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INTRODUCTION

Fluid infiltration is an important process during the contact
metamorphism of siliceous carbonates (e.g., Moore and Kerrick
1976; Bowman and Essene 1982; Nabelek et al. 1984, 1990;
Bebout and Carlson 1986; Ferry 1986, 1989, 1994; Cook and
Bowman 1994; Gerdes et al. 1995; Hanson 1992, 1995a, 1995b;
Cook et al. 1997; Marchildon and Dipple 1998; Dipple 1998;
Ferry and Gerdes 1998; Cook and Bowman 2000). Often, the
relationship between metasomatism and magmatic intrusion is
controversial (Guilbert and Parks 1986; Barton et al. 1991;
Skinner 1997). However, elemental and isotopic analyses of
metasomatized whole-rock and mineral samples can provide
important information concerning the probable source, com-
position, and physical-chemical condition of infiltrating fluids
(Nabelek et al. 1990; Barton et al. 1991; Nabelek and Labotka
1993; Romer and Heinrich 1998).

Recent studies of the Alta stock contact aureole, Utah, have
shown that fluid infiltration played an important role in heat
and volatile transport during the metamorphism of siliceous
carbonates (Cook 1992; Bowman et al. 1994; Ferry 1994, 1995;
Cook and Bowman 1994; Hanson, 1995b; Gerdes et al. 1995;
Cook et al. 1997; Marchildon and Dipple 1998; Cook and Bow-

ABSTRACT

Geochemical study of the Alta stock and adjacent contact aureole rocks provides information
concerning the source, composition, and physical-chemical conditions of infiltrating fluids. Special
emphasis was given to boron (B) as a tracer of fluid-rock interactions due to the occurrence of borate
minerals (ludwigite, kotoite, and szaibelyite) in skarn deposits around the stock. In addition, thin
section alpha-track mapping implies significant B enrichments in fluid-altered minerals within the
stock, stockwork veins and related selvages, igneous sills near the stock, contact skarns, and in
marbles up to 500 m from the stock. Forsterite, clinohumite, lizardite, and malachite contain be-
tween 50 and 1200 ppm B. Diopside, calcite, clintonite, phlogopite, brucite, hedenbergite, tremolite,
and other minerals host B to a lesser extent. Aureole B enrichments correlate well with major and
other trace-element enrichments, and support existing models of element transport in magmatic
fluids with lateral down-temperature flow. Large variations in mineral B concentrations reflect changes
in B concentrations of these fluids through time. Mass-balance calculations indicate that magmatic
fluids emanating from the Alta pluton could supply most B in the Alta aureole. It is estimated that the
emplaced magma had an initial B concentration between 7–10 ppm; indicated exhalative losses of B
from the pluton are on the order of 50%. We estimate that the exsolved fluids had a time–integrated
B concentration of 160 ± 40 ppm, although much higher concentrations may have attended local
borate mineralization.

man 2000). Reaction-progress calculations and finite-element
modeling indicate that all metamorphic zones, including the
outermost talc zone, required some fluid infiltration (Cook
1992; Ferry 1994; Cook and Bowman 2000). The Alta stock
appears to be the source of infiltrating fluids based on oxygen
isotopic data and field observations (Moore and Kerrick 1976;
Cook 1992; Cook and Bowman 1994, 2000; Bowman et al.
1994; Cook et al. 1997), and most researchers agree that mag-
matic fluids infiltrated the carbonates within 200 m (periclase
zone) of the stock. This study reexamines the source and na-
ture of infiltrating fluids in terms of major- and trace-element
variations in a transect across the aureole.

Boron is an especially important indicator of infiltration as
borate mineralization at Alta is pervasive near the stock con-
tact and occurs locally in metasomatic deposits. This element
is highly soluble in aqueous fluids and is considered to be rela-
tively incompatible in most rock-forming minerals (Leeman
and Sisson 1996). Therefore, fluids likely control the B distri-
bution in this system. Moreover, B contents in metasomatic
minerals provide complementary information on fluid distri-
bution patterns and the extent of fluid infiltration.

GEOLOGICAL BACKGROUND AND PREVIOUS WORK

The Alta stock is one of 11 mid-Tertiary calcalkaline intru-
sions in Utah’s central Wasatch Mountains (John 1991; Fig. 1).
The stock is a granodiorite to quartz monzodiorite body with
plagioclase, perthitic K-feldspar, quartz, hornblende, and bi-


