
 

             Introduction 

Antelope Valley is located in Sierra County California. The volcanic rocks within this 

valley are remnants of the Southern Ancestral Cascade (SAC) arc, which caused 

volcanism in northeastern California during the Upper Miocene (11.6-5.3 Ma) (John et 

al., 2015). Antelope Valley is of interest because it contains a gold, silver and copper 

resource that is temporally and spatially related to SAC volcanism. Determining how 

this deposit formed will further our understanding of high-sulfidation epithermal 

deposits within the SAC arc.  
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Methods 

 Geologic and alteration zone mapping will occur during the summer of 2017 using field work and geochemical 

techniques (XRD). Rock samples collected during field work will be described and made into thin sections which 

will be used to describe the mineralogy and rock textures. During thin section analysis, quartz will be analyzed 

through cathodoluminescence to distinguish the different generations of quartz. Quartz forms during different 

stages in the system and it is necessary that the quartz is correlated to the late stage, ore forming fluid. Once the 

quartz is identified, fluid inclusion analysis will be completed to determine the temperature, pressure and 

composition of the fluids. Three samples will then be age dated using K-Ar geochronology in order to determine 

how long the system was active.  
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Propylitic Intermediate Argillic 

(Clay) 

Quartz-Pyrophyllite Quartz-Alunite Vuggy Silica 

A. Hand sample of propylitically 

altered andesite. The rock is 

green due to chlorite. B. 

Plagioclase (Plg), biotite (Bt), 

hornblende (hbl). 

Photomicrograph in plane 

polarized light showing alteration 

of primary minerals. Propylitic 

alteration is characterized by 

epidote, chlorite, albite and 

carbonates (Sillitoe 2010). 

 

C. The clay alteration zone, 

which may contain illite, 

montmorillonite, or kaolinite. D. 

XRD analysis must be performed 

in order to determine the 

composition and identity of the 

clay. The composition of the clay 

can be used to estimate the depth 

and temperature of formation 

(Hedenquist, 2000).  

 

E. Hand sample showing an 

oxidized rock from the quartz-

pyrophyllite zone. The white 

phenocrysts are pyrophyllite.  

F. Photomicrograph of a sample 

from the quartz-pyrophyllite 

zone in cross-polarized light. The 

colorful minerals are pyrophyllite 

and the groundmass is quartz.  

G. Hand sample of quartz-alunite 

with abundant quartz eyes in an 

aphanitic matrix.  

H. Photomicrograph of a quartz-

alunite sample. The alunite is 

growing in a vugg.  

I. Rock sample of vuggy silica 

collected at Golden Dome 

showing vuggs from leached 

phenocrysts.  

J. The photomicrograph of this 

sample shows the different stages 

of silica precipitation in which 

mosaic quartz formed first and 

the cockscomb quartz formed 

later, filling the vuggs.  

Figure 4: Topographic map of the inside of Antelope Valley. 

The circular areas outlined in black are silicified hills mapped 

by Young & Cluer, 1991. Golden Dome is the only silicified hill 

where mineralization (native sulfur, copper oxides and copper 

sulfides) has been observed in outcrop.  

Figure 1: Modified from John et al., 2015. The blue outline 

shows the location of the southern Ancestral Cascade arc and the 

green is the Walker Lane. The colored dots represent different 

epithermal deposits. The box just north of Lake Tahoe shows the 

epithermal deposit within Antelope Valley called Golden Dome.  

Geologic Background 

 

Steps in the formation of a High-Sulfidation (HS) Epithermal Deposit Figure 6: Hand samples (top row) and photomicrographs (second row) from the HS epithermal alteration zones from Antelope Valley, CA. The XRD graph shows peaks 

which are used to determine the clay chemistry. The bottom row shows the steps in progression from one alteration zone to the next.  

Figure 5: Model showing the locations of alteration zones 

within the volcanic edifice (Sillitoe, 2010).  

 

 

Preliminary Results 

Rock Type Preliminary results show that the rock types within Antelope Valley are altered and 

unaltered volcanic rocks. The rock types observed thus far are andesite, dacite, fault 

breccia, tuff and pyroclastic flow deposits.  

 

Alteration Zones  

1) The propylitic zone retains 

the relict host rock texture and 

mineralogy. 

2) With progressive cooling, the 

fluids become more acidic and 

increase the degree of alteration. 

3) Increasing alteration is 

characterized by progressive 

changes to the host rock. 

Primary minerals are either 

altered or leached by the fluids 

and alteration minerals are 

formed.  

4) As primary minerals are 

removed, there is less buffering 

by the host rock and the amount 

of leaching increases. This results 

in vuggs which provide room for 

alteration minerals to grow.  

5) The vuggy silica zone is the 

last to form and the most acidic. 

It forms when most of the 

primary minerals have been 

leached and SiO2 is the only 

stable mineral.  

Increasing alteration 

Mineralization 

Metal sulfides and oxides were 

found in the vuggy silica zone, 

these samples were taken from 

Golden Dome. Metals are 

deposited in this zone due to the 

porosity of the vuggy silica. Metal 

deposition is a late stage process in 

the evolution of a magmatic 

system. The system needs to be 

long lived in order to create the 

vuggy silica. It then needs to either 

cool enough or become neutralized 

so that metals can be deposited. 

A. Reflected light microscopy 

showing enargite and pyrite 

mineralization. The mineral 

textures can be interpreted to 

represent multiple events, in which 

there were multiple stages of 

fluids. The vuggs formed first, the 

pyrite (FeS2) formed second, and 

enargite (Cu3AsS4) formed third.  

B. Silver in reflected light.  C. Transmitted light microscopy of 

a secondary copper oxide in cross 

polarized light. Copper oxides are 

found in the vuggy silica zone at 

Golden Dome and represent 

secondary supergene processes. 

Copper is leached from primary 

copper sulfides by meteoric water 

and redeposited as a copper oxide 

in vuggs.  

Fluid Inclusions 

A. Transmitted light 

photomicrograph showing 

different stages of quartz 

formation. Mosaic quartz 

formed through deposition 

and recrystallization of 

amorphous silica. 

Cockscomb quartz formed 

next within the vuggs. The 

cockscomb quartz is the 

target for fluid inclusions 

as it is representative of a 

late stage fluid.  

B. Transmitted light 

photomicrograph in cross 

polarized light showing 4 

generations of quartz; 

“quartz eye”, mosaic 

quartz, fine-grained quartz 

and cockscomb quartz.  

C. “Quartz eye” with an 

embayed and feathery 

texture that hosts 

numerous fluid inclusions. 

Many of the inclusions 

host a double ring which 

is interpreted as an 

immiscible fluid. These 

immiscible fluids are 

hypothesized to be H2O 

and CO2 but definitive 

results will be obtained 

through fluid inclusion 

analysis. These fluid 

inclusions are probably 

not representative of a late 

stage, ore bearing fluid.  
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Figure 7: Preliminary results of mineralization found at Golden Dome. Mineralization (Cu, Ag, S) has only been observed in the vuggy silica zone at Golden Dome.   
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Discussion and Conclusion 

From the preliminary results it appears that ore mineralization occurs mainly in the 

vuggy silica zone. Due to the abundant fluid inclusions and alteration zones it appears 

that this was a long lived hydromagmatic system. Further research is required in order 

to understand the characteristics and formation of this HS epithermal deposit. 

Ongoing Research 

Methods Importance Date 

Extensive Literature Review and Data Gathering To understand past work in Antelope Valley. 12/2016-05/2017 

Petrographic Description of 15 Samples To describe the rock types and alteration 

zones. 

12/07/2016-04/07/2017 

Geologic/ Alteration mapping of 9 square miles To understand the geologic history. Spring/ Summer 2017 

Creation of 1:24,000 map and cross-section  Summer 2017 

Cathodoluminescence of 7 samples Used to determine the temporal history of 

quartz generations. This is necessary for 

interpretation of fluid inclusion data.  

07/01/2017-07/20/2018 

Thin section descriptions in transmitted and 

recflected light  

For identifying alteration and ore minerals, 

determining mineral paragenesis and 

investigating rock textures that may be have 

formed from hydrothermal fluids. 

Summer 2017 

Fluid Inclusions at University of Arizona Used to determine pressure, temperature and 

composition of the hydrothermal fluids that 

caused the alteration.  

Fall 2017 

SWIR Terraspec at UNR Used to identify clay type and alteration zone.  Fall 2017 

Geochronology of 3 samples To constrain the timing of alteration Fall 2017 

First Draft of thesis done November 24 2017 

Writing and Editing Thesis Spring 2018 

GSN Poster Session Spring 2018 

GSA Poster Session Spring 2018 

1) A solution of magmatic fluids and dissolved metals are released from a magma reservoir.  

2) As this fluid moves upwards, it cools and becomes more acidic. 

3) Multiple fluids move through the host rock, creating gradational alteration zones. 

4) Fluids follow fractures, faults and permeable strata and may move out laterally. 

5) Metals are deposited in the vuggy silica zone during cooling or neutralization of the 

fluids. 

Figure 3: 1:62,500 geologic map and legend of the Antelope Valley 

Volcanic Center by T.L.T. Grose, 2001. This map shows the 

location of volcanic rocks, Hornblende andesite (Tavd) and silicic 

andesite and dacite (Tavf). The  circular ridge that surrounds the 

valley has been interpreted as a volcanic edifice. 
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Figure 8: Table showing some of the quartz textures found within the vuggy silica zone.  

Figure 2: Google Earth image showing the location 

of Antelope Valley, Sierra County California in 

relation to the towns Sierraville and Loyalton. The 

area outlined in black is the  9 square-mile mapping 

area, which lies just south of the Palen Reservoir.   
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