Geochemistry and Petrography of the Strata Hosting the Flambeau Cu-Zn-Au Deposit: Revisiting Wisconsin’s only Past-producing Volcanogenic Massive Sulfide Mine
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The primary objective of this project is to complete a geochemical and petrographic study of the poorly understood Cu-Zn-Au Ignition (LOI) tests.

mineralization hosted in Precambrian volcanic assemblages in northern Wisconsin. These deposits and their regional geological and

economic significance have not been examined in any detail, despite almost 20 years of advancement in the fields of economic

geology, geochemistry, and tectonics. These metallic mineral deposits are hosted in the Wisconsin Magmatic Terrane of the

Penokean Orogen (DeMatties, 1994): a 1.8-1.9 billion year old volcanic arc sequence consisting of volcanic and sedimentary rocks,

and associated mafic and felsic plutonic rocks.
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gy S J / -~ \ With lithological and geochemical data, a stratigraphic column representing the average geology and alteration intensity of the Flambeau VMS deposit was
developed. Two alteration indeces were used: the Ishikawa Alteration Index (Al; Ishikawa, 1976) and the Chlorite-Carbonate-Pyrite index (CCPI; Large et al.,
BedrOCk GeOIOgy Of RUSk COU nty 2001). The Al measures the addition of Mg and K as chlorite and sericite and the depletion of Ca and Na by the destruction of feldspars. The CCPI measures
addition of Fe and Mg as chlorite and pyrite and depletion of Ca and Na by destruction of feldspars. Because higher alteration indicates proximity to ore bodies,
A these indeces provide an exploratory model of the VMS deposit. Additionally, a plot of Al versus CCPI allows for the discrimination between different types of

diagenetic and hydrothermal alteration. Conclusions

Figure 12A: Alteration of Felsic
rocks
Felsic rocks in the immediate
footwall to the ore deposit have
been altered to sericite (Ser),
cummingtonite (Cum), and
porphyroblastic biotite (Bt).
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Figure 2: Reconstructed tectonic setting of the Penokean Orogen during the formation of metallic ore deposits in northern
Wisconsin. " Figure 11A: Felsic Volcanic

The tectonic framework and evolution of the Penokean Orogeny has recently been synthesized (Schulz and Cannon, 2007) and will - Rocks

provide a regional context and history of deformation to help unravel the complex geology of this terrane. This reconstruction is based ‘ : | . | These rocks are light gray to

on broadly collected geological data and provides little information on individual ore deposits. The spatial variation of geological and e | | Jreen in color and have euhedral

geochemical characteristics of the ore deposits and their host rocks will also provide a more detailed understanding of the tectonic i . Alkaline A A A A quartz phenocrysts. Volcanic
history of Wisconsin and will contribute important information regarding the controversial metallic sulfide ore bodies and their potential el O Intercontinental facies vary from tuff to lapilli tuff

: . . rifts - - .
Impact on the economy and environment. Mine y with variable alteration.

Geochemical data shows that the Flambeau VMS deposit
formed under a rifting arc geodynamic setting where a submarine
volcanic arc was developing a back-arc rift center. Alteration indices
reveal that ore-forming sericite-chlorite-pyrite alteration was the
dominant alteration process during the formation of the Flambeau
orebody. The alteration chemostratigraphy indicates that ore-
forming processes were not restricted to a singular VMS deposit
- j o but instead suggests the presence of several stacked deposits.
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Figure 9A: Felsic Volcanic Rocks
These rocks vary from quartz- and feldispar-phyric tuff and lapilli tuff. Texturally, they * Back arc basin
are variably foliated and are locally heavily hydrothermally altered to sericite.

Figure 4: Black smokers on sea floor are modern analogs for ancient VMS
deposits.
“Black smokers™ near volcanically-active submarine rifts precipitate metalliferous T N
sediments on or near the sea floor. Seawater is heated by synvolcanic intrusions .
lower in the crust and fluids reach temperatures in excess of 300°C. These fluids T S Figure 9B: Intermediate Volcanic Rocks 20
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