Geochemistry and petrography of the volcanic strata hosting the Flambeau Cu-Zn-Au Deposit in Rusk County, WI:
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Introduction “ Study Area Characteristics of Alteration

Paleozoic sedimentary rocks Figure 6: The Flambeau Cu-Au deposit near Ladysmith is Wisconsin’s only past-producing VMS deposit.

Middle Proterozoic (Keweenawan) mafic igneous and

sedimentary rocks of the Midcontinent ift system Despite the Flambeau deposit being the only partially extracted VMS deposit in Wisconsin, because of its short mine

(1000-1200 Ma)

Anorogenic igneous rocks (1470-1570 Ma) life, little geoscience research was produced. Due to the scarcity of exposed bedrock in the region, our research is
Penokean Volcanic Belt focused on Flambeau drill cores from the Wisconsin Geological and National History Survey.
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Figure 9: Downhole profiles of alteration indices
for Flambeau host rocks.
Using a variety of geochemical alteration proxies
and indicies (Al: Ishikawa, 1976; CCPI: Large et al.,
2001) throughout the compiled stratigraphy, a
thorough understanding of the temporal evolution of
the hydrothermal system was possible. These
indicies imply high levels of mobilization of various
elements. The Ishikawa index measures the
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A geochemical alteration indicies may highlight
potential additional ore horizons. The intense
alteration found in the Flambeau hanging wall
suggests sustained hydrothermal activity after the
deposition of ore bodly.

Figure 1: Precambrian geology of northern Wisconsin and Michigan showing the distribution of Wisconsin

Volcanogenic Massive Sulfides. e L egend
This project aims to understand the stratigraphy, geochemistry, petrography, and alteration of the poorly understood ‘ g
Cu-Zn-Au Flambeau volcanogenic massive sulfide deposit. The Flambeau deposit is hosted by the Wisconsin Overburden
Magmatic Terrane of the Penokean Orogen which is a 1.8-1.9 billion year old volcanic arc sequence consisting of h
volcanic and sedimentary rocks, and associated mafic and felsic plutonic rocks (DeMatties, 1994; Schulz and Cannon,
2007). The Wisconsin Magmatic Terrane hosts many Cu-Zn-Au deposits but their geological and economic significance

has not been examined in any detalil. Fi 10: Primiti f lized t
Menomines Cronn _— — igure 10: Primitive mantle-normalized trace

and equivalents ~ Niagara sulfide deposits - Semi-massive sulfide (1d) element diagrams for least altered units.
Sediment Marginal arc \ Normalized data (using values from Sun &
B And-Bt schist (2a) McDonough, 1989) reveals an arc-dominated
Bl And-Bt-Ser schist (2b) geochemical signature in mafic units (B) with
prominent LREE enrichment, negative Nb and Ti
anomalies, and enriched Th/La values. Felsic and
Qiz Augen schist (3a) 1000 | I intermediate units (A, C) have moderately
Figure 2: Reconstructed tectonic setting of the Penokean Orogen during the formation of metallic ore deposits in , ' | | Legend [ Serareochistta W Massive sufide 1c (B Anc-Bt schist 2 (B And-8i-Ser schist 20 [tz augen schis 33 enriched HREE and modest La/YDb ratios,
northern Wisconsin. Ml Qiz<Chiorite schist (4a) MSpessCnisonsun W cnerioshistac  [voadacies  WSossans characteristic of Fll-type felsic suites.
The tectonic framework and evolution of the Penokean Orogeny has recently been synthesized (Schulz and Cannon, I Spess-Chl schist (4b)
2007) and will provide a regional context and history of deformation to help unravel the complex geology of this terrane.
This reconstruction is on a regional scale and provides little information on the scale of individual ore deposits.
Therefore, understanding the geochemistry, stratigraphy, and alteration of the rocks hosting the Flambeau ore body is ] Metadacite (5) -7 £ 3a-Qtz Augen schist
essential to obtaining a more detailed understanding of the tectonic history of Wisconsin. Studies of individual ore B Gossan (6 ol O 5-vetadacte
deposits will also contribute important scientific information regarding controversial metallic sulfide ore bodies and their
potential impact on the economy and environment. * Analyzed drill hole
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Figure 7: Geology and stratigraphy of the Flambeau deposit. O] sab- ansstser sons C
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overturned (May and Dinkowitz, 1996). The mined portion of the Flambeau ore body is a gossan and supergene

Vo|canogen|c Mass|ve Su'ﬂdes (VMS) enriched zone. The volcanic stratigraphy that hosts the Flambeau deposit is subdivided based on their lithological e o Figure 11: Classification of pre-

characteristics (each were given a unique mine code), rather than protoliths. Each of these units are described below in o i s L ——— metamorphic protoliths and
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Figure 3: Metallogeny of volcanic arc tectonic settings.

VMS deposits produce a diverse suite of base and precious metals and are major sources of Cu, Zn, Pb, Au, and Ag. LI . . : . 3N C = AL »

They are associated with extensional tectonic settings—however, only submarine rifted arcs and back arcs are present |nd|ca_tes bOt.h maflc and !nterrr_ledlate volcanlc; R SR e R R S Concl u sion S

in the ancient rock record because they are preserved and uplifted during subduction and orogenesis (Galley et al, protoliths. It is variably mineralized and associated | SRS SHEE T W S T T

2007). These settings can be identified in ancient rocks by comparing trace element geochemistry with modern tectonic with more sericite-rich zones. b R e G BT GRG0 e Previous phases of geochemical analyses have shown that the Flambeau VMS deposit formed within a rifting arc

settings. — — geodynamic setting where a submarine volcanic arc was developing a back-arc rift center (Zens et al., 2015). However,
stratigraphic context to the units and more historical compilation was needed.

After additional core logging and analyses, a comprehensive understanding of the stratigraphy of the Flambeau host
rocks, their protoliths, and mineralization assemblages has been gained. Flambeau alteration and mineralogy
assemblages are largely hosted in mafic-intermediate phases consistent with a rift setting. The majority of stringer
mineralization downhole from the massive sulfide suggests that stratigraphy is upright and makes the original overturned
hypothesis of May and Dinkowitz (1996) questionable. Additionally, the ore horizon appears to cross-cut stratigraphy. This
suggests that the main ore horizon formed from sub-seafloor replacement rather than as a sulfide mound.

Figure 4: Black smokers on the sea floor are modern analogs for ancient Figure 8C: Quartz Augen schist (3A).

VMS deposits. A felsic quartz-crystal ignimbrite distinguished by |~ &=
VMS deposits precipitate metalliferous sediments near volcanically-active bluish quartz porphyroclasts ranging in size from 1-| = @&
submarine rifts via “black smokers.” Seawater is heated by synvolcanic 10 mm. These units have a variable texture with %
intrusions lower in the crust and fluids reach temperatures in excess of 300°C. some homogenous layers and some containing
These hydrothermal fluids concentrate ores at the vent site. obvious lapilli fragments.

500-2000m .

I N P s

smoke plumes—___ e ] ] ] : A AP R . [ T A . & T YT IR A, SRR
i L Figure 8D: Chlorite schist (4b/4c). o WA W kel R e Fores 0 T A AeltupliEel e
N Zn . = . A well foliated, genera”y homogenous alteration .'-‘_‘.1?;‘.‘.5.‘ o ;s‘j_;.-j_., % _M,‘«" 9 | 4 'y g x s I The authors wou]d like to thank the_ financial support fro_m ORSP Student-Faculty Research Collaboration grants from 2015 to 2016 and the logistical support from
N ———f K T : : . : . : | vl o R P ., . ‘ e . the WGNHS during sample collection at the core repository in Mount Horeb.
L\ 2 = A unit. Variable abundance of stringer mineralization
T ALl ./{ - and spessartine garnets. Generally interlayered
“"’””i:;’mmmm e with the metadacite unit (5). Geochemically, this

Figure 5: Hydrothermal alteration results in element — l unit has mafic to intermediate volcanic protoliths. References
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