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Introduction

Volcanogenic Massive Sulfides (VMS)
Figure 3: Generic model of VMS 
ore body 

The general model for a VMS ore 
body shown here is characterized 
by the massive sulfide lens on top, 
deposited by the “black smoker” 
vent, and the stringer zone below, 
developed by the filtering and 
precipitation of heated ion and 
mineral-rich seawater beneath the 
vent. Cu ratios - and therefore, 
concentration - are typically higher 
in locations of higher temperature 
and where deposition has an 
increased preservation potential.

Ore Petrography

Flambeau Rare & Precious Metals in Primary Ore

Figure 1: The Flambeau  
deposit near Ladysmith is the 
only VMS deposit to be 
extracted in Wisconsin.

Despite having been the only 
active mine, research largely 
ceased along with the short 
period of mine activity, due to 
political and environmental 
reasons. The mine site has 
now been reclaimed and the 
geology can only be studied 
by examining drill cores 
obtained during exploration 
and mine development. The 
cores are in Mount Horeb, 
WI, held by the Wisconsin 
Geological and Natural 
History Survey.

Conclusions
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Figure 2: The Flambeau 
VMS Deposit Cross 
Section

The study area is the
primary ore zone
in the lowermost section
of the deposit, shown in 
dark gray. The mined 
portion of the deposit was 
the supergene enriched 
zone above the primary 
ore zone, formed by 
weathering and 
redistribution of metals in 
the ore body. This 
process removed Zn and 
Pb from the ore and 
concentrated Cu and Au. 
These Cu and Au 
enriched zones are why
the Flambeau mine was
considered a copper-
gold deposit, whereas the 
primary ore body is more 
enriched in Zn and Pb 
(Zens et al. 2015).
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Figure 7: Images showing precious metal-bearing ore minerals and sub-microscopic ore textures for the Flambeau primary ore.
These images show mineral hosts of gold and silver-bearing minerals and alloys in the primary Flambeau ore body. Photos A-C and E-F are backscatter images from a  
Scanning Electron Microscope. Photo D is photomicrograph from a petrographic microscope taken with reflected light. The scale at which the precious minerals are able to be 
identified is on the order of microns, which is important to recognize when determining the economic expense/profit of extraction.
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Figure 5: Main ore types of 
the primary Flambeau 
massive sulfide ore body. 

The samples analyzed for 
this study are from drill core 
from the primary Flambeau 
ore body. There are two main 
types of massive sulfide ores: 
(A) ore that contains mostly 
sphalerite and pyrite with 
relatively abundant galena 
and lesser chalcopyrite, and 
(B) ore that contains mostly 
pyrite and chalcopyrite with 
minor amounts of sphalerite. 
Common gangue minerals in 
both ore types include quartz, 
chlorite, and anthophyllite.  

Figure 6: Photomicrographs of 
polished thin sections of the 
primary ore

Images A-C are from the 
sphalerite-rich ore, while D-F are 
from the pyrite and chalcopyrite-
rich ore. Galena is present along 
grain boundaries and as 
inclusions within pyrite and 
sphalerite. Arsenopyrite is an 
accessory mineral only observed 
within sphalerite-rich ores. 
Chalcopyrite is interstitial to 
larger grains of pyrite and 
sphalerite, as well as small  
inclusions. These images also 
demonstrate the porous texture 
of subhedral pyrite in the ore. 
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Table 1: Gold associations in 
VMS ores

The Flambeau ore body has  
characteristics of both Au-Cu 
and Au-Zn associations; 
native Au, tellurides, and 
electrum have been 
classified within the ore 
body, but this study provides 
data only for the primary ore 
at the base of the massive 
sulfide deposit, and excludes 
the stringer zone and the 
margins of the ore body.

Table 2: Ore Mineral Abbreviations
The minerals identified within the 
primary Flambeau ore are 
summarized in the table below which 
includes chemical formulas and 
abbreviations used to label 
photomicrographs and backscatter 
images. 
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Figure 8: Is 
Flambeau a gold-
rich VMS?

The gold-rich VMS 
deposit model has 
characteristics that 
are transitional 
from hydrothermal 
to epithermal 
deposits with gold 
grades in excess of 
3 g/t. The nature of 
alteration and 
mineralization at 
Flambeau does 
NOT fit this model.

The abundance of base and precious metal minerals of primary ore at Flambeau is 
similar to the standard submarine hydrothermal model for VMS formation (e.g. Galley et al. 
2007).

Although gold and silver bearing minerals and alloys were observed in the ores, the 
were exceedingly rare and typically found in the lower temperature, sphalerite-rich ores. 
Recognizing the possibility of human and sample error, more SEM work with a wider 
selection of samples would most likely provide additional data to support these findings.
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Figure 4: Generic mineralogy of VMS 
ore body

The zoning in a massive sulfide ore 
body is associated with the 
temperature. The geochemical nature 
is determined by the temperature 
reached within the system. The 
Flambeau ore body contains 
abundant sphalerite, pyrite, and 
galena, and some chalcopyrite, which 
shows that the temperature in this 
area did not get as high as some 
VMS deposits; it stayed below ~300 
degrees C. Au has been found in 
deposits that ranged from ~50 to 
>300 degrees C, giving an increased 
opportunity for Au to be recognized.
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