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A Brief Look at the Ceramic Floor and Wall Tile Industry in Ohio

by Mark E. Wolfe

INTRODUCTION

Ceramic floor and wall tiles are a natural, utilitarian
product that can create an architecturally dynamic effect.
Glazed brick tiles in geometric patterns were used as early
as the thirteenth century B.C.E. in Iran. In Middle East
countries during the eleventh century, ceramic tiles were cut
into small pieces and used to construct elaborate mosaics.
And painted tiles were very popular in Europe beginning
in the fourteenth century. The modern ceramic floor and
wall tile industry began when long-time pottery owner
and entrepreneur Herbert Minton formed a partnership
with Michael Hollins in 1845 and opened a factory in
Stoke-on-Trent, Staffordshire, England. Minton, Hollins,

& Co. was at the forefront of the growing encaustic tile
market that the English dominated during the nineteenth
century. Encaustic (burnt in) tile is a complex form of terra
cotta, where different colored clays are fired together after
inlaying contrasting colored clays. Minton tiles were in great
demand, having been used extensively in the U.S. Capitol
beginning in 1855 (Allen and United States, 2001), as well
as other significant nineteenth century public structures.

Enterprising businessmen in Zanesville, Ohio, began
experimenting with local clay to produce floor tiles as early
as 1875 (Orton, 1884). F. H. Hall used a fireclay of uncertain
origin to produce some of the first ceramic tiles in the United
States and patented the process. Benedict Fischer of New
York invested in the new enterprise and convinced Gilbert
Elliott to emigrate from England in 1876 to oversee tile
production (Wires and others, 1972). The new Ohio-based
company was named Fischer and Lansing and is generally
credited with creating the American ceramic floor and wall
tile industry (Karlson, 1998).

AMERICAN ENCAUSTICTILING COMPANY
(1878-1935)

American Encaustic Tiling Company (AET) of Zanesville,
Ohio, was incorporated in 1878 from the former company,
Fischer and Lansing, also of Zanesville. In 1877, Fischer and
Lansing had installed the ceramic tile floor at the Muskingum
County Courthouse located in Zanesville (fig. 1). The
courthouse floors are the oldest surviving American-made
tile floors in the nation (Sims, 2003). Stockholders of AET
were chiefly from New York City; AET had a large showroom
in New York and nearly all the finished products were sold
in the city. A new factory with six kilns was completed in
Zanesville in 1878. The highest-quality tiles manufactured by
AET were considered as good as tiles produced by the English
and French. The company used clays mined in Muskingum
County mixed with metallic oxides for color (Stout and
others, 1923). The most complex tiles had six colors, with a
seventh kind of clay through the center of the tile to keep the
complex mixture from warping. The clay presses that created
the tiles were ingeniously designed machinery, the invention

FIGURE 1. View of the ceramic tile floor in the rotunda of the
Muskingum County Courthouse in Zanesville, Ohio. The courthouse
floor was installed in 1877 by the Zanesville-based company, Fisher
and Lansing, and is the oldest surviving American-made ceramic tile
floor in the United States. The photo was taken in 2014; the tile floor
displays remarkable longevity for a public building with 137 years of
continual foot traffic.

of George A. Stansberry, a Superintendent of AET and a
mechanical engineer who had previously been commissioner
of the Vienna Exposition. Finished tiles were dried for six
weeks after pressing before being fired.

The large AET tile installation at the New York State
Capitol building in the late 1870s helped establish the
company’s reputation and increased the popularity of
American-made floor and wall tiles. The Columbian
Exposition at Chicago in 1893 had a large display of floor
and wall tiles from around the world and highlighted the
tremendous opportunities in the U.S. market. American
Encaustic Tiling soon became the largest tile manufacturer in
the United States, employing more than 1,000 people by the
late 1920s. However, the Great Depression created severe
financial difficulties for AET; one of the companies’ last large
ceramic floor tile installations can be seen in the Noble
County Courthouse in Caldwell, Ohio (Anonymous, 1934;
fig. 2). The AET Zanesville plant was closed in 1935.

MOSAIC TILE COMPANY
(1894-1967)

Karl Langenbeck, Herman Mueller, and William
Shinnick, Jr., formed the Mosaic Tile Company in 1894 in
Zanesville. Mueller and Langenbeck had been associated
with AET during the 1880s and early 1890s. Langenbeck
was the first chemist specializing in ceramics in the United
States (Langenbeck, 1895). Mueller was a skilled sculptor
and engineer who received patents for several mosaic tile
techniques, including the pseudo-mosaic-encaustic designs
used to create the Columbus Frieze on the front of St.
Nicholas Catholic Church in Zanesville in 1898 (fig. 3).
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FIGURE 2. Interior view from the third floor of the Noble County
Courthouse in Caldwell, Ohio, showing the extensive use of ceramic
floor and wall tile supplied by American Encaustic Tiling Company
and Mosaic Tile Company, both of Zanesville, Ohio. The building
was dedicated in 1934 and includes brick from the nearby Ava Brick
Company, sandstone building stone from Briar Hill Stone Company
in Glenmont, Ohio, and gypsum from American Gypsum Company
near Port Clinton, Ohio.

FIGURE 3. View of the encaustic mosaic tile installation on the west facade of the St. Nicholas
Catholic Church in Zanesville, Ohio. The depiction of Columbus arriving in the Americas was
designed and installed by the Mosaic Tile Company of Zanesville in 1898.

The first Mosaic Tile factory was constructed on Pershing
Road in Zanesville in 1894 and it employed 30 men (Brick
and Clay Worker, 1897). The initial production of art tile was
not a financial success, so Mueller and Langenbeck decided
to start production of semi-vitreous floor tile and by 1901,
they had created a thriving business. In 1903, Langenbeck
and Mueller resigned from Mosaic, likely due to artistic
(versus commercial) differences with the investors (Wires and
others, 1972). Mueller formed the successful Mueller Mosaic
Company in Trenton, New Jersey, in 1908. Langenbeck
continued his contributions to the advancement of chemistry
in ceramics, primarily through his work with the American
Ceramic Society, in which he served as president from 1900
through 1901 (Langenbeck, 1922).

Mosaic continued to grow under the management of
William Shinnick. Well-known art director Harry Rhead, who
had produced many successful designs at nearby Roseville
Pottery, was hired by Mosaic in 1918. Rhead developed the
“faience tile” product line in 1920. Faience is a pottery glaze

suitable for painted decoration. In 1922, Mosaic installed
its colored wall tile in the Henry Ford Hospital in Detroit,
three years before any competitors had developed a similar
product, and would continue its dominance of the hospital
market throughout the 1920s. Mosaic would have its greatest
volume of production from 1925 through 1927, when 1,250
people were employed at its Zanesville operation.

In 1897, the Library of Congress relocated from
the U.S. Capitol to a new building across the street in
Washington, D.C. In 1900, 16,000 square feet of floor tile
was bought from Mosaic and installed in the renovated
Capitol building (Allen and United States, 2001). Some
other notable installations of Mosaic tile were gauges
and tiling for the locks, stations, and control houses on
the Panama Canal (Bennett, 1915), and the lining of the
Holland Tunnel in New York City. Mosaic survived the Great
Depression by adapting to the changing market and hiring
experienced artists in the design department. Faience tile
was discontinued in 1959 and Mosaic closed in 1967.
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GEOLOGY OF MUSKINGUM COUNTY
CLAY DEPOSITS

Mosaic used the Pennsylvanian-age Tionesta clay of the
Pottsville Group for the body of the buff, cream, and granite
colored tiles. The clay was mined by stripping at the W. L.
Bunting mine, one mile south of Drake in Falls Township,
Muskingum County, and it was delivered to the plant by the
Wheeling and Lake Erie Railroad (Stout, 1918). Mosaic is also
reported to have used the Tionesta clay mined from the King
mine at Ellis in Muskingum Township and may have mixed
it with 33 percent Lower Kittanning clay (Allegheny Group)
from the Ayers mine located near the plant (fig. 4). Clays used
by AET were also mined in Muskingum County (fig. 5).

The Pottsville Group is in the lower portion of the
Pennsylvanian in Ohio (fig. 6). In Muskingum County, the
Mississippian/Pennsylvanian boundary is unconformable,
with erosion removing significant portions of the stratigraphic
succession. In discontinuous areas of central and southern
Muskingum County, Pottsville Group rocks overlie the
Mississippian-age Maxville Limestone, which represents a
marine transgression. Thick sequences of fluvial sandstones
containing interbedded carbonaceous shales and thin coal
seams with associated underclays are common in the Lower
Pottsville. The Tionesta clay probably represents a paleosol in
which coal swamp plants were rooted, or the Tionesta may
have resulted from deposition in nearshore, brackish lagoons
that were exposed to a fluctuating sea-level environment.

The clay geochemistry of the Tionesta in Muskingum
County was compared with clays from the Bovey and
Wareham Basins of England that were used in the English tile
industry (table 1). The Tionesta is generally higher in silica
dioxide (SiO,), iron oxide (Fe,Os), and titanium trioxide (TiOs)

FIGURE 4. Carl Crabtree mine located on Blunt Run north of
Zanesville in Muskingum County, Ohio. The Pennsylvanian-age
Tionesta clay was being mined. Notice the outcropping Putnam Hill
limestone approximately 15 feet above the mine entrance. Photo
circa 1920.

FIGURE 5. Quarry that supplied clay and shale to manufacture ceramic products in Zanesville, Ohio. The
stratigraphy of the exposure (from the top of the quarry) includes the Pennsylvanian-age Lower Kittanning clay
(Allegheny Group), Clarion sandstone and shale (Allegheny Group), Putnam Hill limestone (Allegheny Group,
foreground), and the underlying Tionesta clay (Pottsville Group). Photo circa 1917.
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TIME-
STRATIGRAPHIC
UNITS

ROCK UNITS

GEOLOGIC
TIME'

SYSTEM/
PERIOD
SERIES/
EPOCH

GROUPS/FORMATIONS/SIGNIFICANT MEMBERS OR BEDS?

Upper
Conemaugh
Gp

Allegheny Gp

Middle

Lower Kittanning coal/clay

Upper Freeport coal
Upper Freeport ss
Lower Freeport coal
Washingtonville sh
Middle Kittanning coal
Obryan Is-Columbiana sh

(m)
(m)

Vanport Is (m)
Clarion coal/ss
Putnam Hill Is

Newland-Brookville coal

(m)

PENNSYLVANIAN

CARBONIFEROUS

Pottsville Gp

Lower and
Middle

318

&

Homewood ss
Tionesta clay
Upper Mercer Is
Lower Mercer Is
Lower Mercer coal
Massillon ss
Quakertown coal
Poverty Run-Lowellville Is
Sharon coal
Sharon ss/cong

(m)

Maxville Ls

"Million years before present.
2(m) indicates a marine zone.

FIGURE 6. Abbreviated stratigraphic column of Pennsylvanian-age rocks in Ohio, including
those used to produce ceramic floor and wall tiles (in red). Modified from Ohio Division of

Geological Survey (1990).

TABLE 1. Comparison of geochemistry between Tionesta clay of Ohio and ball clays of England’

Chemical analysis Tionesta clay (Ohio), % Bovey Basin (England), % Wareham/Dorset (England), %

Si0, 57 55 51

AL,0; 26 29 33

Fe203 2 1 2

Ti0; 15 12 12
Qo 0.4 <0.2 03
Mg0 0.9 <03 0.4
K,0/Na0 23 2.6 0.7
C 0.2 12 03
Loss on ignition 8.9 10.6 9.2

"Modified from Stout and others (1923) and Bristow and others (2002).

and is generally not as plastic as the English clays, but it has
good molding properties that are important to the production
of tiles. The English clays have higher aluminum oxide
(AlLOs), a high plasticity (“ball clay”), and green strength
(Bristow and others, 2002). The lower Fe-Ti content of English
clays allows them to produce a white body when firing; the
Tionesta generally produces a cream to light brown colored
body. Both clays have low carbon content that result in fast
firing, an important aspect in modern tile production. The
English ball clays have a complex geochemistry and often are
mixed with other clays to achieve the proper molding and
firing characteristics (Bristow and others, 2002). Adjusting
firing temperatures within the kiln, sometimes by trial and
error, is also important to producing high-quality tile. An

early evaluation of the use of domestic clays to replace
imported clays can be found in Langenbeck (1924).

ADDITIONAL HISTORIC OHIO CERAMIC
TILE COMPANIES

The success of AET and Mosaic encouraged the
creation of other ceramic tile manufacturers in Ohio. An
early Zanesville venture, Ohio Encaustic Tile Company,
was in existence for only three years (1883-1886). Another
early tile company, Zanesville Majolica Company, also had
limited commercial success (1882-1884). The J. B. Owens
Floor & Wall Tile Company (Zanesville) was a successor
company to Owens Pottery (1896-1907) and manufactured
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ceramic tile from 1907 through 1929. Additional companies
associated with Owens include the Zanesville Tile Company
and the Empire Floor and Wall Tile Company. The Standard
Tile Company (South Zanesville) produced solid color wall
tiles from 1923 to 1943. The Ohio Tile Company (Hamilton
Tile Works) of Hamilton produced tile from 1883 into the
1920s. The Burnt Tile & Porcelain Company of Columbus
produced mosaic floor tile from 1914 to 1920 but converted
to producing electrical porcelain in later years. The Strobel
Tile Company of Cincinnati manufactured faience tile for

a few years beginning in 1906. The Unitile Company of
Uhrichsville made a unique art tile from 1917 to 1927.
Figures, stories, and other complex designs could be
produced on sets of tiles by inlaying various color clays.

THE TWENTY-FIRST CENTURY OHIO CERAMIC
FLOOR AND WALL TILE INDUSTRY

According to Ceramic Tile and Stone Consultants, sales
of ceramic tile increased 6.2 percent in the United States
during 2012 to a value of $2.3 billion wholesale. Imports,
primarily from Mexico, Italy, and China, constituted $1.4
billion of the total. In the United States, Texas produced the
most ceramic tiles (35 percent), followed by Tennessee (9
percent). Average manufacturing cost was $1.06 per square
foot (ft2). The use of ceramic tile in the United States is 7.4 ft2
per capita compared to greater than 35 ft? per capita in Spain
and Brazil, indicating a potential for further growth in the
domestic market (Ceramic Tile and Stone Consultants, 2014).

Ohio companies produced a variety of ceramic floor
and wall tiles for homeowners and commercial users in 2013
(see table 2; does not include small producers of hand-made

decorative tile). The majority of the raw material used to
manufacture tile in Ohio is Pennsylvanian-age shale and

clay mined throughout the state. The mines can be single-
commodity, captive-use type operations, but many sites can
economically extract multiple commodities, such as coal and
limestone, along with the clay and shale. The close association
of various lithologies is due to the cyclic nature of the
Pennsylvanian-age sedimentation in Ohio, with interbedded
marine and nonmarine rock sequences. The marine
transgressions and regressions are likely related to widespread
glaciation at that time which created changes in sea-level.

Modern tile manufacturing is a highly automated,
complex operation that relies on strict quality control to
meet rigorous customer specifications. The general process
for an Ohio tile manufacturer would begin with the clay
and shale being delivered to the plant from a nearby
surface mine (fig. 7). The clay and shale, often along with
approximately 5 percent recycled tiles, are ground and pass
across sieves to maintain consistent size of less than 0.04
inches (fig. 8). Recycling of manufactured tiles improves
shrinkage characteristics during firing in the kiln and also
reduces generated waste. Additional tile scrap is marketed
for road maintenance.

After grinding (fig. 9), the clay and shale is moved by
conveyor, passing under powerful magnets to remove any
metal fragments, and stored in covered bins holding several
hundred tons. Moisture content is strictly controlled to avoid
clumping and allow for proper molding characteristics as the
clay and shale are extruded to form the individual tiles. Color
additives such as chromium, iron oxide, manganese, and barite
or special additives such as silicon carbide are added to meet
customer specifications. After forming, the unfired tiles pass

TABLE 2. Ceramic floor and wall tile manufacturers in Ohio, 2013

Name Contact

Products

Information

1201 Millerton St. SE
Canton, OH 44707
(800) 325-3945
www.ironrock.com

Ironrock/Metropolitan Ceramics

1920 Race St.

Cincinnati, OH 45202-7722
(513) 381-2510
www.rookwood.com

Rookwood Pottery, Inc.

0536 Kossuth-Amanda Rd.
Spencerville, OH 45887
(419) 657-2905
www.sandkuhl.com

Sandkuhl Clay Works, Inc.

SenecaTiles, Inc. 7100 S. County Rd. 23
Attica, OH 44807
(800) 420-4335

www.senecatiles.com

architectural tile

P0.Box 173
Summitville, OH 43962
(330) 223-1511
www.summitville.com

Summitville Tiles, Inc.

Unglazed ceramic quarry tile

Architectural ceramic tiles

Finished face structural clay tile

Hand-made ceramic quarry and

Ceramic quarry tile

Founded in 1866; introduced “split-tile” extrusion process in 1975. Significant
installations include major commercial airports and several national
restaurants chains. Use Brookville clay and shale mined in Mahoning Co. and
Upper Freeport shale from Tuscarawas County.

Original Rookwood operated from 1880—1941. Reopened in 2006 with
original trademarks and molds.

Began business in 1912. Use clay-rich glacial till.

Use beehive kiln from 1906.

Founded in 1920; began producing quarry tile in 1947. Uses Pennsylvanian-
age, Conemaugh Group shale mined in Columbiana Co.
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FIGURE 7. Clay and shale storage at the Ironrock/Metropolitan
Brick ceramic tile plant located south of Canton, Ohio.

FIGURE 8. Inclined screens used to ensure proper size of clay and
shale at the Ironrock/Metropolitan Brick ceramic tile plant located
south of Canton, Ohio.

FIGURE 9. Interior view of the Clearfield Dry Pan roller-type
crusher at the Ironrock/Metropolitan Brick ceramic tile plant located
south of Canton, Ohio.

along additional conveyors and are automatically loaded onto
large kiln carts using robotic arms. The tiles then are conveyed
along a computer-controlled track system to the dryers and
automatically loaded into the gas-fired tunnel kilns (fig. 10).
The tiles are slowly heated in the kiln to the firing
temperature of approximately 1200°C (2200°F) for clay or
1120°C (2050°F) for shale, then tiles are slowly cooled to
ensure the structural integrity of the finished product (fig. 11).
All finished tiles must meet industry standards for abrasion
resistance, absorption, breaking strength, thickness, shear
bond strength, and warpage. Ohio tile manufacturers may test
for additional parameters such as freeze/thaw, static coefficient
of friction, scratch hardness, chemical resistance, and
stain resistance to meet internal or customer requirements.
The finished tile is then quality checked and packaged for
shipment, again generally using robotics or possibly manually
sorted and packaged for certain applications.

SUMMARY

Ohio companies that manufacture ceramic floor and
wall tiles have maintained a leadership role in the United
States ceramic industry for more than 135 years. Abundant
Ohio-sourced clay and shale that meet or exceed the physical
and chemical requirements to produce high-quality tiles,
along with employees that maintain engineering, artistic, and
business excellence, have allowed the industry to flourish
within the state. The challenges of worldwide competition
within the tile industry, changing consumer tastes, and
alternative, possibly lower initial costs for wall and floor
coverings will need to be met with the innovation and
determination shown in the past century by the Ohio ceramic
floor and wall tile industry.
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FIGURE 10. Unfired tile entering the tunnel kiln at
Ironrock/Metropolitan Brick ceramic tile plant located
south of Canton, Ohio.

FIGURE 11. Finished tile exiting the tunnel kiln at the
Ironrock/Metropolitan Brick ceramic tile plant located south
of Canton, Ohio. Tiles are heated, fired to approximately
1200°C, and slowly cooled over a 24-hour period.







2013 Ohio Economic Geology in Brief

Reports were filed in 2013 for 99 coal-mining
operations, including 3 mines with their own coal-washing
facilities. Coal production was reported from 59 individual
operations. Reports also were filed for 6 separate coal-
washing plants and associated facilities. Of the 559
industrial-mineral-mining operations known to be operating
in 2013, 347 operations were reported active. A total of 36
mines reported production of multiple mineral commodities,
including coal and/or one or more industrial minerals. There
were 643 new wells completed for oil and gas in 2013, of
which 623 were productive and 20 were dry.

The total tonnage of coal and industrial minerals produced
in Ohio during 2013 was 117,700,890 tons (table 3) or
approximately 10.3 tons per capita. The total value' of coal

was $1,199,674,459 in 2013; the value of oil and gas was
$1,355,625,470; and the total value' of all industrial minerals
was $893,425,812 in 2013 (table 3, fig. 12). The combined total
value of fuel and nonfuel minerals produced in Ohio during
2013 was $3,448,725,741 or approximately $298 per capita.
Reported and estimated total employment in the extractive
industries of Ohio in 2013 was more than 12,000 people.

Includes reported and estimated values. Some operations reporting sales
did not report a value for those sales. A countywide- or statewide-average
price per ton was calculated for each industrial-mineral commodity based on
sales for which the value was reported. A countywide, average price per ton
was calculated for coal based on sales for which the value was reported and
method of production. These calculated averages were used to estimate the
value of the sales for which the actual values were not reported.

TABLE 3. 2013 Fuel and nonfuel mineral sales and production in Ohio

. . Change in value from
Commodity Production’ Sales? Value3 2012 (percent)
Coal 24,844,584 tons 24,874,770 tons $1,199,674,459 +1.5
Limestone and dolomite 57,562,592 tons 57,871,840 tons $512,247,281 +3.6
Sand and gravel 28,708,583 tons 29,691,597 tons $200,273,102 +4.2
Salt 3,964,757 tons 4,391,138 tons $123,256,445 -35
Sandstone and conglomerate 1,343,705 tons 1,308,675 tons 941,913,113 -10.1
Clay 389,816 tons 434,475 tons $4,019,771 +115.4
Shale 886,853 tons 869,182 tons $11,716,100 +58.4
Gas 167,923,260 thousand cubic feet not available $589,410,643 +137.5
0il 8,005,588 harrels not available $766,214,827 +67.3

"The production figures for industrial minerals are estimates, as many operators do not know actual production. For those operators that do not report production, production is assumed equal to sales or

estimated from ODNR Division of Mineral Resources Management records.
Zncludes material for captive use.

3The FOB value of industrial minerals sold was estimated for mines that failed to report this information and for those producting material for captive use. These estimates were caluclated using a

countywide- or statewide-average price per ton calculated on reported FOB values.
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FIGURE 12. Value of coal, nonfuel minerals, and oil and gas in Ohio.
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COAL
(See also Appendix A)

Coal was first recognized in Ohio by pioneers during
the 1740s and the first map of Ohio coal deposits was made
in 1752 (Crowell, 1995). The first recorded coal production
occurred in Jefferson County during 1800 and in the 213
years since, nearly 3.9 billion tons of coal have been
produced from coal seams in the state (Crowell, 1995). This
represents a value of over $200 billion in 2013 dollars.

A new surface mine in Jefferson County began
production in the second half of 2013. Through September
2014, permits for mine expansions were issued for five
underground mines and five surface mines, covering a total
area of 11,242 acres. Permits also were issued for eight new
surface mines with a total area of 2,309 acres.

Ohio coal is used primarily to generate electricity; 70
percent of the state’s electricity is produced by burning
coal (PUCQO, 2013). Ohio coal is also used in commercial,
institutional, and industrial applications, while minor
amounts are exported.

Production

Coal was produced by 24 companies at 59 mines in
15 Ohio counties during 2013. Production decreased 5.7
percent from 2012 (Wolfe, 2013a), totaling 24,844,584
tons in 2013 (table 2). In 2013, tonnage from underground
production exceeded tonnage from surface production,
continuing a trend that began in 1995; 7,459,054 tons (30.0
percent of total production) were produced at 49 surface
mines, and 17,385,530 tons (70.0 percent of total production)
were produced at 10 underground mines (table 4).

Of 25 coal-producing states, Ohio ranked tenth in 2013.
The top five states, in descending order of production, were
Wyoming (388.3 million tons), West Virginia (112.9 million
tons), Kentucky (80.1 million tons), Pennsylvania (55.1
million tons), and Illinois (52.3 million tons; USDOE, 2014).

In Ohio, the five leading counties for 2013 production
were Belmont, Harrison, Perry, Jefferson, and Tuscarawas
Counties (table 5, fig. 13); these counties produced 92.6
percent of the 2013 total production.

The Pennsylvanian-age Monongahela Group Pittsburgh
(No. 8) coal was the most heavily mined seam, followed
by the Allegheny Group Middle Kittanning (No. 6), the
Allegheny Group Upper Freeport (No. 7), the Monongahela
Group Meigs Creek (No. 9), and the Allegheny Group Lower
Freeport (No. 6a) seams (see fig. 14 and table 8).

Coal produced from these five seams constituted 92.0
percent of the total 2013 production. Since 1816, mining of
the Pittsburgh (No. 8) in eastern Ohio has produced more
than 1 billion tons of coal (Crowell, 1995).

In underground mining, 67.6 percent of the coal was
produced by longwall mining and 32.4 percent was mined
by continuous miner; no coal was produced by conventional

B =5.000,000 tons
[ 1,000,000 - 4,999,999 tons
[ ] 500,000 - 999,999 tons

[] 250,000 - 499,999 tons
I 100,000 - 249,999 tons
[ ] <100,000 tons

FIGURE 13. Coal production in Ohio in 2013, by county and
quantity.

mining in 2013. In surface operations, 82.2 percent of

the coal was mined by conventional surface methods, 3.1
percent was mined by augering, and 14.7 percent was mined
by highwall miner.

Rail was the primary means of coal disposition, carrying
54.8 percent of the total sales. Trucking transported 45.0
percent, and water carried 0.2 percent of the coal sold in
2013. A total of 172,104 tons was reported as stored (table 9).

Economic Impact

A total of 24,874,770 tons of coal were sold in 2013;
total value? was $1,199,674,459 (fig. 15). This was the sixth
consecutive year that coal values were greater than $1
billion, which had not happened since the early 1980s.

The average price per ton of all coal sold was
$48.23; surface-mined coal averaged $46.96 per ton and
underground-mined coal averaged $48.77 (table 10).

The total average annual employment reported in 2013
was 2,985 employees; 2,266 of these were production
employees (table 11). Production employees worked an
average of 191 days producing coal in 2013. The average
annual wage earned by all production employees was
$73,068 based on those employees for whom wages
were reported. The average annual wage for surface-mine
production employees was $56,658, and the average
annual wage for underground-mine production employees
was $80,075. Wages earned by all employees totaled
$237,521,456 in 2013 (table 12).

2Includes reported and estimated values. See footnote 1, p. 9.
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TABLE 4. 2013 Ohio coal production, by county and mining method
Total Underground Surface
County All methods | number Number of Production (short tons) Number Production (short tons)
(short tons) of mines Continuous | Ofmines i .
mines reporting Total Longwall miner reporting Total Strip Auger Highwall
Belmont 14,427,283 10 2 13,544913 | 11,748,668 1,796,245 8 882,370 687,225 69,304 125,841
Carroll 242,336 1 1 242,336 242,336
Columbiana 40,025 2 2 40,025 40,025
Gallia 589 1 1 589 589
Guernsey 156,334 1 1 156,334 153,456 2,878
Harrison 3,442,250 7 2 1,330,456 1,330,456 5 2,111,794 2,070,628 41,166
Jackson 152,993 2 2 152,993 152,993
Jefferson 1,629,372 7 2 488,772 488,772 5 1,140,600 332,514 1,006 807,080
Mahoning 3,616 1 1 3,616 3,616
Noble 356,534 4 4 356,534 355,842 692
Perry 2,365,053 4 2 1,567,544 1,567,544 2 797,509 745,231 52,278
Stark 408,424 3 3 408,424 407,850 574
Tuscarawas 1,146,421 12 1 211,509 211,509 1 934,912 705,763 65,450 163,699
Vinton 350,114 3 3 350,114 350,114
Washington 123,240 1 1 123,240 123,240
TOTAL' 24,844,584 59 10 17,385,530 | 11,748,668 5,636,862 49 7,459,054 6,129,086 233,348 1,096,620
'Any tally inconsistencies are due to rounding of production tonnages.
TABLE 5. 2013 Ohio coal production and sales, TABLE 6. 2013 Ohio coal production, by production
by county, in descending order of production size group and change from 2012
County Production (short tons) Sales (short tons) 2013 Change from
Belmont 14,427,283 14,449,727 Production size group Number of Production 2012 (short
Harrison 3,442,250 3,420,828 mines reporting (short tons) tons)
Perry 2,365,053 2,366,561 1,000,000 tons and over 3 14,669,445 4,479,191
Jefferson 1623372 1,640,473 500,000 0 999,999 tons 6 4,285,000 +3,565,553
Tuscarawas 1,146,421 1,146,421 250,000 t0 499,999 tons 7 2,262,966 1,316,073
Stark 408,424 408,424 100,000 to 249,999 tons 16 2,762,158 +618,132
Noble 356,534 356,533 50,000 to 99,999 tons 9 695,304 +179,115
Vinton 350114 357,567 25,0000 49,999 tons 2 69,206 40,959
Carroll 242,336 238,241 Less than 25,000 tons 16 100,505 ~26,039
Guernsey 156,334 156,334
TOTAL 59 24,844,584 —1,499,462
Jackson 152,993 157,883
Washington 123,240 123,240
Columbiana 40,025 40,025
Mahoning 3,616 3,451
Gallia 589 589
Athens 0 8,473
TOTAL 24,844,584 24,874,770
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TABLE 7. 2013 Ohio coal production, by county and month
Production (short tons)
County Total )
annual January | February | March April May June July August | September | October | November | December
Belmont 14,427,283 | 1,450,203 | 1,270,137 | 1,412,092 | 1,246,850 | 1,744,246 | 1,406,049 | 961,272 | 1,094,069 | 1,122,660 | 1,037,886 | 969,832 711,987
Carroll 242,336 16,396 16,851 11,051 18,790 16,633 18,053 21,331 24,61 22,988 28,488 21,390 25,754
Columbiana 40,025 8,439 10,583 10,864 9,280 423 1 6 n 45 337 36
Gallia 589 589
Guernsey 156,334 6,119 10,481 14,928 17,688 13,907 14,321 18,225 22,324 16,513 21,828
Harrison 3,442,250 | 286,202 | 274,006 | 288,703 | 258274 | 288,036 | 266,608 | 290,243 | 318,577 285792 | 324277 | 289,558 | 271,974
Jackson 152,993 7,828 11,507 25,016 17,226 25,753 9,181 4,984 16,824 6,365 9,086 8,583 10,640
Jefferson 1629372 | 113962 | 119942 | 151,413 | 167,717 | 144242 | 139,985 | 153,058 | 134,829 142,330 | 149,310 | 103,485 109,099
Mahoning 3,616 1,460 483 1,673
Noble 356,534 51,634 35,505 27,479 21,562 24,620 27,452 29,939 28,719 30,301 31,005 22,977 25341
Perry 2,365,053 | 190,543 | 165878 | 208,299 | 188263 | 190,006 | 205663 | 172,442 | 224,298 213,879 | 222,226 | 193,249 190,307
Stark 408,424 26,787 33,876 34,751 36,237 37,445 32,032 38,414 39,758 33,916 37173 27,509 30,526
Tuscarawas | 1,146,421 89,414 87,109 98,898 75,922 77,442 86,297 92,788 | 102,967 81,389 92,198 75177 186,820
Vinton 350,114 36,460 35,192 33,954 30,427 30,302 33,253 24,734 22,536 20,474 33,152 27,144 22,486
Washington 123,240 11,872 10,510 9,464 7,832 7,395 11,451 11,408 10,865 8,162 12,637 10,254 11,390
TOTAL' 24,844,584 | 2,291,200 | 2,071,579 | 2,319,776 | 2,088,861 | 2,601,471 | 2,253,712 | 1,814,521 | 2,032,969 | 1,986,492 | 1,999,807 | 1,766,008 | 1,618,188

"Any tally inconsistencies are due to rounding of production tonnages.
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TABLE 8. 2013 Ohio coal production,
Production
County Newland (No. 4, . . Lower Kittanning | Middle Kittanning | Lower Freeport | Upper Freeport
Total Brookville) Winters | Clarion (No.4a) (No.5) (No.6) (No.6a) (No.7)
Belmont 14,427,283
Carroll 242,336 242,336
Columbiana 40,025 40,025
Gallia 589 589
Guernsey 156,334
Harrison 3,442,250 1,124,532 205,924
Jackson 152,993 56,367 27,949 48,719 14,829 5,129
Jefferson 1,629,372 206,488
Mahoning 3,616 3,616
Noble 356,534
Perry 2,365,053 284,029 1,467,266 162 613,596
Stark 408,424 139,748 225,785 36,774 6,117
Tuscarawas 1,146,421 13,975 373,877 566,648 191,921
Vinton 350,114 70,625 29,246 28,477 154,505 30,652 27,983
Washington 123,240
TOTAL! 24,844,584 140,967 29,246 56,426 1,004,494 2,548,105 1,161,468 1,297,183
"Any tally inconsistencies are due to rounding of production tonnages.
TABLE 9. 2013 Disposition of Ohio coal, by county
Disposition' (short tons)
County HERIG7 1] ified Stored
mines Total' Rail Water Truck Conveyor 2
other
Athens 1 8,473 8,015 458
Belmont 10 14,449,727 10,022,083 4,427,644 19,651
Carroll 1 238,241 238,241 4,095
Columbiana 2 40,025 40,025
Gallia 1 589 589
Guernsey 1 156,334 156,334
Harrison 7 3,420,828 1,079,733 2,341,087 8 34,672
Jackson 2 157,883 20,768 137,115 1,252
Jefferson 7 1,640,473 502,520 1,137,953 11,102
Mahoning 1 3,451 1,197 2,254 5,049
Noble 4 356,533 356,533
Perry 4 2,366,561 1,915,281 451,280 88,251
Stark 3 408,424 408,424
Tuscarawas 12 1,146,421 100,000 1,046,421
Vinton 3 357,567 31,643 325,924 8,032
Washington 1 123,240 123,240
TOTAL2 60 24,874,770 13,627,632 52,411 11,192,465 2,254 8 172,104

"Does not reflect tonnage stored. Reflects tonnage sold and shipped from mine.

*Any tally inconsistencies are due to rounding.
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by county and seam
(short tons)
) i . Pomeroy (No. 8a, Meigs Creek Waynesburg County’
Mahoning (No. 7a) Wilgus Pittsburgh (No. 8) Redstone) (No.9) (No.11)
13,712,086 675,521 39,676 | Belmont
Carroll
Columbiana
Gallia
141,262 15,072 Guernsey
1,626,627 385,388 99,779 Harrison
Jackson
286,746 1,106,466 29,672 Jefferson
Mahoning
356,534 Noble
Perry
Stark
Tuscarawas
8,626 Vinton
123,240 Washington
286,746 8,626 16,586,441 415,060 1,270,146 39,676 | TOTAL?
TABLE 10. 2013 Dollar value of coal at mine, by county and mining method
Total Underground Surface
County No. of ICOIEEL Value at mine’ S No. of LI Value at mine’ A No. of ICIEET Value at mine’ A8
mines - (dollars) average mines — (dollars) average mines - (dollars) average
(short tons) (dollars) (short tons) (dollars) (short tons) (dollars)
Athens 1 8,473 $610,574 $72.06 1 8,473 $610,574 $72.06
Belmont 10 14,449,727 646,209,293 4472 2 13,567,357 607,809,831 44.80 8 882,370 $38,399,462 $43.52
Carroll 1 238,241 19,068,662 80.04 1 238,241 19,068,662 80.04
Columbiana 2 40,025 1,746,245 43.63 2 40,025 1,746,245 43.63
Gallia 1 589 17,650 29.97 1 589 17,650 29.97
Guernsey 1 156,334 6,868,849 43,94 1 156,334 6,868,849 43,94
Harrison 7 3,420,828 168,034,814 49.12 2 1,309,034 74,666,880 57.04 5 2,111,794 93,367,934 4421
Jackson 2 157,883 7,996,277 50.65 2 157,883 7,996,277 50.65
Jefferson 7 1,640,473 98,118,968 59.81 2 499,873 25,105,402 50.22 5 1,140,600 73,013,566 64.01
Mahoning 1 3,451 300,797 87.16 1 3,451 300,797 87.16
Noble 4 356,533 13,257,513 37.18 4 356,533 13,257,513 37.18
Perry 4 2,366,561 148,106,072 62.58 2 1,569,052 113,065,922 72.06 2 797,509 35,040,150 43.94
Stark 3 408,424 17,955,869 43.96 3 408,424 17,955,869 43.96
Tuscarawas 12 1,146,421 48,706,457 449 1 211,509 8,500,000 4019 1N 934,912 40,206,457 43,01
Vinton 3 357,567 18,154,743 50.77 3 357,567 18,154,743 50.77
Washington 1 123,240 4,521,676 36.69 1 123,240 4,521,676 36.69
TOTAL 60 24,874,770 | $1,199,674,459 $48.23 1 17,403,539 | $848,827,271 $48.77 | 49 7,471,231 | $350,847,188 $46.96

"The FOB value of coal sold was estimated for those mines that failed to report this information. These estimates were calculated using a countywide-average price per ton by mining method, based on reported FOB values deemed to be

reliable.
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TABLE 11. 2013 Ohio coal mine employment, by occupational group and month’

Occupational

Number of employees

group a::ntuaalll January | February | March | April May June July August | September | October | November | December
Production 2,266 2,237 2238 | 2234| 2200 | 2206 | 2241 2,252 2,269 2,300 2,327 2,363 238
workers
Non- 719 691 691 694 705 704 709 729 733 735 733 743 762
production
workers
TOTAL 2,985 2,928 2929 | 2928 2905| 2910 | 2,950 | 2,981 3,002 3,035 3,060 3,106 3,090

Employment was estimated for mines not reporting employment.
Represents the average number of employees for the year.

TABLE 12. 2013 Wage and salary payments to Ohio coal mine employees, by county and occupational group

Wage and salary payments (nearest whole dollar)??

County’ All occupations Underground production Surface production Other
P employees employees

Athens $94,664 $94,664
Belmont 140,079,105 $82,515,420 $6,424,057 51,139,628
Carroll 4,059,369 3,648,522 410,847
Columbiana 847,013 256,153 590,860
Coshocton 747,435 747,435
Gallia 35,000 35,000

Guernsey 1,037,113 933,402 103,711
Harrison 26,539,888 14,237,237 8,811,233 3,491,418
Jackson 849,463 849,463

Jefferson 14,775,846 7,480,720 5,236,677 2,058,449
Mahoning 107,654 7,620 100,034
Noble 2,458,591 2,345,602 112,989
Perry 28,328,360 18,320,052 3,638,397 6,369,911
Stark 2,405,244 2,171,284 233,960
Tuscarawas 9,891,451 2,189,710 5,579,467 2,122,274
Vinton 4,523,451 2,551,533 1,971,918
Washington 741,809 741,809

TOTAL $237,521,456 $128,391,661 $39,581,697 $69,548,098

TFor those operations reporting activity in more than one county, wage and salary payments were evenly split between the counties involved unless county-specific information was provided

by the operator.

ZFor those operations reporting only a total wage and salary payment for all workers, an equal pay rate was assumed for all employees. In cases where quarterly employment was reported
but wage and salary payments were not, wage and salary payments for that quarter were estimated from reported payments in the other quarters to arrive at the annual figure. For mines
reporting employment and no wage and salary payments, wage and salary payments were estimated using a countywide or statewide average.
3Any tally inconsistencies are due to rounding.
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INDUSTRIAL MINERALS
(See also Appendix B)

Industrial minerals are nonmetallic, nonfuel rocks or
minerals that have economic value and are essential to
modern society. Industrial minerals have been mined or
quarried in Ohio since the establishment of early settlements
and include salt, sandstone, conglomerate, clay, shale,
limestone, dolomite, gypsum, sand, and gravel. Hundreds of
construction, chemical, and industrial products rely on the
availability of industrial minerals.

The production of multiple commaodities, including
coal and/or one or more industrial minerals, is important to
successful mine operations in many areas of Ohio. The most
common multiple operations are sand and gravel with clay;
coal along with clay, shale, or limestone; and limestone with
associated clay or shale. The production of sand and gravel
along with clay is often located in the glaciated portions of

northern and western Ohio, where deposits of sand and gravel
can be overlain by clay-rich glacial tills. The Pennsylvanian-
age cyclic sedimentation in eastern Ohio includes coals,
clays, shales, and limestones in close proximity, allowing for
economic recovery of multiple commodities.

Industrial minerals were produced in a total of 81 Ohio
counties in 2013 and 329 companies held valid permits for
559 industrial-mineral mining operations. Industrial minerals
were reported as produced or sold by 272 companies from
347 active operations. The combined value of all industrial
minerals sold in 2013 was $893,425,812 (table 13).

The total average annual employment reported in 2013
for industrial-mineral operations was 3,611 people (2,638
production employees and 973 nonproduction employees;
table 14). Total wages for all employees at industrial-mineral
operations in 2013 were $178,265,443. The average annual
wage, based on those employees for whom wages were
reported, was $49,367.

3The following links will provide more information on the general bedrock
and glacial geology of Ohio:
http://geosurvey.ohiodnr.gov/portals/geosurvey/PDFs/BedrockGeology/
BG-1_8.5x11.pdf
http://geosurvey.ohiodnr.gov/portals/geosurvey/PDFs/Glacial/glacial.pdf

TABLE 13. 2013 Value of Ohio industrial minerals

Commodity Sales (tons) Ch(izgse/;:):eig; 2 Value' t:etracle:::l 3:
Limestone and dolomite 57,871,840 -316,899/-0.5 $512,247,281 57.3
Sand and gravel 29,691,597 +281,277/+1.0 $200,273,102 224
Salt 4,391,138 +838,324/+23.6 $123,256,445 13.8
Sandstone and conglomerate 1,308,675 -100,503/-7.1 $41,913,113 47
(lay 434,475 +145,153/+50.2 $4,019,771 0.4
Shale 869,182 +474,992/+121 $11,716,100 13
Total 94,566,907 +1,322,344/+1.4 $893,425,812 100.0

"The FOB value of industrial minerals sold was estimated for those mines that failed to report this information and for those producing material for captive
use. These estimates were calculated using a countywide- or statewide-average price per ton based on reported FOB values.
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TABLE 14. 2013 Employment at Ohio industrial-mineral operations, by county and commodity
Number of employees?
B Totall Limestonfe and Sand and Sandstone and Clay Shale Salt MuItip'Ie.
g dolomite gravel conglomerate commodities
wny | B o8| 5| B s | E| | E| | & | 8| 5| 8] 5| ¢
s | g | 2| €| 2| | || || || E| | &| €| 2
e | 2| 8| 2| 8| 8| 8| 2| 8| | 8| 8| 8| 2|¢2| 2| ¢
o =5 o =5 o =5 o =5 o =5 o =5 o =5 o =5
SlE| S| E| || ||| || |c|2|*]| 2
Adams 29 13 16 13 16
Allen 22 13 9 13 9
Ashland 28 20 8 20 8
Ashtabula 23 7 16 6 2 1 14
Athens 9 5 4 3 3 2 1
Auglaize 26 22 4 19 2 2 2 1
Belmont 14 12 2 12 2
Brown 25 n 14 n 14
Butler 129 54 75 13 5 41 70
Carroll 9 7 2 6 2 1
Champaign 13 10 3 10 3
Clark 20 13 7 4 3 9 4
Clermont 64 50 14 25 7 25 7
Clinton 26 22 4 21 4 1
Columbiana 30 22 8 15 5 6 2 1
Coshocton 25 17 8 4 6 4 7 4
Crawford 17 17 17
Cuyahoga 199 142 57 3 139 57
Darke 16 13 3 8 2 5 1
Defiance 12 10 2 7 2 3
Delaware 26 26 26
Erie 83 A 12 56 12 15
Fairfield 1 1 1
Franklin 229 148 81 91 45 57 36
Fulton 1 1 1
Gallia 2 2 2
Geauga 76 61 15 7 1 54 14
Greene 91 67 24 24 8 34 14 9 2
Guernsey 49 16 33 14 33 2
Hamilton 94 55 39 6 6 49 33
Hancock 5 5 5
Hardin 19 17 2 17 2
Harrison 34 28 6 26 6 2
Highland 14 9 5 5 5 4
Hocking 23 17 6 17 6
Holmes 47 30 17 8 17 17 5
Huron 1 1 1
Jackson n 7 4 6 2 1
Knox A 4 29 31 26 n 3
Lake 149 114 35 1 2 3 3 110 30
Licking 32 21 n 12 8 2 5 2 2
Logan 46 32 14 27 n 5 3
Lorain 3 2 1 2 1
Lucas 60 48 12 45 9 1 2 2
Madison 4 3 1 3 1
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TABLE 14. 2013 Employment at Ohio industrial-mineral operations, by county and commodity (cont.)
Number of employees?
B Total' leestonfe and Sand and Sandstone and Clay Shale Salt Multlp'le.
g dolomite gravel conglomerate commodities
oty | E | _ | 5| | §| | 8| |5 <<|8|c<c|85|c<|58|¢2]|S:
2 S s S s S s S i S s S s S s S s
= 5] 3 =] 3 =] 3 =] =] € = € =] € =] € 3
e | 2| 8| 2| 8| 8| 8| 2| 8| | 8| 8| 8| 2|¢2| 2| ¢
S| 2| | & || & || & | |&|=|&8||&8]|%] &
Mahoning 65 46 19 25 18 21 1
Marion 16 13 3 7 4 3 2
Medina 12 6 6 6 6
Meigs 22 18 4 18 4
Mercer 22 20 2 20 2
Miami 52 35 17 32 14 3 3
Monroe 9 9 9
Montgomery 66 47 19 n 5 36 14
Morrow 7 7 7
Muskingum 87 65 22 32 14 14 4 4 1 15 3
Noble 10 9 1 9 1
Ottawa 103 88 15 88 15
Paulding 95 75 20 28 4 47 16
Perry 6 4 2 1 4
Pickaway 24 20 4 5 1 15 3
Pike 50 38 12 8 2 3 1 27 9
Portage m 83 28 63 20 20 8
Preble 43 30 13 7 2 22 1 1
Putnam 21 17 4 10 2 7 2
Richland 33 28 5 28 5
Ross 19 16 3 16 3
Sandusky 244 215 29 206 27 9 2
Scioto 7 5 2 5 2
Seneca 57 20 37 20 37
Shelby 8 5 3 2 5 1
Stark 88 78 10 78 10
Summit 6 4 2 3 1 2
Tuscarawas 89 63 26 2 1 35 6 n 7 2 13 n
Union 37 29 8 29 8
Van Wert 34 31 3 31 3
Warren 36 25 n 25 n
Washington 38 27 N 27 N
Wayne 28 20 8 6 2 1 12 5 1
Williams 1 1 1
Wood 63 49 14 41 8 8 6
Wyandot 95 88 7 70 3 18 4
TOTAL 3,611 | 2,638 973 | 1,206 372 838 387 150 38 29 12 20 264 96 131 64

"Any tally inconsistencies are due to computer rounding of fractions produced by partial-year employment.
2Employment is not included for mines that were owner operated.
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LIMESTONE AND DOLOMITE
(See also Appendix C)

Limestone and dolomite are Ohio’s most versatile
industrial minerals. Both are used by the construction
industry as aggregate, as an essential ingredient in the
cement industry, to produce lime, as a flux in the steel and
glass industries, as filler in a multitude of products, as an
agricultural supplement, in water purification, and as a
building stone. Ohio has long been a national leader in the
production of lime and construction aggregates.

In 2013, the primary use for crushed and broken
limestone and dolomite was road construction/resurfacing.
Other major uses for various forms of limestone and dolomite
included stone for asphaltic concrete and Portland cement
concrete, commercial building construction, and the
production of lime. Since 2011, there has been a significant
increase in the railroad transportation of aggregates and
other industrial minerals in Ohio, largely to support the
development of hydrocarbons in eastern Ohio.

Production

Limestone and dolomite were reported sold or
produced by 57 companies at 107 operations in 50 Ohio
counties during 2013 (fig. 16). Reported production totaled
57,562,592 tons.

Ohio ranks sixth in the production of crushed stone
(which includes crushed sandstone) out of 50 producing
states. The states leading Ohio in the production of crushed
stone, in descending order, are Texas, Missouri, Pennsylvania,
Florida, and Kentucky (USGS, 2014a).

Devonian-age and Silurian-age carbonates located
in the western half of Ohio are the primary geologic
units producing crushed stone. Pennsylvanian-age and
Missisppian-age limestones are important sources of
aggregate in local markets of eastern Ohio (Stout, 1941;
Lamborn, 1951), particularly the Youngstown (Mahoning
County) and Zanesville (Muskingum County) areas. The top
five geologic units in Ohio producing limestone or dolomite
during 2013, in order of greatest tonnage (see fig. 17), were:

e Devonian-age Columbus Limestone

e Silurian-age Lockport Dolomite

* Devonian-age Detroit River Group

e Silurian-age Greenfield/Tymochtee Dolomites

e Silurian-age Cedarville Dolomite

Lime produced from Ohio limestone and dolomite
totaled 1,477,574 tons in 2013 and came from four
operations in Ottawa, Sandusky, and Seneca Counties (table
16). Ohio ranks fourth nationally in the production of lime
out of 24 producing states and Puerto Rico. The top five
states, in descending order of lime production, are Missouri,
Kentucky, Alabama, Ohio, and Texas (USGS 2014b).

Economic Impact

Estimated sales of limestone and dolomite totaled
57,871,840 tons, (fig. 18 and table 15; -0.5 percent from
2012, see Wolfe, 2013a). Wyandot, Ottawa, Erie, Franklin, and

Sandusky Counties accounted for 39.3 percent of those sales.
The total value* of limestone and dolomite sold in 2013
was $512,247,281 (fig. 18). Average price per ton was $8.90.
An annual average of 1,206 employees worked an
average of 185 days to produce limestone and dolomite.
Total wages of $85,468,099 were paid to a total of
1,578 employees (1,206 production employees and 372
nonproduction employees; table 14). The average annual
wage, based on those employees for whom wages were
reported, was $54,162.

“Includes reported and estimated values. See footnote 1, p. 9.

HHHHH

[ >5.000,000 tons
[ 1,000,000 - 4,999,999 tons
[ ] 500,000 - 999,999 tons
[] 250,000 - 499,999 tons

I 100.000 - 249,999 tons
[ ] 50,000- 99,999 tons
[ ] <50.000 tons

FIGURE 16. Sales of limestone and dolomite in Ohio in 2013, by
county and quantity.
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GROUP

LITHOSTRATIGRAPHIC UNITS

Glacial clay

Permian|Pleistocene| SYSTEM
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hela

Fishpot limestone
Redstone limestone
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Vanport limestone
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Tionesta clay
Middle Mercer clay
Flint Ridge clay
Massillon sandstone

Sharon conglomerate

Mississippian

Maxville Limestone
Logan Formation

Black Hand Sandstone
Buena Vista Sandstone
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Detroit
|River|

Berea Sandstone
Bedford Shale

Ohio Shale
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Ten Mile Creek Dolomite
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Delaware Limestone
Columbus Limestone

Salina
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Salina Dolomite
“Salt beds”

Tymochtee Dolomite
Greenfield Dolomite
Peebles Dolomite
Cedarville Dolomite
Lockport Dolomite
Laurel Limestone
Dayton Limestone
Brassfield Limestone
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B
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Black River Limestone

FIGURE 17. Stratigraphic column of industrial minerals mined in
Ohio during 2013. Modified from Slucher and others (2006), Ohio
Division of Geological Survey (1990), and Brant and Delong (1960,

table 9).

2020

FIGURE 18. Sales and value of limestone and dolomite in Ohio.
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value (million dollars)



24 2013 Report on Ohio Mineral Industries

SAND AND GRAVEL
(See also Appendix D)

Sand and gravel are common raw materials but can be
found as major constituents of asphalt, concrete, mortar,
landscaping, roofing shingles, soil additives, and many other
products. Sand-and-gravel production increased rapidly in
Ohio during the 1950s with the development of improved
mining and processing machinery and increased demand
from road building (Ohio Division of Geological Survey,
1959). Many depleted sand-and-gravel operations have been
redeveloped as parks, residential, or commercial facilities
due to their proximity to urban areas.

Commercial and residential building, Portland cement
concrete, asphaltic concrete, and road construction/
resurfacing were the major uses for Ohio sand and gravel
in 2013.

Production

Sand and gravel were reported sold or produced by 150
companies at 217 operations in 59 Ohio counties during
2013 (fig. 19). Estimated production of sand and gravel
totaled 28,708,583 tons in 2013.

Ohio ranks ninth nationally, out of 50 producing states
and Puerto Rico, in the production of construction sand
and gravel. The states leading Ohio, in descending order
of production, are Texas, California, Minnesota, Michigan,
Arizona, Washington, Colorado, and North Dakota. Ohio
ranks fifth nationally in the production of aggregates,
including crushed stone. The states leading Ohio in the

HHHHH
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[ ] 500,000 - 999,999 tons
[] 250,000 - 499,999 tons
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[ ] <50.000 tons

FIGURE 19. Sales of sand and gravel in Ohio in 2013, by county
and quantity.

production of aggregates are Texas, California, Pennsylvania,
and Missouri (USGS, 2014c).

Sand-and-gravel deposits in Ohio primarily are
associated with Wisconsinan-age glacial outwash and kame
terraces in the valleys and tributaries of the Great Miami,
Scioto, and Muskingum Rivers located in the southwestern,
central, and eastern portions of the state, respectively.
Important sand-and-gravel deposits also are found in glacial
kames in northeast Ohio, particularly south of Cleveland in
Portage, Summit, and Stark Counties. Additional sand-and-
gravel resources are found in beach ridges associated with
ancestral Lake Erie and alluvium of modern floodplains of the
Ohio River and its tributaries.

Economic Impact

Estimated sales of sand and gravel totaled 29,691,597
tons, (fig. 20 and table 17; +1.0 percent from 2012, see
Wolfe, 2013a). Sand accounted for 16,346,291 tons of
the total sand and gravel sold, and gravel accounted for
13,345,306 tons (table 17). Hamilton, Stark, Portage,
Franklin, and Butler Counties led in sales, accounting for
45.2 percent of the total.

The total value® of sand and gravel sold in 2013 was
$200,273,102 (fig. 20). Average price per ton was $7.07.

An annual average of 838 employees worked an average
of 145 days in 2013 to produce sand and gravel. Total wages
of $63,384,529 were paid to a total of 1,225 employees (838
production employees and 387 nonproduction employees).
The average annual wage, based on those employees for
whom wages were reported, was $51,742.

SIncludes reported and estimated values. See footnote 1, p. 9.
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FIGURE 20. Sales and value of sand and gravel in Ohio.



25

2013 Report on Ohio Mineral Industries

000'L 000'L¢ 000'CL 000'6€ 000°00L 0L0°¢8 99%°0L 0L0°z0L 99%'9LL 9L¥'8LT euIpaly
oLL vEe'l 60°€ €8Y'L 08€'0L L0€ w'a 189°0L €0L'TT uoepy
PSLLL 150'6C 186'9 150°'6C LyL'gl w6L'Ly uosipey
006 00€ 007'L 007'L sexnt
98L'S 98L'S 981's uteio]
8’91 €901 orlL 000°0¢ 00002 859'¢ 00002 7L6'0L 87'99 €66’y SLY'LLL uebo?
65T'LE 709'61 0y 0y 000°00L sLo0L 6v0°0LL 625°L€ LL6TEL 65'07C 88y'LEL €07'6¢€ 850'76 197’888 buppn
€05°sL 144 8TL'sL 8zL'sL el
898'Ly 708'Ly 98'5L LTl 6L5'LT 60L'vEL L1¥'09L ' 07v'99L 726'90L 596'0¢ L9ty 8L'LTy 168'€98 Xouy
0971 9Ly'9z L¥6'LS 989y 050°€€ 0L6'S0L 6£70F €76'€0L SvL'SLT 998751 SET'19€ 186'LEY 9LT'66L SOW|OH
568'LE €16'L8 008'€ oLy WwT'eL yLy'0L 09L'UT 1989 wo'oL LEs'oL L8791 €99'2TL 0L5'0vE €/1'89 buypoy
189 'y 66001 €98'GL 9/6'0§ €95°€L 90Z'0F 8T'ss €9'56 puejybiy
[T5'¢L 718'6L1 056 9.'99¢ 000°05€ 05€'LTL 9€9'9/1 0£L'€9 S6v'9LL 1£9'568 6€9'668 €E0TTY'L | T8TTLL | SL9HLE uojjiuiey
SL6'191 $79'05 000'8 000'58L 0000L ¥SLTS 0949t LETL 8189/L vIv'eLe sT'Ls 06L'79L 879'68¢ 8Er'ySLL 9u9I9
€5 0000€ 00009 000°0€ €57°09 €57°06 ebnean
744 866'C wee wee eljen
se'e 920'9L 08€'6L 08€'6L uojjn4
000'66 015’61 6€L'661 677’591 6€9'LEL 189°0LE 99/'L€6 §97'38C 020'56 50L'788 yIL'8SE’L | 698'07T'T ulpjuely
657'€ 9ce €'l 743 4147 809'% Ployreq
0t (14 07 au3
SL€'T LSY'PEL 8rL'cl 780l A LOE'SL ¥9L'651 9Juey9(
0000 000°LL 000°0¢ 000'LL 000°L€ ayieq
€95'+8 €958 €958 eboyedn)
085'S€ 88’61 SLL'E0L ¥59'LL LLSYY Y0v'v8 9579 LLr'yL 19087 £56'6TL 8L0'8L€ uonoYso)
€Lt 680°LS LL6'TE 95K’ 180 68'8¢ 00£'8¢ 6E7'L6 SLY'6L v16°0LL euelquinjo)
9 9 59 uouip
951'8 €1r'6¢ 6L5'LY 6L5'Ly wowss))
€70°0L 9.8 00069 00007 000'7LL 000'8. 00099 00005 000'¢8 008'59 €v0'THe $95'Tvt 809'785 e
U9'1e 0€€'y 0000 00001 000'5¢ 000°0¢ 000'5¢ 00002 0000€ 000°0L uy'lel 0€€'Y9 6's8lL ubredwev)
€959 06L'LE €5L'ey €5L'ey €5y 905'.8 ||041€)
9.5y 97’16 Te0'L6y 009'70¢€ L1078 651'89 L£V'66 9’151 656'79€ 760€5€ £00'280°L | 1S€'896 89€'550' ojing
€T |l | €07 61’8 S97'01 aztelbny
8’6 807'8L 786 807'8L 150'8T susyly
08€'9 8sL'¢ 0z€'l 00001 v6€'LL ¥59'9C 95€'CE uy'or 0S¥'LS 098'L6 e|ngeyysy
78LyL 7S50, 901'58 LEE'ty €95ty §91'LT €v8'LyL 055'0L €6£'TLT puejysy
[aAeID pues [aAeID pues [aAeID pues [9AeID pues [aAeID pues [aAeID pues
pues pues bupeyinsai EYEDIIB) fohesb pues jejo] [ohesb pue
paynadsun/1ayyo [emysnpu] | Kipunoy uonesiy /OIS peoy 9)au0 dnjeydsy TS AT buipjing [el0l pues jejo] fyuno)

plos suoj

asn pup A)uno> £q ‘sa|ps [aAp16 pup pups o1yo £10Z L1 319YL



2013 Report on Ohio Mineral Industries

26

*sabeuuo) uopanpoid jo buipunol 0} anp aze sapu)sisuodul A|jey Auy,

T07'160°L | $50'88L°L | ¥L9'€E LLL'06T | €£0'/8 86v'0L0°c | 886'LL6'T | 6EV'SYL'T | 0€0'SOV'T | OW6'8YY'L | SLELOY'Y | 9LL'9SE'S | 9EL'66SY | 90E'SHEEL | L6T'IVEIL | £65'169'6T Y101
6807 [z6'veL | 6LLL 000 000'7€ 0007LL 8€L'Y9 90'LL §99'€6L 0Tt SE6'LLY JopueAp
96¢ ¥8L'sL 96¢ 78L's1 0vs'sL Poo
174274 9L9'cL 74374 9L9'cL 0v6'LE SWel[Im
69T 06 618°0L LLL'sL 65€'9C y9T'L€ 8¢S 8020, 685'STL 9L£'09 9L¥'0LL 60€'/81 STL'1S¢€ aufepm
S09'v€ S61'8T 0£9°18 000°0€L 9/1°£0L 000°00L vLL'8L vLY'LLT ¥99'98 L16'90C 6v8'87¢ 0zl'LeL 696'590'L uoibuiysem
86691 §75'8C v6€'LL 8816l £09'18Y 7Ts'10€8 666'LZS G€6'qS¢E vES'LL8 Usllej
505 810'€ 196'ST 086951 §SE'ST 9/1'0€L yov'ELL 067'Ly 96v'T/L 65L°Tze YET'19€ 0L1'659 655'066 699'6v9'L semeledsn]
658'S 158' LLT 580 €L1'8L L0g'0L 050'6L 16867 Hwwng
86€'95L 607'75C 0L6'TS¢ ¥06'L5S 96/'15S L0T'€S¢E 68€'/T 67/'961 €29'9€T €81'87¢€ TLL'STE'L | Ter'v89'L | ¥hS'600'E yleis
888"y SLLL 8resL §99'99 0028 LSl 75028 SLY'06 LT§'LLL GTENTS
S6lL S6l 66T €rE0¢ €00°0C L09'6L wl'st 6£L°0S Leg'ss 0J0Dg
197457 161'T 6ly 1617 98'cy 650'9Y fysnpueg
S19'TL 8Lv've €Ll 8LY'LT 69€'ty 6/6'LE 8579 04Tl 875'TE 68597 €50'50L 0£6'921 €86'L€7 $50Y
6LE9L £80'81 01507 8¢y'8L 999'C €68'7€ 06L'TLL L0'LT £50'89L £89'9€L vyL'v0€ puejypry
0/¥'0L 0/¥'0L 0/¥'0L weuind
L 800'L61 $90'70L §L0°26L $90'70L 080°L0€ 9|qaid
ySv'88 ws'Lee 90L vy Sty 69L'TCC wi'LLe vLY'LET 8Tv'L0T €11 00659 y9S'LLE S61'SS€ 0v8's0’L | 6LL'ST6'L | 656'0L6°C abeyog
vLL'8L 37804 000°¢6 374K vLLLLL L16'T6L Ilid
189'¢ €18°L v1v'98 ®r'L 00005 00059 000, €56'LY 05182 801881 Shy'z8L €95°0L€ femeyig
6g5'ee €151yl 958 'l 8/8'¢ 899'LT €el9 uol vy 598'/L LLT'6LT wnbunysny
000712 000°0€ 000'7€ 0007 000'€L 000'7¥C 000'L2L 000'59¢ Mool
88/'lS woL'or ur't 00€08 000'0S 95/'0vL 66'30L 98'75C 96/'76T 0£9'£TS 709'10S 2T670'L | Miawobuopy
L't L18's 00005 000°00L 0000 005701 005001 S9'z8L LLE9WT 95687y ey
veL'0v 0£'s8 000°0€L 000071 0000¢€ 0000¢ 6v6'0LL 000'75¢€ 000'0£ 000'0£ €89'LvY S0L'L19 88E'6LL'L sbia
[oAeID pues [oARID pues [oARID pues [oAeID pues [9ARID pues [oAeID pues
pues pues bupeyinsai EYEDIIH) fohesb pues jejo] [ohesb pue
paypadsun/iayyg | IeMIsnpul | Aipunoy uonen|iy ST 2130u0) d[eydsy BRI Buipping [e30L puesfelol | fyuno)

plos suoj

(}u03) asn pup A1unod Aq ‘sajbs [aADI6 pup pups o1yo £10Z “L1 319VL



2013 Report on Ohio Mineral Industries 27

SANDSTONE AND CONGLOMERATE
(See also Appendix E)

Extensive high-quality sandstone and conglomerate
deposits are located in central and eastern Ohio, from near
Lake Erie to the Ohio River. During the mid-1800s, these
geologic resources were developed into a large building-
stone industry, for glass production, and to support the steel
and associated industries. Ohio led the nation in sandstone
production for many decades; this natural resource continues
to support the state’s industries today.

Crushed sandstone was used primarily for construction,
glass sand, industrial sand, hydraulic fracturing proppant,
and aggregate. Dimension stone was used primarily for rough
construction purposes. GeoFacts No. 27, Fracture Sand in
Ohio, was released by the ODNR Division of Geological
Survey in September 2013 and provides a summary of
potential sand resources that may be suitable for use in
hydraulic-fracturing (Wolfe, 2013b).

Production

Sandstone and conglomerate were reported sold and/
or produced by 21 companies at 27 operations in 17 Ohio
counties during 2013 (fig. 21). Reported production of
sandstone and conglomerate was 1,343,705 tons in 2013.

Based on the latest data available from the USGS in
2011, Ohio ranks seventeenth out of 34 producing states
nationally in production of all dimension stone. Ohio ranks
fourth in the production of sandstone dimension stone. The
top five states, in descending order of total dimension-stone
production, are Texas, Indiana, Wisconsin, Massachusetts, and
Georgia (USGS, 2014d). National standings for crushed stone
are included in the Limestone and Dolomite section (p. 20).

The Pennsylvanian-age Sharon conglomerate in
northeastern Ohio was the most productive sandstone mined
for industrial purposes during 2013. The Pennsylvanian-
age Massillon sandstone and the Mississippian-age Black
Hand Sandstone also were important sources of high-silica
sandstone. The Massillon sandstone and the Devonian-
age Berea Sandstone of northern Ohio, as well as the
Mississippian-age Buena Vista Sandstone in southern Ohio,
remain the primary geologic units quarried for building stone
(Bownocker, 1915; see also fig. 17).

Economic Impact

Sales of sandstone and conglomerate totaled 1,308,675
tons (fig. 11, 7.1 percent from 2012, see Wolfe, 2013a).
Geauga, Pike, Mahoning, Knox, and Guernsey Counties
accounted for 88.0 percent of the total sales. Crushed
sandstone and conglomerate accounted for 1,276,811 tons
of the total sales (table 18) and dimension stone accounted
for 31,864 tons (table 19).

The total value® of sandstone and conglomerate sold in
2013 was $41,913,113 (fig. 22). Average price per ton was
$31.02 for crushed stone and $119.85 for dimension stone.

An annual average of 150 employees worked an average
of 132 days in 2013 to produce sandstone and conglomerate.
Total wages of $6,592,516 were paid to a total of 188

employees (150 production employees and 38 nonproduction
employees). The average annual wage, based on those
employees for whom wages were reported, was $35,067.

¢Includes reported and estimated values. See footnote 1, p. 9.
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FIGURE 21. Sales of sandstone and conglomerate in Ohio in 2013,
by county and quantity.
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CLAY AND SHALE
(See also Appendices F and G)

The ceramics industry in Ohio has a long and dynamic
history. Potteries were established by the early 1800s to
supply dinnerware and by the early 1900s, Ohio was
producing tremendous amounts of building bricks, sewer
pipe, roof and floor tiles, paving bricks, art pottery, and
refractory products. Edward Orton, Jr., established the first
ceramics engineering program in the nation at Ohio State
University in 1894. Ohio is home to the leading producer
of unglazed quarry tile in the United States; one of the
nation’s oldest continually operating tile manufacturers; and
a 110-years-old roofing tile manufacturer whose products
can be seen in 34 states and on nine federal buildings in
Washington, D.C. Both the American Ceramic Society and
the Edward Orton, Jr. Ceramic Foundation are headquartered
in Westerville, Ohio. Ohio clay and shale is still being used
to produce important ceramic products, though production
tonnages are much less than 100 years ago. General
discussions of clay and shale geology in Ohio can be found
in Lamborn and others (1938) and Stout and others (1923).

Clay and shale mined in Ohio in 2013 was used largely
for captive use in the production of common clay products,
such as building bricks; in the construction industry; and to
produce lightweight aggregate. Ohio ceramic products are
shipped throughout the eastern United States and Canada.

Production

Clay was reported sold and/or produced by 20 companies
at 29 operations in 14 Ohio counties during 2013 (fig. 23).
Reported production of clay in 2013 was 389,816 tons.

Shale was reported sold and/or produced by 17 companies
at 24 operations in 14 Ohio counties during 2013 (fig. 24).
Reported production of shale in 2013 was 886,853 tons.

Based on 2011 data, the latest available from USGS,
Ohio ranks fifth out of 40 producing states nationally in the
production of common clay and shale. The states leading Ohio
are Texas, Alabama, North Carolina, and Georgia (Virta, 2012).

Economic Impact

Clay sales (including material for captive use) totaled
434,475 tons (fig. 25; +50.2 percent from 2012, see Wolfe,
2013a); Tuscarawas, Lucas, Jackson, Muskingum, and Portage
Counties accounted for 92.4 percent of the total sales (table 20).

The total value” of clay sold (including material for
captive use) in 2013 was $4,019,771 (fig. 25). Average price
was $9.25 per ton.

An annual average of 29 employees worked mining clay
(including multiple commodities) for an average of 78 days
in 2013. Total wages of $1,519,742 were paid to a total of 41
employees (29 production employees and 12 nonproduction
employees). The average annual wage, based on those
employees for whom wages were reported, was $37,067.

Shale sales (including material for captive use) totaled
869,182 tons (fig. 26; +120 percent from 2012, see Wolfe,
2013a); Tuscarawas, Cuyahoga, Marion, Paulding, and Greene
Counties accounted for 86.0 percent of the total sales (table 21).

The total value® of shale sold (including material for
captive use) in 2013 was $11,716,100 (fig. 15). Average price
was $13.48 per ton.

An annual average of 20 employees worked mining shale
(including multiple commodities) for an average of 97 days
in 2013. Total wages of $1,143,883 were paid to a total of 24
employees (20 production employees and 4 nonproduction
employees). The average annual wage, based on those
employees for whom wages were reported, was $47,662.

Nearly all the clay and shale produced in Ohio is used
to produce value-added products (e.g., building bricks,
industrial ceramics, pottery, expanded aggregate, quarry tile),
thus the economic impact is much greater than the combined
$15.7 million mined value.

7Includes reported and estimated values. See footnote 1, p. 9.
8Includes reported and estimated values. See footnote 1, p. 9.
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FIGURE 23.—Clay sales in Ohio in 2013, by county and quantity.
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TABLE 20. 2013 Ohio clay sales, by county and use
Tons sold"
Count itri
4 Total IDTIGE] Stoneware e G Refractories Construction Landfill use Othe.r/
products products manufacture unspecified
Ashtabula 1,839 1,704 135
Athens 21 21
Auglaize 1,624 1,624
Coshocton 2,669 2,669
Cuyahoga 1,444 1,444
Jackson 18,720 18,720
Licking 13,058 13,058
Lucas 44,300 44,300
Muskingum 18,132 18,132
Portage 15,766 362 15,404
Preble 283 283
Stark 11,120 11,120
Tuscarawas 305,092 105,092 100,000 100,000
Wayne 407 407
TOTAL 434,475 136,330 18,720 130,856 144,321 4,248
"Any tally inconsistencies are due to rounding of total tons sold.
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FIGURE 25.—Sales and value of clay in Ohio. Value line dashed
where data not available.

FIGURE 26.—Sales and value of shale in Ohio.
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TABLE 21. 2013 Ohio shale sales, by county and use
Tons sold'
Count itri i i
Yy Total Common clay Vitrified Cement Lightweight Construction Landfill use Othe.r/
products products manufacture aggregate unspecified
Athens 75 44 13 18
Columbiana 19,270 19,270
Cuyahoga 154,470 154,470
Greene 44,241 44,241
Harrison 31,701 31,701
Knox 914 914
Lawrence 9,600 9,600
Licking 28,815 28,815
Marion 83,889 83,889
Muskingum 16,431 16,140 291
Paulding 75,106 75,106
Perry 12,994 12,994
Tuscarawas 389,544 99,544 100,000 190,000
Wayne 2,132 554 1,578
TOTAL 869,182 292,353 119,347 154,470 101,512 190,304 11,196
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SALT
(See also Appendix H)

Salt was one of the first industrial minerals produced
in Ohio. It was a valuable commodity to early pioneers
and was obtained from natural salt springs. The first State
Legislature enacted laws concerning the salt springs
during 1803-1804 and wells were drilled in Jackson and
Muskingum Counties, leading to the first commercial salt
production in the state. The most important area for early
salt production was in Meigs County, beginning in 1850.
By 1903, Ohio was producing 14.7 percent of all the salt
in the United States (Bownocker, 1906). The modern salt
industry in Ohio began in 1956 with the construction of the
underground salt mine at Fairport Harbor in Lake County.
A second large underground operation was constructed in
Cleveland, beginning in 1957.

The primary use for Ohio salt in 2013 was ice control. Salt
also was used as an additive in animal feed, for cattle blocks,
and as a commercial and residential water-softening agent.

Production

Salt was reported produced by 4 companies at 6
operations in 5 Ohio counties during 2013 (fig. 27).
Estimated production of salt was 3,964,757 tons in 2013.

The top five salt-producing states nationally, based on the
latest data available from Kostick (2013), are Louisiana, Texas,
New York, Ohio, and Kansas.

Both solution-mined and rock salt in Ohio is produced
from the Silurian-age Salina Group. The Salina salt beds are
restricted to the subsurface in eastern Ohio. The Salina Group
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FIGURE 27.—Counties producing salt in Ohio in 2013 and their
rankings in sales.

in eastern Ohio is subdivided into seven units, A through
G, from lowest to highest. The salt produced in Ohio comes
from the F unit, which is further subdivided into four beds.
Individual salt beds are less than 100 feet thick and may
contain thin interbeds of anhydrite and dolomite. Depth to
the F unit varies from 1,900 feet in the Cleveland mine to
over 2,000 feet at the Fairport Harbor mine (Clifford, 1973;
Tomastik, 2002; see also fig. 17). The primary use for Ohio
salt was ice control. Salt also was used as an additive in
animal feed, for cattle blocks, and as a commercial and
residential water-softening agent.

Economic Impact

Estimated total tonnage of salt sold in 2013 was
4,391,138 tons (fig. 28; +23.6 percent from 2012, see
Wolfe, 2013a). Rock salt sales totaled 3,469,716 tons from
two underground mines, one each in Cuyahoga and Lake
Counties. Four brining operations, two in Licking County and
one each in Summit and Wayne Counties, sold an estimated
total of 1,233 tons of salt in brine and 920,189 tons of
evaporated salt.

The total value? of the salt sold in 2013 was
$123,256,445 (fig. 28). Average price per ton of rock salt was
$18.27 and of salt in brine and evaporated salt was $64.98.
The average price per ton of all salt sold was $28.07.

An annual average of 264 employees worked to
produce salt an average of 291 days in 2013. Total wages
of $20,156,674 were paid to a total of 360 employees (264
production employees and 96 nonproduction employees).
The average annual wage, based on those employees for
whom wages were reported, was $55,991.

%Includes reported and estimated values. See footnote 1, p. 9.
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FIGURE 28.—Sales and value of salt in Ohio. Value line dashed
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value (thousand dollars)

GYPSUM PEAT
There was no gypsum production or sales reported in There was no peat production or sales reported in 2013.
2013. Gypsum has not been produced in Ohio since 2004 Peat has not been produced in Ohio since 2012 (fig. 30).
(fig. 29). A history of gypsum production in Ohio can be Dachnowski (1912) contains information on the origin,
found in Wolfe (2001). formation, and uses of peat in Ohio.
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FIGURE 29.—Sales and value of gypsum in Ohio. Value line dashed FIGURE 30.—Sales and value of peat in Ohio.

where data not available. Some sales and values were estimated
because in order to maintain confidentiality, actual sales and values
were not reported.
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OIL AND GAS

(This information is summarized from DOGRM, in press)

The ODNR Division of Oil & Gas Resources
Management (DOGRM) estimates that 643 wells were drilled
in 2013, an increase of 90 wells from 2012. Wells were
drilled in 41 of Ohio’s 88 counties (fig. 31), a decrease of
three counties from 2012. The top ten counties in number of
new wells drilled in 2013 were Carroll, Harrison, Guernsey,
Noble, Monroe, Stark, Columbiana, Belmont, Coshocton,
Knox and Meigs (tied for tenth). There were 623 productive
wells and 20 dry holes for a completion rate of 96.9 percent
(table 22).

The Ordovician-age Utica-Point Pleasant interval was
the most actively drilled in 2013 with 61 percent of all wells
drilled, followed by the “Clinton” sandstone at 18 percent.
Statewide, the longest lateral leg of a horizontal well was drilled
to a length of 19,946 feet into the Utica-Point Pleasant interval.

The total reported crude oil production in Ohio in 2013
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FIGURE 31.—New wells drilled and completed (including dry
holes) for oil and gas in Ohio in 2013, by county (from DOGRM, in

press).

was 8,005,588 barrels (fig. 32), a 56.9 percent increase

from 2012. Through 2013, Ohio wells have produced
1,154,488,072 barrels. The dollar value of crude oil
produced in Ohio in 2013 was $766,214,827, an increase of
67.3 percent. Average price per barrel in 2013 was $95.71, a
4 percent increase from the 2012 price.

Natural gas production in Ohio in 2013 was
167,923,260 thousand cubic feet (MCF; fig. 32), a 93.7
percent increase from 2012. This production figure includes
an estimated 671,329 MCF of gas used on the lease.
Through 2013, Ohio wells have cumulatively produced
8,848,011,244 MCF of natural gas. The dollar value of
natural gas produced in Ohio in 2013 was $589,410,643,
an increase of 137.5 percent from 2012. The average price
per MCF in 2013 was $3.51, an increase of $0.65 per MCF
from 2012.

The combined total value of Ohio oil and gas
production in 2013 was $1,355,625,470, an increase of 92
percent from 2012.
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FIGURE 32.—Production of oil and gas in Ohio. Gas line dashed
where data not available.
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TABLE 22. 2013 Ohio summary of new oil and gas well completions, by county
Development wells Exploratory wells Percent Drilled footage
County’ Total wells .
Productive Dry Productive Dry productive Productive Dry Total
Ashland 1 1 3 0 5 80 16,422 630 17,052
Ashtabula 2 0 0 1 3 67 7,164 5,364 12,528
Athens 1 0 0 0 1 100 1,750 0 1,750
Belmont 14 0 7 0 21 100 353,371 0 353,371
Carroll 150 0 36 0 186 100 2,593,791 0 2,593,791
Champaign 0 0 0 1 1 0 0 2,040 2,040
Columbiana 12 0 14 0 26 100 360,782 0 360,782
Coshocton 20 0 0 1 21 95 66,332 6,319 72,651
Cuyahoga 2 0 0 0 2 100 7,868 0 7,868
Fairfield 2 0 0 0 2 100 3,955 0 3,955
Fulton 0 0 0 1 1 0 0 4,361 4,361
Geauga 2 0 0 0 2 100 8,483 0 8,483
Guernsey 32 0 16 0 48 100 445,858 0 445,858
Harrison 48 0 12 0 60 100 886,965 0 886,965
Holmes 7 0 0 0 7 100 17,614 0 17,614
Huron 4 0 2 1 7 86 20,594 4,200 24,794
Jefferson 3 0 4 0 7 100 108,465 0 108,465
Knox 16 1 0 1 18 89 41,524 5,300 46,824
Licking 15 1 1 0 17 9% 32,191 3,79 35,985
Lucas 0 1 0 1 2 0 0 5,231 5,231
Mahoning 5 0 3 0 8 100 106,135 0 106,135
Marion 0 1 0 0 1 0 0 2,967 2,967
Meigs 18 0 0 0 18 100 37,559 0 37,559
Mercer 0 0 2 1 3 67 2,420 1,823 4,243
Monroe 14 0 14 0 28 100 332,289 0 332,289
Morgan 6 0 5 0 " 100 71,955 0 71,955
Morrow 0 1 0 0 1 0 0 3,999 3,999
Muskingum 9 0 0 0 9 100 4371 0 4371
Noble 37 0 6 0 3] 100 526,045 0 526,045
Perry 3 0 0 0 3 100 7,853 0 7,853
Portage 3 1 2 1 7 7 38,264 12,097 50,361
Preble 0 0 0 1 1 0 0 1,640 1,640
Richland 2 0 1 0 3 100 13,578 0 13,578
Sandusky 1 0 0 1 2 50 2,638 2,208 4,846
Stark 27 0 0 0 27 100 150,024 0 150,024
Summit 13 0 0 0 13 100 53,370 0 53,370
Trumbull 5 0 8 1 14 93 141,730 7,142 148,872
Tuscarawas 3 0 1 0 4 100 15,908 0 15,908
Washington 3 0 3 0 6 100 50,151 0 50,151
Wayne 2 0 0 1 3 67 6,860 6,428 13,288
Wood 1 0 0 0 1 100 1,600 0 1,600
TOTAL 483 7 140 13 643 97 6,573,879 75,543 6,649,422

No wells were drilled in these counties in 2013: Adams, Allen, Auglaize, Brown, Butler, Clark, Clermont, Clinton, Crawford, Darke, Defiance, Delaware, Erie, Fayette, Franklin, Gallia, Greene, Hamilton, Hancock, Hardin, Henry, Highland,

Hocking, Jackson, Lake, Lawrence, Logan, Lorain, Madison, Medina, Miami, Montgomery, Ottawa, Paulding, Pickaway, Pike, Putnam, Ross, Scioto, Seneca, Shelby, Union, Van Wert, Vinton, Warren, Williams, and Wyandot.
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TABLE 23. 2013 Ohio summary of new oil and gas well completions, by geologic unit

Development Exploratory Percent Drilled Footage
Producing Zones Total Wells .
Productive Dry Productive Dry Productive | productive Dry Total

Pennsylvanian (Cow Run) 0 0 1 0 1 100 1,100 0 1,100
Upper Mississippian (Undifferentiated) 0 0 0 0 0 0 0 0 0
Mississippian

1st & 2nd Berea 37 2 0 0 39 95 56,406 1,430 57,836
Devonian

Ohio Shale-Marcellus 34 0 10 0 44 100 246,639 0 246,639

Oriskany 0 0 0 1 100 5,300 0 5,300
Silurian

Clinton-Medina m 1 1 0 113 99 447,500 4,500 452,000
Ordovician

Utica/Point Pleasant 276 0 113 0 389 100 5,610,464 0 5,610,464

Trenton 2 0 2 0 4 100 6,658 0 6,658

Beekmantown 8 0 5 0 13 100 85,049 0 85,049
Cambrian-Ordovician

Rose Run 7 0 1 4 12 67 54,277 26,422 80,699
Cambrian

Trempealeau 8 4 6 8 26 54 60,486 36,763 97,249
PreCambrian 0 0 0 1 1 0 0 6,428 6,428
TOTAL 483 7 140 13 643 97 6,573,879 75,543 6,649,422
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