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Problem Statement

PROBLEM STATEMENT
Abandoned mines are spread all across the United States. According to the Bureau of Land
Management’s official government website, there are as many as 500,000 abandoned mines in the
US. Many of the historic abandoned underground mines have very little, if any, long term stability
measures which pose serious effects on the construction projects on the surface (NC-DEQ).
Around 278 abandoned mine related fatalities were reported from 2001 to 2017 in the United States
(King 2017).
On April 27th, 2020, a sudden ground collapse (sinkhole) appeared in the Hideaway Hills
Subdivision located in Blackhawk, South Dakota (Figure 1). After a group of cavers from Paha
Sapa Grotto (an internal organization of the National Speleological Society located in the Black
Hills of South Dakota) investigated the sinkhole, it was determined that the sinkhole was related
to a shallow (10 ft. deep) abandoned gypsum mine. About half a dozen families were forced to
evacuate the premises while many others have voluntarily evacuated their houses out of fear. It is
worth mentioning that, apart from this recent sinkhole, there are other possible indicators of
subsidence throughout the subdivision, e.g., growing cracks on the roads and sidewalks.

Figure 1. April 27th, 2020 Sinkhole, Hideaway Hills Subdivision, Blackhawk, SD

In order to develop a hazard map for the area that can be used for issuing proper evacuation notices,
the exact extent of the abandoned mine needs to be known. There is limited information available
about this mine, from which the exact extent of the mine can not be determined with a desired
degree of certainty. Although an approximate map of the underground mine extent was produced
by the cavers (see Figure 2), the exact extent could not be determined due to some obstacles. The
eastern part of the underground mine was filled with water which made it impossible to access and
map the extent of the mine beyond that point. Also, what appeared to be collapsed zones according
to the cavers, restricted access to the northern, southern, and western boundaries of the
underground mine.
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Figure 2. Approximate extent of the underground mine developed by Paha Sapa Grotto cavers (Anderson et al.
2020) overlaid on the subdivision by Patric Ealy, Fitzgerald Law Firm (Zionts 2020)

The main purpose of this project is to use geophysical methods to determine the extent of the
abandoned mine.
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BACKGROUND SUMMARY
The underground Blackhawk mine was operated by the Dakota Plaster company starting from
1912. The first report on the Blackhawk Mine, that the author could find, was from the South
Dakota state mine inspector in 1912 (Aberdeen 1928). There is not enough data from the first
year but it seems that the mine only produced gypsum part of the first year. Also, from 19191921, the underground mine did not produce gypsum, as the Dakota Plaster Company was taking
gypsum from the surface. It is, however, unclear if the gypsum was mined from an outcrop of the
Spearfish Formation (the gypsum bearing formation), or if it was taken from the gypsum that
was already mined from the underground mine and stockpiled on the surface. In 1924, the
Dakota Plaster Company secured a contract to supply gypsum for the state cement plant for the
next year. No mining information could be found for the underground mine after 1926. It is
speculated that the lack of accurate mining history for the area is because, prior to 1983, the state
of South Dakota did not require a license to mine gypsum, sand, gravel, and other materials used
to produce cement. Table 1 summarizes the annual gypsum production from the Blackhawk mine
from 1912-1926 (Aberdeen 1928).
Table 1. Annual gypsum production (Aberdeen 1928)

Year

Tons of Gypsum Produced

1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1912-1926 total

No data
10,760
10,000
9,105
4,070 (mill destroyed by fire)
3,915
3,000
3,956 (No underground mining, gypsum was taken from the surface)
1,495 (No underground mining, gypsum was taken from the surface)
3,933 (No underground mining, gypsum was taken from the surface)
2,127+1488
3,327
1,707
5,035
1,877 (last yearly mine inspection found)
66,095

Figure 3 shows the approximate locations of the past and present known mining activities in the
Blackhawk area. The locations identified by the blue polygons are reclaimed surface gypsum
mines. The location identified by the red polygons 1 is an active surface gypsum mine, and the
location identified by the red polygons 2 is an active surface sand and gravel mine. The
approximate location of the underground Blackhawk mine is identified with the yellow polygon.
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Figure 3. Approximate location of known mining activities in the area

The Blackhawk underground mine was targeting a gypsum bed in the Spearfish Formation. The
Spearfish Formation is a 402 - 497 ft (122 - 151 m) thick rose to red mudstone and siltstone formation
containing gypsum beds of up to 20 ft (6 m) thick. The gypsum beds occur near the middle and
near the top of the formation. Also, veins of gypsum occur throughout the formation (Lisenbee
and Hargrave 2005).

Figure 4. Gypsum bearing Spearfish Formation outcrops in the area

Figure 4 shows the gypsum bearing Spearfish Formation outcrops in the area. As it can be seen,
the gypsum bearing layers are very shallow in the area and even has outcrops in the vicinity to the
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west of the Blackhawk underground mine. Based on a cross-section presented in the 1:24,000
Geologic map of the Blackhawk quadrangle, South Dakota (Lisenbee and Hargrave 2005), the
Spearfish Formation dips down to the northeast. This implies that the underground mine is unlikely
to extend much farther to the west and determining the extent of the mine to the north, south, and
east are more crucial.
Figure 5 shows the contours of the depth to the groundwater table in the area. The contours were
developed based on the reported groundwater depths in the well-logs obtained from the South
Dakota Department of Environment and Natural Resources.

Figure 5. Contours of the depth to the groundwater table (in ft.) in the area

As can be seen from Figure 5, the groundwater table in the area is about 50 ft deep while the
abandoned Blackhawk mine is only 10 to 20 ft deep. This implies that the water flooding the mine
on the eastern boundaries are most likely surface water accumulation in the mine. It is worth
mentioning, however, that some of the groundwater data used in developing the contours of the
groundwater table (collected from the South Dakota Department of Environment and Natural
Resources) were very old and might not accurately represent the current location of the
groundwater table. It is, therefore, important to at least attempt to also estimate the groundwater
table depth using the geophysical methods.
The main purpose of this project is therefore to use nondestructive geophysical methods to better
determine the extent of the underground mine (especially to the north, east, and south of the
currently known working areas) and estimate the depth and flow of the underground water.
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RESEARCH PLAN
In this research, a geophysical investigation program will be conducted in the Hideaway Hills
Subdivision, Blackhawk, SD. The goal is to determine the extent of the underground mine under
the subdivision and estimate the depth of groundwater and possible groundwater flow.
In order to map the horizontal distribution of sinkholes and the inferred tunnels and cavities, three
non-destructive geophysical methods will be conducted; (1) Frequency Domain Electromagnetic
(FDEM) method, (2) Self-Potential (also known as Spontaneous Potential, SP) method, and (3)
Electrical Resistivity Tomography (ERT). The three methods will be conducted by the PI
(Mohammad Sadeghi) with the help of an experienced consultant (Mohamed Kahlil, Assistant
Professor of geophysics) using Montana Tech’s geophysical engineering department’s equipment.
The consultant has extensive experience in conducting such surveys (Khalil et al. 2013, 2018;
Prudhomme et al. 2019).
In Self-Potential (SP) method, naturally occurring electric potential difference in the ground is
measured between two electrodes. The Frequency Domain Electromagnetic (FDEM) method is a
type of electromagnetic or magnetic induction and involves measuring voltages induced in the
earth when exposed to a varying frequency domain magnetic field. The Electrical Resistivity
Tomography (ERT) method utilizes differences and contrasts in electrical resistivity to identify
the subsurface geo-material, including voids.
Implementation of the FDEM and SP methods:
Figure 6 shows a proposed polygon of approximately 120m width and 420 m length. This area
will be covered by SP and FDEM grides (5 X5 m) to have more than 2000 data points. These data
sets will be processed to have an SP distribution map, that shows water flow directions and two
FDEM maps at 10ft (~3m) and 20ft (~6m) depths. FDEM maps will show the conductivity or
resistivity distribution at two depths as mentioned. It is worth mentioning that FDEM will be
affected by any high-power lines in the area. To the best of the author’s knowledge, there are not
any high-power lines nearby the proposed area.

Figure 6. Proposed area (green polygon) for SP and FDEM Analyses
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Implementation of the ER methods:
Figure 7 shows the proposed resistivity sections. Based on the observations in the field when
conducting the survey, some more sections might be needed on the western side. An electrode
spacing of 1.5 m will be used for the ERT method to achieve the highest resolution for the targeted
depth (10 to 20 ft). The survey is designed to start with line 1, which potentially covers three
possible areas of interest. The far east portion of the line probably extends over areas with no
underground mine, while towards the middle, the line passes over the known underground
workings that are currently flooded. Finally, towards the west end of the line, it covers the known
working areas that are not flooded. This line would be used to calibrate the readings with more
confidence and will be used to interpret the data collected from other survey lines (lines 2-10, see
Figure 7). The distribution of the survey lines was designed to be practical (avoid hard surfaces
like pavements) while still able to be used to better determine the extent of the mine.

Figure 7. Proposed Electrical Resistivity Tomography survey lines

It is worth mentioning that some of the survey lines and grid areas (for all three methods) extend
over the private properties and that author has made no attempt to obtain permission from the
owners. It is assumed that the Fitzgerald Law Firm has, or can obtain, permission from the
residents for the survey to be conducted.
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