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Hydrothermal iron-oxide-rich mineralization
(analogous to Kiruna / Olympic Dam types) is
widespread in southwestern North America.
Collectively these occurrences form a
metallogenic province comparable in number
and area to better known Proterozoic and Phan-
erozoic provinces elsewhere (Figure 1). Varied in
detail, these deposits share an association with
saline fluids, voluminous alkaline (Na- and/or K-
rich) alteration, low total sulfur contents, and
variable enrichments in REE, Cu, Au, Ag, Co
and U among elements of economic interest.
Iron has been the major commodity produced
with minor Cu and Au. Only iron is well docu-
mented. The largest systems contain on the order
of 1Gt of iron-oxide-rich material (Humboldt
Complex, NV; Yerington district, NV; Eagle-
Palen Mountains, CA). The largest described Cu-
rich portions of these systems have >10Mt of
material containing in excess of 1% Cu and
0.1ppm Au. Massive (discordant to concordant),
breccia and stockwork bodies of magnetite and/
or hematite along with accessory phosphates,
sulfides and silicates form the mineralized zones.
Most metals are concentrated in the late / distal
parts of the paragenesis. Study in this area offers
a number of advantages: relative youth and good
regional geologic control, diverse geologic
settings, excellent exposures (commonly of tilted
crustal sections), and previous study on a num-
ber of districts.

Most of these systems are closely related in
time and space to magmatism, yet igneous
compositions vary from mafic to felsic and from
subalkaline to mildly alkaline. Hematite-rich
detachment-type mineralization of the southern
Basin and Range Province represents a variant
that is possibly amagmatic in origin (Spencer
and Welty, 1989; Wilkins et al., 1986; Chapin
and Lindley, 1986). Structural controls on depos-
its are prominent, but the types of structures are
highly varied including regional strike-slip,
thrust, low-angle normal (“detachment”) and
high angle normal faults, as well as igneous
structures such as caldera-bounding faults,
extensional dike swarms, and structures accom-
modating pluton emplacement.

Alteration and metal suites vary with compo-
sition of the host and associated igneous rocks.
In feldspathic host rocks, sodic alteration
(albitization, scapolitization) is deep whereas
hydrolytic alteration (sericitic, chloritic and local
advanced argillic assemblages) is shallow.
Details of the alteration assemblages vary with
host composition (mafic to felsic, carbonate) and
also with inferred sources of hydrothermal fluids
(magmatic, marine evaporitic, continental
evaporitic). An association of sodic alteration
and porphyry copper systems is well docu-
mented in the Yerington district, Nevada and
elsewhere (Carten, 1986; Dilles and Proffett,
1995), however sodic alteration is far more
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Figure 1.  Distribution of Fe-oxide-rich hydrothermal
systems of Phanerozoic age in southwestern North
America. Most belong to one of three episodes: Jurassic
(western U.S., northern Mexico), Laramide (Late
Cretaceous - Paleocene; western Mexico), Oligocene-Early
Miocene (central Mexico to southwestern U.S.). Names,
ages, and associated igneous rock types are shown for
selected districts that have been studied in this project.

in M.D. Roberts and M.C. Fairclough (editors) Fe-oxide-
Cu-Au Deposits: A discussion of critical issues and
current developments, EGRU Contribution 58, James
Cook University, p. 5-11. Presented  March 17, 2000.



widespread and the characteristic type of associ-
ated mineralization is iron-oxide-rich and not
porphyry style (Barton et al., 1988; Battles,
1990; Battles and Barton, 1995). Where present,
potassic alteration associations (K-feldspar, K-
mica) are typically shallow and constitute two
distinct types: one where fluids upwell (and can
deposit ore minerals), the other where alkaline
fluids recharge. These two are distinguishable in
geometry (vertically focused vs. laterally exten-
sive), mineral associations (Kf-Bi-Qz-sulfides
vs. Kf-Hm), and geochemistry (e.g., δ18O, T of
formation). Calcic minerals, notably actinolite
and clinopyroxene can be common with both
sodic and potassic assemblages. In southwestern
North America, an abundance of carbonate host
rocks leads to widespread development calc-
silicate (skarn) alteration assemblages. In a
number of districts the skarns are clearly lateral
variations of igneous-hosted Fe-oxide types.

Most Phanerozoic systems in SWNA belong
to one of three episodes (Table 1). In the U.S.,
Jurassic and mid-Tertiary ages predominate,
whereas in Mexico mid-Tertiary and Laramide
systems are most common. The active Salton
Sea geothermal system provides a useful modern
analog (McKibben and Hardie, 1997). These and
other geologic patterns coupled with petrochemi-
cal evidence (petrological, whole rock, isotopic,
theoretical) suggest a central role in many
systems for an evaporitic component from
contemporaneous/older brines or evaporites (cf.
Barton and Johnson, 1996; Battles and Barton,
1995). Some systems (e.g., Yerington batholith,
Yerington district, NV; Carten, 1986; Dilles and
Einaudi, 1992) are clearly hybrids of magmatic-
hydrothermal systems with non-magmatic
brines. In others (e.g., Humboldt mafic complex,
NV, Vanko and Bishop, 1982; Battles, 1990;
Shamrock batholith, Yerington district, NV,
Battles, 1990; detachment systems, AZ-CA,
Wilkins et al., 1986; Spencer and Welty, 1989) a
magmatic fluid component is absent likely
absent. A few systems (e.g., Superior-Engels,
CA) could be largely magmatic-hydrothermal,
however, even there evidence is equivocal. Most
metals are from igneous rocks, but may not be
sourced from a magma. Rather, whole rock
compositions, other geochemical evidence
(isotopes) and field relationships indicate that
metals  are stripped during sodic and other types
of alteration, commonly in world class amounts
(Fe>1Gt, Cu>10Mt, Zn>10Mt).

Theoretical modeling of the saline non-
magmatic fluids in igneous-related hydrothermal
systems provides a test for what can happen in
this geologically plausible environment. We have

considered energy and mass balance constraints
on the involvement of non-magmatic brines in
igneous-driven hydrothermal systems (Barton et
al., 1998). From this we predict similarities and
differences with systems where fluids are de-
rived from magmatic sources. Simulations
(based on modified numerical models from
Hanson, 1995; Hanson et al., 1993) allow further
analysis, particularly of impact of alternative
geometries, permeability structures, and chemi-
cal feedbacks. This coupled physical and chemi-
cal approach allows a parametric analysis of the
similarities and differences in hydrothermal
alteration, metal sources, and possible traps.
Theoretically, multiple mechanisms can be
effective in precipitating metals of economic
interest, thus the rarity of economically mineral-
ized systems compared to the large number of
occurrences suggests that geological serendipity
plays a larger role than in some other deposit
types.

In comparison with porphyry-style mineral-
ization from the same size and composition
intrusion, circulation of externally-derived brines
creates much more voluminous alkali alteration
with different geometries. Absolute metal mo-
bilities are potentially greater, but the total
masses concentrated are sensitive to (and typi-
cally limited by) the original bulk contents and
availability of appropriate traps. The models
predict metal contents and alteration volumes
compatible with system-scale observations. Both
end member and hybrid systems (magmatic and
non-magmatic sources) seem likely. In principle,
both can produce significant Cu mineralization
(>1 Mt contained Cu).

Evaluation of alternative models for Fe-
oxide-rich systems can be systematically tested
by modeling, but it must be founded on field-
based geological understanding of the spectrum
of known systems. It is unlikely that any single
model will explain the diversity of these metal-
enriched iron-oxide dominated rocks. Critical
issues are to better understand the distribution of
alteration and its links to metals, the fate of
precious metals and base metals in sulfur-
deficient systems, the meaning of differences in
tectonic, magmatic and sedimentary settings
among the systems, and the significance of
alternative origins for economic potential.
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Table 1.  Some characteristics of  Phanerozoic Fe-oxide(-REE-Cu-Au etc.) systems from southwestern North America
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