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INTRODUCTION

Patterns of hydrothermal alteration, including the presence
of classic quartz-sericite-pyrite (QSP) assemblages at Red
Mountain, San Juan Mountains, Colorado (Fig. 1), are analo-
gous to similar mineral assemblage zonations found in por-
phyry Mo and Cu deposits (Munoz 1984; Cox and Singer 1986;
Bove and Hon 1992). These similarities include the spatial as-
sociation of high concentrations of Mo with potassic and su-
perimposed QSP alteration, multiple intrusions, and a relatively
high F content of both sericite and secondary biotite. However,
the superimposition of a deeply rooted acid-sulfate hydrother-
mal system on the porphyry-style alteration at Red Mountain
has confounded attempts to detect vertical zonation patterns
within the earlier-formed QSP assemblage. Difficulty in deter-
mining these patterns was largely due to strong overprinting
by kaolinite, and possibly by some sericite, that formed during
the acid-sulfate alteration event. In this study we use a variety
of analytical techniques combined with a new method to de-
scribe crystal growth, to characterize zonations and alteration

patterns within the deeper QSP assemblage, and to identify
conditions for illite formation associated with the hydrother-
mal system.

BACKGROUND GEOLOGY

Massive alunitization [roughly 70 million metric tons of
alunite, KAl3(SO4)2(OH)] and subeconomic Mo mineralization
at Red Mountain formed by degassing of S-rich dacitic mag-
mas emplaced along the eastern ring fracture zone (Fig. 1) of
the 22.9 Ma Lake City caldera (Bove et. al. 1990, 1999). In
this deposit (Fig. 2), alunite alteration changes downward
through argillic, QSP, and potassic alteration zones that are
mostly within intrusions, lavas, and hydrothermal breccias.
Quartz-alunite altered rocks (alunite, quartz, and pyrite, with
minor topaz, fluorite, pyrophyllite, and gypsum) also grade
outward into intermediate through weakly argillized rocks (ka-
olinite predominant ± primary feldspars), which in turn change
laterally into a propylitic alteration assemblage (chlorite, epi-
dote, illite, calcite, and relatively unaltered feldspar) on the
periphery of Red Mountain.

Detailed paragenetic studies (Bove et al. 1990; Bove and
Hon 1992) demonstrate that the deep-level potassic alteration* E-mail: dbove@usgs.gov
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ABSTRACT

Mean thickness measurements and crystal-thickness distributions (CTDs) of illite particles vary
systematically with changes in hydrothermal alteration type, fracture density, and attendant mineral-
ization in a large acid-sulfate/Mo-porphyry hydrothermal system at Red Mountain, near Lake City,
Colorado. The hydrothermal illites characterize an extensive zone of quartz-sericite-pyrite alter-
ation beneath two deeply rooted bodies of magmatic-related, quartz-alunite altered rock.

Nineteen illites from a 3000 ft vertical drill hole were analyzed by XRD using the PVP-10 inter-
calation method and the computer program MudMaster (Bertaut-Warren-Averbach technique). Mean
crystallite thicknesses, as determined from 001 reflections, range from 5–7 nanometers (nm) at depths
from 0–1700 ft, then sharply increase to 10–16 nm at depths between 1800–2100 ft, and decrease
again to 4–5 nm below this level. The interval of largest particle thickness correlates strongly with
the zone of most intense quartz-sericite-pyrite alteration (QSP) and attendant high-density stockwork
fracturing, and with the highest concentrations of Mo within the drill core. CTD shapes for the illite
particles fall into two main categories: asymptotic and lognormal. The shapes of the CTDs are de-
pendent on conditions of illite formation. The asymptotic CTDs correspond to a nucleation and
growth mechanism, whereas surface-controlled growth was the dominant mechanism for the log-
normal CTDs. Lognormal CTDs coincide with major through-going fractures or stockwork zones,
whereas asymptotic CTDs are present in wallrock distal to these intense fracture zones.

The increase in illite particle size and the associated zone of intense QSP alteration and stockwork
veining was related by proximity to the dacitic magma(s), which supplied both reactants and heat to
the hydrothermal system. However, no changes in illite polytype, which in other studies reflect
temperature transitions, were observed within this interval.


