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• Antelope Valley exhibits alteration 

and mineralization consistent with 

that found in high sulfidation 

epithermal systems.

• High sulfidation (HS) refers to the 

oxidized state of sulfur within the 

hydrothermal system, which is 

responsible for the highly acidic 

fluids that cause the alteration 

assemblage (Hedenquist 1987).

• The ancestral Cascades magmatic 

arc consists of 25-4Ma andesites 

and dacites, stretching from 

Goldfield NV to the active 

hydrothermal system at Lassen 

Volcanic Park (Figure 1.)

• The ancestral Cascade magmatic arc is located along the eastern Sierra 

Nevada margin, stretching from Goldfield NV, to the active hydrothermal 

system at Lassen Volcanic Park. 

• The onset of volcanism began in northern California during the Oligocene 

(28-24ma), with a cessation until activity resumed during the Miocene (16-

8ma) erupting andesitic and basaltic andesite flows further south. 

• Arc volcanism continued until approximately 4ma when a proposed slab tear 

separated the ancestral cascade arc from the modern High Cascades arc (du 

Bray and John, 2011). 

• Walker Lane transnational faulting provided a conduit for hydrothermal 

fluids to alter the volcanic extrusions of Antelope Valley (Blakely, et al. 

2007).

Figure 1: The ancestral Cascade volcanic 

arc. Antelope Valley is located 28 miles 

west of Reno NV. (From Colgen, et. al 

2011)

Textural Evolution of the Antelope Valley High Sulfidation Altered Rocks

Comparison of Textures and Minerology

•Porphyritic dacite likely hosts the alteration in Antelope Valley due to the 

presence of tabular plagioclase and equant quartz eyes.

•Primary igneous textures are not preserved within altered samples due to 

intense episodes of hydrothermal alteration, making host rock identification 

difficult.

•Plagioclase phenocrysts are leached out and replaced by alunite, or remain as 

empty “vuggs.” A comparison of aspect ratios among altered samples and 

dacite show a trend of increasing phenocryst size with more intense alteration.

•Alunite occurs as a replacement of plagioclase (Hendquist 1987; Arribas, 

1995; Rainbow, et al. 2004) and maintains a similar porphyritic texture to that 

of its unaltered counterpart.

•Dacite is the only unaltered rock with quartz eye phenocrysts, a texture that is 

seen throughout altered rock samples.

•Quartz eyes occur both as equigranular primary phenocrysts, or elongated 

secondary phenocrysts. Primary quartz eyes can be fragmented during 

emplacement and reworked into the silicic groundmass during later alteration. 

•Vuggy silica represents the highest grade of alteration and forms the center of 

the altered regions, grading laterally to quartz-alunite, quartz-pyrophyllite, clay, 

and propylitic alteration. High sulfidation epithermal deposits form from 

geothermal systems where acidic fluids flow through volcanic rock, dissolving 

and replacing it. The fluid becomes progressively more neutral with rock 

interaction, forming a zoned pattern of alteration. 

•Dacite is sparsely distributed within the base of the valley along with 

topographically high domed features of HS alteration envelopes. Dacite 

develops dissolved pores, fractures, and vesicles that are well connected to one 

another, which forms the fracture-pore space (Zou, 2017) needed for through-

flow of the acidic fluids. 

•High temperature formation condition indicate quartz eyes will form in 

a magma chamber rather than by secondary processes (Betsi and Lentz, 2010). 

Future analysis of quartz eyes is needed to accurately identify emplacement 

phases. 
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Quartz eye (Qe) : Equant euhedral phenocrysts occur as a primary texture.

Quartz (Qtz) : Occurs as microcrystalline groundmass or cockscomb vugg filling features

Alunite (Al) : Coarse grained, occurs as plagioclase replacements. Not a massive phenocryst, rather multiple radiating  crystal aggregates

Dickite (Dck) : A fine grained replacement found with alunite in altered phenocrysts.

Vuggs (Vug): Leached plagioclase phenocrysts  remain as unfilled voids within the sample.

Plagioclase (Plg) : Coarse tabular phenocrysts, crystals commonly show albite and Carlsbad twins, with rare oscillatory zoning.

Pyroxene (Px) : Euhedral phenocrysts are equant to tabular

Biotite (Bt) : Tabular subhedral phenocrysts, only occur in dacite sample

• Identifying the host rock will help develop a greater 

understanding in age of alteration and mineralization, and the 

relationship to other high sulfidation epithermal deposits.

• The goal of this study is to identify the host rock of the 

epithermal deposit in Antelope Valley.
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Figure 3A: Alunite clay alteration (GD-17-46) with alunite and 

clay replacing phenocrysts. Replacement phenocrysts are tabular, 

while quartz eyes are roughly equant.

Figure 3B: Quartz alunite (GD-17-01)  with tabular  alunite 

phenocrysts. Groundmass has been replaced by mostly 

microcrystalline silica, with minor alunite. Quartz eye phenocrysts are 

fine grained  and show minor elongation.

Figure 3C: Vuggy silica (GD-17-07) represents the highest grade of 

epithermal alteration and is composed almost entirely of silica. 

Phenocrysts do not fill vuggs as seen in other altered samples, with 

cockscomb quartz lining the vuggs walls. An aspect ratio measurement 

is illustrated on one of the vuggs.
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Figure 2: Pictured is a 

simplified geologic map 

(From Grosse, 2000), 

showing sample 

locations within the 

valley.

Figure 5: Plotted are the aspect ratios of plagioclase 

phenocrysts in unaltered flow samples. 

Figure 4A: Porphyritic dacite (GD-17-75) 

host fragmented phenocrysts of quartz and 

plagioclase.

Figure 4B: Porphyritic basalt (GD-17-47) has 

coarse plagioclase and pyroxene phenocryst. 

Groundmass is composed of mostly fine 

grained plagioclase, with minor pyroxene.

Figure 4C: Porphyritic basaltic 

andesite (GD-17-106) is composed of 

plagioclase and minor pyroxene 

phenocrysts. Few plagioclases show 

growth rings.

Figure 4D: Porphyritic hornblende 

andesite is composed of tabular hbl

and plagioclase phenocrysts. 

Groundmass is very fine grained.

Figure 4E: Fine grained tuff (GD-17-18) 

with a fine grained silica ground mass and 

equant quartz eyes.

Figure 6: Plotted are aspect ratios of alunite phenocrysts and 

vuggs within altered samples. All three samples show similar 

linear correlations with their trend lines

Figure 7: Plotted are the aspect ratios of the four samples 

with quartz eyes present. Both dacite and the vuggy silica 

have equant phenocrysts, while alunite and clay samples 

have elongated phenocrysts.

• Comparisons between unaltered plagioclase and it’s altered replacements indicate 

that primary plagioclase phenocrysts must be elongated tabular crystals.

• Quartz eyes are all roughly of the same size in all samples plotted, however 

alunite and clay samples show some elongation.

• Both dacite and vuggy silica show similar quartz eye abundance, while the tuff 

has the least out of all five samples. The less altered alunite and clay samples 

have notably more quartz eye phenocrysts. 

• Both alunite phenocrysts and quartz eyes show preservation of primary igneous 

textures of potential host rocks.

Figure 8: Point counts for all samples  with quartz 

eyes
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Qe• Hydrothermal systems found within the ancestral arc are 

geochemically and hydrothermally similar to typical high 

sulfidation epithermal deposits (du Bray and John, 2011). 
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