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ABSTRACT

The Eastern Kentucky Coal Field is one of the major coal-producing
regions of the world. With 1,240 underground mines and 1,800 surface
mines active in 1982, the region is a large market for limestone pro-
ducts: rock dust for explosion abatement in underground coal mines;
agricultural stone for surface-mine reclamation; construction stone for
haulage roads; and, to a lesser extent, high-calcium limestone for acid-
drainage control.

Movement of the Cumberland Qverthrust Block has brought the Newman
Limestone (Mississippian) to the surface on Pine Mountain in the south-
eastern part of the coal field, a region otherwise generally devoid of
operable limestone deposits. To evaluate the Newman as a potential
source of Tow-silica stone (<4% 5102) for rock dust, 2,736 foot-by-foot
samples for major-element analysis have been taken at 10 sites along the
125-mile length of Pine Mountain.

Analytical results show that thick deposits (41-64 feet) of low-
silica stone are present in the lower Newman of Harlan and Letcher Coun-
ties. These deposits in the central part of the outcrop belt may be
sufficiently thick to produce by selective quarrying or underground
mining. Production, however, will be complicated by the steep dip of
the beds and by displacement along small-scale faults within the Newman.
In the northeastern and southwestern parts of Pine Mountain, low-silica
zones range from 10 to 28 feet in thickness, but probably are too thin

to produce economically from the dipping beds.

lkentucky Geological Survey, University of Kentucky, Lexington, KY 40506
2Kentucky Center for Energy Research Laboratory, P.0. Box 13015,
Lexington, KY 40512
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INTRODUCTION

The Eastern Kentucky Coal Field in
the western part of the Appalachian
Basin is one of the major coal-produc-
ing regions of the world. In the 1982
calendar year, 112,055,615 tons of coal
were produced from 3,040 mines (Stan-
ley, 1983). MWith its 1,240 underground
mines and 1,800 surface mines, the
region is a Tlarge market for limestone
products: rock dust for explosion
abatement in underground coal mines;
agricultural stone for surface-mine
reclamation; construction stone for
haulage roads; and, to a lesser extent,
high-calcium 1imestone for acid-drain-
age control, The coal-bearing rocks
(Pennsylvanian) of eastern Kentucky,
however, generally are devoid of opera-
ble Tlimestone deposits, and a major
part of the coal-industry requirements
is met by haulage into the region from
limestone operations west of the coal
field and from adjoining states.

Movement of the Cumberland Over-
thrust Block along the Pine Mountain
Overthrust Fault has brought the Newman
Limestone (Mississippian) to the sur-
face in the southeastern part of the
coal field where it crops out in a
narrow belt along Pine Mountain (Figs.
1 and 2).
the Newman outcrop belt furnish part of

Five quarries operating in

the coal-industry requirements for

construction and agricultural stone

(Fig. 3). However, no rock dust has

been produced from the Newman, and
most, if not all, of the rock dust used
by the more than 900 underground coal
mines of southeastern Kentucky current-
ly is obtained from sources outside the
State. The availability of rock dust
from a source within the coal field
should contribute to a more economical
operation for coal producers by lower-
ing transportation charges, a major
factor in determining the cost of lime-
stone products. To evaluate the Newman
as a potential source of low-silica
stone (<4% 5102) for rock dust, 2,736
foot-by-foot samples for major-element
analysis have been taken at 10 sites
along the 125-mile length of Pine Moun-
tain.

Two terms are used in this report
for carbonate rocks with chemical char-
acteristics suitable for the special
requirements of coal producers and

other industries. Low-silica stone

designates carbonate rocks with a total
(free and combined)
(SiOZ) content of 4 percent or less.
High-calcium limestone designates car-

silicon dioxide

bonate rocks composed of 95 percent or
more calcium carbonate (CaC03).

NEWMAN LIMESTONE
The Newman Limestone of southeast-
ern Kentucky is divided into two infor-
designated as the lower
The Tower

mal units,
member and upper member.
member of the Newman is composed prin-
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Figure 1. Regional geologic setting of Newman Limestone on Pine Mountain, south-
eastern Kentucky.

cipally of 1limestone, with lesser deposits of limestone are restricted to
amounts of dolomite and shale, and the lower member.

minor amounts of siltstone and sand- The thickness of the Newman Lime-
stone (Fig. 4). The wupper member stone along Pine Mountain, as reported
consists of shale with various amounts on the 18 geologic quadrangle maps
of interbedded 1limestone, dolomite, covering the outcrop belt, ranges from

siltstone, and sandstone. Operable 350 feet (Rice and Maughan, 1978) to
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Generalized cross section showing structural setting of Newman Limestone

on Pine Mountain. Adapted from Csejtey (1971).

800 feet (Rice and Wolcott, 1973). For
the lower member, reported thicknesses
range from 250 feet (Rice and Newell,
1975) to 520 feet (Rice and Wolcott,
1973).

The carbonate rocks in the lTower
member of the Newman can be described
in general terms as consisting of four
lithologic subunits. . The combined
thickness of the Tlower three subunits
the fourth
(uppermost) subunit generally 1is more
than 200 feet thick.

The basal
calcilutite and
The overlying, or second,

averages about 125 feet;

subunit 1is composed of

dolomite; chert is
common.
subunit, which 1is the best potential
source of low-silica stone, consists of
bioclastic and oolitic calcarenite with

varying amounts of calcilutite and

dolomite. Thicknesses .of these lower
subunits vary along Pine Mountain (Fig.
5).

The third . subunit,
the Taggard Red Member by Wilpolt and
Marden (1959), is a useful stratigraph-
ic marker in the central and northeast-
In the

southwestern part of Pine Mountain,

designated as

ern parts of the outcrop belt.

jdentification of the position of the
Taggard presently is uncertain. The
Taggard has an average thickness of
about 15 feet and is composed of bio-
clastic calcarenite with interbedded
green and red calcilutite and red and
green shale in the lower and upper
parts. The distinctive red and green

coloration, contrasting with the domi-
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Figure 3. Map indicating potential rock-dust market in southeastern Kentucky.

Shown by county are the number of active underground coal mines and their production
(thousand tons) in 1982. Mine and production data from Stanley (1983).

nantly gray and greenish-gray chert, and shale occur in the subunit.
limestones in the other subunits, fa- Detrital quartz and clay content of the
cilitates its identification. However, limestones generally increases upward
zones of argillaceous 1limestone and in the unit, reflecting the gradation
dolomite with similar red and green from the Tlimestone-dominated Tlower
coloration occur at. other positions member to the shale-dominated upper
within the Tlower member; their occur- member of the Newman.
rences are indicated as "reddish lime-
stone" in Figures 4 and 5. LOW-SILICA STONE FOR ROCK DUST

The fourth, or uppermost, subunit Pulverized limestone, dolomite,
consists of bioclastic calcarenite (in and other inert materials used as rock
part oolitic) alternating with green- dust for explosion abatement in under-
ish-gray and dark-gray, argillaceous, ground coal mines must meet specifica-
silty calcisiltite and calcarenite. tions for silica (SiOz) content. Pub-
Zones of calcilutite, dolomitic lime- lic Law 91-173, the Federal Coal Mine

stone, dolomite, sandy limestone, Health and Safety Act of 1969, speci-



6 IL,IMESTONE RESOURCES FOR THE COAL INDUSTRY

H NE ,
_ /?—EZ\ DOMINANT LITHOLOGY
= S S\ MB___ EJCcALCARENITE
22 X é CALCILUTITE
- FAC =| | 43| [7]DOLOMITIC LS.
X A = DOLOMITE
i ﬂ =| EE ARGILLACEOUS LS.
£ A | = TAGGARD RED MBR.
il ==| [ R SEIRPLS:
= ==| = SANDY LS.
S ' $ o=| [&]CHERT
I it | ==| [~]EXPOSURE ZONE
= == "
- £ = NO SAMPLES
T . SiO; 50
7 2400 1 P <4%
19
/7 [:]:>496 0-
Figure 4. Paired columns showing distribution of low-silica stone and dominant

lithologies in lower member of Newman Limestone at selected sites on Pine Mountain.
Upper part of member at Limestone Branch quarry (LB) not accessible for sampling.
Datum is top of Taggard. (See Table 1 for key to sampled sections.)

fies that these materials are not to mining. In the northeastern and south-

contain more than a total of 4 percent
free and combined silica (Federal Reg-
ister Office, 1970).

Analysis of the foot-by-foot sam-
ples taken from the Tawer member of the
Newman shows that potentially operable
deposits of low-silica stone are pres-
ent on Pine Mountain (Fig. 6; Table 2).
The thickest deposits, 64 feet at the
Harlan quarry (H) in Harlan County and
41 feet at the Hurricane Gap roadcut
(HG) 1in in the
central part of the outcrop belt. They

may be sufficiently thick to produce by

Letcher County, are

selective quarrying or underground

western parts of the outcrop belt, low-
silica zones range in thickness from 10
to 28 feet,
to produce economically from the dip-

but probably are too thin
ping beds. The rocks on Pine Mountain
dip steeply, commonly 25% to 35° SE,
into the Middlesboro Syncline (Froe-
lich, 1973).

Production from an interval encom-
low-silica and an

passing two zones

intervening ledge partly composed of
Tow-silica stone may be feasible local-
ly. At the Harlan quarry (H), Harlan
County, two low-silica zones are pres-

ent in the 1lower part of the member:



LOW-SILICA STONE FOR ROCK DUST

Table 1.--Key to Sampled Sections Shown in Re-
port.

B Adams Stone Corporation Burdine quarry,

Letcher County

EC  Elkhorn Stone Company Elkhorn City guarry,
Pike County

H Nally & Haydon, Inc., Harlan quarry, Harlan
County

HG  Hurricane Gap roadcut, Letcher County

LB Limestone Branch quarry (inactive), Whitley
County

MB  Mountain Branch Limestone Company quarry,
Pike County '

P Pineville quarry (abandoned), Bell County

W Whitesburg quarry and mine (abandoned),

Letcher County

64 feet (av. 0.82% 5102) and 25 feet
(av. 1.01% 5102) (Fig. 6). The two
zones are separated by a 7-foot ledge
in which two of the 1-foot samples have
a silica content greater than 4 percent
(4.08% and 4.90% 5102). For the 96-
foot interval encompassing the two Tow-

silica zones and intervening 7-foot
ledge, the average silica content is
0.97 percent.

Thickest deposits of low-silica

stone in the Newman occur in the cal-

carenitic interval below the Taggard
(Figs. 5 and 6).

(mainly micrite-enveloped

The calcarenite is
bioclastic
Zones of secon-

the thick cal-

grains) and oolitic.
dary dolomite occur in

carenites in the central part of Pine

Mountain. Northeastward
outcrop belt, varied
lutite (in part 1low-silica stone) and
argillaceous "reddish
interbedded with the calcarenite below

in thinner low-

amounts of calci-

limestone" are
the Taggard, resulting
The increased amount of
low-silica the south-
western part of Pine Mountain, as indi-
cated by the Limestone Branch quarry
(LB), Whitley County, suggests that the
area warrants exploration for exploita-
4). Common sources

silica zones.
calcarenite 1in

ble deposits (Fig.

Newman calcarenites are

of silica 1in

" detrital clay and quartz, chert bodies,

and selectively silicified fossil

grains and fragments.

A large market for rock dust ex-
ists in the coal-producing areas north-
west and southeast of Pine Mountain.
In the 1982 calendar year, 50,717,754
tons of coal were produced by 987 un-
derground mines in 11 southeastern
(Fig. 3; Stanley,

requirements in the

Kentucky counties
1983). Rock-dust
face underground coal mines
of rock dust
(Ralph Perry,
Kentucky Department of Mines and Miner-
als, 1983). In
terms of 1982 coal-production figures,

area of
average about 10 pounds
coal

per ton of mined

oral communication,

‘a minimum of about 250,000 tons of rock

dust would be
coal mines in

required by underground
the 11 southeastern Ken-
tucky counties.

along the -

ot S i
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Figure 5. Paired columns showing distribution of low-silica stone and dominant

lithologies in lower part of lower member of Newman Limestone on Pine Mountain.
Analysis of samples from Elkhorn City quarry (EC) in progress. Datum is top of
Taggard. (See Table 1 for key to sampled sections.)

Additional quantities of rock dust
are needed during mining to maintain
the incombustible content of the total
amount of dust in the mine, particular-
ly along conveyor-belt haulageways.
The incombustible content of the com-
bined coal dust, rock dust, and other
dust is to be not less than 65 percent;
the the
incombustible content is to be not less
(Federal Register Of-

A higher incombustible

in return aircourses,
than 80 percent
fice, 1970).
content is required where methane is

present in any ventilating current.

AGRICULTURAL STONE FOR RECLAMATION
Agricultural stone 1is utilized by
the

surface-mined areas to adjust the pH of

coal companies in reclamation of
revegetation (Barn-
1981).
terms of calcium
(CCE)

measure of the stone's acid-neutraliz-

acidic spoils for
hisel, 1975;

specifications are in

Vogel, Chemical

carbonate equivalent which is a

ing value.

Carbonate rocks used for agricul-

tural stone must have a minimum CCE

value of 80. An arbitrary CCE value of

100 is assigned to pure limestone,



AGRICULTURAL STONE FOR RECLAMATION 9

SW NE
LB P H HG W B MB
— 1™ DATUM:
- < o —— TOP OF
- X X ——~—__  __ TAGGARD
X B | 2
= | EA ~
FEET § @
20071 11 X =
W5z %
o7 3 Em 2
150 14 10 =
14 =
24 28 16 2
100 - 19 S
14
—— b — P — II o
12 ll g M3
50 25 17 11 =
16 14 = LB
[+ of
ol 11 64 41 @3 22g o 50
| ] ' 10 3 MILES
| ] 1

Sio,
[[[] Taggard
ll Less than 4% [ | Greater than 4%

J25 Thickness in Feet ] No samples

Figure 6. Distribution and thickness of low-silica deposits in lower member of
Newman Limestone on Pine Mountain. Datum is top of Taggard. (See Table 1 for key
to sampled sections.)

Table 2.--Average Values for Foot-by-Foot Analyses of Selected Low-Silica Deposits in Lower Member of
Newman Limestone on Pine Mountain. (See Table 1 for Key to Sampled Sections.)

Section Thickness CaCO3 MgCO3 S1'02 A1203 Fezo3 K20 NaZO
(Feet) (%) (%) (%) (%) (%) (%) (%) (%)
LB 27.5 94.76 4.18 " 0.90 0.18 0.10 0.03 0.04
H 64.0 91.37 6.82 0.82 0.12 0.14 0.04 0.06
HG 41.0 89.2 8.2 1.65 0.19 0.15 NA NA
MB 22.0 95.51 1.47 1.85 0.18 0.09 0.06 0.03

NA Not Analyzed
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composed of 100 percent calcium carbo-
nate (CaC03); pure dolomite,
CaMg(C03)2, has a CCE value of 108.6.
Pure magnesium carbonate (MgCOB) pos-
higher CCE value than pure
because

sesses a
calcium carbonate it has a

_lower molecular weight than calcium

carbonate, but the same neutralizing
power per molecular unit (Boynton,
1966). In calculating CCE values, the

factor of MgCO3 as CaCO3 equivalent is
1.19 to 1.00.
A major part of the limestone,

dolomitic Tlimestone, and dolomite in
the lower member of the Newman meets
for agri-

the chemical specifications

cultural stone. Common exceptions are
(1) cherty
the lower part of the member and (2)

silty to sandy

Timestone and dolomite in

ledges of argillaceous,
limestone in the upper part.

HIGH-CALCIUM LIMESTONE FOR
ACID-DRAINAGE CONTROL

Limestone is wused to neutralize
acid drainage from coal mines and ref-
use piles. The most effective lime-
stones have a high calcium carbonate
content and low magnesium carbonate

Research,
Hil1l, 1974;

Dolomite and

content  (Bituminous Coal
1970, 1971; Ford, 1974;

Hi1l and Wilmoth, 1971).
limestone, contain

dolomitic which

appreciable amounts of magnesium carbo-
slowly with acidic

nate, react very

waters and are not effective neutraliz-

ing agents. The limestone should have
a low percentage of inert constituents,
such as silica (5102) and alumina
(A1203); their
available alkalinity per ton of stone.

of high-calcium 1lime-

presence means less

Nine zones
stone are present in the sampled sec-
tions on Pine Mountain, occurring with-
in nine of the low-silica zones. The
high-calcium deposits range from 10 to
37 feet in thickness, but mainly are
less than 20 feet thick. Individual
deposits probably are too thin to pro-
steeply

duce economically from the

dipping beds. A potentially operable

of high-calcium 1limestone,

thickness
encompassing two high-calcium zones and
an intervening ledge partly composed of
high-calcium stone, 1is present at the
Harlan County. The

Timestone (princi-

Harlan quarry (H),

69-foot section of
pally calcarenite) immediately underiy-
ing the Taggard at the quarry (Figs. 5
and 6) averages 96.35 percent calcium
carbonate; six of the 1-foot samples in
the interval have a calcium carbonate

content less than 95 percent.

EXPLOITATION
Limestone operations on Pine Moun-
tain mainly have produced stone from
steep-walled trenches or pits which
have faces commonly as much as 200 feet
high.
oriented along the strike of the steep-

ly dipping

The trenches essentjally are

limestone. One open-pit
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operation in Pike County currently
employs a series of benches oriented
along strike. Stone has been produced
by underground mining at a site in
Letcher Codnty.

The production of low-silica stone
or high-calcium stone from the Newman
on Pine Mountain will require either
selective quarrying or underground
mining. Potentially exploitable depos-
jts are overlain by a thick sequence of
limestones that contain a relatively
high percentage of silica and other
noncarbonate constituents. Both open-
pit benching, either on or within the
deposit, and underground mining will
permit the production of chemically
pure stone without contamination from
overlying limestones which do not meet
specifications for silica or calcium
carbonate. Underground mining also
offers the potential

operation and avoids costs for overbur-

for year-round

den removal and reclamation.

Production will be complicated by
the steep dip of the beds, commonly 25°
to 35° (Froelich, 1973), and by fault-
ing within the Newman. Small-scale
thrust faults are relatively common in
the Newman and may displace a deposit
of chemically pure stone. Repetition
of beds by thrust faulting may result

in a deposit locally having an apparent

thickness greater than its true thick-
ness. Faults and associated fractures
are avenues for the movement of water,
soil, and other materials into the
Timestone body.

Coring will be required to deter-
mine the thickness and extent of a
deposit of chemically pure stone and to
establish the presence of sufficient
reserves to support economic exploita-
tion. Cores will provide samples for

chemical analysis and physical testing.

ACKNOWLEDGMENTS
Investigation of 1limestone and
dolomite resources in eastern Kentucky
for coal-related industries has been
supported by the Kentucky Energy Cabi-
net, principally through grants from
the University of Kentucky Institute
for Mining and Minerals Research.
Major-element analyses were performed
by Catherine M. Poole, Mary E. Barron,
and Charles Jones at the Kentucky Cen-
ter for Energy Research Laboratory.
The Hurricane Gap section (HG), sampled
during an earlier investigation by
Frank H. Walker and Robert E. Hauser,
was analyzed at the Mining Engineering
Laboratory, University of Kentucky,
under the supervision of Thomas A.

Kendall.

11



12 LIMESTONE RESOURCES FOR THE COAL INDUSTRY

REFERENCES CITED

Barnhisel, R. I., 1975 (revised 1976), Lime and fertilizer recommendations for rec-
lamation of surface-mined spoils: University of Kentucky College of Agricul-
ture Cooperative Extension Service AGR-40, 4 p.

Bituminous Coal Research, Inc., 1970, Studies on Tlimestone treatment of acid mine
drainage: Federal Water Pollution Control Administration Water Pollution Con-
trol Research Series DSAT-33, 14010 EIZ 01/70, 96 p.

Bituminous Coal Research, Inc., 1971, Studies of limestone treatment of acid mine
drainage, Part II: U.S. Environmental Protection Agency Water Pollution Con-
trol Research Series 14010 EIZ 12/71, 140 p.

Boynton, R. S., 1966, Chemistry and technology of 1lime and limestone: New York,
John Wiley and Sons, 520 p.

Csejtey, Bela, Jr., 1971, Geologic map of the Bledsoe Quadrangle, southeastern Ken-
tucky: U.S. Geological Survey Geologic Quadrangle Map GQ-889.

Federal Register Office, 1970, Public Law 91-173, in United States statutes at
large: Washington, U.S. Government Printing Office, v. 83, p. 742-804.

Ford, C. T., 1974, Selection of 1limestones as neutralizing agents for coal-mine
water, in Tenth forum on geology of industrial minerals proceedings: Ohio
Geological Survey Miscellaneous Report 1, p. 30-42.

Froelich, A. J., 1973, Preliminary report of the oil and gas possibilities between
Pine and Cumberland Mountains, southeastern Kentucky: Kentucky Geological
Survey, ser. 10, Report of Investigations 14, 12 p. :

Hi11, R. D., 1974, Overview of use of carbonate rocks for controlling acid mine
drainage, in Tenth forum on geology of industrial minerals proceedings: Ohio
Geological Survey Miscellaneous Report 1, p. 25-29.

Hill, R. D., and Wilmoth, R. C., 1971, Limestone treatment of acid mine drainage:
Transactions of the Society of Mining Engineers of AIME, v. 250, p. 162-166.

Rice, C. L., and Maudhan, E. K., 1978, Geologic map of the Kayjay Quadrangle and
part of the Fork Ridge Quadrangle, Bell and Knox Counties, Kentucky: U.S.
Geological Survey Geologic Quadrangle Map GQ-1505.

Rice, C. L., and Newell, W. L., 1975, Geologic map of the Saxton Quadrangle and part
of the Jellico East Quadrangle, Whitley County, Kentucky: U.S. Geological
Survey Geologic Quadrangle Map GQ-1264.

Rice, C. L., and Wolcott, D. E., 1973, ‘Geologic map of the Whitesburg Quadrangle,
Kentucky-Virginia, and part of the Flat Gap Quadrangle, Letcher County, Ken-
tucky: U.S. Geological Survey Geologic Quadrangle Map GQ-1119.

Stanley, Willard, 1983, Annual report of the Department of Mines and Minerals, Com-
monwealth of Kentucky, for the year ending December 31, 1982: Kentucky Depart-
ment of Mines and Minerals, 185 p.



REFERENCES CITED 13

Vogel, W. G., 1981, A guide for revegetating coal mine soils in the eastern United
States: U.S. Department of Agriculture Forest Service General Technical Report

NE-68, 190 p.
Wilpolt, R. H., and Marden, D. W., 1959, Geology and oil and gas possibilities of

Upper.Mississippian rocks of southwestern Virginia, southern West Virginia, and
eastern Kentucky: U.S. Geological Survey Bulletin 1072-K, p. 587-656.



	p1
	p2
	p3
	p4
	p5
	p6
	p7
	p8
	p9
	p10
	p11
	p12
	p13
	p14

