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FIELD TRIP SCHEDULE 

 
Wednesday, October 3 – Field Trip on Silica Sand Resources of Western Wisconsin 
Letters in parentheses refer to location pins on Trip Route map (p. 2) 

7:30 AM        Depart Earle Brown Heritage Center (A) 

8:45 AM       Stop at Menomonie Walmart; pick up people parking cars (H) 

8:50-9:45        Drive to New Auburn via Hwy 25N/76E  

9:45-11:15       Great Northern Sand mine & processing plant; coffee & donuts provided (C) 

11:15-11:35     Drive to EOG Resources mine site via DD, 64, DD; go past several sand mines 

11:35-11:50      EOG Resources mine site drive-through  

11:50-12:10     Drive to EOG processing Plant, Chippewa Falls  

12:10-12:40       EOG processing plant (D) 

12:40-12:45      Drive to Irvine Park, Chippewa Falls  

12:45-1:30      Lunch stop Irvine Park, Chippewa Falls  
 Examine Paleozoic cores and hand samples 

1:30-2:40        Drive to Blair 

2:40-4:20         Preferred Sands mine and processing plant; refreshments provided (E) 

4:20-4:40        Drive to Arcadia 

4:40-5:20        Jordan Sandstone exposure on Hwy 93 (south of Arcadia) (F) 

5:20-6:10           Drive to Eau Claire; drop off people near I-94 jct.  (G) 

6:10-6:40        Drive to Menomonie; drop off people at Walmart parking lot (H) 

6:45-8:00        Drive to Earle Brown Center; sandwiches and refreshments on bus 
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SILICA SAND-RICH BEDROCK LAYERS IN THE MINNESOTA, WISCONSIN, AND 
IOWA REGION OF THE CENTRAL MIDCONTINENT: OVERVIEW 

Anthony C. Runkel and Julia R. Steenberg  

Minnesota Geological Survey, 2642 University Avenue West, St Paul, Minnesota 55114 

 

Paleozoic age bedrock layers of quartzose sandstone in the central midcontinent of 
North America (Figs. 1, 2) have been mined since the 1800’s to supply “silica sand” for use 
in a number of industrial applications. They are well known as some of the most 
mineralogically pure sandstone on Earth, greater than 95 percent of the sand grains are the 
mineral quartz (Fig. 2).  The recent rapid expansion of silica sand mining in the region is 
driven by demand for proppant used in the process of hydrofracturing for oil and natural 
gas.  Several attributes make the silica-rich sandstone layers in the central midcontinent, 
especially parts of Minnesota, Wisconsin, Illinois and Iowa, particularly desirable. Not only 
are they composed mostly of quartz, a mineral known for being of high-strength and 
relatively inert, the grains are especially well-rounded, well-sorted, relatively coarse-
grained, and are poorly cemented (Fig. 2C).  Furthermore, extraction and transport is 
relatively easy because the sandstone layers are at or near the land surface across aerially 
large footprints, and road and rail networks are well-developed. Today’s field trip will 
provide participants with an opportunity to learn about the silica sand mining industry of 
this region, with visits to mines, processing facilities, and bedrock exposures and cores of 
quartzose sandstone.   

All or parts of four geologic formations in this region have attracted most of the 
interest for silica sand mining; in ascending stratigraphic order they are the Mt Simon, 
Wonewoc,  Jordan, and St Peter Sandstones (Fig. 1B).  This guidebook overview provides 
the general geologic context for these silica sand-rich layers, beginning with current views 
on the origin of their unusual, sheet-like geometry, as well as extreme textural and 
mineralogical maturity.  We also provide information on where these layers are potentially 
economically extractable, describe geologic and landscape conditions that influence 
accessibility for mining, and summarize some of the textural characteristics that are 
pertinent to their demand as a proppant.  

 
GEOLOGIC ORIGIN OF SILICA SAND-RICH FORMATIONS 

 
The silica sand-rich bedrock layers of the central midcontinent region have attracted 

the interest of geologists for over a century.  They are often viewed as enigmatic, differing 
from other, more common sedimentary rock formations (e.g. Dott et al., 1986, 2003 for 
summary).  One unusual feature is their widespread, yet thin, sheet-like geometry, with 
individual layers typically less than about 150 ft. thick, yet extending hundreds of 
thousands of miles across the midcontinent. The extreme textural and mineralogical 
maturity is also uncommon: the bulk of each formation is sandstone that is composed of 
greater than 95% grains of quartz that are relatively well-sorted, well-rounded, and 
spherical.  
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The origin of these unusual features is part of a geologic history that extends back to 
over 500 million years ago, when sea level was much higher than today and as a result a 
shallow ocean covered much of the North American continent (Fig. 3).  Only the cratonic 
interior, the central and highest part of the continent, remained above sea level most of the 
time.  This area corresponds to today’s central Canada and northernmost United States.  
Sand, silt and clay sized particles were carried by wind and in rivers across the cratonic 
interior to the oceanic shoreline.  For long periods of time this shoreline occupied a 
position approximating today’s southern Minnesota, Wisconsin, and northern Iowa region. 
Shallow ocean currents sorted this sediment, forming a “texturally graded shelf” (Figs. 3, 4) 
(Runkel et al., 1998, 2007).  On this shelf the coarsest sand, composed mostly of quartz 
grains, was laid down in the shallow water of the shoreface (including the beach), where 
currents were strongest.  Finer-grained, feldspathic sand, silt and clay sized particles were 
carried seaward to deeper water, especially during strong storms.  Even farther from shore, 
beyond the distance and depth to which sand, silt and clay were carried, particles of 
calcium carbonate slowly accumulated on the sea floor.   

 
 
 
 
 
 

 
 
 

Figure 1. Distribution and stratigraphic context for the 
silica sand-rich bedrock in the central 
midcontinent. (A) Greatly generalized map across 
part of Minnesota, Iowa and Wisconsin showing 
extent of Paleozoic bedrock with quartzose 
sandstone layers that are mined for silica sand. 
Also shown are the locations of active and 
proposed silica sand mines. The location of the 
Wisconsin mines is based on a July 2012 map 
posted at WisconsinWatch.org by the Wisconsin 
Center For Investigative Journalism. The 
Minnesota locations are compiled by the authors 
of this guidebook paper.   

 
For both states, the status of sites changes at a relatively rapid pace, and thus this map is intended 
to be only a general illustration of the distribution and density of mines as expansion of the 
industry occurs.  (B) Stratigraphic column of Paleozoic bedrock for the shaded region shown in 
(A), highlighting the four formations that are most commonly mined for silica sand; the Mt Simon, 
Wonewoc, Jordan and St Peter Sandstones. (Modified from Mossler, 2008) 
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 The layers of different types of Paleozoic sedimentary bedrock that stretch across this 
region today were formed when sea level, and therefore the depth of the ocean, changed 
through time.  Changes in sea level led to changes in the position of the shoreface, moving it 
back and forth across much of southern Minnesota and Wisconsin multiple times (Fig. 5) 
(Runkel et al., 2007).  Each time the shoreface migrated back and forth, it left behind a 
“trail” of sand.  In this way, each of the silica sand-rich formations present today represents 
one or more major migrations of the shoreline across this region hundreds of millions of 
years ago.   

Most of the Paleozoic formations of this region are not composed mostly of silica-rich 
sand (Figs. 1, 5). They formed during conditions of higher sea level, when the quartzose, 
sandy shoreface was north of today’s southern Minnesota and Wisconsin. For example, the 
Eau Claire Formation was deposited when sea level was high enough that much of southern 
Minnesota and Wisconsin were the site of deep-water accumulation of feldspathic, very 
fine sand, silt and clay.  When sea level was even higher, particles of calcium carbonate 
accumulated, forming today’s limestone and dolostone, such as parts of the Oneota 
Dolomite and St Lawrence Formation.  

 
 
Figure 2. Typical exposures and disaggregated grab sample of silica sand from the Paleozoic bedrock of the 

central midcontinent. (A) outcrop of St Peter Sandstone along the Mississippi River in St Paul, 
Minnesota, (B) outcrop of Jordan Sandstone along St Croix River near Stillwater, Minnesota. (C) The 
dominant component of the Mt Simon, Wonewoc, Jordan and St Peter Sandstones consists of fine to 
coarse-grained, well-rounded, high-sphericity grains of quartz such as these grains from a core of the 
upper part of the Wonewoc Sandstone collected in St Paul, Minnesota.  
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Figure 8. Map and schematic landscape illustration showing relative accessibility of the Wonewoc, Jordan and 
St Peter Sandstones in a typical southeastern Minnesota geologic setting.  The St Peter Sandstone 
commonly is present at or near the land surface with a relatively large footprint.  In contrast the Jordan 
and Wonewoc are present at or near the land surface mostly as relatively thin, winding areas that follow 
land surface contours.  This map is part of an unpublished map of silica sand resources for Minnesota, 
posted on the Minnesota Geological Survey website. Block illustration is modified from Mossler and Book 
(1984).   
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Stop 1 
Great Northern Sand, New Auburn, WI 

 
Tour Guides:  

Aaron Kent -  Chief Geologist 

Matt Thompson - Dry Plant Supervisor 
 

 
Why Wisconsin sand: 
 

• “ Northern white sand” that is found principally in Wisconsin, Minnesota and Illinois 
is strongest, most spherical sand available in desired frac sizes. 

• Wonewoc Formation – Friable, close to surface 
• We want northern white sand to use both as substrate for our resin coating and to 

sell to our oil field customers. 
• Markets such as Texas, Oklahoma, North Dakota, Western Canada, Wyoming and 

Pennsylvania are best addressed by building plants, along a desired rail system, in 
northern white sand areas.  

• Having done the Atlas Resin Proppants plant in 2005, we are experienced in 
permitting, building and operating plants in western Wisconsin.  

• High quality workforce 
 
GNS project consists of: 
 

• Quarry sand 
• Truck the sand to washing/drying and screening facility on rail 
• Wash and size the sand 
• Dry and Screen the sand to required mesh distributions 
• Rail sand in covered hopper cars to markets on Progressive Rail, including our resin 

coating facility in Shreveport, LA. 
 

Crush Testing – Proptester Data  
(this is preliminary core sample data and is not meant to be a representation of the final product) 

Dovre Mine Site 7/24/11 

20/40  - ISO Crush Analysis (% Fines) 4lb/ft2 @ 5,000 psi     8.3 

30/50  - ISO Crush Analysis (% Fines) 4lb/ft2 @ 7,000 psi    9.5 

40/70  - ISO Crush Analysis (% Fines) 4lb/ft2 @ 8,000 psi     8.2 
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Mine Site (staging area & year-1 mining) 

 

20



 
Processing Site 
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Data in this section taken from CFS Inc. website  http://www.cfs-web.com/ 
 

Density Separator  

 

 
22

http://www.cfs-web.com/�


Density Separator  
Principles of Operation 

The CFS Density Separator is a hydraulic classification device consisting of an upper 
paralleled-walled section of square or rectangular cross-section, and a lower section 
consisting of one or more pyramidal discharge units. A rising current of water is 
established over the entire area of the upper unit by injection of a pre-determined flow 
through a series of nipple style spray pipes located at the junction of the upper and lower 
sections. These nipple spray pipes are installed to direct the flow of water straight down.  

 
A mineral slurry continuously introduced into the upper unit 
through one or more feedwells is expanded into a teetered state by 
the rising water current. The particles are classified, with the 
coarser material reporting to the bottom of the teetered mass while 
the progressively finer material is distributed in the upper portion. 
Pulp level is maintained by a continuous overflow of the unit.  
 
Interstitial water velocity and pulp-specific gravity progressively 
increase with depth from the top overflow weir to the bottom of the 
upper unit. An electronic, force-balance-pressure sensing device 
with transmitter is located in the wall of the upper unit, 
immediately above the rising-current water piping. The 
proportional output signal from the transmitter is coupled to 
electronic pneumatically operated discharge valve with positioner 

through a process controller or PLC.  
 
For a pre-set upward current of water, the specific gravity of the mineral suspension at the 
level of the force-balance instrument is indicative of the average particle size of material 
above the instrument. When a specific gravity value is set in the 
controller, the automatic discharge valve will operate to maintain the 
set value, and thereby maintain an equilibrium condition of the 
teetered mineral suspension. With a preset upward current water 
flow and specific gravity, the teetered mineral suspension becomes, in 
fact, an operating part of the machine: "the sand is the machine."  
 
Essential to the maintenance of the desired classification is a 
relatively constant-volume feed rate to the Density Separator, which 
is generally achieved in practice by feeding the unit with a constant-
speed centrifugal pump operating with a constant suction head, or by conveyor with a 
metered feed. On the other hand, operation of the unit is not sensitive to the percentage of 
solids in the feed slurry, nor is it sensitive to changes in feed size gradation, up to a design 
maximum determined for the particular material to be classified.  
 
The efficient operation of the Density Separator depends on the introduction of a constant 
rising current of water over the whole area of the tank. It is, therefore, essential that: 1) the 
water be supplied at a constant pressure and, 2) the water supplied is clean and free from 
trash that would plug the water distributing system.  
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