
Abstract. The emergence of SEDEX ores in the rock record at about
1.8 to 2.2 Ga can be related to the hydrosphere and atmosphere pro-
gressively becoming oxidized and therefore sulfide-poor and sulfate-
rich, evolution of sulfate-reducing bacteria, and fundamental changes
in the Earth crust. The reason for the apparent change in tectonic
setting of SEDEX deposits from intracratonic rifts in the Proterozoic
to passive margins is unclear. Phanerozoic SEDEX deposits formed in
paleolatitudes that mirror modern evaporative belts, suggestive of a
brine reflux origin for passive margin SEDEX deposits.
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1 Introduction

The reasons for the uneven distributions of certain classes
or ore deposits in the geological record are generally attri-
buted to secular variations in geological processes that con-
trolled the formation and destruction of these deposits (e.g.
Meyer 1981; Sangster 1990; Hutchinson 1992; Barley and Groves
1992; Titley 1993). We examine the secular distribution of
SEDEX lead-zinc deposits (Fig. 1) that is based on the metal
resource data (Leach et al. 2005) for 148 SEDEX (sedimen-
tary exhalative deposits) lead-zinc deposits. Despite the in-
herent “exhalative component” in the term “SEDEX”, direct
evidence of an exhalite component in the ore or alteration
assemblage is not recognized for many SEDEX deposits.
The age of mineralization is commonly considered to be
synsedimentary, however, some deposits formed in a sub-
seafloor diagenetic environment (i.e. Red Dog, Alaska) and
some formed during burial diagenesis (i.e. Century, Aus-
tralia). Nevertheless, the age of formation is assumed to be
the same or very close to the age of the host rocks.

SEDEX ores are mainly restricted to two groups: one
in the Proterozoic and another in the Phanerozoic (e.g.
Goodfellow 1994 and references therein, Large et al. 2005
and references therein, Leach et al. 2005 and references
therein). The Proterozoic group (at about 1.4 to 1.8 Ga)
includes the large deposits in the Mt. Isa-McArthur basin
of Australia (Large et al. 2005) the Sullivan deposit in
Canada and the deposits in the highly metamorphosed

rocks of the Aravalli-Delhi belt of northwestern India.
The Phanerozoic ores includes the large Red Dog, Alaska
deposits and the deposits in the Selwyn basin, Canada.
The older age group corresponds to SEDEX deposits in
failed continental rifts (rift-sag basins), whereas depos-
its of the younger age group formed along passive conti-
nental margins (e.g. Large et al. 2005 and references
therein, Huston et al. in prep.).

We discuss the possible reasons for the emergence of
SEDEX deposits and examine the tectonic factors that may
have influenced their distribution in the rock record. Re-
cent fluid inclusion studies of the Red Dog deposit to-
gether with analysis of the distribution of SEDEX depos-
its using GIS and plate reconstructions provide insights
into why some Phanerozoic basins are fertile for SEDEX
and others barren.
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2 Emergence of SEDEX deposits evolution of the
hydrosphere and atmosphere

SEDEX lead-zinc deposits form mainly from oxidized (re-
duced-sulfur poor) fluids; therefore, their appearance is
likely a consequence of the evolution of the Earth, par-
ticularly changes in the composition of the hydrosphere
and atmosphere. SEDEX deposits and their closely affili-
ated ores, MVT deposits, are not known to have formed
prior to about 2.2 Ga (Leach et al 2005 and references
therein). The oldest significant SEDEX deposits (~1.8 Ga)
are those of Aravalli-Delhi belt of India (e.g. Goodfellow
1994 and references therein, Leach et al 2005 and refer-
ences therein). The early Proterozoic (2.5-1.8 Ga) is a major
period of change in Earth’s history. Prior to 2.4 Ga, the
atmosphere and (for the most part) the hydrosphere, were
reduced. Between 2.4 Ga and 1.8 Ga, the atmosphere be-
came oxygenated, with the hydrosphere also progressively
becoming oxidized, sulfide-poor and sulfate-rich. Impor-
tantly, chemical changes in the hydrosphere probably did
not occur uniformly, but instead were more rapid in re-
stricted basins (Fig. 2) than the open ocean (Rye and Hol-
land 1998; Farquhar et al. 2001; Huston and Logan 2004
and references therein). Prior to 2.2 Ga, the reduced oce-
anic chemistry prevented formation of SEDEX deposits.
With the minor exception of a sulfate-rich upper oceanic
layer prior to 3.2 Ga, the oceans were generally reduced
and virtually sulfate-free during the Archean and earliest
Proterozoic (Huston and Logan 2004). Changes in oce-
anic geochemistry probably led to the flowering of SEDEX
deposits, beginning at ~1.8 Ga in India, with continuing
between 1655 and 1575 Ma in Australia. Huston and Lo-
gan (2004) suggested that the oxygenation of the hydro-
sphere proceeded unevenly, beginning with small basins
and culminating at ~1.8 Ga with final oxygenation of deep
oceanic basins. The earliest, small SEDEX deposits may
have formed in small basins, with the general oxygen-
ation of the seawater allowing the formation of large de-
posits beginning at 1.8 Ga. A second aspect that may be

important is the evolution of sulfate-reducing bacteria
by this period. These bacteria may have been critical in
the production of H2S at the site of deposition, allowing
deposition of ore metals.

The specific tectonic factors controlling the emergence
of SEDEX deposits are elusive, because the two settings
in which they are known—rifts and passive margins—
appear to have existed back as far as 3 Ga (e.g. Kusky and
Hudleston 1999; Tinker et al. 2002). Nonetheless, there
are some potentially important tectonic changes that oc-
curred about 1.8 Ga. The emergence of SEDEX deposits
came at a time when global radiogenic heat production
was about 1.5 times as great as today (Pollack 1997) and
plates, accordingly, may have been smaller. Furthermore,
by 1800 Ma, it was likely that the first cycle of superconti-
nent breakup and reassembly was nearing completion
(Meert and Mukherjee 2004) and over 80% of the pre-
served continental crust had formed (Collerson and
Kamber 2000).

3 Passive continental margins and the
Mesoproterozoic to Neoproterozoic “gap”

A preliminary survey of passive margins through time
(Bradley and Rowley 2004) revealed two main intervals
when the earth had passive margins: ~2650 to ~1750 Ma,
and ~1050 Ma to present (Fig. 3). Curiously, passive mar-
gins of the older age group appear to be barren of SEDEX
deposits, whereas those of the younger group host im-
portant deposits. Rift basins are common through Earth
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history (Sengor and Natalin 2001) and yet only during a
comparatively short interval in the late Paleoproterozoic
did they host significant SEDEX deposits.

The apparent change in tectonic setting of SEDEX de-
posits remains a mystery, as does the meaning of the
Mesoproterozoic to Neoproterozoic “gap” in the number
of SEDEX deposits (Fig. 1). Although the Mesoproterozoic
to Neoproterozoic does contain significant SEDEX ores
(e.g. 542-900 Ma includes Gorevsk deposit in Russia and
900 and 1600 Ma includes Balmat deposit in the USA),
this is a relatively quiet time for SEDEX formation and
other types of ores (e.g. MVT, VMS, SEDEX barite). This
gap could be partly due to deposit preservation and de-
struction. SEDEX ores that form in passive continental
margins may have a higher potential for destruction rela-
tive to ores in intracontinental rifts due to the eventual
plate convergence and uplift of orogenic fold belts along
continental boundaries. However, if this were the main
explanation for the Mesoproterozoic to Neoproterozoic
gap, we would expect to see a better correlation between
SEDEX deposits and passive margins in the rock record.

4 The fertility of Phanerozoic passive continental
margins

A “reflux brine” model (Fig. 4) was suggested for the gen-
esis of the giant Red Dog deposit (Leach et al. 2004). In
this model, brines are produced in a seawater evapora-
tive environment within shelf carbonates sequences. These
brines infiltrate into the underlying basement rocks, ex-
tract heat and metals, and discharge into the reduced sedi-
ments in a passive margin basin. An important feature of
this model is that generation of the brine occurs in high
evaporation climatic regions. The principal arid zones for
modern Earth are located about 30° N and S of the equa-
tor (Warren 1989).

To test if the brine reflux model can be applied to other
Phanerozoic SEDEX deposits, the distribution of the paleo-
latitudes of the deposits at the time of mineralization can
be determined. This is accomplished by an analysis of
the distribution of SEDEX deposits in a GIS (Geographi-
cal Information System) plate-tectonics database. The
approach uses GIS to query results from plate-tectonic
reconstructions (Scotese 1999) and quantify both spatial
and temporal patterns. Figure 5 summaries the percent-
age of metal content of all Phanerozoic SEDEX deposits
vs. paloelatitudes for ore deposition. The Earth surface
area, defined as percentage of the total surface area of the
Earth defines the expected distribution of SEDEX depos-
its (assuming distribution is random).

Considering the uncertainties in plate reconstructions,
age of ore deposition and the paleolatitudes of global arid
belts, the metal distributions remarkably mirror present
day latitudes of high evaporative zones. This observation
may provide one aspect of why some passive margins are
fertile whereas others are barren of SEDEX. Passive mar-
gins basins that do not evolve in high evaporative areas
of the Earth have significantly less potential to have been
exposed to ore-forming brines.
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