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ABSTRACT

Silver-bearing silica flux has been produced in the Ash Peak district from three 

volcanic-hosted, adularia-sericite-type quartz veins. The veins are hosted by 21 to 23 

m.y. old andesite. Argentiferous tetrahedrite is the dominant silver-bearing mineral 

and quartz and manganiferous calcite are the only gangue minerals that are 

abundant. Wide-spread alteration of the andesite pre-dates mineralization and is 

characterized by oxidation of mafic minerals to hematite and partial alteration of 

feldspar to sericite. The only vein-related alteration recognized is silicification of 

andesite. Quartz veinlets and quartz-filled amygdules may be present within 10 

meters from productive veins.

Veins occupy strike-slip faults and tension gashes that formed synchronously with 

mineralization. Mineralized structures formed in response to left-lateral displacement 

along a major deep-seated NW-trending fault zone that parallels the nearby Gila 

discontinuity. Strike-slip movement on mineralized faults ceased during the waning 

stages of, or shortly after the mineralization event. Post-mineral displacements on 

NW-trending faults have been predominately normal. Mineralized structures formed 

under E-W-directed compression, and indicate that the Ash Peak region did not begin 

to experience E-W-directed extension until sometime after approximately 22-20 Ma.
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INTRODUCTION

The Ash Peak mining district is located in Greenlee County, southeastern 

Arizona. The district was discovered in 1899 and has produced at least 3,883,023 

ounces of silver and 14,224 ounces of gold through 1991. Most of the ore has been 

sold to nearby copper smelters as silver-bearing silica flux.

The Ash Peak district is hosted within a thick succession of volcanic rocks that 

formed between late Oligocene to mid-Miocene time (Richter and others, 1983). All of 

the exploited veins are hosted within the 21 to 23 m.y. old "lower andesite" unit of 

Richter and others (1983). The lower andesite was intruded by numerous porphyritic 

plugs and altered and oxidized prior to the formation of the veins.

The adularia-sericite-type veins at Ash Peak are composed predominately of 

ribbon-textured and brecciated chalcedonic quartz and brecciated and silicified 

andesite. The dominant silver-bearing mineral is argentiferous tetrahedrite. Other 

sulfide minerals include: pyrite, chalcopyrite, galena, sphalerite, covellite, acanthite- 

argentite, digenite, chalcocite and bornite. Quartz and manganiferous calcite are the 

only abundant gangue minerals, locally calcite comprises a large portion of the veins.

Veins are structurally controlled and occur within faults and tension gashes. 

Mineralization occurred within these structures as they were actively forming in 

response to left-lateral displacement along a major NW-trending fault zone. Post

mineral displacement on through-going, NW-trending faults has been predominately 

normal.

The close proximity and parallel trend of Ash Peak faults to the nearby Gila 

discontinuity, and comparison of Ash Peak structures with those produced in shear- 

zone formation models, suggests that the fault movements recorded at Ash Peak may
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have occurred in response to similar movements within the deep-seated Gila 

discontinuity. Left-lateral, strike-slip movement on NW-trending faults at the time of 

mineralization occurred in response to E-W-directed compression. Normal movement 

began to occur on these faults as the stress regime changed to E-W-directed 

extension at sometime following mineralization. This change in stress may mark the 

onset of the Basin and Range disturbance at sometime after 22-20 Ma in this area of 

southeastern Arizona.

REGIONAL GEOLOGY

The regional and local geology sections of this thesis are intended to provide a 

brief geologic overview. Much of the information that is presented in these sections is 

specifically pertinent to the interpretive portions of this thesis. A more comprehensive 

geologic overview can be obtained from the cited references.

The Ash Peak mining district is located within the Basin and Range Province of 

southeastern Arizona (Figure 1). The crystalline basement underlying southeastern 

Arizona is inferred to be the Proterozoic-age Pinal Schist (Anderson, 1966; Silver, 

1978; Titley, 1982). The Schist is composed of a thick succession of clastic 

sedimentary rocks that was subjected to a major NE-trending erogenic event and 

regionally metamorphosed between 1,680 to 1,625 Ma (Silver, 1978). The Schist was 

intruded by voluminous anorogenic granites from 1440-1420 Ma (Silver, 1978). An 

erosion surface formed on the crystalline rocks from 1420-1100 Ma, and by late 

Precambrian time the Pinal Schist was a low to moderate relief surface (Silver, 1978).

In latest Precambrian time a transgressive sea covered all but the NE corner of
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Figure 1. Location map of the Ash Peak mine. The mine area is located at the 
intersection of the U.S.G.S. Ash Peak, Hot Well, Sheldon, and Whitlock Mts. NE 7.5' 
quandrangle maps.
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Arizona, and deposition of marine sediments continued relatively uninterrupted in 

southeastern Arizona throughout the Paleozoic era (Peirce, 1976; Dickinson, 1981). 

Tectonic activity in Cambrian through Mississippian times was nominal, and is 

characterized as epeirogenic with arching, sagging and minor tilting (Peirce, 1976). 

Tectonic activity increased through Pennsylvanian and Permian times, and NW- 

trending structures affected late Paleozoic sedimentation in southern Arizona (Figure 

2), (Peirce, 1976; Titley, 1976).

The Mesozoic era was marked by regional uplift, widespread volcanism, and 

locally significant weathering of the Paleozoic section in southern Arizona (Titley, 

1981). A NNW-trending magmatic arc developed in southern and southwestern 

Arizona in Early Jurassic time and remained active through mid-Cretaceous time as a 

result of the Sevier orogeny (Dickinson, 1981). Central and southeastern Arizona 

were uplifted in Late Jurassic time to form the Mogollon Highland (Dickinson, 1981). 

The highland was extensively eroded until mid- to Late-Cretaceous time, when 

southern Arizona was again covered by a transgressive sea (Dickinson, 1981). The 

NW-trending structures that had affected sedimentation in late Paleozoic time 

remained active, and influenced patterns of erosion throughout the Mesozoic era 

(Titley, 1976; Peirce, 1976). At Morenci, 25 miles (40 km) north of Ash Peak, up to 

3000 feet (914 m) of Pennsylvanian and Permian strata were removed through 

erosion prior to the deposition of Late Cretaceous strata on Mississippian bedrock 

(Titley, 1981). Renewed volcanism in Late Cretaceous time marked the onset of the 

Laramide orogeny.

The Laramide orogeny persisted from Late Cretaceous to mid- or late-Eocene 

time (Coney, 1976; Dickinson, 1981). Plutonism and volcanism were widespread in 

southern Arizona. Laramide-age dikes, veins, and elongate stocks are hosted
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Figure 2. NW-trending discontinuities in southern Arizona. Some of these 
broad disrupted zones have influenced patterns of erosion and sedimentation since 
the Paleozoic. Ash Peak is located very near to the Gila discontinuity and the main 
structural trend at Ash Peak parallels this discontinuity. Modified from Titley (1976).
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predominately within ENE-trending extensional structures (Figure 3). These 

structures developed under weak, lateral ENE-directed compression combined with 

differential uplift along multiple NNW to NW-elongate arches (Rehrig and Heidrick, 

1976). The Laramide orogeny ended about 50 m.y.B.P. and was followed by a 

quiescent period of 20 m.y. (Rehrig and Heidrick, 1976).

Southern Arizona experienced a resurgence of widespread volcanism from 30 

Ma to 15 Ma (Rehrig and Heidrick, 1976). The stress regime throughout most of 

Arizona's Basin and Range Province changed from ENE-directed compression during 

the Laramide orogeny to ENE-directed extension at approximately 30 Ma (Rehrig and 

Heidrick, 1976). Dikes, veins and elongate stocks that were emplaced after 30 Ma 

are hosted predominately by NNE-trending extensional structures. These structures 

formed as a result of ENE-directed extension (Rehrig and Heidrick, 1976). Note that 

the strike histograms in the southeastern corner of Arizona do not show a significant 

difference between Late Tertiary and Laramide orientations (Figure 4). Volcanism 

decreased by the end of Miocene time in southern Arizona, and the region has 

continued to experience E-W-directed extension, local volcanism, and erosion to the 

present time (Dickinson, 1981).

LOCAL GEOLOGY

The Ash Peak area has been mapped at 1:48,000 scale by the U.S.G.S. 

(Richter et al., 1981 and 1983), and a petrochemical study of the Ash Peak-Rhyolite 

Peak volcanic succession was carried out by Walker (1989). The volcanic succession 

at Ash Peak consists of two thick sections of andesite flows separated by silicic 

pyroclastic flows of the Ash Peak-Rhyolite Peak eruptive center (Richter et al., 1983).
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Figure 3. Strike-histogram plots for Laramide dikes veins and elongate stocks. 
Numbers represent the percentage of observed structures whose strike orientations 
fall within the 10 degree bearing increment with the highest frequency of strike 
occurrence. These structures strike ENE to WNW, in the direction of maximum 
compression. Modified from Rehrig and Heidrick (1976).
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Figure 4. Strike-histogram plots for Late Tertiary dikes veins and elongate 
stocks. Numbers represent the percentage of observed structures whose strike 
orientations fall within the 10 degree bearing increment with the highest frequency of 
strike occurrence. These structures strike NNE, in the direction of maximum 
compression. The strike-histograms are strikingly different for Laramide and Late 
Tertiary times, except in the southeast corner of Arizona where strike orientations 
characteristic of Laramide time persist into the Late Tertiary. Modified from Rehrig 
and Heidrick (1976).
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The entire volcanic succession was formed between late Oligocene and mid-Miocene 

times (Richter et al., 1983). The nearest exposures of pre-Tertiary rocks are 

approximately 25 miles (40 km) north of Ash Peak in the Morenci area, where 

Precambrian, Paleozoic, and Mesozoic strata outcrop (Reynolds, 1988).

The oldest rocks exposed in the Ash Peak region are the "lower andesite 

flows" of Richter et al. (1983). All of the precious-metal-bearing quartz veins of the 

Ash Peak mining district are hosted within the lower andesite flows. The lower 

andesite has a maximum thickness of more than 300 ft. (91 m), with individual flows 

averaging 6 to 30 ft. (2 to 9 m) in thickness (Richter et al., 1983; Walker, 1989). The 

andesite is aphanitic and generally aphyric, but locally porphyritic. It is composed of 

saussuritized plagioclase crystals, minor olivine, and abundant red iron oxide (Richter 

et al., 1983). Amygdules are abundant throughout the andesite and are composed of 

quartz, chalcedony, calcite, chlorite, zeolite minerals, and celadonite (Richter et al.,

1983). Richter et al. (1983) suggest that the lower andesite is a subaerial flow that 

experienced oxidation, alteration, and the formation of amygdules while being covered 

by water or residing below the water table for some time. The lower andesite is 

intruded by pre-mineral dikes and plugs that are hosted by WNW-trending structures. 

K-Ar whole-rock age determinations for three samples of andesite indicate ages of 

21.8 +/- 0.05, 22.2 +/- 0.05, and 22.6 +/- 0.05 m.y. for the lower andesite flows 

(Richter et al., 1983). Walker (1989) suggests that a sample of similar but less altered 

andesite from south of Ash Peak which yielded an older age date of 25.6 +/- 0.05 m.y. 

may represent a more reliable estimate for the age of the lower andesite.

The lower andesite flows are overlain by a variably thick section of rhyolitic and 

pyroclastic rocks of the Ash Peak-Rhyolite Peak eruptive center (Richter et al., 1983). 

The eruptive center is complex with many individual vent sites, but generally consists
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of an early phase of high-silica rhyolite domes, flows and pyroclastic deposits followed 

by the development of a porphyritic low-silica rhyolite dome and extrusion of 

associated flows (Richter et al., 1983). The porphyritic intrusion located at Rhyolite 

Peak was emplaced in the late-stages of the rhyolitic-pyroclastic event, and 

represents the oldest structurally controlled intrusive body in the area that is NNE- 

elongate. The entire section of rhyolitic and pyroclastic rocks of the Ash Peak- 

Rhyolite Peak eruptive center was deposited approximately 22 to 23 m.y.B.P. (Richter 

et al., 1983). The upper contact of this unit with the upper andesite flows displays a 

locally well-developed paleosol horizon (Walker, 1989).

The upper andesite flows comprise individual flows 6 to 60 ft. (2 to 20 m) thick 

with a total maximum thickness of more than 1200 ft. (366 m) (Richter et al., 1983). 

This unit is compositionally and mineralogically similar to the lower andesite flows, but 

does not contain abundant amygdules. K-Ar whole-rock dates from two localities 

yielded ages of 19.4 +/- 0.4 and 23.7 +/- 0.05 m.y. (Richter et al., 1983).

The Ash Peak-Rhyolite Peak eruptive center and the Ash Peak veins are 

confined within a 3 to 5-mile (5 to 8 km) wide zone of high-angle NW-trending faults 

that produce a series of closely-spaced horsts and grabens (Figure 5). A prominent 

NW-trending fault, here termed the Ash Peak fault (Plate 1), hosts vein mineralization 

where exposed in the thesis area and can be traced for at least twelve miles (19 km), 

and probably much further, along strike (Richter et al., 1983). The geometry of vein- 

related structures indicates that the Ash Peak fault experienced left-lateral movement 

at the time of mineralization. Stratigraphic displacement of the Tertiary volcanics 

indicates that the Ash Peak fault has accommodated as much as 800 feet (244 m) of 

post-mineral normal displacement near the thesis area (Richter et al., 1983).
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Figure 5. Regional geology of the Ash Peak mine area. The entire volcanic 
succession was emplaced between late Oligocene and mid-Miocene times. Modified 
from Richter et al. (1981 and 1983), and Walker (1989).
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HISTORY OF THE ASH PEAK MINES

The Ash Peak mines were discovered in 1899, and developed in 1918 and 

1919 by Gold Fields Consolidated Mines Company (GFC). The Shamrock and 

Commerce shafts were sunk to the 800 and 500-foot (244 and 152 m) levels 

respectively, with drifts at 100-foot (30 m) intervals in both directions along the vein. 

Extensive sampling was conducted but ore was produced only from the development 

of drifts and shafts. GFC shipped 4,095 tons of ore containing 29,223 of ounces of 

silver and 60.76 ounces of gold to Douglas, Arizona (Setter, 1991). In 1923, 2,857 

tons of development ore that were left by GFC on the Shamrock dump were shipped 

to El Paso, Texas. The ore contained 38,798 ounces of silver and 142.88 ounces of 

gold (Setter, 1991).

Veta Mines Inc. leased the Ash Peak claims in 1936 and reopened the 

Shamrock and Commerce shafts. A 200-ton flotation mill was constructed and the 

Shamrock shaft was sunk to the 975-foot (297 m) level in search of mill water. Water 

obtained from the Shamrock shaft and nearby Murphy wells was not sufficient for 

milling purposes, so a 7-mile (11 km) long, 4-inch (10 cm) diameter pipeline was 

installed to pump water from the Gila River against a 1200-foot (366 m) head. Mine 

and mill operations ceased in January, 1938 when the U.S. Treasury cut the price of 

silver from $0.77 to $0,645 per ounce, eliminating the mine's profit margin. At least 

173,382 tons of ore were milled to produce 1,647,129 ounces of silver and 6,068.37 

ounces of gold (Setter, 1991). In 1936 Vita Mines shipped 6,551 tons of Commerce 

dump ore that was left by GFC to the Inspiration Smelter in Miami. The ore contained 

49,787 ounces of silver and 189.9 ounces of gold (Setter, 1991).

Inspiration Copper Co. leased the Ash Peak claims and began mining in 1941
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to produce silica flux for the Inspiration Smelter at Miami. Inspiration mined all of the 

developed ore left by Vita Mines, and drove a 26-foot (8 m) crosscut into the 

hangingwall to expose a parallel vein. The newly discovered "Hangingwall" vein was 

developed and mined on the 400 and 500-foot (122 and 152 m) levels at grades and 

widths comparable to the Ash Peak vein. From 1941 to 1947, Inspiration produced 

75,368 tons of ore from the Commerce shaft containing 571,024 ounces of silver and 

2,499 ounces of gold (Setter, 1991). From 1941 to 1953, 88,662 tons containing 

890,242 ounces of silver and 3,311 ounces of gold were produced from the Shamrock 

shaft (Setter, 1991). Inspiration discovered a copper-silica deposit nearer to their 

smelter and ceased operations at Ash Peak in 1954 (Setter, 1991).

Beaver Mesa Exploration leased the Ash Peak claims in 1968 and mined a 

small open pit between the Shamrock and Commerce shafts. The Commerce shaft 

was re-opened and an ore block was developed on the 200-foot (61 m) level. The 

price of silver dropped, and Beaver Mesa Exploration ceased its involvement in the 

minerals industry before all of the developed ore was extracted. From late 1968 to 

1970, 17,606 tons of ore containing 71,220 ounces of silver were shipped to the 

Morenci Smelter. The smelter did not pay for gold (Setter, 1991).

Phelps Dodge Corporation leased the Ash Peak claims from 1983 to 1985 and 

produced silica flux for the Morenci and Hidalgo smelters. Phelps Dodge conducted 

exploratory diamond drilling and drove a decline to the Shamrock 100-ft. (30 m) level 

and two declines to the Commerce 200-ft. (61 m) level. Most of the ore was produced 

from the Commerce 200-ft. (61 m) level. The mine was closed when Phelps Dodge 

abandoned its Small Mines Division in 1985. Approximately 39,353 tons of ore 

containing 127,578 ounces of silver and 549.25 ounces of gold were shipped to the 

Morenci Smelter and 40,240 tons containing 208,023 ounces of silver and 875.6



22

ounces of gold were shipped to the Hidalgo Smelter (Setter, 1991).

Arizona Flux Mines Inc. (AFM) leased the Ash Peak claims in 1984. AFM 

produced ore from an open pit at the Commerce shaft in 1984 and from slopes that 

were left by Phelps Dodge on the Commerce 200-ft. (61 m) level from 1985 to 1987. 

Ore produced from these operations was shipped to Playas, New Mexico. AFM then 

re-timbered the Shamrock shaft to the 700-ft. (213 m) level and produced much of the 

remaining ore in the Ash Peak and Hangingwall veins down to the 600-ft. (183 m) 

level. Ore was crushed on site and sold as silver-bearing silica flux to the Hidalgo and 

Chino smelters. In late 1990 the mine was once again closed, due in great part to a 

prolonged depression in the price of silver. Production figures from AFM are 

uncertain but it is estimated that approximately 50,000 tons containing 250,000 

ounces of silver were shipped from 1985 through 1990 (Setter, 1991).

Production from the Ash Peak Mines through 1991 totals approximately 

498,114 tons containing 3,883,023 ounces of silver and 14,224 ounces of gold 

(Setter, 1991). The mine still contains reserves in the Ash Peak and Hangingwall 

veins below the 600-ft. (183 m) level, and in the Hangingwall vein at higher levels of 

the Commerce shaft. The potential for extension of this vein system and discoveries 

of others in the district is good. The high quality of silica flux ore and close proximity 

to several smelters may entice future development at Ash Peak when economic 

conditions and product demand are again favorable.

PETROLOGY AND PETROGRAPHY

Six distinct lithologic units are recognized in this thesis area. A thick section of 

andesite flows (Ta) containing a thin discontinuous unit of siliceous tuff (Tt) is intruded
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by small porphyritic plugs (Tpi) and a porphyritic andesite dike (Ta1). Precious-metal- 

bearing quartz veins (Tqv) are hosted within the andesite, the tuff, and the porphyritic 

plugs. An unmineralized diabase dike (Td) separates and locally cross-cuts the Ash 

Peak and Hangingwall veins.

Ta: Tertiary andesite (undifferentiated)

The Ash Peak mining district is hosted almost entirely within Tertiary andesite 

that is equivalent to the lower andesite flows of Richter et al. (1983). Outcrops of 

andesite are subtle and occur on hill tops, along gentle ridges, and in creek beds.

The andesite is variable with respect to color, degree of vesicularity, and abundance 

and composition of amygdules.

Tertiary andesite is black, gray, brown or red, vesicular, amygdaloidal, 

aphanitic, and aphyric. Eight samples were prepared as thin sections for petrographic 

analyses. The rock is composed of microcrystalline, euhedral, equigranular, and 

randomly oriented plagioclase feldspar crystals that display well-developed pericline 

and albite twinning. Most feldspar crystals are partially altered to sericite. Pyrite and 

hematite comprise 5-15% of the rock. Pyrite is microcrystalline to fine-grained, and 

randomly disseminated. Hematite occurs as pseudomorphs after pyrite and as 

pervasively disseminated powder or dust. Trace amounts of olivine were detected in 

one sample. Quartz occurs predominantly as veinlets and in amygdules. Amygdules 

are vesicules filled with white zeolite, black or white calcite, clear or amethystine 

euhedral quartz, and banded chalcedony. Vesicules are generally not filled with 

secondary minerals other than zeolites, except where proximal to mineralization and 

along well-defined structural zones. The ratio of mineral-filled vesicules to air-filled



24

vesicules in the andesite decreases away from veins, with no change in the total 

abundance of vesicules.

77: Tertiary crystal lithic tuff

The crystal lithic tuff is intercalated with the Tertiary andesite and occurs as a 

positive topographic feature that is approximately 10 to 15 feet (3 to 5 m) thick near 

the Shamrock shaft, and >40 feet (12 m) thick in the southeast end of the thesis area 

(Plate 1). This tuff horizon dips approximately 5 to 10 degrees to the southeast.

Three other small outcrops of the tuff occur along strike of the vein system near the 

Hardy shaft, near the Compensation vein, and in a small exposure in a creek bed 

(Plate 1).

The crystal lithic tuff is white to pink and distinctly bedded. Two samples were 

prepared as thin sections. The ground mass is composed of microcrystalline mosaic 

quartz and abundant, strongly hydroscopic, unidentified clay. Clay occurs in thin, 

elongate or disk-shaped, bedding-parallel cavities that are comprised of approximately 

50% open space and 50% clay. The lithic fragments vary in size from microscopic to 

>1 inch diameter and are subrounded to angular and commonly fractured. The lithic 

fragments are composed of microcrystalline mosaic quartz. Phenocrysts and 

microphenocrysts of euhedral plagioclase feldspar and subhedral quartz are generally 

smaller and much less abundant than lithic fragments. The tuff is cut by vein 

mineralization and is pervasively silicified proximal to the veins.



25

Ta1: Tertiary andesite porphyry

The andesite porphyry occurs as a 2 to 5-foot (0.6 to 1.5 m) wide dike with 

approximately 1,600 feet (488 m) of exposure along 3,200 feet (976 m) of strike 

length (Plate 1). The dike cuts the Tertiary andesite (Ta), and forms a small positive 

topographic feature owing to its relative greater resistance to weathering. Two 

samples were prepared as thin sections.

The andesite is pink or red and porphyritic with euhedral feldspar phenocrysts 

in an aphanitic groundmass. The groundmass is composed of microcrystalline, 

equigranular, euhedral plagioclase feldspar crystals that are weakly aligned parallel to 

the strike of the dike. Groundmass feldspars display albite and pericline twinning, and 

are moderately altered to sericite. Feldspar phenocrysts are euhedral and 

microcrystalline to 0.25 inches (0.6 cm) in size. They display albite and pericline 

twinning, are strongly zoned, and are commonly micro-brecciated. Quartz comprises 

up to 15% of the rock and occurs as microcrystalline to fine-grained "quartz eyes" that 

are aligned parallel to the strike of the dike. Locally, quartz occurs within stockwork 

fractures that offset individual feldspar phenocrysts. Hematite composes up to 15% of 

the rock and occurs as cubic pseudomorphs after pyrite and as pervasively 

disseminated dust. Hematite is most abundant proximal to quartz eye phenocrysts.

Tpi: Tertiary porphyritic intrusion

The porphyritic intrusion is exposed in the footwall of the Ash Peak vein 

approximately 450 feet (137 m) east of the Shamrock shaft on the 600-foot (183 m) 

level (Plate 2). The contact with the andesite (Ta) is sharp and marked by a 6 to 12
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inch (15 to 30 cm) wide zone of abundant hematite in the andesite. Well-developed, 

closely-spaced fractures are formed parallel to the contact for at least 15 feet (5 m) 

into the andesite. Locally, the andesite is stoped by the intrusion. An alteration halo 

of calcite, chlorite, epidote, and minor fluorite extends 20 to 40 feet (6 to 12 m) into 

the andesite. Two samples were prepared for petrographic analyses.

The porphyritic intrusion (Tpi) is mineralogically similar to the andesite 

porphyry (Ta1). The groundmass is composed of microcrystalline, euhedral, 

equigranular, and randomly oriented plagioclase feldspar crystals. Feldspar 

phenocrysts vary in size from fine-grained to 0.25 inches (0.6 cm) and are euhedral 

and distinctly zoned. Quartz composes up to 35% of the rock, occurring as quartz 

eye phenocrysts, veinlets, irregular shaped microcrystalline aggregates, and 

pseudomorphs after feldspar. Quartz veinlets contain pyrite, chalcopyrite, 

tetrahedrite, chalcocite, covellite, bornite, digenite, sphalerite, galena, and hematite. 

The mineralized porphyritic intrusion (Tpi) is distinctly enriched in base-metals and 

depleted in precious-metals compared to average ore, that is hosted predominately by 

andesite (Ta) (Table 1).

Tpi samples Cu (%) Au (opt) Ag (opt)
1) 600E, 454-459' -0- 0.003 -0.05
2) 600E, 459-464' -0- 0.001 -0.05
3) 600E, 464-469' 0.132 TRACE 0.05
4) 600E, 469-474' 0.465 TRACE 0.20
5) 600E, 474-480' 0.025 TRACE -0.05
6) 600E, 475 select 0.671 TRACE 0.60

Average ore 0.02 0.029 7.8
Table 1. Assay values for mineralized porphyritic intrusion (Tpi) and average 

Ash Peak ore. The intrusion is exposed between 454 and 480 feet (138 and 146 m) 
east of the Shamrock shaft on the 600 foot level. Assays 1-5 are composite panel 
samples across the given footage. Assay 6 is a select sample with abundant visible 
chalcocite and chalcopyrite. The average ore values are from the total production 
figures through 1991 (Setter, 1991).
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Td: Tertiary diabase dike

A diabase dike separates the Ash Peak Vein from the Hangingwall vein. The 

dike ranges in width from 5 to 30 feet (1.5 to 9 m) and is most commonly 25 feet (7.6 

m) wide (Plate 2). The diabase is phaneritic in the core and aphanitic near the 

contacts with veins. The aphanitic phase is commonly vesicular, with spherical- 

shaped vesicles occurring in well-defined planes that parallel the vein contacts. The 

dike locally splays into, and contains fragments of, both the Ash Peak and the 

Hangingwall veins. The diabase has experienced little or no silicification. Locally, the 

diabase contains abundant slickensides and thin zones of orange fault gouge are 

common in exposures of the dike.

The diabase is incompetent, owing to fault gouge formation and possible 

hydrothermal alteration or weathering. In hand specimen, the diabase appears to be 

composed entirely of black, green, orange, red, or white clay minerals. In the 

phaneritic core of the dike, the clay minerals appear to have replaced a fine-grained, 

equigranular protolith. Six samples were prepared as thin-sections for petrographic 

analyses. Four of the prepared samples contained too much hematite to determine 

the original silicate mineralogy.

A sample taken from a cross-cut 690 feet (210 m) west of the Shamrock shaft 

and another taken 560 feet (170 m) east of the shaft on the 600 foot (183 m) level 

contained only moderate amounts of hematite. These samples were composed of 

fine-grained, equigranular, and randomly oriented plagioclase feldspar and 

hornblende crystals. Feldspars are zoned and twinned, and compose greater than 

70% of the rock. Feldspar crystals are preferentially and intensely altered to sericite 

within the centers of zoned crystals. Green hornblende and chlorite compose up to
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20% of the rock. Hornblende is subhedral and randomly disseminated, and most 

crystals are partially or completely altered to chlorite. Fine-grained disseminated 

pyrite and hematite are abundant.

Tqv: Tertiary quartz vein

Mineralized structures that host the Ash Peak and Hangingwall veins have a 

strike length of 5,500 feet (1,680 m); from the Hardy shaft to the southeast limit of the 

Ash Peak vein outcrop (Plate 2). The two parallel veins pinch and swell from nothing 

to greater than 40 feet (12 m) in width, and both average about 7 feet (2.1 m) wide. 

Veins are confined to well-defined structures and there is only minor pervasive and 

stockwork silicification in the footwall and hangingwall andesite (Ta).

Vein quartz is mostly chalcedonic, but locally euhedral quartz crystals are 

present in vugs. Quartz is white, gray, green, purple, or black. The quartz is ribbon- 

textured and commonly brecciated. Angular to subangular breccia fragments of 

completely silicified andesite (Ta) and early phases of ribbon-textured vein quartz are 

incorporated throughout the veins.

Silver-bearing ore is typically dark-colored in hand specimen with dense 

accumulations of disseminated microcrystalline sulfide minerals in a chalcedonic 

quartz matrix. Fine-grained sulfide minerals that are visible in hand specimen include 

pyrite, chalcopyrite, and covellite. Three samples of ore that assayed between 40 and 

70 ounces per ton silver were prepared as polished thin sections for optical 

determination of the sulfide phases.

Most individual sulfide grains comprise several different sulfide phases. The 

dominant silver-bearing mineral at Ash Peak has been previously reported as
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argentite (Lines, 1940; Walker, 1989). Optical determinations from this study indicate 

that the primary silver-bearing mineral is argentiferous tetrahedrite. In reflected light it 

is gray to slightly bluish-gray, isotropic, and has very minor red internal reflections. 

Argentite and acanthite are distinctly greener in color and anisotropic (Spry and 

Gedlinske, 1987). Other recognized sulfide phases listed in approximate order of 

decreasing abundance include: chalcopyrite, covellite, pyrite, galena, digenite, 

acanthite-argentite, sphalerite with chalcopyrite inclusions, chalcocite, and bornite.

Calcite is the only common gangue other than quartz. It is white or black, 

coarsely-crystalline to fine-grained, and occurs within vugs and as and fracture fillings. 

Locally, calcite is massive and comprises a large portion of the vein. Massive vein 

calcite is commonly dark-colored and presumed to be manganiferous. The presence 

of Mn-bearing minerals such as rhodochrosite, manganiferous calcite, and pyrolusite 

is sympathetic to occurrences of high-grade silver ore. Malachite occurs very locally 

as a late fracture filling. No feldspar minerals were identified within the vein. The 

alumina content of the silica flux produced at Ash Peak is typically low (<5% AlgOg) 

and probably results from a small amount of microcrystalline feldspar within the 

quartz.

STRUCTURAL GEOLOGY

Numerous measurements were made during this study of the orientation and 

attitude of fractures, faults, and structurally controlled veins and dikes. Six distinct 

structural elements are identified on the basis of their orientation, temporal and spatial 

relationships to veins and dikes, and characteristics of any associated deformation. 

Each of the structural elements are here defined separately and for convenience are
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referred to throughout the remainder of the text on the basis of their unique strike 

orientations as D, R, E, P, R\ and C-structures (Figure 6).

D-structures

The D-structures are high-angle faults and fractures that are oriented between 

N40W and N55W and most commonly strike N45W. The Ash Peak-Rhyolite Peak 

eruptive center and the Ash Peak mines are confined within a 3 to 5-mile (5 to 8 km) 

wide zone of closely-spaced faults that strike in this orientation (Figure 5). Within the 

thesis area these structures are characterized as well-defined fault planes with 

unknown but probably considerable displacement, and as wide sheared zones with 

closely-spaced parallel fractures and small faults. The map of Richter et al. (1983) 

indicates that some of these faults may accommodate up to 800 feet (244 m) of 

normal displacement.

Two large faults in this orientation cut the length of the thesis area. The two 

subparallel faults strike approximately N45W and dip 80 degrees in opposite 

directions, thus forming between them an 800 to 1300-foot (244 to 396 m) wide 

structurally coherent block that widens to the northwest (Figures 7 and 8). All of the 

exploited veins in the Ash Peak district are confined to this structural block. The 

southernmost of the two faults is here termed the Ash Peak fault (Figure 7). This fault 

is recognized as a 200 to 500-foot (60 to 150 m) wide zone of parallel faults and 

intensely sheared rock with a sharp, well-defined and mineralized fault plane along 

the southwest edge of the structurally coherent block. The sharp fault plane hosts 

vein mineralization that has been exploited at the Shamrock and Hardy shafts 

(Figures 7 and 8). Another silicified fault forms a conspicuous elongate ridge that
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Figure 6. Six structural elements recognized at Ash Peak. Arrows indicate 
relative motion on faults with a given strike orientation.
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Figure 7. Ash Peak mine surface geology. This figure is a simplified version 
of Plate 1.
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Figure 8. Vertical section a-a'. The locations of a and a' are shown in Figure
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parallels the Ash Peak fault 200 feet (60 m) into its hangingwall. The Ash Peak fault 

can be traced at least twelve miles (19 Km) along strike and it accommodates as 

much as 800 ft. (244 m) of normal displacement of the Tertiary section NW of the 

thesis area (Richter et al., 1983).

The northernmost structure that borders the coherent block is here termed the 

Billingsly fault (Figures 7 and 8). This fault is characterized as a 300-foot (90 m) wide 

zone of well-developed and closely-spaced fractures and faults. The Compensation 

vein, Ash Peak vein, and the andesite dike (Ta1) are abruptly truncated by this fault 

along the NE edge of the structural block. Where truncated by the Billingsly fault, 

small segments of the Ash Peak vein are offset by several individual faults and 

rotated counterclockwise. Both the andesite dike and the Ash Peak vein continue 

along strike north of the 300-foot (90 m) wide sheared zone for a short distance, and 

there is no apparent displacement of either the vein or the dike across the fault. 

Another parallel fault located 200 feet (60 m) into the hangingwall of the Billingsly fault 

abruptly and completely terminates the short additional segments of both the vein and 

the dike. The Billingsly fault does not host quartz mineralization anywhere along its 

strike (Figures 7 and 8, and Plate 1).

R-structures

The R-structures are well-defined, high-angle faults that are oriented between 

approximately N55W and N70W and most commonly strike N65W. These faults host 

much of the vein mineralization, and at least two dikes in the thesis area. The veins 

and dikes hosted by R-structures occur en echelon within the structurally coherent 

block at 500 to 600-foot (150 to 180 m) intervals. The southeasternmost R-structure
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hosts the Ash Peak vein, the middle structure hosts the Tertiary andesite dike (Ta1), 

and the northwesternmost structure hosts the Compensation vein (Figure 7).

The structure that hosts the Ash Peak vein consists of two fault segments 

oriented at N65W, separated by a central fault segment striking N40W (D-structure). 

Mine shafts are located where the vein abruptly bends at the intersections of these 

fault segments. The collar of the Shamrock shaft is located 200 to 300 feet (60 to 90 

m) from the intersection of the R-structure with the Ash Peak fault, where the vein 

makes a bend from the R-structure orientation to the E-structure orientation and forms 

a "S"-shaped dilational fault bend that accommodates exceptional widths of both the 

Ash Peak and Hangingwall veins (Figure 9 and Plate 2). The Ash Peak vein 

continues to the NW along the Ash Peak fault at its intersection, but is abruptly 

truncated at the intersection of the Billingsly fault. Fault gouge and vertical and east- 

plunging slickensides are common within the incompetent diabase dike (Td) that lies 

between the Ash Peak and Hangingwall veins.

The structure that hosts the andesite dike (Ta1) comprises two fault segments 

oriented at N55W and N70W. The dike extends approximately 500 feet (150 m) in 

both directions from the intersection of these two fault segments. A short continuation 

of the dike occurs along strike beyond the Billingsly fault with no apparent offset 

(Figure 7). The N55W-trending fault segment hosts quartz mineralization for at least 

300 feet (90 m) from its intersection with the Ash Peak fault (Plate 1).

The structure that hosts the Compensation vein comprises three fault 

segments. The central segment strikes N60W in the R-structure orientation. The fault 

segments on either end strike N80E and N80W, in the E-structure orientation. The 

Compensation shaft is located at the intersection of the N60W and the N80W-striking 

fault segments (Figure 7).
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Figure 9. Ash Peak mine geology, 600 foot level of the Shamrock shaft. A 
diabase dike (Td) separates the Ash Peak and Hangingwall veins. The shaft is 
located at a short but abrupt bend in the mineralized structure; from the R-structure 
orientation to the E-structure orientation. Left-lateral displacement of approximately 
150 feet produced a dilational opening at the fault bend. The Hangingwall vein alone 
is approximately 30 feet wide at the Shamrock Shaft. This figure is a simplified 
version of Plate 2 and archived 1:240 scale maps (Sims 1993).

* Combined Ash Peak and Hangingwall vein widths.
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E-structures

The E-structures are high-angle faults that strike between N80E and N80W 

and most commonly strike due E-W. These structures host much of the mineralization 

in the Compensation vein system. An E-W-oriented structure also forms an "S"- 

shaped dilational fault bend that accommodates exceptional vein widths at the 

Shamrock shaft (Figure 9). Fractures in this orientation are present on the surface 

and in mine workings, but they are generally not abundant.

P-structures

The P-structures are high-angle faults that are oriented between N20W and 

N30W and most commonly strike N30W. Two of these structures are recognized in 

the Shamrock workings on the 600-foot (183 m) level. One of them is located 150 to 

200 feet (46 to 60 m) east of the Shamrock shaft. This fault is characterized as a 50- 

foot (15 m) wide zone of intensely brecciated andesite, with a 2 to 3-foot (0.6 to 1 m) 

wide, N20W to N30W-trending quartz vein on each side of the brecciated zone at the 

contact with unbrecciated andesite. The brecciated andesite within the P-shear is 

only partially silicified, and drusy and crystalline quartz coats breccia fragments in 

interstitial cavities. This is the only significant exposure within the mine of a breccia 

that contains open-space cavities that are not completely healed with quartz. Both 

the Ash Peak and Hangingwall veins are much wider to the west of this structure than 

they are to its east (Plate 2).

Another P-structure is located approximately 500 feet (152 m) west of the 

Shamrock shaft on the 600-foot (183 m) level. This structure is a sharp, well-defined
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fault plane that distinctly cross-cuts and off-sets the Hangingwall vein. The Ash Peak 

vein bends from the R-orientation into the P-orientation at this point without being 

ruptured. Both veins follow the P-orientation for approximately 160 feet (49 m) NW 

and then abruptly bend again into a N45W-trending orientation. The veins continue to 

strike N45W along the Ash Peak fault from this point to the Hardy Shaft. The P- 

oriented segment of the veins is part of a "Z"-shaped fault jog on the Ash Peak fault 

(Figure 9). The veins continue to trend S65E from this intersection to as far as the 

Commerce shaft along the mineralized R-structure (Plate 1). The diabase dike (Td) is 

exceptionally thin along the N30W-trending fault segment.

The Ash Peak fault also bends into the P-direction along an 800 foot (244 m) 

long segment near the intersection with the N55W-trending R-structure that hosts the 

andesite dike (Plate 1). Both faults host 3 to 9-foot (1 to 3 m) wide quartz veins at this 

intersection. There is a small exploratory shaft at the bend of the Ash Peak fault, but 

there are no shafts at the structural intersection and the veins have not been 

exploited.

R'-structures

The R'-structures are high-angle fractures that are oriented between N20E and 

N40E and most commonly strike N35E. Fractures in this orientation are very 

abundant throughout the mine, but they are only locally closely-spaced and well- 

developed. Some of these fractures cut quartz veins and locally are filled with calcite 

and ribbon textured quartz that is banded parallel to the fractures. Other fractures of 

this orientation are unhealed and form open-space structures that are associated with 

water seeps in the Shamrock workings. There is minimal brecciation, and little or no



39

offset of the quartz veins associated with these fracture sets. Fractures of this 

orientation are also abundant in surface exposures but they are generally not well- 

developed. R'-structures are generally not mineralized.

C-structures

The C-structures are high-angle N-S-trending faults and fractures. Fractures 

of this orientation are common in the mine workings but they are only locally well- 

developed. N-S-trending, easterly dipping faults in the southeast corner of the thesis 

area offset small NW-trending quartz veins with apparent dextral displacement (Plate 

1). C-structures do not host mineralization.

MINERALIZATION AND ALTERATION

Quartz veins occur along well-defined faults that trend in the D, R, and E 

directions, with subordinate mineralization in the P-direction (Figures 6 and 7). All of 

the exploited veins are confined within, and along the southwest edge of, a NW- 

trending, structurally coherent block. Mineralization is hosted within the Tertiary 

andesite (Ta), the Tertiary crystal lithic tuff (Tt), and the porphyritic intrusion (Tpi). The 

Tertiary andesite (Ta) was regionally altered with saussuritization of feldspars and 

oxidation of mafic and opaque minerals prior to the mineralization event. The 

andesite is silicified within 10-30 feet (3 to 9 m) of veins, but more distal types of 

alteration are not recognized, possibly due to the earlier alteration.

The Ash Peak vein system includes two parallel veins, the Ash Peak vein and 

the Hangingwall vein, separated by an unmineralized diabase dike that averages 20-
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25 feet (6 to 7.6 m) in width. Both veins vary in width from nothing to greater than 40 

feet (12 m), with an average width of 7 feet (2.1 m). Veins are vertically continuous or 

sometimes lensoid shaped. The veins attain their greatest widths, and shafts are 

located at, fault bends where mineralized structures change strike abruptly (Figures 7 

and 9).

The Ash Peak and Hangingwall veins comprise numerous individual veins, 

silicified andesite (Ta), massive quartz, ribbon-textured quartz, and wide zones of 

quartz vein breccia. Brecciation is common throughout the entire width of both veins 

and the breccias are completely healed with quartz, leaving very few open cavities 

within the breccia. Individual breccia fragments are angular to subangular and are 

composed of silicified and sometimes mineralized andesite, chalcedonic, ribbon- 

textured, bull, and amethystine quartz.

Ore and gangue mineralogy is described in detail in the previous petrology 

section of this thesis. Silver-bearing ore is characterized as white, gray, or purple 

chalcedonic quartz with black clouds of disseminated microcrystalline sulfide minerals. 

It is difficult to distinguish ore-grade without assay.

Ore grades can vary dramatically on the small scale but yearly average grades 

have been fairly consistent. Average ore contains approximately 7.8 Oz/Ton Ag, 

0.029 Oz/Ton Au, 0.02% Cu, and 0.03% Pb (Setter, 1991). Snell (1924), and an 

anonymous mine report (1941), state that grades are higher in the hangingwall than in 

the footwall of the Ash Peak vein and that locally there is a 1-2 foot (0.3 to 0.6 m) 

streak of relatively high-grade ore near the hangingwall contact. Crowther (1924) 

reports that "the porphyritic phase (of andesite host rock) is more readily converted 

into ore than the aphanitic phase". Vertical variation in silver content can be very 

pronounced and sharp on the 500 and 600-foot (152 and 183 m) levels of the mine
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(Billingsly, 1990). Mine-scale variability of base-metal and precious-metal content was 

not established quantitatively but a general increase in lead content is noted with 

depth (Best, 1990). Copper credits for some shipments of ore from the 500 and 600- 

foot (152 and 183 m) levels ran considerably higher than the mine average, with one 

shipment from the AFM operation assaying 1% Cu (Billingsly, 1990). Assays show 

good silver values down to the 975-foot (279 m) level but the values appear to be less 

consistent with depth. Additional sampling below the 600-foot (183 m) level is 

required to establish with certainty if there is an increase in base-metals or a decrease 

of precious metals with depth.

The contacts between the quartz veins and the andesite (Ta) are gradational 

over 1-2 feet (0.3 to 0.6 m), with pervasive and stockwork silicification of the andesite. 

A zone of silicification extends up to several tens of feet into the andesite in the 

hangingwall of the vein system. Several small parallel veins up to 3 feet (1 m) wide 

are locally exposed in the Shamrock workings within 10-30 feet (3 to 9 m) of the 

Hangingwall vein. The contacts between the quartz veins and the diabase dike are 

sharp, and quartz-vein breccia fragments are commonly incorporated within the 

diabase. Thin splays of the diabase locally cut into both veins. The diabase is almost 

completely altered to clay minerals, but seldom silicified.

Vein-related alteration of the andesite (Ta) on the surface is characterized by a 

10 to 30-foot (3 to 9 m) wide vein-parallel zone of pervasively silicified andesite and 

veinlets and vesicle-fillings of quartz +/- calcite. The color of the andesite (Ta) within 

the thesis area is generally red and brown, but within 100-300 feet (30 to 90 m) of the 

footwall and within as much as 800 feet (244 m) or more from the hangingwall of the 

Ash Peak vein, it is commonly dark green to black. The darker andesite has a 

relatively weaker resistance to weathering than the red and brown andesite. There is
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no apparent mineralogical difference between andesites of different colors.

Distinctly darker-colored andesite also occurs immediately northeast of the 

thesis area within well-defined 5 to 50-foot (1.5 to 15 m) wide, N30W to N40W- 

trending shear zones. Several outcrops of porphyritic intrusions similar to the (Tpi) 

unit are recognized within these altered zones. Andesite within these NW-trending 

zones contains vesicles that are filled with quartz, calcite, and zeolite, while 

immediately adjacent to these areas the vesicules in andesite are generally not filled 

with secondary minerals. Where intrusions and veins are exposed, the ratio of 

mineral-filled to air-filled vesicules in andesite decreases away from veins and 

porphyritic intrusions, with no decrease in the total abundance of vesicules.

A pronounced ridge with 5-10 feet (1.5 to 3 m) of relief parallels the Ash Peak 

fault approximately 200-300 feet (60 to 90 m) into its hangingwall. This ridge is a thin 

section of red andesite with quartz veinlets and quartz filled vesicles that immediately 

overlies incompetent and strongly altered dark green andesite with a sharp horizontal 

contact. This is the only exposure within the thesis area of an andesite that displays a 

sharp vertical change in the style and degree of alteration.

DISCUSSION

Mineralization

Characteristics of mineralization and alteration indicate that the Ash Peak 

deposit is an adularia-sericite-type vein system as defined by Hayba et al. (1985) and 

Heald et al. (1987). Metal zonation patterns were not determined, but the base-metal 

content of ore appears to increase with depth. Variations in base-metal and precious-
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metal contents are most notable between aphanitic and porphyritic host rocks, with 

base-metals and being relatively enriched and precious-metals being depleted in the 

porphyritic intrusions (Table 1).

Propylitic alteration at Ash Peak is characterized by alteration of feldspar to 

sericite and alteration of mafic minerals to hematite and chlorite. Propylitic alteration 

of the lower andesite appears to be related to the intrusion of small, structurally- 

controlled, pre-mineral dikes and plugs, and not directly related to the vein 

mineralization. Hayba et al. (1985) report that it is common for adularia-sericite-type 

systems to display an "outermost propylitic alteration zone (that) appears to have 

formed prior to ore deposition and may be unrelated to the ore-forming hydrothermal 

system".

Vesicules filled with secondary minerals other than zeolites occur preferentially 

along structurally controlled linear zones and proximal to veins and intrusive plugs. 

Many amygdules are composed of chalcedonic to coarsely-crystalline clear and 

amethystine quartz and manganiferous calcite, which are the dominant gangue 

minerals within the Ash Peak veins. It is proposed that the secondary minerals other 

than zeolites that fill vesicules may be hydrothermal in origin, and related to intrusions 

and mineralization.

Potential exists for future discoveries in this district. Propylitic alteration is too 

wide-spread to serve as a useful tool for exploration. Sericitic alteration and quartz 

veins are not useful indicators for ore either because they are restricted to a 1 to 30 

foot (0.3 to 9 m) zone near veins. Quartz and calcite-filled vesicules may serve as 

useful indicators for an uncertain distance above and lateral to ore, if indeed they are 

hydrothermal in origin and related to mineralization. Porphyritic intrusions may be 

more amenable to mineralization and host higher-grade mineralization than aphanitic
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andesite flows. Successful ore-search will ultimately require the recognition of 

favorable structural settings.

Structure

The mineralized structures at Ash Peak formed by simple shear of brittle rock. 

Displacement was left-lateral and the general direction of movement was 

approximately N50W. Experiments by Riedel (1929), Tchalenko (1968 and 1970), 

and others demonstrate that left-lateral movement in the substrate will produce a 

shear zone in an overlying medium that is very similar to that recognized at Ash Peak. 

Comparison of structural relationships at Ash Peak with these experiments suggests 

that the mineralization event began in the early stages of shear zone development 

and that left-lateral shear ended in the waning stages of, or shortly following the 

mineralization event.

The mineralized structures at Ash Peak probably formed within the andesite 

host rocks shortly after their deposition and lithification. Prior to shear zone 

development, the andesite formed a relatively thin layer of weakly deformed material 

above a deep-seated NW-trending fault zone. This setting is simulated in 

experiments by Tchalenko (1968 and 1970) which utilized two wood blocks that slid 

past each other beneath an undeformed clay slab. The fault geometry at Ash Peak 

mimics that produced in the experimental clay slabs. It is proposed that analogies of 

Ash Peak structures with Tchalenko's experiments can be made and that the 

experiments may serve to explain some aspects of deformation and mineralization 

recognized at Ash Peak.

In the experiments (Tchalenko, 1968 and 1970), conjugate Riedel shears (R')
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are the first structures to form and they are oriented at a high angle to the general 

direction of movement. Riedel shears (R) develop shortly afterwards, and they are 

oriented at an angle of approximately 12 degrees (in clay) from the general direction 

of movement. As movement continues, the earlier formed conjugate Riedel shears 

and Riedel shears are both unfavorably oriented to accommodate large relative 

displacements (Tchalenko, 1970). Movement at this stage is accommodated by 

newly-formed "P" shears, that are oriented opposite to and symmetric with the Riedel 

shears, with respect to the general direction of movement (Tchalenko, 1968 and 

1970). Residual structures are the last to form. During the residual stage nearly all 

displacements take place along a single principal shear that is coincident in strike with 

the general direction of movement (D) (Tchalenko, 1970).

All six of the unique structural elements recognized at Ash Peak can be 

interpreted as structural elements within a left-lateral shear zone as described by 

Tchalenko (1970). The general direction of movement and orientation of residual 

structures is along the major N40W to N55W-trending fault zone (D-structures). 

Fractures oriented at N20E to N45E (R1-structures) represent the conjugate Riedel 

shears. The N55W to N70W-trending structures (R-structures) that host most of the 

mineralization are interpreted to be Riedel shears. The N20W to N30W-trending 

faults (P-structures) are interpreted to be "P" shears. N80E to N80W-trending 

structures (E-structures) are extensional structures that occupy the tension gash 

orientation and strike in the direction of maximum compression. N-S oriented 

structures (C-structures) are believed to be related to compression and shortening, or 

they are a group of conjugate Riedel shears with a more northerly trend than the 

recognized R'-structures. Right-lateral displacement of a small vein along a N-S- 

striking fault in the SE corner of the thesis area supports that C-structures may be
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conjugate Riedel shears.

Mineralization at Ash Peak is hosted predominately by Riedel shears (R- 

structures), the Ask Peak fault (D-structure), and tension gashes (E-structures). The 

experimental results (Tchalenko, 1970) suggest that all of these mineralized 

structures should have formed and remained active in the early stages of shear zone 

formation. Two P-shears, which theoretically should form late in the shear zone 

evolution, are recognized in the 600 foot (183 m) level workings of the Shamrock 

Shaft. One of the P-shears, located 500 feet (152 m) west of the Shamrock shaft, 

truncates and slightly displaces the Hangingwall vein. Another P-shear, located 200 

feet (60 m) east of the Shamrock shaft, is characterized as 50 foot (15 m) wide 

brecciated zone with weakly silicified andesite and abundant open cavities lined with 

quartz. Post-mineral displacement of the veins on P-shears is distinct, but of small 

magnitude. These observations indicate that P-shears were active in the waning 

stages of, and following the mineralization event. Experimental results (Tchalenko, 

1970) predict that residual structures should form last, and that they take up most of 

the displacement once they are active. The Billingsly fault is a residual structure that 

is oriented parallel to the main direction of movement. This fault does not host any 

mineralization and it abruptly truncates the Ash Peak vein, compensation vein, and 

the andesite dike. It is distinctly post mineral. Continuation of the Ash Peak vein and 

the andesite dike on the other side of the Billingsly fault, with only minor offset, 

suggests that the residual stage of movement may have been short-lived.

Ash Peak is located within a zone of faulted rock that is at least 3 to 5 miles (5 

to 8 km) wide. The main direction of left-lateral strike-slip movement was 

approximately N45W to N50W at the time of mineralization. This trend parallels the 

nearby Gila discontinuity, as well as the general structural fabric of the region. It is
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proposed that movement within the fault zone at Ash Peak has occurred in response 

to movement on deep-seated structures, and this reflects the state of stress for the 

region.

By continued analogy with experiments by Tchalenko (1968 and 1970), which 

utilized two blocks of wood that slid past each other beneath an overlying slab of clay, 

it is proposed that the strike-slip and normal movement on the NW-trending faults at 

Ash Peak occurred in response to movement within the nearby, parallel-trending, 

deep-seated Gila discontinuity. The change from strike-slip movement to normal 

faulting, at some time after approximately 20 Ma in the Ash Peak area, reflects a 

change in stress from E-W-directed compression to E-W-direeled extension. This 

change may mark the onset of the Basin and Range disturbance in this portion of 

southeastern Arizona.

CONCLUSIONS

The Ash Peak veins are adularia-sericite-type, silver-bearing quartz veins. The 

formation of the veins coincided with an episode of left-lateral movement along NW- 

trending faults. Post-mineral displacements on these faults have been predominately 

normal. This change of relative motion on faults occurred in response to a change in 

stress from E-W-directed compression to E-W-directed extension, and corresponds 

with the onset of the Basin and Range disturbance in this area.
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