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I. INTRODUCTION  

 

A.  Purpose of This Report 

 

The technologies of horizontal drilling in conjunction with hydraulic fracturing have greatly 

expanded the ability to profitably recover natural gas and oil from shale.  Hydraulic fracturing, 

also called fracking or hydrofracking, is a method used to access oil bearing shales and 

limestones and extracting oil and natural gas.  Fracking requires a proppant, which are particles 

that hold open fractures in the shale that allow the oil or gas to be collected.  Silica sand is used 

as a proppant.  Nationwide, frac sand production almost doubled from 2009 to 2010, to 12.1 

million tons, according to the U.S. Geological Survey (USGS).  However, this estimate is likely 

low because submitting data to the USGS is voluntary.  Industry estimates report nationwide  

production numbers as high as 22 million tons
 
(ñUS Silica: The First IPO in the óFracking Sandò, 

2012).   

  

Although hydraulic fracturing for the extraction of oil and natural gas is not occurring in 

Minnesota, the silica sand resources used in hydraulic fracturing are located in Minnesota. Large 

silica sand deposits are located in south central and southeast Minnesota and western Wisconsin.  

The demand for sand for hydraulic fracturing has resulted in many new mining and processing 

plant proposals being submitted to local and state government agencies.  The potential economic 

impacts on the local and state economies have generated great interest.  Potential impacts to the 

landscape, natural resources, and health of residents in the areas of these proposed facilities have 

generated great concern. 

 

In 2012 the Environmental Quality Board (EQB) received a petition supporting the preparation 

of a Generic Environmental Impact Statement (GEIS) to analyze the potential environmental 

effects of the industry.  Such a study would require significant time and financial resources.  

While the preparation of a GEIS remains an option, the EQB has prepared this report to provide 

background information on the topic of silica sand. 

 

This report provides a summary of information relevant to the questions at hand.  It does not 

pretend to be encyclopedic.  The report does not advocate a particular perspective on the silica 

sand issues:  it is not pro- or anti-silica sand mining.  The intent is to provide a basis for further 

research, whether that occurs through a GEIS or by other means.  It is recognized that the 

information presented here can and should be augmented and improved as more is learned. 
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II.   BACKGROUND ON SILICA SAND 

 

A.  What is Silica Sand? 

 

Silica or silicon dioxide (SiO2), also called quartz, is one of the most common minerals found on 

the earthôs surface.  Silica is major component of many different kinds of rocks (like granites and 

gneiss) and comes in many different varieties.   

 

Sand refers to a particle size. All sands are not the same.  For example, construction sand and 

gravel is used to build and maintain roads and bridges.  Construction sand and gravel consists of 

many different rock types and sizes.  Some rocks are angular and other rocks are rounded.  In 

contrast, silica sand is mined from sandstone formations that have undergone geologic processes 

that produced well-rounded, well-sorted sand and gravel that consists of almost pure quartz 

(silicon dioxide).   

 

 
Figure 1.  Industrial Silica Sand 

 

Mining of silica sand has occurred in Minnesota and Wisconsin for over 100 years.  Some of the 

sand caves in Minneapolis and St. Paul are mines, the sand from which was used for making beer 

bottles and for foundry sand.  Mining of silica sand has been continuously occurring in Le Sueur 

County for over 50 years.  Washington County has intermittently hosted silica sand mining for 

over 60 years.  Counties that have historically hosted silica sand mines include:  Ramsey, 

Hennepin, Dakota, Goodhue, Anoka, Pine, Le Sueur, and Scott (DNR Industrial Minerals, 1990). 
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Silica sand is widely used in many applications.  In 2010, about 41% of the U.S. tonnage was 

used as hydraulic fracturing sand and well-packing and cementing sand, 26% as glassmaking 

sand, 11% as foundry sand; 6% as other whole-grain silica; 6% as whole-grain fillers and 

building products; 3% as ground and unground sand for chemicals; 2% as golf course sand; 2% 

for abrasive sand for sandblasting; and 3% for other uses (U.S. Geological Survey, 2012). 

 

B.  What is óFrackingô and Why is Sand Needed? 

 

Hydraulic fracturing, also called fracking or hydrofracking, is a method used to access oil-

bearing shales and limestones to extract oil and natural gas.  The process involves the pumping 

of a fracturing fluid under high pressure to generate fractures or cracks in the target rock 

formation (Figure 2).  This allows the natural gas (or oil) to flow out of the shale to the well in 

economic quantities.  For shale gas development, fracture fluids are primarily water based fluids 

mixed with additives that help the water to carry sand proppant (frac sand) into the fractures.  

Water and sand make up over 98% of the fracture fluid, with the rest consisting of various 

chemical additives that improve the effectiveness of the fracture job.  Each hydraulic fracture 

treatment is a highly controlled process designed to the specific conditions of the target 

formation (USDOE, 2009). 

  

 

A typical gas well is drilled vertically one to two miles below the surface.  In North Dakota, the 

wells average between 9,000 to 10,000 feet deep.  When the oil shale is reached, the well is 

drilled laterally, typically for 5,000 to 10,000 feet.  There can be up to three lateral extensions 

within a well.  The actual thickness of the bed can be very thin, eight feet or so. 

 

Fracture fluid base is usually water but can include methanol, liquid dioxide, and liquefied 

petroleum gas.  Proppant consists of particles that hold open the fractures.  Silica sand is used as 

a proppant.  Chemical additives include friction reducers, scale inhibitor, solvents, acids, and 

niocides that are added to protect equipment. 

Figure 2.  Diagram of Hydraulic Fracturing.  Source: U.S. Department of Energy, 2012. 
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The propped fracture is only a fraction of an inch wide and held open by the frac sand.  A well 

uses thousand of tons of sand, depending on how many stages of pumping and fracking occurs. 

 

There has been some misunderstanding about mining that occurs in Minnesota.  There are no oil 

or gas fracking mines in Minnesota.  It is the silica sand (aka frac sand) that is being mined in 

Minnesota.  This sand is transported elsewhere in the county to oil fields as well as foundries and 

glass manufacturers. 

 

A particular stratigraphic or structural geologic setting is also often known as a ñplayò.  Figure 3 

shows the locations of shale gas and shale oil plays. 

 
Figure 3.  Map of U.S. Shale Gas and Shale Oil Plays 

 

C.  Silica Sand Specifications for Hydraulic Fracturing  
 

Silica sand specifications for hydraulic fracturing are set by the American Petroleum Institute 

(API).  The primary considerations are the physical characteristics of the sand such as size (Table 

1), sphericity, roundness, crush resistance, and mineralogy.  Not all the sandstones in Minnesota 

meet the specifications for silica sand. 
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Table 1. API Recommended Silica Sand Specifications  

Product 

Mesh Size (holes 

per square inch) 

 

8/12 

 

10/20 

 

20/40 

 

70/140 

Grain Size 

(Diameter) 

2.38 to 1.68 

millimeter 

2.00 to 0.84 

millimeter 

0.84 to 0.42 

millimeter 

210 to 105 

microns 

Sediment 
Fine Gravel to 

Coarse Sand 

Very Coarse Sand 

to Coarse Sand 

Coarse Sand to 

Medium Sand 

Fine Sand to 

Very Fine Sand 
       Source:  American Petroleum Institute and MDNR 

 

Grain size 20/40 mesh is most widely used.  90% of the sand is to fall within the specified 

particle range.  Not more than 1% of the total sample can fall on the first or last sieve in the 

series.  Clay and silt size particles >105 microns are removed with the processing, as well as 

weak and crusted grains. 

 

D.  Location of Silica Sand Resources 

 

The last mineral survey was completed by USGS in 2010.  As defined in the USGS 2010 

Minerals Yearbook, sand and gravel, often called ñsilica,ò ñsilica sand,ò and ñquartz sand,ò 

includes sands and gravels with high silicon dioxide (SiO2) content.   There were 29.9 million 

metric tons (Mt) of sand and gravel produced in the United States in 2010.  The Midwest led the 

Nation with 49%, followed by the South with 39%, the West with 7%, and the Northeast with 

5%.  The leading producing States were, in descending order:  Illinois, Texas, Wisconsin, 

Minnesota, Oklahoma, North Carolina, California, and Michigan.  Their combined production 

represented 64% of the national total.  Minnesota produced 1,940 Mt, or 6% (USGS, 2010, 

Tables 2 and 3).  Note that the mineral survey was voluntary, so estimated numbers are likely 

lower than actual. 
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 Table 2. Industrial Sand and Gravel Sold or Used in the United States 

Quantity

(thousand Percentage Value Percentage

Geographic region metric tons) of total (thousands) of total

Northeast: 5 6

New England 127 * $6,380 1

Middle Atlantic 1,440 5 47,000 5

Midwest: 48 49

East North Central 9,910 33 346,000 33

West North Central 4,600 15 163,000 16

South: 39 39

South Atlantic 3,480 12 93,400 9

East South Central 1,290 4 40,900 4

West South Central 6,880 23 274,000 26

West: 8 6

Mountain 500 2 14,000 1

Pacific 1,680 6 49,900 5

Total 29,900 100 1,030,000 100

source:  USGS 2010 Minerals Yearbook, Table 2

Data are rounded to no more than three significant digits; may not add to totals shown.

*
Less than ½ unit.

 
 

 

In 2010 the U.S. produced an estimated 12,100 thousand metric tons of sand used for hydraulic 

fracturing.  The Midwest produced 8,080 thousand metric tons, 67% of the national total (USGS, 

2010, Table 6). 

 

The map below (Figure 4) shows first encountered bedrock.  Depending on the geologic setting 

(like Illinois) there may be areas where the first bedrock (i.e. limestone and shales) are being 

removed to access sandstone.  The upper Midwest hosts significant sandstone resources.  The 

deposits in Wisconsin and Minnesota are spread out over very large areas and near the land 

surface compared to other states. 
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Figure 4.  First encountered bedrock.  Silica sand deposits are displayed in red and solid pink.  Source: Runkel, 2012. 

The areas in red show the distribution of Cambrian quartz-rich sandstone .  Minnesota and 

Wisconsin also contain St. Peter Sandstone, part of the Ordovician bedrock formation, which is 

displayed in light pink directly below the red.  Combined, these two areas represent sandstone 

formations that are relatively close to the land surface, contain a high percentage of quartz, are 

monocrystalline, and have high sphericity.  In other words, these areas contain the best 

accessible frac sand.  In Minnesota, the best frac sand is found in the southeast portion of the 

state. 

 

The next map (Figure 5) is a simple categorization of counties by the accessibility to mine silica 

sand resources.   The brown color indicates where extensive quartz-rich sandstone resources are 

within 50 feet of the land surface  (Runkel, 2012).  The gray areas represent counties where 

glacial sediment and/or bedrock limit the access to silica sand resources or where near surface 

resources are small in areal extent.   
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Figure 5.  Quartz-Rich Sandstone Within 50 Feet of Land Surface 

Five mines have been identified by the Minnesota Geologic Survey that extract silica sand in 

Minnesota (Runkel, 2012).  One additional mine has come on-line since December of 2012.  A 

number of small silica sand mines supplying local uses of sand exist in southeastern Minnesota.  

These mines extract sand for agricultural uses (such as cow bedding) and fill. 
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The next graphic (Figure 6) is a stratigraphic column that represents the vertical order, or 

stratigraphy, of Paleozoic rock units with the oldest on the bottom and the youngest on the top.  

 

 
 

Figure 6.  Generalized Stratigraphy of Paleozoic rock in southeast Minnesota (left) and actual exposed rock (right).  Source: 
MGS and MDNR. 

 

Depending on its depth, sand is accessed by surface mining, bench mining, or underground 

mining.  For example, mining in the central part of the state along the Minnesota River corridor 

is dominated by surface mining.  Southeastern Minnesota has the potential for surface mining, 

bench mining, and underground mining (Figure 7). 
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Figure 7.  Representation of areas with the potential for surface, bench and underground mining.  Source: modified from 
Runkel, 2012. 

 

 

E. Comparison of Silica Sand Mining to Other Sand and Gravel Mining 

 

With hardrock mining (e.g. taconite, granite, and quartzite), blasting and crushing are used to 

fracture and break rocks into smaller, manageable pieces, which produces angular, freshly 

broken rock faces.  In silica sand mining, blasting and the use of crushers are used to loosen 

weakly cemented sandstone, while keeping the individual, round grains intact (Figure 8).  When 

the grains break, it lowers the performance for use as frac sand.  After processing, much of the 

silt and clay is removed and very few grains would have freshly exposed surfaces. 

 
Table 3.  Similarities and Differences - Construction Sand and Silica Sand.  Source: MDNR 

 Construction Sand and Gravel Silica Sand 

 

Same 
¶ Surface mining: backhoes, 

bulldozers, excavators, screens,  

and conveyors 

¶ Surface mining: backhoes, 

bulldozers, excavators, 

screens, and conveyors 

 

 

Different 

¶ Episodic 

¶ No underground mining 

 

 

¶ Washing plants tend to not use 

flocculants 

 

¶ Does not require blasting 

¶ Long term 

¶ Underground mining and 

bench mining 

 

¶ Washing plants may use 

flocculants 

 

¶ May require blasting 

WonewocSandstone

Jordan Sandstone
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 Construction Sand and Gravel  Silica Sand 

  
Figure 8. Size and Shape Comparison - Construction Sand to Silica Sand 

 

 

F. Processing of Silica Sand 
 

Frac sand must be of uniform size and shape.   Raw silica sand must be processed into frac sand 

to be used for oil and gas drilling. Commercial silica sand mines may or may not process the 

sand on-site.  Several off-site processing plants are currently known to receive silica sand from 

various mining operations in Minnesota and Wisconsin. 

 

Processing begins by washing the sand to remove fine particles.  Washing is done by spraying 

the sand with water as it is carried over a vibrating screen.  The fine particles are washed off the 

sand and the coarse particles are carried along the screen by the vibration.  An alternative method 

uses an upflow clarifier, where water and sand flow into a tank.  Fine particles overflow the tank 

while the washed sand falls by gravity to the bottom.  

 

After washing, the sand is then sent to a surge pile where water adhering to the sand particles 

infiltrates back into the ground.  From the surge pile the sand is sent to the dryer and screening 

operation where the sand is dried in a drum with hot air blasted into it.  Then the sand is cooled 

and often further sorted to separate sand that is suitable for fracking from sand that is not 

suitable.  Some specialized processing plants may further treat the sand by applying a resin 

coating to the sand particles. This coating helps the sand to flow as a slurry and increases the 

crush strength (WDNR, 2012). 

 

Some nonmetallic mining processors use 4500 to 6000 gallons of water per minute.  Local 

aquifers cannot provide this much water, so reuse of water is necessary.  Typical operations used 

unlined sedimentation ponds for water clarification and source water for processing. More 

sophisticated techniques reduce the amount of water being used.  This is advantageous both 

economically and environmentally. Water quality concerns arise from the use of chemicals.   

There is a need to establish baseline water quality before starting processing, and ongoing 

monitoring also is needed, to avoid contaminating local aquifers through chemical use 

(McCurdy, 2012).   
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While sand that is not suitable for fracking has other industrial uses, it may be difficult to sell it 

due to the remote locations of many processing plants (Kelley, 2012).  

 

G.  Proppant Alternatives to Silica Sand 

 

There are three types of proppants used for hydro fracking:  silica sand, resin-coated silica sand, 

and man-made ceramic beads known as manufactured proppants.  Unlike frac sand and resin-

coated proppants, which are primarily industries based in North America, ceramic proppant 

manufacturers are distributed throughout the world.  Figure 9 shows a shipment of manufactured 

silica sand that made the Duluth Shipping News.   

 

 

 
Figure 9.  Manufactured Silica Sand Shipped from Russia to Duluth, MN.  Source:  Duluth Shipping News. 

 

This barge came from Russia and unloaded in Duluth harbor in 2011.  Instead of sand mines, 

ceramic proppants are made from kaolinite or nonmetallurgical bauxite, or clay mines, and are 

being mined in places like China, Brazil, and India.  To make the proppant, the clay undergoes a 

process called sintering where high temperature kilns bake the clays to form well rounded, strong 

sand-sized particles.  An article in the Journal of Petroleum Technology noted a global shortage 

of proppants (Beckwith, 2011). 

 


