper oxide minerals were commonly seen rimming cores of base metal 
sulfides. Embolite-bromyrite series minerals were detected with the 
microprobe in two specimens of leached, vuggy barite. These halogen 
salts were very fine-grained at less than 20 microns in diameter, so 
x-ray diffraction confirmation was not possible.

Assemblage I is of probable supergene origin. Supporting evi
dence for this includes the mineralogy of assemblage, the leached nature 
of texturally older mineralization, the rimming replacement, its zonal 
position, its concentration in fractured, vuggy veins, and its similari
ties with post-mine wall coatings.

Assemblage II. A Complex variety of manganese oxide minerals 
dominates Assemblage II. It occurs only in the upper levels, above the 
Amethyst 5 level, is concentrated in a zone within 100 ft of the Amethyst 
vein, and is most abundant in the southern third of the study area. It 
occurs permeating breccia zones up to 50 ft wide and in distinct veins. 
The breccia zones contain from 10 to 50% matrix composed of approxi
mately 35 volume percent intimately, intergrown clays, 10 volume percent 
quartz, and 55 volume percent manganese minerals. The rock fragments in 
these breccias are generally fresh with some minor bleaching or clay al
teration. Vein composition is similar to the breccia matrix, but



occasionally has 80 volume percent quartz» The only clay mineral posi
tively identified was kaolin, but other clay minerals may be present. 
Powder camera x-ray diffraction was the primary tool for determining 
the mineralogy of the manganese minerals. This assemblage is complex, 
and an exhaustive study was not possible. - Due to the delicate structure 
of many manganese minerals, care was taken to avoid excessive grinding 
when preparing samples for powder x-ray mounts. Cryptomelane (KMgO-^)

and hollandite (BaMngO^g) were definitively identified, and other manga
nese minerals may occur. Silver and base metals are present up to 1.53% 
Ag through most of the manganese mineral ̂assemblages.

Assemblage II is of probable supergene origin. It appears to 
result from the destruction of Assemblage V, as indicated by the posi
tion of Assemblage II overlapping Assemblage V and the occasional occur
rence of rimming replacement of rhodochrosite by manganese minerals.

Assemblage III. This comparatively rare assemblage of alunite
) - plus quartz was identified in only three locations on the Sloan and

Amethyst 5 levels, where alternating alunite and quartz bands occur in
veins up to 4 inches wide. An Assemblage 111 vein on the. Sloan level
crosscuts earlier quartz veins and is itself crosscut by later quartz
veining, relations indicating probable hypogene origin. Although its
relative rarity hinders determination of its origin, this assemblage
may have implications in terms of modeling of the hydro thermal system.
Alunite is a mineral not previously identified in the Creede district.
No silver has been identified in this assemblage.
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Assemblage IV, The majority of vein mineralization in the upper 

levels of the study area is constituted by this mineral assemblage of 
quartz with lesser amounts of clay and minor amounts of pyrite, galena, 
sphalerite, chalcopyrite, acanthite, covellite, chalcocite, and green- 
ockite, and occasionally trace amounts of chlorite (Figure 8). The many 
varieties of quartz in this assemblage include very fine-grained, white- 
to-translucent chalcedony, euhedral, coarsely crystalline amethystine 
quartz and white quartz crystals up to 4 cm in diameter, jasper, and 
quartz with a waxy green luster. This "green quartz" in. many epithermal 
districts is known as a pathfinder mineral indicating close proximity to 
ore, and it is so in the Creede district. The cause of this coloration 
is unknown. No apparent mineral inclusions occur within it, and no 
chemical impurities were detected with the microprobe. While the pres
ence of green quartz does indicate close proximity to ore, the absence 
of green quartz does not preclude the occurrence of ore. None of the 
other varieties of quartz are either positive or negative proximity 
indicators.

Clay minerals in this assemblage, include kaolinite and.illite 
Exact abundances and kaolinite-illite ratios were not determined. The
occurrence of illite may indicate a hypogene source for this
mineralization..

Silver occurs in this assemblage in many mineral phases. Native 
silver is present in acanthite (x = 75.25% Ag), covellite (x = 0.47% Ag), 
chalcocite (x =0.36% Ag), chalcopyrite (x = 0.24% Ag), and galena (x =
0.01% Ag). These minerals generally occur as 1-30 mm bands of



coarse-grained mineralization interbanded with quartz. Figure 12 shows 
feathering acanthite bands in a chalcedonic quartz vein. Galena is the 
most common sulfide constituent, but the majority of the silver is re
lated to acanthite and native silver phases. Greenockite was noted in 
one sample from the ,P & E 150 level; x-ray diffraction confirmed its 
identification. Often a single vein traced over distances of less than 
50 ft will have a variety of sulfide mineral phases present, but seldom 
do the different phases occur in contact with one another. Paragenesis 
within this assemblage was not distinct due to the scarcity of contact 
relations between the minerals present and due to the overprinting of 
Assemblage I.

Assemblage V. Assemblage V consists of native silver, barite, 
rhodochrosite, and quartz. It is most common in the southern third of 
the district and occurs in minor amounts on the southern fringe of the 
Amethyst-OE convergence area (Figure 8). Replacement of this assemblage 
by Assemblage II is seen in several places, suggesting that Assemblage 
II probably resulted from supergene replacement of this assemblage. 
Quartz pseudomorphs of barite commonly envelop veins of Assemblages IV 
or VII. Euhedral barite crystal form is well preserved in quartz, al
lowing no doubt of its replacement origin. Native silver occurs as fine 
wires in vugs in both barite and quartz.

Assemblage VI. Assemblage VI consists entirely of coarse
grained botryoidal pyrite. This assemblage occurs in the Amethyst—OH 
convergence area above the P & E 150 level. It has not been observed
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Figure 12. Dark Acanthite in Quartz Vein Material. —  Note the anasto
mosing texture of acanthite interbanded with chalcedonic 
quartz (penny included for scale).
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south of the study area, but is reported to the north in the upper work
ings along the OH and P veins. No silver occurs with this assemblage. 
Botryoidal pyrite appears to be a late-stage event; no assemblage has 
been seen crosscutting it, and it crosscuts every assemblage associated 
in space with it. The orientation of veins filled with this assemblage 
is indistinct from that of any other assemblage.

Assemblage VII. Quartz is the only component of this assemblage. 
It occurs as a component of other assemblages throughout the Creede dis
trict, but appears to be a distinct assemblage only above the Amethyst 5 
level in the study area. It may represent a metal-deficient period or 
zone of Assemblage IV mineralization. This "quartz-only" assemblage is 
warranted because of the common occurrence of quartz as the sole con
stituent of certain veins in the study area. No paragenetic relation
ship with other assemblages could be defined. In some occurrences, 
"quartz-only" veins are crosscut by others of the same type, indicating 
that it is a recurrent assemblage.

Assemblage VIII. Assemblage VIII consists of illite with minor 
amounts of fine-grained quartz and trace amounts of pyrite. Distribu
tion of this assemblage is restricted to veins above the Amethyst 5 
level and is more prominent along the western edge of the study area.
This assemblage comprises the most conspicuous and abundant form of 
wall-rock alteration present in the district (Figure 8). It will be 
discussed in detail in the section on wall-rock alteration. It has
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been mentioned here because it occurs as vein-filling as well as wall- 
rock alteration.

Assemblage IX. Assemblage IX occurs throughout the northern 
third of the district (Figure 8). It has been described in detail as 
the primary mineralogy of the OH vein (Bethke and Barton, 1971; Barton 
et al., 1977). In the Amethyst-OH convergence area, this assemblage is 
exposed only on the Commodore 5 level. No access exists to the 645 ft 
vertical interval between the Amethyst 5 level and the Commodore 5 level. 
Assemblage IX is composed of galena, sphalerite, pyrite, chalcopyrite, 
and tetrahedrite-tennantite series phases with abundant chlorite and mi
nor amounts of quartz; it is notably silver-poor. Tetrahedrite- 
tennantite sulfosalt series are the silver-bearing minerals in this 
assemblage. X-ray patterns showed chlorite to be thuringite, a high Fe, 
low Mg member of the chlorite mineral group. Anomalous manganese at up 
to 2.75 wt % (Emmons and Larsen, 1923) is also present.

Zoning and Paragenesis
Spatial and temporal relations will be discussed together in 

this section to illustrate the concurrent processes involved. Due to 
lack of either surface or underground exposure, the relationships de
scribed below are vague; crucial areas of transition between.hypogene 
assemblages are not exposed and generally when they are exposed, super- 
gene processes have obscured primary relationships. Three stages of 
mineralization have been classified (Figure 13); schematic diagrams of 
the spatial relations between assemblages for each stage are presented



ASSEMBLAGE EARLY.
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II - manganese oxides 
III - alunite, quartz
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Figure 13. Vein Assemblages Paragenetic Relations.
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(Figure 14). Stage 1 mineralization consists of the main hypogene event 
and is composed of illite (VIII) at the top of the system; rhodochrosite, 
barite, sulfosalts, native silver, and quartz (V) at the south end; 
base metal sulfides, acanthite, quartz (IV), and "quartz-only?' (VII) 
assemblages in the middle third; and base metal sulfides, sulfosalts, 
and chlorite (IX) at the north end of the study area. Stage 2 minerali
zation is composed predominantly of Assemblage VI, the coarse-grained 
botryoidal pyrite. The paragenetic position of Assemblage III, alunite 
with quartz, is vague due to its limited exposure, but the crosscutting 
relationships of the "quartz-only" assemblage (VII) suggests that As
semblage III belongs in Stage 2 between the major hypogene and super
gene events. Stage 3 is the supergene stage, at least partially 
continuing to form today, as can be seen on mine walls. It is composed 
of the various oxides, sulfates, salts, carbonates, and native elements 
in Assemblage I and the manganese oxides and clays of Assemblage II.

Disseminated Mineralization 
The presence of disseminated mineralization in the Creede dis

trict has not been noted by previous workers, in part because minerali
zation of this grade has only recently become of economic interest. Due 
to relatively limited exploration activity for this form of mineraliza
tion compared to vein mineralization, its only known Creede district oc
currence is in the Amethyst-OH convergence area. Exposure of this 
"heart" of disseminated mineralization is good, but the north, south, 
and vertical boundaries are not exposed in the accessible mine workings. 
Workings do expose the east and west boundaries of the disseminated
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STAGE 2

STAGE 3

Figure 14. Vein Assemblage Spatial Relations. —  The Roman numerals 
correspond to Figure 13 and are explained in the text.
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mineralization, but the workings stop in intensely altered rock on the 
west side of the zone, creating uncertainty. Only a small percentage of 
the system may be exposed in the present workings, a fact which hinders 
discussion of zoning and of the fringes of the system.

Morphology
Disseminated mineralization occurs in a broad, irregular zone 

within which ore-grade material is localized in erratic pods. These 
pods are erratic in both shape and distribution, and most have grada
tional fringes, Expectably, the erratic shape becomes more regular and 
the distribution of pods of ore coalesce as one accepts a lower grade 
definition for ore, and the total tonnage similarly increases. The dis
tribution and magnitude of this zone of disseminated mineralization can 
be seen on Figure 15, It appears to plunge to the south and to dip sub
parallel to the Amethyst fault. The Amethyst fault is the abrupt foot- 
wall on the east side of this zone, and the irregular hanging wall which - 
dips slightly shallower than the Amethyst fault is defined by a zone of 
extensive illite alteration. The bottom is defined by a gradual decrease 
in the abundance of sulfides, and illite alteration converges across the 
top of the zone. Surface exposures of the disseminated mineralization 
are poor and limited to a few small areas exposing illitic alteration 
and a unique sample with disseminated sulfides found in talus downslope 
from the mineralized zone. Exposure is limited north and south of the 
zone, so these boundaries are undefined.

The disseminated mineralization is fine-grained, commonly less 
than 100 u in diameter. Particles fill microveinlets, rim and fill
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Figure 15. Hypothetical Disseminated Mineralization 
and Alteration Patterns.
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pumice fragments, and fill intergranular pore spaces in volcanic matrix. 
Closely spaced microfracturing is a key component of this form of miner
alization. Dense brecciatibn with later crosscutting veinlets (Figure 
16A) and anastomosing microveinlets (Figure 16B) are common features of 
this microstructural regime.

The only visible evidence of the presence of disseminated miner
alization may be the occurrence of jarosite and copper oxides coating 
mine walls. The relationship is not simple and direct, for significant 
disseminated mineralization can occur with no dusting of jarosite or 
copper oxides, but it is a useful guide.

Mineralogy
A simple group of base and precious metal sulfides is found in 

this type of mineralization. Extensive search for sulfosalts in the 
disseminated mineralization proved fruitless. The ore minerals present 
include pyrite, galena, chalcopyrite, greenockite, sphalerite, covel- 
lite, chalcocite, and acanthite; the similarity of this assemblage to 
Assemblage IV of the vein assemblages is apparent. Gangue consists 
solely of quartz. Sternbergite was at first thought to be present, but 
more detailed analysis revealed the suspect grains to be fine-grained 
acanthite replacing pyrite. Anglesite is present in a few samples, 
commonly with galena cores still present. Silver occurs in acanthite 
(average = 75.25% Ag), covellite (average = 0.47% Ag), chalcocite (ave
rage = 0.36% Ag), chalcopyrite (average = 0.24% Ag)^ galena (average = 
0.01% Ag), and anglesite (average = 0.43% Ag), in order of decreasing 
abundance within the deposit.
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A. Dense brecciation with a crosscutting veinlet 
(3x magnification).

B. Anastomosing microveinlets (3x magnification).

Figure 16. Disseminated Mineralization Fracturing Styles.
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An intriguing phenomenon became apparent during reconnaissance 

with the microprobe when anomalous titanium up to 0.03% Ti02 was detect
ed in several sulfides. Detailed petrographic examination and further 
microprobe analysis revealed the occurrence of ilmenite as an accessory 
mineral in the rhyolite. One polished section showed a euhedral quartz 
crystal with ilmenite blades concentrated along hexagonal growth planes 
of the quartz crystal and a pyrite grain located at the edge of the 
quartz. Microprobe analysis revealed anomalous titanium in the pyrite 
grain. Similarly, sulfides which have replaced early pyrite sometimes 
contain anomalous titanium. This evidence indicates that some of the 
pyrite may be a result of sulfurization of primary ilmenite.

Supergene mineralization resulting from weathering of these dis
seminated sulfides consists predominantly of minor hematite and jarosite 
lining pyrite molds. As previously mentioned, this supergene minerali
zation is volumetrically insignificant. A small amount of the covellite, 
chalcocite, and acanthite may be of supergene origin, but three lines of 
evidence suggest a hypogene origin for the majority of this mineraliza
tion. First, these minerals are the predominant silver-bearing phases; 
were they supergene, then other silver-bearing hypogene phases should 
occur. Second, the chalcocite always appears coarse-grained, not the 
sooty, fine-grained variety to be expected in a supergene environment a 
This coarse-grained nature of the chalcocite was confirmed by 50% nitric 
acid etch tests, which revealed the.expected "mud-cracked" pattern.
Third, botryoidal chalcocite occurs as thin alternating growth bands 
with quartz, an unlikely occurrence in a supergene environment.



Zoning
Determination of spatial relations within and at boundaries of 

disseminated mineralization is vague because, of three factors: - 1) the 
fine-grained, inconspicuous nature of this mineralization; 2) limited 
mine workings in the zone of interest; and 3) muddied mine walls. This 
mineralization and the economically important silver within it are best 
located by assay. Figure 17 presents the hypothetical distribution 
zoning patterns of pyrite, acanthite, galena, and sphalerite interpreted 
from limited underground exposure, analysis, and microscopy. A few re
lations may be deduced from these patterns. All of the mineral zones 
may occur by themselves or with any combination of the other zones. No 
simple concentric or unidirectional zoning pattern exists. Each zone 
irregularly partially overprints each other zone with the early pyrite 
zone most widespread and the late acanthite zone the least widespread.

Paragenesis
Many classic paragenetic textures are evident in samples of dis

seminated mineralization. Characteristics used for determination of 
replacement and for relative age determination are largely those of 
Edwards (1947). Relationships used for determining successive deposi- . 
tion include transecting veins, incipient veing when the long dimension 
is at least four, times the short dimension, and straight crystal boun
daries with internal angles of the older mineral less than 180°. Re
placement textures used include relict crystal form of pseudomorphed 
minerals and rim replacement with clear caries "biting" into the older



Figure 17. Disseminated Sulfide Distribution. —  The distribution of 
the disseminated sulfides acanthite, sphalerite, galena, 
and pyrite. Note the lack of concentric or uni-directional 
zoning. Pyrite is the most widespread and the later epi
sodes of sphalerite-rgalena and acanthite are progressively 
less widespread and irregularly overprint the early pyrite.
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mineral. Caries were used to add support to a mineral relationship, not 
as conclusive evidence by themselves.

Paragenetic relations based on detailed polished section studies 
show both replacement and successive deposition (Figure 18). Four stag
es of paragenesis can be distinguished on the basis of this study. The 
A stage, consisting of quartz, was deposited before the sulfides, al
though minor quartz deposition continued until the end of the minerali
zation. The 15 stage consists of pyrite which followed quartz and was a 
precursor to the other sulfides, galena, sphalerite, chalcopyrite, and 
minor greenockite of the stage. The final I) stage was silver-bearing, 
consisting of acanthite, covellite, and chalcocite.

Numerous photomicrographs, scanning electron micrographs, and 
elemental x-ray maps from the microprobe will be used to present the 
details of these paragenetic relations. Unfortunately, the color qua
lity of the photos is not true to the optical properties of the miner
als, so line drawings of the photomicrographs have been included to 
document the mineral distributions. Euhedral pyrite cubes transected by 
sphalerite veins are.a common feature (Figure 19). Note unmatched walls 
indicating replacement where the sphalerite crosscuts the pyrite. Sul
fide grains are markedly coarser when they fill pumice fragments as op
posed to impregnating interstitial volcanic matrix (Figure 20). Note 
that the pyrite crystals have been replaced by chalcopyrite and covel
lite. Covellite replacing both chalcopyrite and pyrite is not apparent 
on the photo, but is seen in the specimen. Replacement of growth bands 
in euhedral pyrite cubes by covellite is common (Figure 21). D-stage
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Figure 18. Disseminated Mineralization Paragenesis.
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Figure 19. Sphalerite Replacing Pyrite. —  Euhedral pyrite (py) cube 
transected by sphalerite (si) veinlets.



65

cp+cv

pumice

Imm

Figure 20. Coarser Sulfides in Pumice Fragment. —  Chalcopyrite (cp) 
and covellite (cv) are replacing the early pyrite.
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Figure 21. Zonal Replacement of Pyrite. —  Zonal replacement of a
growth zone in a euhedral pyrite (py) crystal by covellite 
(cv) .



acanthite replacement of B-stage pyrite (Figure 22) is evidenced by vein- 
ing and caries along pyrite rims. Microprobe elemental maps of an en
larged portion of a grain in the photomicrograph of Figure 22 show iron 
and silver distributions which document this relationship. A more com
plex and common relationship involves multiple stages of replacement. 
Three stages of replacement are apparent in Figure 23, where early B- 
stage pyrite is replaced via veining by C-stage sphalerite plus chalco- 
pyrite, with D-stage covellite replacing all of the above. These 
sequential stages are not readily apparent in the photomicrograph (Fig
ure 23A), but they are documented on the elemental maps which follow 
(Figure 23C-F)„ Also illustrated on the elemental maps is the occur
rence of silver (Figure 23E) in the cdyellite. This relationship can be 
seen by mentally subtracting the patterns outlined in the iron map (Fig
ure 23D) from the copper map (Figure 23F), separating the chalcopyrite 
and pyrite distribution from the covellite distribution, and then com
paring this to the silver map (Figure 23E). Quantitative microprobe 
analysis confirms the silver-bearing nature of the covellite. Detection 
limits for the silver elemental map (Figure 23E) was adjusted so that 
the higher abundance of silver in the covellite (x = 0.47% Ag) would be 
detected while the lower abundance of silver in the chalcopyrite (x = 
0.24% Ag) would not, in an attempt to illustrate the distribution of 
covellite. Early-stage euhedral quartz is seen in Figure 24. Also ex
hibited in this photo is the lack of conclusive age relations between 
the minerals present, a lack which is more common than not. Age rela
tions between sphalerite and galena commonly show sphalerite



Figure 22. Acanthite Replacing Pyrite.
A. A photomicrograph of a pyritized pumice fragment.
B. A scanning electron micrograph of the sulfide fragment 

marked with an arrow in Figure 22A. The black areas 
are quartz, the light grey are acanthite, and the me
dium grey are pyrite.

C. Silver elemental map of Figure 22B illustrating the 
distribution of acanthite.

D. Iron elemental map of Figure 22B illustrating the dis
tribution of pyrite.
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C. 0.1 mm 

Figure 22. Acanthite Replacing Pyrite.

D. 0.1 mm



Figure 23« Multi-stage Replacement.
A. A photomicrograph of a cluster of early B_-stage py- 

rite grains variably replaced by later C_~stage chal- 
copyrite plus sphalerite, with both earlier stages 
replaced by late _D-stage covellite.

Bo A scanning electron micrograph of the sulfide grain 
marked with an arrow in Figure 23A. This grain con
sists of pyrite, sphalerite, chalcopyrite, and covel 
lite* Their distribution will be apparent in the 
following elemental maps.

Co Zinc elemental map of Figure 23B documenting the 
distribution of sphalerite0

Do Iron elemental map of Figure 23B documenting the dis 
tribution of chalcopyrite and pyrite.
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Figure 23. Multi-stage Replacement.



Figure 23, Continued.
Eo Silver elemental map of Figure 2333 documenting the 

distribution of silver-bearing covellite.
Fo Copper elemental map of Figure 23B documenting the, 

distribution of chalcopyrite and covellite«

\



Figure 23, Continued.
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Figure 24. Ambiguous Age Relations. —  Between galena (gn), sphalerite 
(si), anglesite (ang), and covellite (cv). The only une
quivocal relationship is the early quartz (Q) filling re
vealed by the euhedral crystals; sphalerite appears to 
replace galena.
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crosscutting galena (Figure 25). Also well-illustrated in this photo is 
the early euhedral quartz filling. Figure 26 shows a veinlet lined with 
euhedral quartz, which was later filled with sphalerite which has been 
partially replaced by veining and caried by argentiferous covellite.
The zinc elemental map (Figure 26C) illustrates the distribution of 
sphalerite in the enlarged portion of Figure 26A. The distribution of 
covellite is seen in the copper elemental map (Figure 27D), and the ar
gentiferous nature of the covellite is documented by thd silver element
al map (Figure 27E), Greenockite is present in microveinlets in Figure 
27, which also shows galena crosscutting and corroding sphalerite, a 
less common relationship than sphalerite replacing galena. This evi
dence, present in several samples, is the reason for distinguishing two 
periods of galena mineralization. Note that no conclusive age relations 
exist between greenockite and the other minerals in this section. Thin 
alternating bands of botryoidal chalcocite with quartz are evidence of 
simultaneous deposition (Figure 28). Covellite transects chalcocite 
(Figure 29), indicating that covellite is somewhat younger than 
chalcocite. ,

I

Summary and Discussion:
Disseminated Mineralization

The overall mineralogy of the disseminated mineralization is es
sentially the same as that of Assemblage IV of the vein mineralization, 
indicating a probable contemporaneity of the hydrothermal solutions 
which precipitated each of these types of mineralization. Further, 
overall spatial relations reveal that Assemblage IV vein mineralization 
is roughly coextensive with the zone of disseminated mineralization.
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Figure 25
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Sphalerite Replacing Galena. —  Sphalerite (si) cutting ga
lena (gn) in a quartz (Q) veinlet. Euhedrally terminated 
quartz crystals lining the wall rock (WR) and terminating 
toward the veinlet centerline indicates early-stage, open- 
space filling of quartz. Supergene hematite (hem) is also 
seen in this photo.



Figure 26. Sphalerite Replaced by Covellite.
A. A photomicrograph of early A-stage euhedral quartz (Q) 

lining the wall rock (WR), which is filled by Sphaler
ite (si). Not apparent on photo is that the sphalerite 
is being replaced by covellite (cv).

B. A scanning electron micrograph of the area outlined in 
Figure 26A. The dark black mineral is quartz, the dark 
grey mineral is sphalerite, and the light grey mineral 
is covellite.

C. A zinc elemental map of Figure 26B documenting the dis
tribution of sphalerite.
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figure 26B

0.3 mm B. 0.1 ram

Figure 26. Sphalerite Replaced by Covellite.



Figure 26* Continued.
D. A copper elemental map of Figure 26B documenting the 

distribution of covellite.
E. A silver elemental map of Figure 26B documenting the 

argentiferous nature of the covellite.



75

D. 0.1 mm

E. 0.1 mm

Figure 26, Continued.
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Figure 27. Greenockite Veinlet. —  Veinlet in the center is rimmed by 
sphalerite (si) which is crosscut by galena (gn) veinlets. 
A small pyrite (py) cube is present in the volcanic matrix.
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Figure 28. Botryoidal Chalcocite Alternating with Quartz. —  Botryoidal 
chalcocite bands alternating with thin quartz bands, togeth-
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CC

0 .5  mm

Figure 29. Covellite Replacing Chalcocite. —  Covellite (cv) microvein- 
lets crosscutting coarse-grained chalcocite (cc). The co
vellite may be of exsolution origin, although some of it 
appears to be texturally young and crosscutting.



more evidence of a genetic tie between these two forms of mineraliza
tion* Careful consideration was devoted in the field to defining a pos
sible continuum between the vein mineralization and disseminated miner- 
mineralization, but no clearcut gradational continuum was found* Dis
tinct veins do not grade into smaller, less distinct veins, which do 
not grade into vein stockworks, which do not grade into high-density 
microfractures * which do not grade into grain boundary and pumice frag
ment fillings* The abundance of disseminated mineralization does not 
appear to vary proportionally with distance from megascopic veins* Pods 
of relatively abundant sulfides occur tens of feet from any vein, and 
barren rock may well intervene. This mappable feature suggests indepen
dent detailed controls of main vein and disseminated mineralization, the 
geologic reasons for which are not understood, but will be hypothesized 
upon in the summary and synthesis section*



CHAPTER VI

ALTERATION

The best exposures of wall rock alteration in the entire Creede 
district occur in the Amethyst-OH convergence area. Three types of al
teration have been noted throughout the district. The earliest is po
tassium metasomatism which does not appear to be related to any 
mineralizing event and will be only briefly discussed here. The second 
and third types are spatially related to both vein and disseminated min
eralization; after a few remarks on their district-wide distribution^ 
they will be described in detail in terms of their relations to the 
disseminated mineralization.

The potassium metasomatism was first detected through whole rock 
chemistry studies (Ratte and Steven9 1967). This alteration introduced 
K^O and resulted in total K^O values of up to 11%. It is pervasive and 
district-wide in extent9 occurring throughout much of the Bachelor Moun
tain rhyolite. No other formations in the district have anomalous K^O 
contents. The K^O values exhibit a crudely concentric zonation9 cen
tered on the supposed source area of the Bachelor Mountain rhyolite 
(T. A. Steven/ personal communication, 1979). > There is no significant 
correlation of K^O values with proximity to mineralization or mineral
ized structures. A form of deuteric activity may account for this al
teration. Anomalous K^O values occur in other subaerial volcanic regions 
such as the Datil-Mogollon volcanic field in New Mexico (Chapin et al.9 
1978)9 and the Commonwealth area near Pearce9 Arizona (Howell9 1977).
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In these and many other epithermal districts9 potassium metasomatism can 
only be related to mineralization in the broadest regional sense* A 
study by the Ih S„ Geological Survey is in progress to further our un
derstanding of the potassium metasomatism in the Creede district.

Distribution of the silicification and illitization is district- 
wide, but it is most continuous and best exposed in the Amethyst-OH con
vergence area, Silicification throughout the district is inconspicuous, 
generally occurring as envelopes up to 10 m thick surrounding struc
tures, It is discontinuous with a low degree of extensiveness of re
placement, Only in the study area can the silicification be considered 
a major alteration type. The illitic alteration is similarly less per
vasive outside the study area than inside. It occurs both as vein fill
ing and as wall rock replacement confined to 5 m-thick selvages around 
the upper portions of the veins in the northern two-thirds of the dis
trict (Figure 8),

In the southern portion of the study area, the illitic altera
tion becomes less continuous, occurring as discrete pods along the tops 
of veins and along the erosional contact between the Creede formation 
and the Bachelor Mountain rhyolite. It is within the Amethyst-OH con
vergence area that these forms of alteration become most significant.

Morphology
Wall rock alteration in the Amethyst-OH convergence area (Figure 

15) consists of silicification of low extensiveness but high pervasive
ness and illitization which is both extensive and pervasive. The boun
daries of the volume of pervasive wall rock alteration are ill-defined



due to lack of exposure. The Amethyst fault forms a sharp footwall 
boundary on the east side (Figure 15). Only minor bleaching and minor 
illite occur in the footwall, with virtually fresh rock within 5 m of 
the contact. This abrupt transition is due to the densely welded nature 
of the Willow Creek lithology in the footwall of the fault appears not 
to have had enough porosity or permeability to allow access of altering 
fluids. The western alteration boundary converges with the Amethyst 
fault above the 10,250 ft elevation, forming the upper boundary. This 
western and upper boundary is not exposed, but limited drilling data in
dicate that it is gradational with virtually fresh barren rock on the 
upper and outer sides. The transition from altered to fresh rock is 
one whereby the alteration decreases in extensiveness and continuity 
while still highly pervasive. The lower gradational boundary of altera
tion occurs near the Amethyst 5 level in the study area. It does appear 
that the lower transitional boundary may occur over as much as 300 ver
tical feet, while the upper and western transitional boundaries are on 
the order of 50-100 ft thick. The northern and southern boundaries are 
open due to lack of exposure. The general shape represented a skewed 
trapezoidal prism capping the mineralization (Figure 15).

Variation in wall rock color are not reliable indicators of al
teration or mineralization. Wall rock colors include dark grey, light 
buff, dark red, pink, yellow-brown, light purple, and all transitions 
between these shades. Variations may be strikingly abrupt or subtly 
gradational from, place to place and may result from variable interaction 
of volcanic, deuteric, hypogene, and supergene processes.



Mineralogy
Wall rock alteration, which forms wall rock replacement and to 

a lesser degree intergranular fillings appears to be mineralogically 
simple. The zone of illitic alteration is composed of 1 M illite with 
10-20% interlayered smectite (Wetlaufer, 1977, confirmed by this study) 
with minor quartz and rare pyrite. Rock texture enhancement often oc
curs. A sample may be soft and friable but still have.its primary vol
canic textures preserved. Illitic alteration appears to affect the 
pumice fragments first, the volcanic matrix second, the lithic fragments 
third, and lastly, sanidine phenocrysts if present. This variation may 
be due both to chemical reactivity rank ordering and to accessibility of 
grain size of alteration fluids, dictated by the smaller grains having 
larger surface area per grain. Silicification appears as fine-grained 
flooding of the wall rock by interstitial quartz. It generally occurs 
with low extensiveness, but locally primary rock textures are veiled by 
highly extensive silicification. Silicification is crudely coextensive 
with disseminated mineralization, but there is no detailed systematic 
correlation between extensiveness of silicification and proximity to 
specific pods of disseminated mineralization. The illitic alteration is 
barren of mineralization; within it, silver levels are often below the 
district background level.

Zoning
A distinct zoning exists between silicification and illitization 

(Figure 15), silicification occurring beneath and to the east of the il
litic alteration. The transition between these alteration types is a .



zone 30-100 ft thick. The majority of the silica zone east of the il- 
lite is of only low extensiveness, but gradationally to the west the 
silica extensiveness increases and irregular pods of highly extensive 
illitization occur. Progressing westerly, the silicification continues 
to increase, but it becomes discontinuous, occurring as discrete pods, 
while the wall rock is irregularly illitically altered. Finally, near 
the edge of the access on the west side, extensive illitic alteration 
occurs without pods of silicification. This westernmost, illitically 
altered rock is so soft and punky when wet that you can lose your hammer 
in it if you set it down. As previously mentioned, fresh barren rock 
occurs above and to the west of the zone of illitization. These two 
forms of alteration appear to bottom:-out near the 9870 ft elevation, oc
curring as only limited discrete pods beneath this elevation. Data on 
the bottom of the alteration system is tenuous, coming from limited 
drilling information.

Paragenesis
Paragenetic relations between illitic alteration and silica al

teration zones are vague. Occasionally, pods of silicified wall rock 
occur within zones of highly extensive illitic alteration. It is diffi
cult to envision this soft, friable, illitically altered rock having 
been competent enough to sustain fractures and allow access of silicify- 
ing fluids. If this be true, illitic alteration appears to have fol
lowed silica alteration. It is also reasonable that they occurred at 
the same time, with silica as a by-product of hydrolytic reactions al
tering the wall rock to illite. No textural evidence is available to



date the two phenomena relatively9 but they appear distributionally and 
in occurrence to be contemporaneous parts of a complex alteration- 
mineralization system*



CHAPTER VII

SUMMARY AND SYNTHESIS

The foregoing detailed descriptions of stratigraphy9 structure, 
vein mineralization, disseminated mineralization, and wall rock altera
tion permit integration into an interpretation of the mineralizing sys
tem. This interpretation has benefited greatly from the distinguished 
work by the U. S. Geological Survey on,the physical and chemical param
eters at time of deposition and their interpretations of the evolution 
of the entire district (Steven and Eaton, 1975; Barton et al., 1977; 
Bethke and Rye, 1979).

Mineralization began approximately 1.8 m.y. after eruption of 
the central San Juan volcanic complex (Bethke et al., 1976). The volcan
ic complex which hosts the mineralization is chemically generally uni
form but structurally and texturally complex. A significant feature of 
the complexity of structural adjustments is the prominent bends in the 
Amethyst fault described in the section on structure (Figure 7). Hydro- 
thermal fluid circulation began after emplacement of a small pluton 
(Steven and Eaton, 1975.; Bethke and Rye, 1979). Mineralizing solutions 
that percolated up along faults in northern portions of the Creede dis
trict progressively cooled and began depositing base metal sulfides, 
sulfosalts, and chlorite of Assemblage IX seen in the northern zone. 
Variations in pressure appear to have been a major factor in the miner
alizing sequence. With many open structures, it seems reasonable that 
pressure was essentially hydrostatic. As the fluids migrated upward,
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they encountered decreasing pressure9 and boiling appears to have oc
curred at approximately 500 m below the paleo-surface at temperatures 
near 250°C (Barton et al.-, 1977). This boiling caused COg and HgS va
pors to be given off 9 vapors which condensed in the overlying rocks as 
strong sulfuric and carbonic acids. These acids reacted with the wall 
rocks and formed the illitic clay alteration of Assemblage VIII. The 
boiling off of these acidic components may have caused pH to increase in 
the remaining fluid, may have further decreased solubility constants, 
and may have saturated the fluid and caused further deposition. The hy
drothermal fluids appear to have continued flowing upward and southward, 
possibly controlled by groundwater gradients, into the central zone.
They continued to cool until silver complexes eventually began precipi
tating silver salts, later and to the south of base metal sulfide depo
sition (Figure 8). This chemical depositional shift occurred in the 
area that was also distinctly structurally more disrupted near bends in 
the Amethyst fault.

As previously mentioned, in the hanging wall of the fault near 
the bends are volumes of dense fracturing. This zone of dense fractur
ing was most likely the result of upward decreasing lateral confining 
pressure and changes in rock competence upward in the volcanic pile.
The densely welded Willow Creek lithology at the bottom of the pile and 
along the footwall of the Amethyst fault is very brittle. Fractures 
that penetrated this rock generally did not stay open. The Campbell 
Mountain flow unit lithology varies from a somewhat brittle bottom 
through a tough, resilient middle to a soft porous top. The resilient



middle is the prime rock type for sustaining open spaces, and hence gen
erated a prime plumbing system for the mineralizing solutions. This mid
dle horizon grades into the thin Windy Gulch lithology at the top which, 
due to its soft, welded nature, could not have held open fractures.
These two properties of decreased confining pressure and decreased rock 
competence account for the complexly changing fracturing upward and 
near bends in the Amethyst fault. Here, high fracture density allowed 
fluids increased access to the wall rock. This zone, where silver was 
to be deposited, also was the stratigraphic position most favorable for 
disseminated mineralization due to the porous and permeable nature of 
the Campbell Mountain lithology. Vein mineralization and disseminated 
mineralization in this central zone appear to have formed at the same 
time. Possibly due to the continually changing structural environment 
during deposition, certain locations within the central zone were epi
sodically opened up and closed off, accounting for two features. First, 
as mentioned, mineralization from any single vein does not grade into a 
specific zone of disseminated mineralization. This degree of indepen
dence would be expected if some veins were filled before adjacent wall 
rocks were tectonically shattered or if early, dense fracturing were 
filled by the disseminated mineralization so as to have sealed the wall 
rock so that later crosscutting veins could not appreciably affect it.
In other words, the fluids might have been the same, but the episodic 
structural adjustments may have vacillated between through-going struc
tures which gave rise to vein mineralization and dense fracturing which 
lead to disseminated mineralization. This hypothesis is further
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evidenced by the many periods of structural adjustments seen in both 
veins and wall rock. Second, this episodic opening and closing of the 
system would also account for the nature of irregular distribution of 
the sulfides present in the zone of disseminated mineralization (Figure 
17), The pyrite zone is the most widespread, but the other zones are 
not distributed in any clearly systematic pattern within or adjacent to 
this pyrite zone. It appears that areas within the volume of dissemi
nated mineralization were open at different times, allowing access of 
fluids percolating through at the time. Mineral textures indicate that 
the earliest period, represented by pyrite mineralization, was the most 
widespread, and that the latest period, represented by acanthite, was 
the least widespread. No systematic geometry between the different zones 
would be expected because they were not controlled by chemical reaction 
fronts, but rather by episodic structural disruptions in turn partially 
and variable affected by physical and chemical parameters, A final line 
of evidence supporting the episodic nature of the mineralization is the 
occurrence of leached vugs in large, euhedral galena crystals in which 
fine-grained crustified galena has been deposited. This occurrence is. 
seen in the northern portions of the P and OH veins. This textural re
lationship indicates that solutions were first saturated with respect to 
galena, resulting in large crystal growth, later undersaturated result
ing in leaching, and finally saturated again, resulting in fine-grained 
crystal growth. These variations in solution concentrations may have 
been the result of> fluctuations in groundwater recharge rates related to 
the structural perturbations.
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As the fluids migrated upward and southward to the southern zone? 

they continued cooling. Apparently cooling had progressed sufficiently 
so that the fluid temperature dropped below the boiling point9 account
ing for the decrease in the abundance of the illitic alteration. With
out boiling, the deposition of minerals may have been controlled by 
thermal conduction into the wall rocks and by groundwater dilution. 
Barite, rhodochrosite, silver sulfosalts, and native silver were the fi
nal precipitates from this cooling fluid.

This complex origin is useful to the explorationist for recog
nizing controlling factors which include the following phenomena:

1) a degree of welding of the host rhyolitic ash flow tuff sequence 
such that the unit in volumes to be mineralized was competent 
enough to allow fluids to migrate away from fractures;

2) a long history of structural movement in a primarily extensional 
regime, particularly along warped fault planes which produced 
cymoid loops, anastomosing veins, and dense variable local frac^ 
turing which created the megascopic, mesoscopic, and microscopic 
plumbing system for migration of hydrothermal solutions; and

3) varied chemical reactions controlled by many parameters which 
include:
a) fluid temperature and pressure decrease as the fluid migrat

ed away from the heat source;
b) condensation of acidic gases from sporadic boiling controlled 

largely by hydrostatic pressure., in turn by depth of burial 
and distance from heat source;
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c) multiple surges of hydrothermal solutions of varied composi

tion allowing for both mineral deposition and mineral leach
ing; and

d) post-depositional oxidation of primary mineralization. Due 
to the low total sulfide content of the system, this process 
masked primary mineralization but does not account for 
wholesale metal migration.

These processes acted together to create erratic, irregularly 
shaped bodies of mineralization. Other unresolved processes may have 
been similarly significant in the genesis of this type of ore occurrence. 
The hypothesized evolution of this hydrothermal system is presented both 
as a preliminary picture to synthesize the characteristics mentioned and 
to stimulate further thinking. Mineralization in the Amethyst-OH con
vergence area is the result of the aforementioned coincidental processes 
which have acted together and formed a major and economically signifi
cant block of mineralized rock.
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