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Reconstructing	Paleoproterozoic	volcanism	in	northcentral	Wisconsin:	Geology	of	the	Lobo	
Zn-Cu	deposit
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Thin Section PhotosUnit Descriptions

  This photo represents one of the high-grade massive sul�ides with chalcopyrite (30-
35%), sphalerite (10-15%), pyrite (<5%), and minor amounts of galena (<5%).

  LB-1-367 (xpl, 10x)

  This photo is representative of a lapilli tuff altered by sericite.

  This photo shows a sericite-chlorite schist that contains stringer mineralization within 
a matrix of hydrothermally altered phyllosilicates, feldspar, and quartz.
  LB-3-839 (rl, 10x)

  LB-4-500 (ppl, 2x)

Figure	4a,	4b,	4c:	Lobo	Deposit	in	Thin	Section
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Geochemistry	

5a: The Zr/Ti and Nb/Y ratios reveal that host 
rocks of this suite exhibit a bimodal succession of 
ma�ic to felsic rocks. This bimodal sequence 
allows us to conduct trace element geochemistry 
on both ma�ic and felsic samples. 5b: Ma�ic 
samples in a Zr/Y and Zr ratios reveal a calc-
alkaline signature that have enriched Zr that is 
more typical of a continental volcanic arc system. 
5c: Nb and Y ratios show that the felsic samples 
have both arc and rift characteristics.

Figure	5:	Lobo	Whole	Rock	Geochemistry Figure	6:	Flambeau	Whole	Rock	Geochemistry

Comparisons between the Lobo and Flambeau deposits 
show strikingly similar trace geochemical signatures. 6a: 
The host rocks of both systems represent a bimodal 
sequence where silica content widely varies from ma�ic to 
felsic. 6b: The ma�ic samples of Flambeau also show 
enriched Zr values and a calc-alkaline signature. 6c: The 
felsic rocks of the Flambeau system are more 
representative of an arc system rather than the possible 
dual origins of the Lobo deposit. 
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Key:	 Ma�ic Samples Felsic Samples

Anorogenic igneous rocks (1470-1570 Ma)

Middle Proterozoic (Keweenawan) mafic igneous and
sedimentary rocks of the Midcontinent rift system
(1000-1200 Ma)

Paleozoic sedimentary rocks

Gneiss and schist (2800-3000 Ma); includes
tonalite (1890 Ma)

Volcanic rocks in the Marshfield subterrane

Wausau volcanic complex

Main volcanic arc sequence (amphibolite succession)

Back arc basin sequence (greenschist succession)

Gneiss and granitoid rocks (1835-1865 Ma)

Ladysmith-Rhinelander Volcanic Complex

Tonalite-granodiorite-granite (1760-1870 Ma)

Alkali feldspar granite (~1835 Ma)

Barron quartzite

Penokean Volcanic Belt

Gneiss (2700-3550 Ma)

Marquette range supergroup (~1850-2100 Ma)

Continental Margin Assemblage

0 25 50km

N

VMS occurance

VMS deposit

Economic VMS
deposit

Fault

Symbol Legend

Prentice
East

Ritchie
Creek

Long
John

Hawk

Spirit Hilt
Horse
Shoe

Pelican
River

Wolf River
Mole Lake

Catwillow

Lynne

Eisenbrey

Schoolhouse

Niagara Fault

Ladysmith
District

Flambeau

Somo
District

Crandon
District

Bend

Back 40

modified from DeMatties 1994

Conclusions

 Understanding the geology of the Lobo deposit may help provide insight to the petrogenesis of 
arc magmatism/collsion and magmatic/tectonic controls on VMS mineralization during ocean-
continent collision. By combining data with geochemical studies of the Flambeau, Eisenbrey, and 
Crandon geology by UWEC students will help to reconstruct the overall volcanic/tectonic setting of 
the Pembine-Wausau terrane and possible magmatic controls on mineralization. 

- The Lobo deposit was an “unknown” VMS occurrence that has essentially no record of the 
geology except for donated core to the WGNHS core repository. The “re-discovery” of an 
exceptionally high-grade Zn-Cu massive deposit in the immediate vicinity of the Crandon deposit 
(15 miles northeast of Lobo) has important exploration potential. 

 Preliminary geochemical data revealed a bimodal distribution and show continental arc-like 
characteristics that are similar to other VMS deposits, such as Flambeau (Jacobson & Lodge, 2018), 
and are consistent with existing tectonic models for the Penokean orogen (Shultz & Cannon, 2007). 
Ma�ic rocks show a calc-alkaline signature with Zr enrichment suggesting a continental arc system. 
Furthermore, felsic rocks show arc signatures, but are slightly different in their characteristics than 
the Flambeau deposit. Future research will address these differences to see if there are potentially 
volcanic differences that are causing the Zn-enrichment in the Lobo deposit in comparison to other 
deposits in northern Wisconsin.  
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Volcanogenic	Massive	Sul�ide	Deposit	(VMS)

Volcanogenic Massive Sul�ide (VMS) deposits are formed in submarine environments where high 
temperature hydrothermal �luids react with cold sea water to cause the precipitation of sul�ide 
minerals. VMS deposits were formed in submarine extensional settings throughout Earth’s history 
from 3.4 Ga to present-day sea�loor spreading activity. The ore zones typically occur as polymetallic 
lenses where their immediate host rocks can be either volcanic or sedimentary, producing major 
sources of Zn, Cu, Pb, Ag, and Au (Galley, 2007). Two main components of VMS deposits include a 
sul�ide-rich stratabound body that is underlain by a discordant system of disseminated sul�ide veins 
and hydrothermally altered host rocks. The alteration assemblages are generally characterized by 
chlorite-sericite and sericite-quartz mineral assemblage alterations. These hydrothermal mineral 
assemblages overprint a variety of volcanic lithologies and their composition is determined by �luid 
compositions. Therefore, primary volcanic rock compositions in these systems requires careful 
trace element analysis.

Figure 3: Formation of VMS

LaBerge,	2001

Introduction

The Lobo Zn-Cu deposit in northwestern WI, USA, is one of several volcanogenic massive sul�ide (VMS) deposits in the 
state. This deposit has never been mined; therfore, futher studies can only be conducted by examining the hypogene 
geology through drill cores that are found at the Wisconsin Geological and Natural History Survey (WGNHS) in Mt. 
Horeb, WI. The Lobo deposit is a part of the Wisconsin Magmatic Terranes (DeMatties, 1994) composed of plutonic, 
volcanic, and sedimentary rocks that were accreted during a collision between the Pembine-Wausau terrane and 
Superior craton during the Paleoproterozoic Penokean orogeny (May and Dinkowitz, 1996). This tectonic setting has 
since been overprinted by many regional metamorphism events. The host rocks of the Lobo deposit are primarily 
sericite-altered lapilli tuff. This project aims to assess the magmatic and tectonic af�inity of the host rocks to provide an 
insight to the petrogenesis of the Lobo volcanic system and control on VMS mineralization during the ocean-continent 
collision. 

Figure 1: Regional Geology

Figure 2: Local Geology

This felsic to intermediate unit varies from light to medium gray, �ine-medium grained, and weak-moderately foliated with 

visible rock fragments (up to 3cm in size). This unit is variably altered by sericite, chlorite, and minor carbonate alteration. 

Sericitic alteration is commonly associated with the economic mineral assemblages within this deposit often forming large, 

siliceous bands (up to 4cm in size). This unit often hosts stringer mineralization consisting of trace disseminated vein-hosted 

pyrite, pyrrhotite, and sphalertite.

This unit varies from medium gray to green, �ine-coarse grained, and is weakly foliated (if at all). The unit has large cumulate, 

equant chlorite (2-6mm) that are replacing the pyroxenes. The intercumulate liquid consists of feldspar or possibly iron 

carbonate. White, vuggy sparry calcite is common throughout the unit with minor red iron carbonate crystals.

The intrusive is a pink, rather aphanitic unit that extends in whisps, veins, and chunks through a �iner-grained pyroxenite unit. 

Minor presence of sparry calcite crystals. 

This abrupt unit is orange and red with �ine-cobble (up to 6cm) sized subangular-angular clasts. This fault breccia is 

predominantly jasper-rich with minor chlorite alteration. Many calcite and quartz veins run throughout the unit.  										

LB-1: Dark rusty brown/red, �ine-coarse grained massive unit containing sphalerite (<75%), chalcopyrite (5-10%), pyrrhotite 

(5%), pyrite (5-10%), and trace amounts of galena (<5%). A distinctive characteristic of this unit are the dense bandings of 

magnetite. LB-7: Dark gray and rusty brown, �ine-coarse grained semi-massive to massive sphalerite (25-30%), pyrrhotite (15-

20%), and trace chalcopyrite (<5%). 

This intermediate to ma�ic unit is medium-dark gray with a greenish cast, �ine-medium grained and strongly foliated. Dark 
micaceous minerals tend to follow foliation. Contains stringer cp,sp,py mineralization up to 15%.

This felsic to intermediate unit is light-medium gray with light brown banding, �ine-medium grained and strongly foliated. This 
unit is extremely siliceous and often hosts economic mineralization.
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The Lobo deposit is located approximately 15 
miles southwest of the town Crandon, WI. This 
area has several lithologic units including: a 
sequence of amphibolite-grade metamorphic 
rocks, bimodal sequences of ma�ic and felsic 
volcanic rocks, a synvolcanic granitoid body, 
Early Proterozoic metadiabase bodies, a post-
tectonic granite, and an unmetamorphosed 
diabase dike (LaBerge, 2001). These rocks 
have undergone at least �ive deformational 
events with the oldest being a regional 
�lattening event that �lattened volcanic clasts 
and small, tight isoclinal folds. The second 
deformation formed discrete north-east 
trending, right-lateral shear zones while the 
third deformation formed east-trending, 
vertical and right-later mylonitic shear zones. 
Lastly, the region was affected by brittle 
deformation that formed north-trending 
vertical fractures �illed with quartz and quartz-
feldspar veins in both volcanic rocks and the 
gneiss (LaBerge, 2001). 

Schulz	and	Cannon,	2007
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