
CHALLENGES FOR RESCUING DRILL CORE 
FROM VOLCANOGENIC MASSIVE SULFIDE 

DEPOSITS IN NORTHERN WISCONSIN 
Val Stanley, Pete Schoephoester  

Wisconsin Geological and Natural History Survey 
Madison, WI 

 
Rob Lodge 

University of Wisconsin – Eau Claire 
Eau Claire, WI 

U52A-04 

Sticky Note
Case study on data rescue, challenges of preservation for unique lithologies in WI.
Feels like a pretty basic procedure, but it highlights that this kind of effort is non-trivial and has far-reaching benefits for science when funding for these activities is available.



MOUNT HOREB RESEARCH COLLECTIONS 
AND EDUCATIONAL CENTER 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
The repository is itself a data rescue story! Initial core collection started in the 70s, stored in a basement in Milwaukee. Access is tough since main office is 100 miles away in Madison. About 11 years ago, UW wanted to sell the property, called Director of WGNHS and asked who to bill for the dumpsters. The Director prioritized saving these samples, and there was a happy ending – found a facility in the former Duluth Trading Company’s warehouse in Mount Horeb, WI. 57 semis of core from Milwaukee to Mount Horeb. ~4 weeks, all hands on deck. Building in MKE is now an American Apparel. J Note: the “publications” area is now the Quaternary lab. This is an old floorplan.



VOLCANOGENIC MASSIVE SULFIDES (VMS) 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Figure 4-1, from Shanks and Thurston 2012. 

Sticky Note
So what is a volcanogenic massive sulfide deposit? 
“Volcanogenic massive sulfide (VMS) deposits, also known as volcanic-hosted massive sulfide, volcanic-associated massive sulfide, or seafloor massive sulfide deposits, are important sources of copper, zinc, lead, gold, and silver (Cu, Zn, Pb, Au, and Ag). These deposits form at or near the seafloor where circulating hydrothermal fluids driven by magmatic heat are quenched through mixing with bottom waters or porewaters in near-seafloor lithologies. “ 
“Volcanogenic massive sulfide deposits range in age from 3.55 Ga (billion years) to zero-age deposits that are actively forming in extensional settings on the seafloor, especially mid-ocean ridges, island arcs, and back-arc spreading basins (Shanks, 2001; Hannington and others, 2005). “



DISTRIBUTION OF PRECAMBRIAN 
METAVOLCANICS IN WISCONSIN 

Figure 5, from Babcock 1996. 
USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Figure 2, from Mudrey 1979. 

Sticky Note
Complex geologic history – 2 billion year old hydrothermal seafloor vents that have been accreted during the Penokean orogeny 1.85 billion years ago, then mountains eroded, then groundwater enriched the sulfide minerals with copper and gold (chalcocite and bornite). Then covered with lava flows, eroded again, then covered by a shallow sea in the Cambrian, then more erosion again until covered by Quaternary glaciations. 50 ft thick, several miles long, near vertical. Mostly pyrite and chalcopyrite. Here’s the general distribution of ore deposits as of the 70s. Hard to characterize distribution due to overlying Paleozoic rocks and/or Quaternary sediments, and well data is sparse in northern Wisconsin.



DISTRIBUTION OF VMS DEPOSITS IN WISCONSIN 

Figure 5, from Babcock 1996. 
USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Map from 1996 paper in Institute on Lake Superior Geology volume on VMS deposits. Shows simplified bedrock geology as well as known deposit locations. Huge exploration boom in northern WI in early 70s as technological advances improved aeromagnetic surveys. 



DISTRIBUTION OF CORE COLLECTION 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
52% of collection in VMS/PC metavolcanics belt





THE FLAMBEAU MINE: LADYSMITH, WI 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
The Flambeau Mine was an open pit mine that operated from 1991 to 1999 and has since been filled and reclaimed. The Flambeau Mine near Ladysmith in Rusk County is the only example of a metallic mine that was permitted, constructed, operated and reclaimed under the state's existing regulatory framework. The core we targeted came from the Flambeau Mining Company and was drilled in the 1980s prior to their opening a copper and gold mine near Ladysmith in Rusk County, Wisconsin. Our holdings consist of 1491 boxes from 50 holes drilled in Anomaly 22, where the mine was located. We chose to begin with the Flambeau core because it is completely irreplaceable. Even if WGNHS had the resources to do so, the core could not be re-drilled. Also, the Flambeau core is particularly susceptible to pyrite disease, as the deposit contained more than 50% sulfide minerals, mainly pyrite (http://dnr.wi.gov/topic/mines/flambeau.html).




SPATIAL DATA 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Our holdings consist of 1491 boxes from 50 holes drilled in Anomaly 22, where the mine was located. Before the project, we did not have the locations for each core. For a few, we had quarter-quarter sections, for most just sections. (And basically the whole anomaly is in one section.)






DIGITIZING ORIGINAL DOCUMENTATION 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Our PI found the original environmental impact report and figures by Foth and Van Dyke in UW library digital archives…as part of their community outreach, the mining company gave its documentation to the Ladysmith public library, and then it was donated to UW. We georeferenced this document in ArcMap and extracted lat, long, and (modern elevation) from the Wisconsin statewide DEM.

URL to cite for this work: http://digital.library.wisc.edu/1711.dl/EcoNatRes.KennMaps02





THE CHALLENGE: PYRITE OXIDATION 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

4FeS2 + 13O2 + 2H2O  4FeSO4 + 2H2SO4 + 2SO2 

 

Sticky Note
So why are the samples at risk/in need of rescue?
pyrite, oxygen, water >> ferrous sulphate, sulphuric acid, sulphur dioxide

Pyrite oxidation (also known as pyrite ‘disease’, pyrite ‘rot’ and pyrite ‘decay’) is caused and accelerated by the presence of oxygen and water, even in relative humidities (RH) as low as 60%. Only a few days exposure to an inappropriate humidity may be enough for the decay process to be triggered in some specimens (for more information on the factors controlling the rate of pyrite decay, see Newman (1998)). Maintaining a low enough humidity in a storage area will either prevent the oxidation of the pyrite being triggered, or it will slow down the reaction if it is already underway. RH should preferably be about 30%, but more realistically 45% should be aimed for and certainly always less than 60% (Howie, 1992). 


Quite apart from being unsightly and potentially a health hazard the dry, powdery, sulphuric acid and/or hydrated sulphates can be quite deleterious for a specimen. If not seen and dealt with in a timely fashion not only can the whole fossil be destroyed but also the accompanying labels or cards identifying the specimen that has been lost. The storage media – card trays, wooden boxes etc – can also be destroyed in the process, including the base of a wooden drawer and even the specimens in a drawer beneath. This is one of the reasons people used to think it was a ‘disease’ that could spread. In all these instances the sulphuric acid is attacking the cellulose present in the paper, card or wood.

Importantly, as well as being corrosive the oxidation product is several times the volume of the original mineral. Because pyrite is often present deep inside a specimen the resulting crystal growth and expansion can cause the specimen to fracture (Fig. 4), crumble, and slowly shatter - sometimes catastrophically.

Once it has started the oxidation process cannot be reversed but there are two reliable ways to treat specimens to neutralise the sulphuric acid and remove the by-products.





NATIONAL GEOLOGICAL AND GEOPHYSICAL 
DATA PRESERVATION PROGRAM 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Unique funding source for rescuing samples. Totally worth it!
The benefits of this program are far-reaching and essential for bringing geoscience at state surveys into the modern age.

(briefly show the table of info about the cores, pre project)

Although protecting these materials is a vital part of the WGNHS mission, climate-control modifications to the facility are cost-prohibitive.

We looked into measures other institutions had used, including micro climate (climate controlled containers) and vacuum sealing samples in plastic film. The methods we looked into were costly, and we determined we would not be able to perform both assessment and rescue in the same year for a reasonable budget.

 In order to rescue the samples, we documented the collection’s present state. We developed and implemented a new database schema including IGSNs to improve metadata records, track samples, and link data. Although preservation of the physical samples remains a challenge, digital workflows and data management improvements will allow WGNHS to monitor the condition of these samples while also improving access and discoverability.






DATABASE ENTRY FORM 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Three step process- log the core, photograph each box, and enter metadata into the project database. This data was later used to update GeoBase, and the data from the Flambeau was moved into GeoBase.

Form shows entry for each core box—including condition of core and pyrite decay. Previously, metadata showed only data per drill hole, not per box.
Previous metadata was core top, bottom, length, and number of boxes.




BOX INDEX PRE-PROJECT 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Boxes before the project. Boxes labeled with depth and numbered, but this box-level information was not in GeoBase, our geological database.





QR LABELS WITH ENCODED METADATA 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Metadata encoded in labels: WGNHS ID, site name, latitude longitude, no. of boxes for drill hole, depth of hole, county.
Human readable data is company and site name, drillhole assigned by creator (22-43), box number, interval, shelf ID and WID.

Two labels per box—one for the lid and one for the lower half.




CORE PHOTOGRAPHY STATION 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Barriers on the table, and a fixed camera position allows fast and accurate photography of core boxes.





CORE BOX PHOTO FOR 22-14, BOX 1 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

 

Sticky Note
No particular significance for these—just photo to show how they were taken. More than 1200 boxes of core were photographed for the project.




CORE PHOTOGRAPHY 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
These photos show the categories of degradation: none, minor, moderate, severe. In order to rescue these samples, the first step is to do a detailed inventory and assessment of extent within the collection. Also tied to lithology, so partnered with local expert Rob Lodge of UW Eau Claire to describe cores for this project as well as his own research program. 

A specimen suffering from pyrite oxidation is often easily identified. Usually it will have lost some surface shine, the surface will develop a crust of white and/or yellow crystals (Figs. 1 & 2), it will begin to smell sulphurous and it may show signs of cracking. Associated labels may exhibit ‘scorch marks’ (Fig 3). The exact nature of the by-products of the oxidation process will depend on the mineral composition of the fossil and matrix associated with the oxidizing pyrite or marcasite, but are generally sulphuric acid and various hydrated sulphates (e.g., ferrous sulphate, copiapite, fibroferrite or melanterite) (Wang et. al., 1992; Shinya& Bergwall, 2007).




EXTENT OF PYRITE OXIDATION IN 
FLAMBEAU ANOMALY 22 CORES 

74% 
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1% 
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Severe

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Now know the condition of the core collection at this time. Pie chart! Extent, assuming cores were drilled at some point before 1989, to 2016. (~25
 years) 1491 total boxes evaluated. Now we can better understand, assess, and plan for these samples.

382 boxes are affected, 299 minor, 83 moderate to severe.



BENEFIT: DIGITAL DOCUMENTATION AND 
DATA VISUALIZATION 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

From Carrell, 2014 

Sticky Note
Sweet image of core boxes, colored by degradation level, also lithology, hung from land surface
(friendly reminder of the state of the data before the project before, then make other image appear)



BENEFIT: RESEARCH IMPLICATIONS 

From Zens and Lodge, 2016. 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
Now mapping bedrock in Rusk County, researching history of tectonism during the Penokean Orogeny, has implications for better understanding environmental and economic impact of these ore bodies.

Dr. Lodge has written:
“The WGNHS and their core repository have been invaluable for my research program. My students have gained tremendous hands-on experience by examining the cores, and these skills will easily translate to academic, private, or public geoscience sectors.” 
 
In addition, Dr. Lodge is preparing a geologic map of Rusk County, for which he has used the Flambeau core as well as other core drilled in Rusk County and housed at our repository.
 
Dr. Lodge and his students have also published four abstracts in the Proceedings of the Institute on Lake Superior Geology 62nd Annual Meeting using the data that he and WGNHS staff gathered during the grant project



BENEFIT (AND MORE WORK TO BE DONE): 
IMPROVING ACCESS 

1. IGSNs assigned 

2. Updated, accurate, 
detailed inventory 

3. Web resource 
development 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Sticky Note
First IGSNs for WGNHS!
Huge data management improvement for the inventory at the repository.
BUT will take a much broader restructuring effort to make an appropriate web portal for samples and associated data.




REFERENCES 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

Babcock, R. C. (1991). History of exploration for volcanogenic massive sulfides in Wisconsin. In G. L. LaBerge (Ed.), Volcanogenic massive sulfide deposits of 
northern Wisconsin: A commemorative volume. Institute on Lake Superior Geology Proceedings, 42nd meeting, Cable, WI, ed. By GL LaBerge(Vol. 42, pp. 1-15). 
 
Carrell, J (2014). Tools and Techniques for 3D Geologic Mapping in ArcScene: Boreholes, Cross Sections, and Block Diagrams: In Soller, D.R., Digital Mapping 
Techniques '11–12 Workshop Proceedings: U.S. Geological Survey Open-File Report 2014–1167, 134 p., https://dx.doi.org/10.3133/ofr20141167. 
 
Larkin, N. R. (2011). Pyrite Decay: cause and effect, pre vention and cure. NatSCA News, 21, 35-43. 
 
Mudrey, M. G. (1979). The massive sulfide occurrences in Wisconsin: Wisconsin Geol. Nat. History Misc. Paper, 79(2), 20. 
 
Foth and Van Dyke Geosciences and Environmental Management Division. Flambeau Mining Company blueprints, drawings and maps. Foth and Van Dyke 
Geosciences and Environmental Management Division, 1989 
URL: http://digital.library.wisc.edu/1711.dl/EcoNatRes.KennMaps02 
 
Shanks, W.C. Pat, III, and Thurston, Roland, eds. (2012). Volcanogenic massive sulfide occurrence model: U.S. Geological Survey Scientific Investigations Report 
2010–5070–C, 345 p.  
 
Zens, ZA, Lodge RWD (2016). Geochemistry and petrography of the volcanic strata hosting the Flambeau Cu-Zn-Au deposit in Rusk County, WI: A re-examination 
of Wisconsin’s only past-producing volcanogenic massive sulfide mine. 62st Annual Meeting of the Institute on Lake Superior Geology, Duluth, Minnesota. p. 157-
158. 
 



THANKS! ANY QUESTIONS?  (REMEMBER, 
I’M NOT A GEOLOGIST) 

USGS Data Preservation Workshop, Salt Lake City, UT September, 2017 

USGS NGGDPP 
WGNHS staff 
UW-Eau Claire students 

Sticky Note
Brief acknowledgement of WGNHS staff who helped out, UWEC students, NGGDPP





