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The stratigraphically higher basalt flow unit of the
Mona Formation ranges from magnesium-rich to iron-rich
tholeiitic basalt but is dominated by tholeiitic to magne-
sium-rich tholeiitic basalt. Limited data suggest that the
lapilli-tuff unit of the Mona Formation is calc-alkalic
dacite to rhyolite with intercalated tholeiitic basalt. The
overlying and interfingering upper tuff unit is calc-alkalic
basalt to andesite in composition.

The chemical composition of the Deer Lake Peridotite
is within the range expected for komatiites (Arndt and
Nisbet, 1982). However, field data indicate that it is not
extrusive, but instead is a sill complex. The age relation-
ship between the Deer Lake Peridotite and other rock units
is unknown. The peridotite intrudes the Kitchi Formation,
which is older than the Mona Formation. The peridotite
magmas may represent the ultramafic komatiite (fig. 7)
subvolcanic base of a volcanic cycle that progressed with
eruption of the basalt flow unit of the Mona Formation.
Other interpretations are that (1) the peridotite may repre-
sent the residue of a basaltic magma chamber, or (2) the
peridotite may represent part of a tectonically dismem-
bered Alpine-type intrusion.

The chemical composition of gabbro intrusions is simi-
lar to that of the basalts (fig. 7) and hence, the gabbros
and basalts have been interpreted as comagmatic (Born-
horst and Baxter, 1987).

In summary, the geochemical evolution of the south
half of the Ishpeming greenstone belt was as follows: (1)
tholeiitic basalt and calc-alkalic basalt to dacite (Kitchi
Formation) followed by (2) tholeiitic to magnesium-rich
tholeiitic basalt and calc-alkalic basalt, andesite, and rhyo-
lite (Mona Formation). Perhaps the base of (2) was peri-
dotitic komatiite (Deer Lake Peridotite). Studies of other
greenstone belts suggest that the silicic magmas in these
volcanic piles may have no fractionation relationship with
the basalts (Thurston and Chivers, 1990; Thurston and
others, 1985). Further geochemical study of the volcanic
rocks will aid in understanding magma genesis and in
reconstructing the volcanic history of the belt.

ENVIRONMENTAL INTERPRETATION

Volcanic environments can be subdivided into four
characteristic facies with respect to increasing distance
from the volcanic vent: central or vent facies, proximal
facies, distal facies, and epiclastic facies (Easton and
Johns, 1986). The types of rocks that are characteristic of
the various facies depend on the style of volcanic activity,
for example, mafic plain volcanism versus mafic shield
volcano versus intermediate to felsic composite volcano or
caldera. Our environmental interpretation of the volcanic
rocks of the Ishpeming greenstone belt is based on
descriptions provided here and in references cited and on
extensive unpublished field study of representative and
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critical outcrops. We expect that future studies will pro-
vide more details but not significantly modify our environ-
mental interpretation.

The basalt flow units of both the Kitchi and Mona For-
mations are characterized by a large proportion of pil-
lowed flows, relatively thin massive flows, and sparse
interlayered calc-alkalic intermediate to felsic tuff zones.
Although some flows can be traced for distances of as
much as several kilometers, none have been docuinented
with extensive lateral continuity. Rare vesicles, lack of
hyaloclastic breccias, and interbedded oxide-facies iron-
formation are indicative of intermediate to deep-water
paleoenvironment. Both basalt flow units are capped by
calc-alkalic intermediate to felsic units. These features
suggest that neither basalt flow unit represents mafic plain
volcanism as described by Thurston and Chivers (1990).
Rather, we interpret the basalt flow units as products of a
submarine mafic shield volcano and part of mafic to felsic
cyclical volcanism.

The interbedded tuff and lahar units of the Kitchi For-
mation are interpreted as being proximal facies based on
dominance of tuffs, volcanic debris flows, and lava flows,
and lack of sedimentary rocks. The abundance of lahar in
the lower part of the stratigraphic column (fig. 4) and to
the south contrasts with turbiditic rocks near the top and
suggests deposition of the latter farther from the vent. We
interpret these rocks as having been deposited in a subma-
rine fan on the flanks of the volcano.

The lapilli-tuff and upper tuff units of the Mona For-
mation are interpreted as representing a more distal envi-
ronment than the interbedded tuff and lahar units of the
Kitchi Formation, based on the much higher proportion of
sedimentary rocks, graywacke, and mudstone. We suggest
that the environment is near the transition between proxi-
mal and distal (distal is more than 5-15 km from the vent)
on the flank of the volcano.

The style of volcano for the intermediate to felsic units
of both the Kitchi and Mona Formations may have been
either submarine caldera or composite volcano and dome
complex. Based on present data, the simplest interpretation
is that the Kitchi and Mona Formations each represent a
single overlapping volcano. Felsic zones interbedded within
the basalt flow unit may be products of adjacent distal vol-
canoes not otherwise exposed in the Ishpeming greenstone
belt. Although the intermediate to felsic units at the top of
each formation were deposited in a subaqueous environ-
ment on the flank of a volcano, determining whether the
vent itself was subaqueous or subaerial is not possible.

VOLCANIC HISTORY

The oldest Archean volcanic event recognized in the
south half of the Ishpeming greenstone belt was the
subaqueous eruption of tholeiitic basalt flows from a mafic



shield volcano (basalt flow unit of the Kitchi Formation),
probably before 2,700 Ma. As the volcano evolved, calc-
alkalic andesite to dacite was erupted (tuff and lahar units
of the Kitchi Formation). Later the Kitchi volcanic com-
plex was buried by subaqueous eruptions of tholeiitic
basalt (basalt flow unit of the Mona Formation) derived
from another mafic shield volcano. We speculate that ini-
tial peridotite magmas never erupted but rather were
emplaced as subvolcanic sills (Deer Lake Peridotite). As
this volcano evolved, calc-alkalic rhyolite and basalt were
erupted and buried the tholeiitic basalt flows (lapilli-tuff
and upper tuff units of the Mona Formation). During devel-
opment of the mafic shield volcanoes, comagmatic gabbro
sills were intruded as subvolcanic bodies into the volcanic
pile. These volcanic rocks were part of an arc developed in
response to an inferred north-directed subduction of oce-
anic crust (Card, 1990). This magmatic arc system ceased
with the initiation of deformation, which produced recum-
bent folding. The deformation may have been produced by
collision along the Great Lakes tectonic zone.
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