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Figure 11. Schematic cross sections showing evolution of
folding in northern block and relationships of bedding and S,
foliation. Bar and ball symbol indicates stratigraphic top. Line
of section for Cshown in figure 9. A, Early recumbent folding
during Dy; S, is axial-planar to F, folds. B, Open folding about
steep east-west axes during D,; at this stage, S; dips more
steeply than bedding. C, Present-day configuration, after late-
stage shearing (S symbols) that occurred during D,.

and stretching lineations are typically nearly vertical, indi-
cating dominant vertical displacement during at least the
late stage of D,. West of Silver Creek the relationship of
flattening and shear foliations (S-C structures) and shallow
westerly plunging stretching lineations indicate right-lateral
and north-side-up shear sense.

Willow Creek Shear Zone

The Willow Creek shear zone was named by Puffett
(1974, p. 45) for a zone of amphibolite containing
“irregular-shaped streaks of felsic rock” in sec. 4,
T. 48 N, R. 26 W. and sec. 31, T. 49 N., R. 26 W. (fig. 2
of this report). Puffett interpreted these felsic streaks as

fragments of a once-continuous body of felsic rock.
MacLellan and Bornhorst (1989) studied a segment of this
zone and on the basis of rhyolitic to dacitic and gabbroic
“clasts” interpreted the lithology to represent a deformed
volcaniclastic breccia. Further study by Johnson indicates
the presence of a regionally continuous high strain zone that
locally contains dikelets of gabbro and rhyolite.

The Willow Creek shear zone is exposed in secs. 21,
25-28, 35, and 36, T. 499 N., R. 27 W., and forms the north
margin of the Clark Creek basin in this area. The east
extension is less well defined, but sheared chlorite-
carbonate schists in a north-northwest-trending creek in
sec. 4, T. 49 N,, R. 26 W. support extension of the shear
through that area (fig. 2).

Little Garlic Shear Zone

The Little Garlic shear zone is named for the shear
that strikes west from the Little Garlic River in sec. 13,
T. 49 N, R. 27 W. and then along the Little Garlic River
through secs. 14 and 15, T. 49 N., R. 27 W. The western
continuation of this shear is buried beneath Early Protero-
zoic sedimentary rocks and Quaternary alluvium, but it is
likely that the cliff along the north margin of the Clark
Creek basin in secs. 17 and 18, T. 49 N,, R. 27 W. and a
fault in sec. 12, T. 49 N., R. 28 W. form the westerly
extension of this shear zone (fig. 2). Carbonate alteration,
rhyolite intrusive rocks, and late-stage quartz veins
characterize this shear zone.

Kinematic indicators in mylonite within the shear
zone (S-C structures) reveal north-side-up and right-lateral
shear sense. C bands and stretching lineations in this zone
dip and plunge steeply to the north. In contrast, kinematic
indicators in the other two notable shear zones indicate
near-vertical north-side-up shear sense. This divergence of
attitude suggests preexisting stratigraphic and (or) structural
control on the orientation of the shears.

GEOLOGIC HISTORY

The oldest event recorded in rocks of the northern
block of the Ishpeming greenstone belt is subaqueous
eruption of tholeiitic basalt lava flows, which accumulated
to form the Lighthouse Point Basalt. Sporadic deposition of
felsic pyroclastic material as turbidity and debris flows of
the Reany Lake and the Hills Lakes pyroclastic units,
respectively, produced stratigraphically continuous units
within the basalt flows. During its turbulent descent from
the volcano, the turbidity flow of the Reany Lake pyro-
clastic unit possibly incorporated parts of a massive sulfide
body. The Reany Lake pyroclastic unit is overlain by the
Fire Center mine iron-formation unit, which was deposited
during a period of volcanic quiescence. Gabbro sills and
dikes were emplaced shortly after deposition of the sur-
rounding basalts.
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Large-scale, north-directed thrusting (D,) resulted in
the development of recumbent nappe folds with an axial-
planar foliation in the volcanic pile. Granitoid magmas
intruded the belt as large batholiths and dikes. This
magmatic event resulted in metamorphism of the volcanic
rocks near contacts to amphibolite facies. A second north-
directed compression (D,) resulted in folding and shearing
of the Lighthouse Point Basalt and associated rocks and
deformation of the plutonic granitoid rocks. The right-
lateral, north-side-up shear zones suggest that this event
may be associated with transpression during the develop-
ment of the Great Lakes tectonic zone to the south. The
granodiorite near Rocking Chair Lakes then was intruded
into fold hinges and rhyolite was intruded along zones of
high strain. Gold mineralization probably occurred late
during this tectonic event.

A period of extension was associated with the
deposition of Early Proterozoic sedimentary rocks. Base
metal quartz veins may have formed during this time.
North-directed compression during the Early Proterozoic
Penokean orogeny resulted in thrusting and folding of the
Early Proterozoic sedimentary rocks and metamorphism of
these rocks to greenschist facies in the northern block. After
a considerable hiatus, Middle Proterozoic (Keweenawan)
dikes intruded all older rocks in the vicinity of the Midcon-
tinent rift system.

ECONOMIC GEOLOGY

No mines are active in the northern block. Historic
activity includes significant prospecting (trenches and
shafts) during the 1860’s on base metal-silver veins at
Silver Creek in the NEV4 sec. 25, T. 49 N., R. 28 W., the
Lead pits in the SEY sec. 34, T. 49 N., R. 27 W, and the
Holyoke mine in the NEV4 sec. 2, T. 48 N., R. 27 W. The
Fire Center Mining Company produced gold from the Fire
Center mine from 1892 to 1893. Descriptions of numerous
prospects in the northern block are given in Michigan
Geological Survey reports listed in table 1.

Base Metal Occurrence and
Iron-Formation

Puffett (1974) described the occurrence of base metal
sulfides in the Fire Center mine iron-formation unit;
however, our mapping showed that this occurrence is hosted
instead by the Reany Lake pyroclastic unit. Pyrite, sphal-
erite, chalcopyrite, and galena are fine to medium grained,
disseminated, and crudely bedded in the lithic-tuff horizon.
The sulfide minerals seem to be present along the entire
strike length of this unit, but abundances vary greatly from
place to place. Because the sulfides compose a thin zone and
are disseminated and variable in concentration, this zone has
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alow potential as a source of base metals. Although detailed
studies of the base metals have not been conducted, we
presently interpret them as remnants of a massive sulfide
deposit that was incorporated into the Reany Lake pyro-
clastic unit during its deposition.

The Fire Center mine iron-formation unit contains a
significant amount of magnetite (up to 30 percent), but its
thinness and steep dip (typically over 70°) exclude it as an
economical source of iron ore at the present time (1990).
The real potential of this iron-formation may be as host for
an Archean lode gold deposit, inasmuch as many Canadian
gold deposits are hosted in iron-formation (Colvine and
others, 1988); however, only minor gold anomalies have
been reported in association with this iron-formation.

Gold Prospects

Several precious metal prospects spatially associated
with the Dead River shear zone occur along the south
margin of the northern block. Among these prospects, only
the Fire Center mine was a producer, yielding about 100
troy oz of gold.

A typical gold prospect may possess any or all of
these features: (1) a quartz porphyritic rhyolite dike;
(2) brecciated (cemented with ankerite) margins of the dike;
(3) sericitization, silicification, carbonatization, tourmalini-
zation, and sulfidization of the dike; (4) sheared country
rock immediately adjacent to the dike, with or without
intense ankerite alteration; (5) late quartz veins that cut both
the rhyolite dike and the sheared mafic country rock;
(6) auriferous pyrite in the quartz veins; (7) disseminated
auriferous pyrite as a halo about the quartz veins; and
(8) calcite alteration as a halo about the gold occurrence.
Gold mineralization in the northern block of the Ishpeming
greenstone belt is closely associated with carbonatized shear
zones, particularly the Dead River shear zone. The intimate
spatial relationship between the rhyolite intrusives and the
gold mineralization in this shear zone suggests that they
may be synchronous. If so, the age of gold mineralization is
Archean and syntectonic with D, deformation.

Base Metal-Silver Prospects

Numerous historic base metal-silver prospects are
located along the south margin of the northern block, again
related to the Dead River shear zone. These prospects are
quartz-carbonate veins bearing galena, sphalerite, chalco-
pyrite, pyrite, and arsenopyrite. The sulfides occur as fine-
to coarse-grained disseminations and as masses in the vein,
and are commonly concentrated along the contact between
the vein and the country rock. The quartz is white and
vitreous. The carbonate is coarse grained and grayish white,
weathering to rusty brown; it is disseminated throughout the



quartz vein and forms late crosscutting veinlets. The base
metal-silver-bearing quartz-carbonate veins are typically
less than 1 m wide and hosted in brecciated fault zones. The
dominant trend of the veins is about N. 15° E.

The base metal-silver prospects are too low in grade
and too small to be considered as likely sources of either
base metals or silver at the present time (1990). Analyses for
gold from base metal-silver prospects typically show low
values (<30 ppb). At the Silver Creek prospect, the base
metal vein is hosted in a fault breccia that cuts across
sheared (ductile deformation) carbonate altered basalts that
have anomalous gold values. This relationship indicates that

the base metal-silver mineralization postdates gold
mineralization.
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