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GEOLOGY AND REFRACTORY CLAY DEPOSITS OF THE 
HALDEMAN AND WRIGLEY 'QUADRANGLES, KENTUCKY

By SAM H. PATTERSON and JOHN W. HOSTERMAN

ABSTRACT

The Haldeman and Wrigley 7%-minute quadrangles are near the western 
edge of the eastern Kentucky coal field and cover an area of approximately 117 
square miles in parts of Carter, Rowan, Elliott, and Morgan Counties, Ky. The 
rocks exposed in the two quadrangles are of Early and Late Mississippian 
and Early and Middle Pennsylvanian age. The Mississippian rocks are com­ 
posed of the thick Brodhead formation, which consists of siltstone and shale, and 
eleven thin marine limestone and shale formations, having an aggregate thickness 
of about 150 feet. The Lee and Breathitt formations, of Pennsylvanian age, 
consist of sandstone, siltstone, and shale; they also contain thin beds of coal 
and several beds of underclay, including the economically important Olive Hill 
clay bed of Crider, 1913. Pennsylvanian rocks include beds of both continental 
and marine origin. The eleven thin Mississippian formations and the upper­ 
most part of the thick Brodhead formation are truncated by a prominent uncon­ 
formity on which rocks of Pennsylvanian age rest. The rocks occupy a region of 
gentle dips between the Cincinnati arch and the Appalachian Mountains.

Refractory clay deposits are in the Olive Hill clay bed, which occurs in the 
lower part of the Lee formation. The Olive Hill clay bed is discontinuous and 
consists of a series of irregularly shaped lenses. The bed is approximately 
two-thirds semifiint clay and one-third flint clay, and it contains minor amounts 
of plastic clay. Some of the flint clay is nearly pure kaolinite, but the semiflint 
and plastic clay consists of mixtures of kaolinite, illite, and mixed-layer clay 
minerals. The structure of the kaolinite ranges from highly crystalline to very 
poorly crystalline "fireclay" type. The degree of crystallinity of the kaolinite 
and the hardness of the clay vary inversely with the amount of illite and mixed- 
layer clay minerals present. The nearly pure kaolinite is believed to have 
formed by the removal of alkalies and some silica from mixtures of kaolinite, 
illite, and mixed-layer clays by leaching in swamps to the deposition of the beds 
overlying the clay. The refractory properties of the clay vary directly with 
the purity of the kaolinite, and refractoriness decreases as the proportions of 
illite and mixed-layer clays increase. Certain nonclay minerals, chiefly siderite, 
pyrite, and iron oxide-bearing minerals, also act as fluxes, reducing the refractory 
properties of the clay. The entire resources of clay in the Olive Hill clay bed are

Fl
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roughly and tentatively estimated to include 105,000,000 tons in the Haldeman 
quadrangle and 175,000,000 tons in the Wrigley quadrangle. Much of this clay 
is of poor quality and the amount that is better than the minimum requirements 
for use in refractories is probably about 30,000,000 tons. Only a fraction of this 
tonnage is suitable for superheat-duty products.

Limestone is the only nonmetallic mineral resource other than refractory clay 
that has been developed in the two quadrangles, but large amounts of shale 
suitable for use in making lightweight aggregate and structural clay products 
may also be present. Most of the limestone, which is quarried in both quad­ 
rangles, is used for road-metal, concrete aggregate, and agriculture stone, but 
some of the limestone is of the quality that would be suitable for other uses. 
Virtually all the Mississlppian Beech Creek limestone of Malott, 1919 which is 
as much as 18 feet thick, consists of high-calcium limestone. Shale beds that 
appear most favorable for making lightweight aggregate are in the shale fades 
of the Lee formation of Pennsylvanian age. Shale that is probably suitable for 
structural clay products is present in the shale facies of the Lee formation and 
in the Muldraugn formation of Mississippian age.

Several dry holes have been drilled in search for oil and gas within the area 
of the two quadrangles. Though no commercial production was ever attained, 
one well furnished a supply of gas for one farm home for several years.

At least five of the major producing coal beds of eastern Kentucky are present 
in the Haldeman an'd Wrigley quadrangles. However, none of these beds is 
more than 14 inches thick except at a very few localities. Virtually no minable 
reserves of coal under foreseeable economic conditions are present in the Halde­ 
man and Wrigley quadrangles.

INTRODUCTION

LOCATION AND EXTENT OF THE AREA

The Haldeman and Wrigley quadrangles are located along the 
western edge of the eastern Kentucky coal field (fig. I A) and occupy 
approximately 117 square miles in parts of Carter, Rowan, Elliott, 
and Morgan Counties. These two areas are the northeast and south­ 
east 71^-minute quadrangles of the Morehead 15-minute quadrangle 
(fig. IB). Haldeman, a small community in which firebrick was 
formerly made, is in the north-central part of the area, about 55 miles 
southwest of Ashland and about 80 miles east of Lexington by road. 
The village of Elliottville, the only other center of population in the 
Haldeman quadrangle, is located on the headwaters of Christy Creek, 
in the east-central part of the quadrangle. Wrigley is a small settle­ 
ment in the valley of the North Fork of the Licking River in the 
southeastern corner of the Wrigley quadrangle. U.S. Highway 60 
and the Chesapeake and Ohio Railroad, the main regional communi­ 
cation lines, extend across the northwestern part of the Haldeman 
quadrangle, and Kentucky Route 32 extends from east to west across 
the central part. Route 173 branches from Route 32, iy2 miles south 
of Elliottville. It extends southward to a point near the southeastern 
corner of the quadrangle and crosses the northeastern corner of the
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FIGUEB 1. A, location of the Haldeman and Wrigley quadrangles and the eastern Ken­ 
tucky coal field; B, position of the Haldeman and Wrigley 7%-minute quadrangles 
within the Morehead 15-minute quadrangle and their relation to the western boundary 
of Pennsylvanian strata.
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Wrigley quadrangle. Kentucky Koute 7 passes through Wrigley and 
services the southeastern part of the area. A network of graveled 
roads, unimproved roads, and trails extends from the primary roads to 
most parts of the area. Twenty years ago a railroad used for logging 
extended along the North Fork of the Licking Kiver. The bed of 
that railroad now forms the grade of a gravel road.

PREVIOUS INVESTIGATIONS

Refractory clay in Carter County, Ky., was briefly described by 
Phalen (1906, p. 411-412). A year later Greaves-Walker (1907, p. 
461-472) discussed in more detail the clay deposits of the area covered 
by this report and elsewhere in northeastern Kentucky. Galpin (1912, 
p. 324-329) included several samples from the Olive Hill clay bed in 
his studies of flint clays from several districts, and this work represents 
the only previous attempt to study the petrography of the Olive Hill 
clay bed. The first detailed geological study of the clay deposits in 
this area consisted of a series of spot examinations by Crider (1913), 
whose report also contains the results of ceramic tests, chemical 
analyses, and an account of the development of the clay industry in 
northeastern Kentucky. Developments in knowledge and utilization 
of the Olive Hill clay bed during the decade following Crider's work 
are summarized briefly by Ries (1922, p. 154-205). A reconnaissance 
map of the Morehead quadrangle was made by Crabb (1930) to show 
the distribution of the clay deposits and the areal geology. Perry, 
Hudnall, Miller, and Lane (1930) attempted to show the distribution 
of clay deposits on a structural geology map of Carter County. A 
structure contour map of Morgan County, on which the Lee forma­ 
tion of Pennsylvanian age was shown as Pottsville conglomerates, was 
prepared by Robinson and Hudnall (1925). A similar map of Elliott 
County, on which the outcrop of Mississippian rocks was shown in a 
general way, was prepared by Robinson, Hudnall, and Richardson 
(1928).

The stratigraphy of Mississippian rocks in eastern Kentucky was 
investigated by Butts (1922). A more detailed study of rocks of 
Osage age (Brodhead and Muldraugh formations, pi. 1) was made by 
Stockdale (1939), and McFarland and Walker (1956) have recently 
correlated the rocks of Chester age [Paoli limestone to Pennington 
formation(?), pi. 1] with those in surrounding regions. No detailed 
investigations of Pennsylvanian stratigraphy have been made in the 
immediate vicinity of the Haldeman and Wrigley quadrangles, and 
the nomenclature herein employed was introduced into other parts of 
eastern Kentucky and adjoining parts of Virginia by Crandall (1880), 
Campbell (1893), and Morse (1931).
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PRESENT INVESTIGATIONS

This report is part of an investigation of refractory clay deposits 
in eastern Kentucky by the U.S. Geological Survey. Laboratory in­ 
vestigations and report writing completed since January 1, 1958, was 
in cooperation with the Kentucky Geological Survey and the Ken­ 
tucky Agricultural and Industrial Development Board. The geology 
of the Haldeman quadrangle (pi. 2) was mapped by the authors dur­ 
ing the summer of 1955 and March 1956. They were assisted by Mr. 
Guillermo Armando Bustos during the summer of 1955. Most of 
the Wrigley quadrangle (pi. 3) was mapped by Hosterman assisted 
by Mr. Constante B. Belandres and Mr. Sylvio deQueiroz Mattoso 
during the summer of 1956. The authors completed the mapping of 
this quadrangle in April and November 1957. The assistants were 
participants in the Geological Survey's program under the auspices 
of the International Cooperation Administration. Mr. Bustos was 
from Mexico, Mr. Belandres from the Philippine Islands, and Mr. 
Mattoso from Brazil. Mrs. Hildreth Schultz assisted with the labo­ 
ratory investigations from January to June 1958. Coal beds in the 
Wrigley quadrangle were investigated in April and May 1957 by 
Mr. John W. Huddle, who also wrote the section on coal. The re­ 
fractory tests contained herein were made by members of the Depart­ 
ment of Ceramic Research, College of Ceramics, Alfred University, 
Alfred, N.Y. Mr. Richard West and Mr. Leon B. Coffin conducted 
the tests under the supervision of Dean J. F. McMahon and Dr. W. G. 
Lawrence. Three samples of shale were tested for possible use as 
bloating material for lightweight aggregate at the U.S. Bureau of 
Mines, Elect rotechnical Experiment Station, Norris, Tenn. This 
work was under the supervision of Mr. Howard P. Hamlin, Super­ 
vising Ceramic Engineer.

TOPOGRAPHY AND DRAINAGE

The Haldeman and Wrigley quadrangles lie along the west margin 
of the Cumberland Plateau, which is characterized by gently rolling 
upland surfaces incised by steep-walled valleys with narrow flood 
plains. The elevation ranges from less than 720 feet on the North 
Fork of the Licking River to somewhat more than 1,280 feet in the 
southwestern part of the Haldeman quadrangle. In most places 
local relief is less than 250 feet. A divide that separates the basins 
of large tributaries of the Ohio River extends across the northeast 
part of the Haldeman quadrangle. Streams northeast of the divide 
flow into Tygarts Creek and those to the southeast flow into the Little 
Sandy River. Drainage of the rest of the quadrangle is to the Lick-
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ing River through its major tributaries: the North Fork and Triplett 
and Christy Creeks. The North Fork flows in a northwesterly direc­ 
tion across the southern and central parts of the Wrigley quadrangle. 
This stream and its major tributaries, Devils Fork and Minor, Craney, 
Yocum, and Stonecoal Creeks, drain all of the quadrangle except a 
few square miles in the southern part and about 200 acres in the north­ 
east corner. The small area in the northeast corner lies in the water­ 
shed of the Little Sandy River and four small streams in the southern 
part of the quadrangle flow southward into the Licking Eiver.
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STRATIGRAPHY

The formation mapped in the Haldeman and Wrigley quadrangles 
(pis. 2, 3) from oldest to youngest are as follows: Brodhead and 
Muldraugh formations of Early Mississippian age; undifferentiated 
formations of Late Mississippian age; Lee and Breathitt formations 
of Pennsylvanian age; and Recent alluvium. These formations and 
most of the units comprising the undifferentiated Upper Mississippian 
formations, are shown graphically in plates 4 and 5. The rocks are 
siltstones, shales, sandstones, limestones, unconsolidated silt and sand, 
and poorly sorted stream gravels. Except for outcrops of siltstone 
in the Brodhead formation and the cliff-forming sandstone unit of the 
Lee formation, exposures are small and widely scattered. Much of the 
area is blanketed by a thick mantle of soil and partly weathered 
bedrock and is heavily covered by brush and secondary growth of 
timber. Fortunately, the formations are nearly horizontal, and it is
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possible to make rather accurate inferences as to the location of 
stratigraphic contacts in the covered areas between scattered outcrops.

MISSISSIPPIAN SYSTEM

The Mississippian rocks that crop out in the Haldeman and Wrigley 
quadrangles comprise several units, which can be lumped together 
into Lower Mississippian formations of Osage age and Upper Missis­ 
sippian formations of Meramec and Chester age. No rocks of Kinder- 
hook age appear at the surface in these two quadrangles. Lower 
Mississippian rocks consist of two formations that are dominantly 
siltstone and shale; Upper Mississippian rocks consist of 10 thin 
formations that are dominantly limestone but also contain beds of 
shale, dolomitic limestone, and a few beds of calcareous sandstone.

LOWER MISSISSIPPIAN FORMATIONS

The rocks of Early Mississippian age that crop out in the Haldeman 
and Wrigley quadrangles consist of a complex group of beds that are 
difficult to divide into mappable units. These rocks have an aggregate 
thickness of about 280 feet, and they are characterized by numerous 
lateral and vertical gradations and much variation in thickness of 
units. Stockdale's (1939, p. 1-248) work is now generally regarded 
as authoritative, but his exceedingly detailed study has established 
several members and f acies that are not practical mapping units. In 
the present study, the Lower Mississippian rocks have been divided 
into two formations, the Brodhead and Muldraugh. In the remainder 
of this section, considerable space has been devoted to clarifying the 
relation between Stockdale's units and those used in this report.

BRODHEAD FORMATION

The Brodhead formation was defined by Stockdale (1939, 
p. 135-136) as follows:

The Brodhead formation is a generalized unit in Kentucky which lies between 
the New Providence formation beneath and the thin Floyds Knob formation 
above. It falls within the Burlington-Keokuk range of the general Mississippian 
column . . .

As the writer regards only the lower part of the clastic section in Kentucky 
(lower half of Butts' "New Providence") as the "true" New Providence forma­ 
tion, the remainder of the column, up to the all-important Floyds Knob unit near 
the top is designated separately as the Brodhead unit . . .

Stockdale's detailed description divided the rocks of the formation 
into 6 f acies and 14 members. Within the limits of the Haldeman and 
Wrigley quadrangles, he recognized only one facies of the Brodhead 
formation, the Morehead facies, but divided the formation into four 
members, three of which were assigned names.
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1. The lower unit, the Christy Creek siltstone member, is made up 
of massive greenish-gray, gray, and drab siltstone 130 feet thick. This 
unit forms prominent bluffs and steep rock slopes in the lower walls of 
the stream valleys in the western and northern parts of the Haldeman 
quadrangle and the western part of the Wrigley quadrangle.

2. The second unit consists of an unnamed group of bedded silt- 
stones and silty shales, which grade south westward into massive silt- 
stones of the Frenchburg siltstone member. In most outcrops, the 
second unit is between 125 and 175 feet thick. The lithologic char­ 
acteristics of the unnamed siltstones and of the overlying Haldeman 
siltstone member are similar.

3. Fresh outcrops of the Haldeman member, the third unit, are 
somewhat massive, but weathered outcrops reveal bedded siltstone 
with softer shaly partings. The Haldeman member contains many 
small, irregular lenses of silty, very fossiliferous limestone. In some 
of the lenses, the fossils are filled with pink and brown calcite; in 
others, most of the calcite has been dissolved, leaving the fossil molds 
in the siltstone. The common fossils are horn corals, bryozoans, 
brachiopods, and crinoid stems. This member is 70 feet thick in the 
type section at Haldeman, Ky., given by Stockdale (1939, p. 185), 
but it is much thinner in other nearby sections.

4. The upper unit, called the Perry Branch member, is chiefly a 
greenish-gray to bluish-gray, somewhat argillaceous, siltstone in 
uneven beds. This unit is between 25 and 40 feet thick. In a few 
places, the upper 2 feet are slightly calcareous siltstone that weathers 
yellowish brown. In the southwestern part of Rowan County, the 
entire unit grades from a siltstone tp a soft olive-gray shale.

The Brodhead formation subdivisions of Stockdale outlined above 
are characterized by indistinct boundaries and similar topographic 
expressions. These subdivisions are recognizable only in scattered 
outcrops and the formation is mapped as a single stratigraphic unit 
(pis. 2, 3). The formation is composed of greenish-gray, very resist­ 
ant siltstone and fine-grained sandstone which is irregularly inter- 
bedded with thin green shale that weathers greenish brown. Some 
zones in the siltstone contain crinoid and brachiopod molds, numerous 
curly worm marks, and Taonurus, a type of fossil marking that is 
thought to represent wallows of marine worms or the impression of 
marine plants swayed by currents. Much of the siltstone has no 
planes of weakness along the bedding and will break with equal ease 
in all directions; for this reason the rock is called "freestone" locally.

Well-rounded quartz grains make up 80 to 90 percent of the sandy 
and silty beds. The less than 2-micron fraction of one sample of silt- 
stone was essentially of the same composition as the sample of a shale
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bed examined. Both samples contained the clay minerals illite, kaoli- 
nite, and chlorite in roughly 5:4:1 ratio. The shale sample also con­ 
tained an appreciable amount of fine-grained quartz, and reflections 
corresponding to traces of feldspar were present in the X-ray diagram 
of the fine fraction fifom the siltstone.

The Brodhead ancjl the underlying New Providence shale are rather 
difficult to distinguish because in most places the contact between them 
is poorly exposed and the two units are lithologically similar. The 
New Providence shale was not recognized within the limits of the 
Haldeman and Wrigley quadrangles. However, the thickness of the 
Brodhead exposed (in the valley of Triplett Creek in the north­ 
western part of the Haldeman quadrangle is nearly as great as the 
256 feet Stockdale |l939, p. 178) gives as the thickness of the entire 
formation in a nearby section, and the top of the New Providence 
shale is probably oi^ly a few feet below the surface of the alluvium 
along Triplett Crepk (pi. 2). Elsewhere in the Haldeman and 
Wrigley quadrangle^ the thickness of the exposed Brodhead formation 
is less than 256 fe^t, and the New Providence lies well below the 
surface.

Thin beds of variable lithologic character that overlie the Brodhead 
formation (see section below) are identified -as the Floyds Knob 
formation by Stockdale (1939, pp. 191-200), who regarded it as an 
important stratigraphic marker and based much of his regional corre­ 
lation on it. Stockflale's Floyds Knob formation is included in the 
Brodhead formation in this report. It includes a buff-weathering 
calcareous siltstone bed and a thin stratum of greenish-black silt. In 
some places only the silt is present, and in other places all of the 
Floyds Knob, as w^ll as some of the underlying siltstone beds of the 
Brodhead,. are cut o^it by the unconformity between the Mississippian 
and Pennsylvania^1 systems. In the Haldeman quadrangle, the 
Floyds Knob is onty 1 to 2 feet thick, much too thin to be mapped as 
a separate forrhatiqn; therefore, it is mapped as the uppermost part 
of the Brodhead formation (pi. 2). In the Wrigley quadrangle the 
Muldraugh formation above the Brodhead formation is also very thin 
and could not be mapped as a separate unit. On the geologic map of
this quadrangle (pi 3) the positions of both the Floyds Knob and the
Muldraugh formations are marked approximately by the contact 
between the Brodhead formation and the rocks mapped as Upper 
Mississippian formations undifferentiated.

The following sections of the Brodhead and Muldraugh formations 
were recorded by Stockdale (1939, p. 180 and 184).
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"ROWAN COUNTY, Kentucky. Section No. 66, at steep valley bluff and hill- 
slope above, north side of Christy Creek Valley, immediately north of State 
Highway No. 32; just east of Deep Fork Branch, 3% miles east of Morehead.1

Brodhead formation (Morehead fades) :
Covered. Feet 
Siltstone and shaly siltstone, undifferentiated  _           130 
Siltstone, somewhat clayey, soft and nonresistant; in abrupt contact

with the massive rock beneath_____________________ ___ 10 
Christy 'Creek member:

Siltstone, very massive where fresh; gray, greenish gray, drab; 
yellow to brown where weathered; profuse worm marks; few 
Taonurus, rare fossils; weathers by spalling parallel to exposed 
surface _____________________________________ 130

Altitude at top of Christy Creek member, approximately 935 feet."

"ROWAN COUNTY, Kentucky. Section No. 67, in the vicinity of Haldeman 
7% miles northeast of Morehead. A composite section compiled from ex­ 
posures alonff secondary road leading up steep hill to Carter County line along 
road cuts at Haldeman, and along railroad cuts immediately west of Haldeman.

Pottsville:
Shale and sandstone, to top of hill along road leading to Carter

County line; covered in part. Feet inches 
Covered for the most part; shale and clay_             65 
Unconformity. 

Muldraugh formation (Olive Hillfacies) :
Clay, ocherous ; residuum from leached limestone          3 
Rothwell shale member:

Siltstone, laminated, and silty to clayey shale, green gray, with 
intercalated calcareous slabs; with profuse fossils in 
patches and lenses __________             12 6 

Shale, clayey, olive to maroon; mostly covered         5 6 
Silt, brown, streaked with bright greenish black, especially

at base; residuum from leached limestone____       1 6 
Shale, very clayey, olive green to purple maroon ____._ 6 6 

Floyds Knob formation:
Silt, and ocherous clay; with greenish-black glauconitic * streaks, 

especially at top and bottom; residuum from leached calcareous 
layer _  ___________________ _____       1 

Brodhead formation (Morehead facies) : 
Perry Branch siltstone member:

Siltstone, soft, roughly laminated in places, green gray; 
leached to yellow brown in places; with Taonurus, profuse 
bryozoans in patches; also brachiopods, crinoids, and few 
corals ________________________________ 6 6 

Siltstone, in fairly even beds, and silty shale; green gray to 
drab; upper part laminated and ripple-marked; with 
Taonurus, few crinoids______________________ 20

1 Section located one-quarter mile west of Haldeman quadrangle.
2 Samples of greenish material from both the Brodhead and Muldraugh formations ex­ 

amined by X-ray methods during the current investigation contained abundant illite but no 
glauconite. The mineral here referred to as glauconite is probably illite.
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Brodhead formation (Morehead facies) Continued
Haldeman siltstone 

Siltstone, in irr
member: Feet Inches 
egular beds of varying hardness, greenish gray

to drab; shal y where weathered; lower part characterized 
by profuse fossils as molds, particularly bryozoans, crin- 
oids, and ho:rn corals; Taonurus abundant; less massive 
than rock beneath_______,_______          20 

Siltstone, uneven, somewhat massive; partly shaly where 
weathered, partly! well laminated; greenish gray to drab where 
fresh; characterised by enclosed calcareous patches and lenses 
carrying abundant fossils revealed as molds upon leaching; 
many fossils well calcined________________      50 

Covered; not measured^
Siltstone, in layers separated by silty shale; not measured. 
Christy Creek siltstone i^ember:

Siltstone, massive, forming prominent cliffs or steep hillslopes;
not measured. 

Altitude at top of Brodb]ead formation, approximately 1,025 feet."

MULDRAUGH FORMATION

The name Muldraugh formation was introduced by Stockdale (1939, 
p. 217-221) for a variable rock unit between the Floyds Knob forma­ 
tion (included in the Brodhead formation in this report) and the 
carbonate beds of L^te Mississippian age. The lithologic character 
of the formation in Kentucky is so varied that Stockdale divided it 
into five facies and six members. Virtually all the rocks of the Mul­ 
draugh in the area covered by this investigation appear to fall within 
the unit he designate^ as the Olive Hill facies, Rothwell shale member, 
and, therefore, non0 of his subdivisions of the formation are used 
in this report. The Muldraugh formation is mapped with slight ex­ 
aggeration of its outcrop width as a separate formation in the Halde­ 
man quadrangle (j^l. 2), where it is a rather persistent rock unit 
and in most outcrops is more than 10 feet thick. In the Wrigley 
quadrangle (pi. 3) it is mapped as part of the Brodhead formation, 
because it is less than 5 feet thick and completely covered in most 
places. Inasmuch as the line representing the contact between the 
Brodhead and the bverlying undifferentiated Upper Mississippian 
formations covers a vertical interval of more than 5 feet on steep 
slopes, this line approximately represents the outcrop of both the 
Muldraugh and the thin Floyds Knob formation of Stockdale below it.

The Muldraugh rosts conformably on the Brodhead formation *and 
consists of red and green marine shales containing scattered lenses 
and thin beds of green siltstone. The siltstone beds contain Taomwus, 
fragments of crinoid stems, and a few large poorly preserved brachio- 
pods, which indicate that the deposits are of marine origin. The shale 
from the Muldraugh formation consists chiefly of illite and mixed-

628824 O 62   2
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layer clay with minor amounts of kaolinite (table 7). The only non- 
clay mineral present in sufficient amounts to cause X-ray reflections 
was a small amount of fine-grained quartz. The red and green shales 
are very similar in mineral composition, and the color variations are 
probably due to differences of hydration and oxidation of iron oxides. 
The iron oxide content of the green shale was determined chemically to 
be about 5 percent. By comparing a red shale sample with this green 
shale sample on the X-ray emission spectrometer, it was found that 
the red shale contained approximately 8 percent Fe2O3 .

The Muldraugh ranges in thickness from 0 to about 30 feet. Minor 
variations in thickness may have resulted from differential compaction 
of the relatively incompetent shales and variations in the rate of 
accumulation of the sediments. Prominent variations in thickness, 
however, result from removal of all or part of the formation during 
the erosion intervals that occurred between the deposition of the 
uppermost Mississippian and lowermost Pennsylvanian sediments, 
and between deposition of the shale and sandstone facies of the Lee 
formation. These periods of erosion may also be responsible for the 
absence of some of the uppermost beds of the Brodhead as well as 
all of the undifferentiated upper Mississippian formations in large 
areas on the west side of the lower part of Wagner Fork and in Stone- 
coal valley in the Haldeman quadrangle (pi. 2), and in most of the 
areas in which the Lee formation is shown in contact with the Brod­ 
head formation in the valleys of Craney, Slabcamp, and Minor Creeks 
in the Wrigley quadrangle (pi. 3).

UPPER MISSISSIPPIAN FORMATIONS

Rocks of late Mississippian age consist of 10 thin formations, which 
are variable in thickness and areal distribution, and all 10 formations 
have been lumped together as a single unit on the geologic maps (pis. 
2 and 3). The irregular distribution of these formations is due chiefly 
to their truncation by a large pre-Pennsylvanian unconformity and 
smaller intra-Mississippian unconformities, and perhaps to a lesser 
extent to irregularities in deposition. The three lower formations, 
the Warsaw (?) and the St. Louis and Ste. Genevieve limestones, are 
of Meramec age according to the classification by Weller and others 
(1948, p. 163). The Paoli, Beaver Bend, Reelsville, Beech Creek, 
Haney, Glen Dean, and Pennington (?) formations are equiva­ 
lent to rocks which MacFarlan and Walker (1956) regarded as Chester, 
in age. The Beech Creek and Haney formations are equivalent in 
part, at least, to the Golconda formation. The total maximum thick­ 
nesses of these 10 formations is about 150 feet, but these rocks are 
everywhere much thinner. All of them have been truncated by the
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large pre-Pennsylvanian unconformity, some of them by intra-Mis- 
sissippian unconformities, and some vary in thickness because of 
irregularities of deposition. No more than 8 of the 10 formations 
are present at any one locality in the Haldeman and Wrigley quad­ 
rangles, and the maximum thickness of Upper Mississippian beds 
is only about 80 feet. Furthermore, only 2 to 4 of the formations are 
present at most places and the total thickness of Upper Mississippian 
rocks is less than 30 feet. Though these 10 formations are distinguish­ 
able in the field, they are too thin, discontinuous, and poorly exposed 
to be shown as separate units on the geologic maps, therefore, they 
have been lumped together into the unit referred to (pis. 2 and 3) 
as "Upper Mississippian formations undifferentiated."

The correlations of the seven formations of Chester age by McFarlan 
and Walker (1956) are part of a regional study, during which they 
were able to trace beds from western Kentucky to Indiana, and to 
eastern Kentucky. The framework for their correlations in eastern 
Kentucky lies chiefly in the distinctive fauna of the Glen Dean lime­ 
stone, a shale parting below the Glen Dean, and the massive, light- 
gray, crinoidal to oolitic characteristics of the Eeelsville limestone 
of Malott (1919), which are persistent throughout most of the region. 
Correlations of other formations of Chester age are based chiefly 
on stratigraphic position, lithologic characteristics, types of fossil 
preservation, local unconformities, and certain sedimentary structures 
such as mud flows and limestone breccias.

Erosion represented by the pre-Pennsylvanian unconformity re­ 
moved all of the Upper Mississippian rocks at several localities, and 
intra-Mississippian erosion appears to be the chief cause for the 
local absence of some of the limestone formations. No Upper Mis­ 
sissippian rocks are present at several places in the northwest, south­ 
west, and south-central parts of the Haldeman quadrangle (pi. 2) 
and along Minor Creek and some of its tributaries in the Wrigley 
quadrangle (pi. 3). A long period of pre-Eeelsville erosion during 
Late Mississippian time appears to be responsible for the absence of 
the Ste. Grenevieve limestone and the two formations that overlie it in 
the Wrigley quadrangle and all but the east-central and northeastern 
parts of the Haldeman quadrangle. Other minor Upper Mississip­ 
pian unconformities are indicated by limestone breccia zones, small 
submarine mud flows, and undulating contacts between formations, 
which can be seen in the upper part of the St. Louis formation at 
the limestone quarry along the North Fork of the Licking Eiver, in 
the quarries on the north side of Christy Creek valley, and in outcrops 
at several localities.
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WARSAW(?) FORMATION

The lowermost formation of Late Mississippian age is a unit that 
consists of calcic dolomite, thin beds and lenses of green shale, and 
clastic quartz, and is tentatively correlated with the Warsaw lime­ 
stone of southern and central Kentucky. The unit has been included 
in the overlying St. Louis formation in the vicinity of the Haldeman 
and Wrigley quadrangles by McFarlan and Walker (1956, pi. 2), 
but it is lithologically distinct from that formation and is herein 
considered as a separate stratigraphic unit. The Warsaw (?) is chiefly 
a calcic dolomite that contains some clastic quartz and little or no 
chert; the St. Louis, on the other hand, is limestone and contains 
abundant chert nodules and concretions. Butts (1922, p. 91) describes 
the Warsaw as extending throughout central Kentucky and southward 
into Tennessee. In eastern Kentucky he recognized it as far north 
as a locality 8 miles east of Berea, about 60 miles southwest of the 
area mapped. The tentative correlation of the lowermost unit in the 
area mapped with the Warsaw is based largely on its stratigraphic 
position below the St. Louis, its content of detrital quartz, and the 
presence of thin beds and lenses of green shale, which are charac­ 
teristic of beds in the Warsaw limestone described by Butts.

The Warsaw (?) formation is the most widespread in the Haldeman 
and Wrigley quadrangles of all the undifferentiated Upper Mississip­ 
pian formations. It is normally overlain by the St. Louis limestone, 
and it is present nearly everywhere the Upper Mississippian rocks crop 
out. The Warsaw (?) is the only Upper Mississippian formation 
present at several localities in the western and southern parts of the 
Haldeman and the northern part of the Wrigley quadrangles. The 
maximum observed thickness of the formation was 10 feet, in out­ 
crops along Christy Creek about a quarter of a mile west of 
Elliottville, Haldeman quadrangle. Its thickness in most outcrops 
in the Haldeman quadrangle is 3 to 6 feet, and it is slightly thinner 
throughout most of the Wrigley quadrangle. The contact between 
the Warsaw (?) and St. Louis formations is a rather gently rolling 
surface at most places, including exposures in the floor of the quarry 
along the North Fork of the Licking River (fig. 2) and the two forma­ 
tions appear to be conformable. In exposures below the WPA quarry 
in Craney Creek valley and a few other places, the upper surface of 
the Warsaw (?) is sharply irregular, suggesting a local unconformity.

The Warsaw (?) formation is chiefly a soft, very finely crystalline 
calcic dolomite that contains scattered fragments of marine fossils, 
some quartz sand and silt, and thin lenses of green shale. White cal- 
cite and dolomite veins and small partially or completely filled vugs 
are common throughout the formation. The fresh rock is bluish gray,
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2.   Limestone quarry operated by the Kentucky Road Oiling Co. along the North 
of the Licking River 0.9 mile downstream from Leisure, Wrigley quadrangle.

but at the surface it weathers rapidly to yellowish brown, and where 
thoroughly weathered it forms a zone of silty yellow ocherous clay. 
The dolomite, even the unweathered part, is so soft that it is easily 
carved with a knife; nevertheless it is sufficiently resistant to remain in 
many places where all the Mississippian limestones above it have been 
eroded away. The resistance is probably due to low solubility of the 
dolomite, aided by the presence of clastic quartz and clay materials 
which resist chemical attack. Apparently the formation possessed 
some of these resistant properties prior to the time of the erosion 
represented by the pre-Pennsylvanian unconformity, inasmuch as the 
basal Pennsylvanian sediments rest on the thin formation of the 
Warsaw (?) in many places.

The high dolomite [CaMg(CO3 ) 2] and low calcite (CaCO3 ) con­ 
tents of the Warsaw (?) formation are shown in the chemical analysis 
(No. 1, table 1) of a sample from the Kentucky Road Oiling Co. 
quarry, Wrigley quadrangle. The dominance of dolomite over calcite 
was also recognized in optical and X-ray examinations of samples 
from three widely spaced localities in the Haldeman quadrangle. 
Examinations of insoluble residues of these samples indicate that illite,
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rounded quartz sand grains, and silt are locally present in consider­ 
ably higher proportions than indicated by the small amount of A12O3 
and SiO2 in the chemical analysis (No. 1, table 1). The amounts of 
clay and silt in the formation probably vary considerably from place 
to place. Illite and very finely divided quartz were the only minerals 
recognized by X-ray methods in a sample from a green shale bed. 
This shale bed ranged from 5 to 12 inches in thickness and occurred 
near the middle of the formation in an outcrop along Christy Creek, 
a quarter of a mile west of Elliottville, Haldeman quadrangle.

TABLE 1. Chemical analyses of limestones from the Haldeman and Wrigley
quadrangles

[Weight percent. Summations rounded to nearest whole number. Analyzed by Paul L. D. Elmore, 
Samuel D. Botts, Maryin D. Mack, and Julius H. Goode under the supervision of W. W. Brannock, 
employing methods similar to those of Shapiro and Brannock (1956)]

Si02 .   -
A1*O». ......
Fe'Os    -
FeO _ . __ .
MgO ____...
CaO...... ...
Na2O__ _ ...
KzO.........
TiOj__-.. 
Pi05  .....
MnO..  ...
H2O__ ___ .
COs. _ _ ....

Sum .....

War­
saw
(?)

for­
ma­
tion

1

3.5
.66

1.3
.31

17.2
32.4

.11

.20

.06

.11

.23

.39
43.9

100

St. Louis limestone

2

1.7
.37
.10
.05
.32

54.4
.11
.06
.01
.01
.02
.23

42 7

100

3

1.1
.42
.01
.13
.33

55.0
.06
.11
.02
.01
.03
.33

42.8

100

4

Q 8

.62

.07

.10

.27
50.0

.07

.16

.03

.01
fu

.32
37.6

99

5

6 4
.67

19

.10

.34
51.8

.14

.16

.03

.05
no
01

40.8

101

6

11.7
.28
.05
.06
.32

49.2
.08
.06
.02
.02
.01
.31

38.4

101

Beech Creek limestone of
Malott, 1919

7

n Q4
.32

19
04

.22
55.1

09
.04
.02
.00
04
IQ

43.0

100

8

1.6
.50
.20
.04
.36

54.5
.06
no

.01

.01

.04

.22
42.5

100

9

0.75
.22
.11
.10
.24

54.9
.05
fu

.02

.00

.04

.13
43.2

100

10

1.1
.34
.12
.13
.31

55.0
.07
.06
.03
.00
.03
.12

43.2

101

11

1.1
.32
.12
.10
.15

55.0
.06
.05
.06
.00
.02
.08

43.4

100

Haney
limestone

of McFarlan
and

Walker,
1955

12

9.0
1.7
.41
.34
.62

48.4
.11
.47
.10
.04
.02
.60

38.5

100

13

12.8
1.8
.42
.27
.54

46.4
.09
.46
.09
.06
.02
.74

36.7

100

Glen
Dean
lime­
stone

14

3.5
.60
.24
.16
.61

52.6
.10
.11
.04
.05
.03
.22

41.9

100

NOTE. Materials for analyses were composites of chips taken from quarry faces at 6 to 12 inch intervals. 
The samples are from the following limestone formations:

1. Warsaw (?), 3 feet thick, Kentucky Road Oiling Co. quarry, 1.8 miles downstream from Leisure, Wrig­ 
ley quadrangle, (lab. No. 150133.)

2. St. Louis (lower gray ledge), 12 feet thick, Kentucky Road Oiling Co. quarry, Haldeman quadrangle 
(fig. 3, section 6). (lab. No. 148105.)

3. St. Louis (lower gray ledge). 10 feet thick, abandoned quarry near Christian Cemetery, Haldeman 
quadrangle (fig. 3, section 7). (lab. No. 148107.)

4. St. Louis dower gray ledge), 13 feet thick, abandoned WPA quarry on tributary to Craney Creek, 
Haldeman quadrangle (fig. 3, section 14). (lab. No. 148109.)

5. St. Louis, 10 feet thick, Kentucky Road Oiling Co. quarry, 0.9 mile downstream from Leisure, Wrigley 
quadrangle, (lab. No. 150126.)

6. St. Louis, 10 feet thick, Kentucky Road Oiling Co. quarry, 1.8 miles downstream from Leisure, Wrigley 
quadrangle, (lab. No. 150132.)

7. Beech Creek of Malott, 1919 (upper white ledge), 18 feet thick, Kentucky Road Oiling Co. quarry, 
Haldeman quadrangle (fig. 3, section 6). (lab. No. 148104.)

8. Beech Creek of Malott, 1919 (upper white ledge), 10 feet thick, abandoned quarry near Christian Cem­ 
etery, Haldeman quadrangle (fig. 3, section 7). (lab. No. 148106.)

9. Beech Creek, of Malott, 1919, 5 feet thick, abandoned WPA quarry on tributary to Craney Creek 
Haldeman quadrangle (fig. 3, section 14). (lab. No. 148108.)

10. Beech Creek of Malott, 1919, 8 feet thick, Kentucky Road Oiling Co. quarry, 0.9 mile downstream from 
Leisure, Wrigley quadrangle, (lab. No. 150127.)

11. Beech Creek of Malott, 1919, 10 feet thick, Kentucky Road Oiling Co. quarry, 1.8 miles downstream 
.from Leisure, Wrigley quadrangle, (lab. No. 150131.)

12. Haney of McFarlan and Walker, 1955,10 feet thick, Kentucky Road Oiling Co. quarry, 0.9 mile down­ 
stream from Leisure, Wrigley quadrangle, (lab. No. 150128.)

13. Haney of McFarlan and Walker, 1955,10 feet thick, Kentucky Road Oiling Co. quarry, 1.8 miles down­ 
stream from Leisure, Wrigley quadrangle, (lab. No. 160130.)

14. Glen Dean, 8 feet thick (top not exposed), Kentucky Road Oiling Co. quarry, 1.8 miles downstream 
from Leisure, Wrigley quadrangle, (lab. No. 150129.)



GEOLOGY AND REFRACTORY CLAY, EASTERN KENTUCKY F17 

ST. LOUIS LIMESTONE

The St. Louis limestone is the second most widespread limestone 
formation. It crops out at scattered localities in the Haldeman quad­ 
rangle and can be recognized in the Wrigley quadrangle (pi. 3) at 
most places where Upper Mississippian formations are present. The 
color of the St. Louis ranges from light to dark gray, but it is chiefly 
a medium gray, massive, very finely crystalline to dense limestone 
that contains a lot of chert and a few marine fossils. The chert 
occurs as spherical concretions 1 to 3 inches in diameter and irregular 
nodules up to a foot or more in longest dimension. Some of the chert 
is pink, but most of it is gray. Small calcite crystals and veins are 
quite common throughout the formation. At a few places 1 to 3 thin 
beds of green shale crop out in the lower half of the formation. In 
some outcrops the limestone is extremely brecciated and locally the 
bedding is complexly involute and contorted and appears to have been 
disturbed by submarine flowage prior to consolidation of the rock.

The St. Louis ranges in thickness from 3 to 12 feet in most outcrops 
in the Haldeman quadrangle, but it is 17 feet thick at the abandoned 
WPA quarry on a tributary to Craney Creek northwest of Poplar 
Grove school. It is about 10 feet thick throughout the extensive work­ 
ings in the quarry along the North Fork of the Licking River, Wrigley 
quadrangle, and this thickness is roughly representative of the for­ 
mation throughout the entire quadrangle.

The St. Louis limestone is overlain by the Ste. Genevieve limestone, 
but inasmuch as the Ste. Genevieve is missing in all but a few places 
in the Haldeman quadrangle, the upper contact of the St. Louis marks 
a stratigraphic break throughout most of the area. In the quarry 
along the North Fork in the Wrigley quadrangle (fig. 2), the St. 
Louis is overlain by a bed of soft green fissile shale 3 feet thick. Three 
formations are missing between the St. Louis and the Reelsville lime­ 
stone of Malott that overlies the thin shale bed, and therefore the for­ 
mation to which it should be assigned has not been established. It 
may be part of the St. Louis, any of the three missing limestones, or 
the Reelsville limestone.

A fossil coral from a chert nodule in the St. Louis was collected 
from an outcrop in Hans branch of Yocum Creek (USGS loc. 16320- 
PC) and was identified by Miss Helen Duncan as Dorlodotia sp., a 
form that would have been referred to proliferum Hall in earlier 
reports. In a written communication (October 9, 1956) she states,

Lithostrotwn proliferum of authors is ordinarily regarded as a guide fossil 
for the St. Louis limestone, but it has been reported in the lower Ste. Genevieve.
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STE. GENEVIEVE LIMESTONE

The Ste. Genevieve limestone, as well as the overlying Beaver Bend 
limestone of Malott (1919) and the Paoli limestone of Elrod (1899), 
is restricted to the east-central and northeastern parts of the Halde- 
man quadrangle. Apparently these formations either were never de­ 
posited or were removed by erosion prior to accumulation of younger 
Mississippian formations throughout the remainder of the area 
mapped. The aggregate thickness of these three formations is about 
30 feet in the Proctor Branch and Greenbriar Branch valleys, and 
they pinch out within 2 to 3 miles in all directions except to the east. 
The hypothesis that three limestone formations with the varied litho- 
logic composition of the Ste. Genevieve, Paoli, and Beaver Bend were 
restricted to such a small area is untenable; therefore, erosion prior 
to deposition of younger Mississippian sediments seems to be the 
explanation for their absence over much of the area.

In the few outcrops where the Ste. Genevieve limestone is present 
it consists of light gray, very sandy, nonfossiliferous limestone. The 
sand consists of well-rounded frosted quartz and occurs in crossbedded 
laminae in the limestone. The formation ranges from 4 to 8 feet in 
thickness; however, it thickens sharply to the east, and it is more than 
30 feet thick in Proctor Branch valley, approximately half a mile 
beyond the east boundary of the Haldeman quadrangle. At this 
locality the formation contains sandy brecciated limestone with abun­ 
dant rounded pebbles of chert and quartz.

PAOLI LIMESTONE OF ELROD (1899) AND BEAVER BEND LIMESTONE OF MALOTT
(1919)

The Paoli and Beaver Bend limestones were recognized in eastern 
Kentucky by McFarlan and Walker (1956, p. 9), but because of their 
similar lithologic composition they were not distinguishable in the 
vicinity of the Haldeman and Wrigley quadrangles. These two for­ 
mations occur only in the valleys of Proctor and Greenbriar Branches, 
in the Haldeman quadrangle, where they rest on the Ste. Genevieve 
limestone and are overlain by the Reelsville or the Beech Creek lime­ 
stones of Malott (1919). Both the Paoli and Beaver Bend limestones 
consist chiefly of very fine grained light-gray limestone, most of which 
is in beds 2 to 8 inches thick. Small crystals and specks of calcite 
and fossil fragments are scattered throughout the two formations. 
Along Proctor Branch approximately 22 feet of beds make up the 
Paoli and Beaver Bend. From the base upward they are: (1) about 
2 feet of green, platy, argillaceous, siltstone, probably a lens, resting 
on a covered zone; (2) 5 feet of light-gray fine-grained limestone; 
(3) 4 feet of soft red and green shale; (4) 4 feet of interlayered red
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and green shale and limestone in beds 4 to 8 inches thick; (5) 8 feet 
of light-gray fine-grained limestone. Presumably the red and green 
shale bed corresponds to the Mooretown sandstone horizon which, 
according to McFarlan and Walker (1956, p. 8), forms a break be­ 
tween the Paoli and Beaver Bend. If this correlation is correct, the 
upper limestone, including the interbedded limestone and shale zone, 
is Beaver Bend; the lower limestone and siltstone are Paoli.

REELSVILLE LIMESTONE OF MALOTT (1919)

Thin beds between the Beaver Bend and Beech Creek limestones 
were correlated by McFarlan and Walker (1956, p. 8) with theReels- 
ville limestone of southern Indiana and northwestern Kentucky. In 
the Haldeman quadrangle, the Reelsville limestone crops out in the 
Proctor Branch valley and in the vicinity of the WPA quarry in the 
Craney Creek valley, where it is no more than 2 feet in thickness. 
Elsewhere in the quadrangle, it is either missing or indistinguishable 
from the Beech Creek limestone. McFarlan and Walker consider the 
two formations an inseparable unit over much of eastern Kentucky. 
In the Wrigley quadrangle, the Reelsville beds are present between 
the St. Louis and the Beech Creek limestones in the valleys of Yocum 
Creek and the North Fork of the Licking River (pi. 2). Thicknesses 
are approximately the same as in the Haldeman quadrangle.

The Reelsville consists of very finely crystalline calcic dolomite and 
dolomitic limestone that contains a great deal of shale and silt. The 
fresh rock is olive gray, but weathered surfaces are light yellowish 
brown and are very similar to weathered beds of the Warsaw (?) for­ 
mation. Two samples of Reelsville beds from the North Fork quarry 
examined by insoluble-residue and X-ray techniques were mixtures of 
quartzose calcic dolomite containing subordinate amounts of clay. 
One sample was approximately 35 percent quartz, 25 percent calcite, 30 
percent dolomite, and 10 percent illite. The second sample consisted 
of 30 percent quartz, 60 percent dolomite, and 10 percent calcite and 
clay minerals. The quartz in both samples was all of silt size or 
finer and consisted of both rounded and euhedral clear grains. The 
calcite and dolomite were very fine grained and intimately inter­ 
mixed.

Mr. Ellis L. Yochelson identified the fossils collected from the 
Reelsville at the WPA quarry locality (USGS loc. 16660-PC). The 
fauna included numerous specimens of Straparollus (Euomophabus) 
sp., a few bellerophontid gastropods, and one brachiopod, Composita 
sp. According to Mr. Yochelson (written communication, 1957) this 
type of fossil assemblage is not limited to the Chester or even the 
Mississippian rocks and is therefore of little value for regional 
correlation.
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BEECH CREEK LIMESTONE OF MALOTT (1919)

The Beech Creek limestone is a distinctive formation which occurs 
in both the Haldeman and the Wrigley quadrangles and has been 
recognized from the Ohio Eiver to the Kentucky-Tennessee boundary. 
It is approximately the same unit as the Gasper oolite described by 
Butts (1922, p. 157-164). Scattered outcrops indicate that the 
Beech Creek once formed a rather uniform layer over all of the 
Haldeman and Wrigley quadrangles; however, most of it was re­ 
moved by pre-Pennsylvanian erosion, and its distribution is now ir­ 
regular. In the Haldeman quadrangle the thickness of the formation 
ranges from 0 to 18 feet. The formation is thickest where the over­ 
lying Haney limestone of McFarlan and Walker (1956) has protected 
it from pre-Pennsylvanian erosion. The thickness, where it was 
similarly protected in the Wrigley quadrangle, ranges from 6 to 10 
feet. The formation is fairly consistent in thickness and distribution 
in the Christy Creek, Mocabee Creek, and Proctor Branch valleys in 
the Haldeman quadrangle, and along the North Fork of the Licking 
River and in the valleys of Yocum Creek and its tributaries in the 
Wrigley quadrangle.

The Beech Creek limestone consists of nearly pure limestone of 
uniform chemical and lithologic composition. In most outcrops the 
lower part of the formation is coarse bedded and the upper part is 
massive. The limestone is nearly white to light yellowish gray, 
medium to coarsely crystalline, and oolitic, and locally it contains 
abundant crinoid stems and plates. Both coarse calcite crystals and 
some oval-shaped sections of oolites are present in a thin section of 
the limestone (fig. 3, A) cut from a sample taken from the upper mas­ 
sive part of the formation at'the Kentucky Road Oiling Company 
quarry on the north side of the Christy Creek valley, Haldeman 
quadrangle (pi. 4, section 6). McFarlan and Walker (1956, p. 8) 
found foraminifera very numerous in some parts of the formation, 
and they regard a large crinoid stem i/2 to % inch in diameter as 
the distinctive fossil. The limestone is of the high-calcium type, 
and it is nearly uniform in composition throughout much of the 
formation. The Beech Creek has been an important source of the 
limestone quarried in both the Haldeman and Wrigley quadrangles. 
Additional information on the quality of this limestone is given on 
pages F87 to F89 and chemical analyses of samples from the forma­ 
tion at five localities are given in table 1. More chemical data on 
the limestones can be found in the Kentucky Industrial limestone 
reports 2 and 3 by Stokley and McFarlan (1952) and Stokley and 
Walker (1953).
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FIGURE 3. Photomicrographs of limestone and sandstone. (A), Beech Creek lime­ 
stone of Malott, 1919 ; (B), Glen Dean limestone; (C), sandstone from Lee forma­ 
tion ; (D), sandstone from Breathitt formation.

HANEY LIMESTONE OF McFARLAN AND WALKER (1956)

The Haney limestone is the name McFarlan and Walker (1956, 
p. 7, and 8) apply to beds that are in part equivalent to strata referred 
to by earlier authors as the Golconda formation (Butts, 1922, p. 169- 
171). In much of eastern Kentucky the Haney is a medium-crystal­ 
line limestone that occurs in beds 6 inches to 2 feet thick. It overlies
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the Beech Creek limestone and is separated from the Glen Dean 
limestone above by a thin but persistent shale unit a few feet thick. 
This shale unit has been referred to by McFarlan and Walker (1956, 
p. 7) as the "Pencil Cave," a term used by drillers. In the area of 
this report the Haney is represented by a facies containing a great 
deal of shale. Inasmuch as the formation is dominantly shale in its 
upper part, there is no lithologic basis for distinguishing it from the 
so-called "Pencil Cave" shale. As used herein the name Haney applies 
to all beds between the Beech Creek and Glen Dean limestones and may 
include thin strata that correspond to the "Pencil Cave."

In the Haldeman quadrangle the Haney limestone of McFarlan 
and Walker is represented only by calcareous shale containing a few 
thin nodular limestone beds. The formation was either never de­ 
posited or removed from more than three-fourths of the quadrangle 
area during the pre-Pennsylvanian erosional interval. Where it is 
present it is as much as 20 feet thick. In exposures in the high wall 
of limestone quarries along the north side of Christy Creek the forma­ 
tion consists of gray marine shale that weathers purple and reddish 
gray and contains several zones of limestone nodules 1 to 4 inches 
thick. Both the nodules and the shale contain a very prolific bryozoan 
fauna. Similar beds crop out in natural exposures along the north 
side of Proctor Branch near the east edge of the quadrangle. At 
this locality the upper few feet of the formation consist of noncal- 
careous green shale that may represent thoroughly weathered mate­ 
rial of the type that occurs in the Christy Creek vicinity. About 5 
feet of the lower part of the Haney is exposed at the abandoned 
WPA quarry in the Craney Creek valley in the southern part of the 
Haldeman quadrangle. The rocks consist of thin-bedded very fos- 
siliferous olive-gray limestone interbedded with green shale. A col­ 
lection of fossils from this locality (USGS 16671-PC), which were 
examined by Mr. J. Thomas Dutro, Jr., and Miss Helen Duncan, 
consisted of brachiopods, echinoderms, bryozoans, and a coral. This 
collection included:

Amplexizaphrentis spinulosus (Milne-Edwards and Haime)
Platycrinus? sp.
echinoderm debris, indet.
bryozoan fragments, indet.
Diaphragmus cf. D. cestriensis (Worthen)
Spirifer cf. S. leidyi (Norwood and Pratten)
Composita cf. C. siibquadrata (Hall)

In the Wrigley quadrangle the Haney limestone of McFarlan and 
Walker crops out along the North Fork of the Licking Eiver and in 
the valleys of Yocum Creek and its tributaries. It is cut out by the 
pre-Pennsylvanian unconformity in most of the northern third of
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the quadrangle. In exposures in the North Fork quarry (fig. 2) the 
formation is 10 feet thick and is about 60 percent limestone and 40 
percent shale. At this locality the formation consists from the base 
upward of (1) 8 inches of dusky yellowish green shale which overlies 
the Beech Creek limestone, (2) 8 feet of limestone and shale, in which 
the lower two-thirds is thin-bedded light-olive-gray shale interbedded 
with a few thin shale strata, and the upper third is interbedded lime­ 
stone and shale in approximately equal proportions, (3) 16 inches 
of grayish green shale containing a few thin nodular limestone beds. 
The Haney of this neighborhood is apparently an intermediate stage 
in the gradation between the shale f acies in the Haldeman quadrangle 
and the thin-bedded limestone characteristic of the formation farther 
to the southwest.

GLEN DEAN LIMESTONE

The Glen Dean limestone, like the Pennington( ?) formation above 
it, has been removed in all but a few places by erosion prior to the 
deposition of lowermost Pennsylvanian beds. In the Haldeman quad­ 
rangle the formation was recognized only on the north side of the 
Proctor Branch valley, where it consisted of bluish gray, crystalline 
oolitic limestone about 5 feet thick. In the Wrigley quadrangle the 
Glen Dean limestone crops out in the valleys of the North Fork of 
the Licking River and Yocum Creek. It ranges in thickness from 
10 to 16 feet in the extensive limestone quarry operated by Kentucky 
Road Oiling Co. along the North Fork of the Licking River. In 
this quarry, it is made up chiefly of bluish-gray, finely crystalline, 
massive oolitic limestone and is overlain by a zone of very calcareous 
quartzose sandstone that contains brown limonite spots and small 
greenish-gray clay chips. Most of the formation contains abundant 
remains of invertebrate animals, and several dozen genera and species 
of macrofossils have been identified (Butts, 1922, p. 174-178). A 
thin section (fig. 3,#) of a sample of the Glen Dean, which was 
collected from the limestone quarry about 1 mile downstream from 
Leisure, Wrigley quadrangle, contained abundant oolites, most of 
which have formed around microfossils. The most common fossil 
present in this slide has been identified as Endothyra discoidea Girty, 
1915, by Mr. L. G. Henbest.

PENNINGTON(T) FORMATION

Regional correlations of a thin sequence of variable beds above 
the Glen Dean limestone and below the Lee formation are uncertain, 
and these beds are somewhat arbitrarily referred to as the Penning- 
ton (?) formation. The beds consist chiefly of green and purple 
shale, but they also contain strata of dark-gray shale, calcareous sand-
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stone, dark-gray limestone, and blue and green dolomite. Similar 
strata near Berea, Kentucky, some 60 miles southwest of the area 
described in this report, have been called Pennington by Butts (1922 
p. 179). McFarlan and Walker (1956, p. 12) have questionably 
assigned the name Pennington to a thin shale formation in essentially 
the same stratigraphic position at several localities near the Halde- 
man and Wrigley quadrangles.

Apparently the Pennington (?) formation was removed from most 
parts of the Haldeman and Wrigley quadrangles during the pre- 
Pennsylvanian erosional interval, and only remnants of its variable 
beds are present at scattered localities. The only place where the 
formation was recognized in the Haldeman quadrangle is in the north 
side of the Proctor Branch valley near the east boundary of the 
quadrangle. At this locality, the formation consists of green shale 
approximately 6 feet thick, cropping out above the Glen Dean lime­ 
stone. The Pennington (?) formation is present in several outcrops 
in the southern half of the Wrigley quadrangle, along Laurel Branch, 
Yocum Creek, and North and Devils Forks of the Licking River. 
The lithologic composition of the rocks and the thicknesses of the unit 
vary considerably in these outcrops, but the thickest sequence of beds 
and presumably the most typical composition are present in outcrops 
along the North Fork near Leisure. At this locality, the formation is 
dominantly green shale that contains several thin dolomite beds and 
concretions in the upper part, and a bed of standstone cemented by 
calcite in the lower part.

Two surface samples of sandstone and one drill-core sample of 
shale from the Pennington (?) formation were investigated in the 
laboratory. A sandstone sample from bed 12 of the preceding section 
consisted of about 94.3 percent quartz, 5 percent feldspar, 0.5 percent 
calcite, and 0.1 percent heavy minerals. Seventy percent of the quartz 
and feldspar was in fine sand-, 17 percent in very fine sand-, and the 
remaining material in silt- and clay-sized particles. Most of the quartz 
grains are well rounded, but some are euhedral and have been sec­ 
ondarily enlarged. Most of the feldspar grains are partially altered 
to clay minerals. A second sandstone sample from the lower part of 
the formation exposed in the bed of Laurel Branch near the south­ 
western corner of the Wrigley quadrangle contained 40 percent calcite, 
essentially no feldspar, and only trace amounts of heavy minerals. 
Fifty-one percent of the quartz in this sample was in fine and 26 
percent in medium grain sizes. The clay mineral content of both 
sandstone samples was only about 4 percent. About two-thirds of 
the clays were kaolinite and one-third a mixture of illite and mixed- 
layer clays. The sample of green shale was from the upper part of



GEOLOGY AND REFRACTORY CLAY, EASTERN KENTUCKY F25

Section of the Pennmgton(f) formation and enclosing rocks in a road cut 
one-fourth mile south of Leisure, Wrigley quadrangle

Lee formation: inches Feet
1. Sandstone, brown, quartzose, medium-grained, contains scat­ 

tered quartz pebbles and small conglomerate lenses.
2. Shale, very dark-gray, soft, at base a zone of iron-stained

siderite concretions__________________ _    1 6 
Pennington( ?) formation:

3. Limestone, medium to dark-gray, dense, nonbedded.      1 2
4. Shale, very dark greenish-gray, chunky________ _ __ 3 0
5. Limestone, medium-gray, dolomitic iron stained__      0 6
6. Shale, dark-greenish gray and dark-gray, chunky__ _    2 6
7. Dolomite, greenish-gray, weathers yellowish-brown, contains

widely spaced medium-gray colored concretions of dolomite. 0 6
8. Shale, purple with some green, chunky_________       0 8
9. Dolomite, greenish-gray, weathers yellowish brown, dense  0 7

10. Shale, purple and maroon with some green, hard, chunky   0 8
11. Shale, dark greenish-gray, chunky______          4 6
12. Sandstone, light-gray, quartzose, fine-grained, weakly 

cemented with calcium carbonate, crossbedded, contains 
elongate green-shale pebbles up to 1 inch in diameter in 
upper part_____________________          5 0

13. Shale, dark-greenish gray, very silty in upper part-       4 0
14. Covered___________________________________ 5 6

Total thickness of Pennington(?) formation___ _    28 7 
Glen Dean limestone.

the formation penetrated by a drill hole located on the ridge south of 
Elm Log Branch, near the western boundary of the quadrangle. This 
shale consisted chiefly of illite and kaolinite in about 3-to-l propor­ 
tions, and it contained virtually no quartz.

PENNSYLVANIA!! SYSTEM

The Pennsylvanian rocks in the Haldeman and Wrigley quadrangles 
are dominantly sandstones, siltstones, and shales, but they also con­ 
tain thin coal beds, the economically important Olive Hill clay bed 
of Crider (1913) (see discussion p. F48 to F76), and a thin unit of 
shaly limestone. A few of the rocks are in massive and persistent beds, 
but most of them are discontinuous and grade laterally from one rock 
type to another. They contain a few stratigraphic marker zones, 
but owing to the large amount of cover and weathered outcrops such 
zones are difficult to trace. Most of the beds are continental-type 
deposits, as indicated by numerous layers of coal and abundant frag­ 
ments of plant fossils including root fossils in underclays; however, 
several zones contain fossils that are indicative of deposition in marine 
or brackish water.
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Pennsylvania!! rocks are divided into two rather comprehensive 
formations: the Lee below and the Breathitt above, and they include 
the uppermost bedrock strata in the area mapped (pis. 2 and 3). The 
Lee formation and that part of the Breathitt formation present in 
the area herein described are correlated with rocks of Pottsville age 
in parts of Pennsylvania and West Virginia (Moore and others, 1944, 
chart 6). The Lee formation rests on the rolling pre-Pennsylvanian 
erosional surface, which has a maximum local relief of about 75 feet 
based on surface elevations in the Haldeman and Wrigley quad­ 
rangles, but according to McFarlan (1950, p. 96) the pre-Pennsyl­ 
vanian erosional surface involves several hundred feet of relief 
elsewhere in Kentucky. The pre-Pennsylvanian erosional surface 
truncates ten thin Upper Mississippian formations, and in places, 
it truncates the thin Muldraugh formation and the uppermost part 
of the Brodhead formation, both of Early Mississippian age. Ac­ 
cordingly, the Mississippian formations that underlie the Lee forma­ 
tion range from the Brodhead to the Pennington (?) in age.

LEE FORMATION

In the northern half of the Haldeman quadrangle the Lee forma­ 
tion is chiefly composed of dark-gray shale containing some beds and 
lenses of sandstone, siltstone, underclay, and coal; however, in the 
southern half of the Haldeman and the Wrigley quadrangles it con­ 
sists of a thick massive sandstone unit overlying thinner beds of shale. 
All but the lower part of the shale is in facies relation with the mas­ 
sive sandstone, inasmuch as the shale grades into and intertongues 
with the sandstone in a southerly direction. Where dominantly shale, 
the formation crops out in broad belts on hillsides and ridges; where 
dominantly sandstone, outcrops are restricted to cliffs and step valley 
walls. The formation thickens in a southerly direction. The shale 
facies ranges in thickness from 140 to about 165 feet, and the sand­ 
stone facies and underlying shale combined, from 165 to 200 feet. 
The shale unit below the sandstone ranges in thickness from 0 to 80 
feet, though in most places it is less than 30 feet. In general, the 
thickness of the shale below the sandstone varies inversely with the 
sandstone; however, the greatest thickness of shale is where the pre- 
Pennsylvanian erosional surface cuts deepest into Mississippian strata.

The name Lee was introduced by Campbell (1893, p. 28, 36), who 
applied it to a thick sequence of sandstones, conglomerates, shales, and 
coals in southwestern Virginia. It has since been used throughout 
eastern Kentucky as the name for a Lower Pennsylvanian formation 
that is mostly massive sandstone. The lower part of the shale facies, 
including beds below the cliff-forming sandstone, may be correlated
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with rocks referred to by Miller (1919, p. 10, 147) as the Beattyville 
shale. That name is not used in this report because it appears to be 
applicable only to beds below cliff-forming sandstones of the Lee, 
and there is no basis for distinguishing such beds from higher shales 
that are clearly in f acies relation with the sandstone.

In much of the area, the cliff-forming sandstone rests unconform- 
ably on the lower shale beds. In several places, as along Craney Creek, 
where the sandstone is in contact with the Brodhead formation (pi. 
3), erosion preceding accumulation of the sandstone removed all of 
the Pennsylvanian shale beds and possibly part of the Upper Missis- 
sippian rocks. At other places the sandstone fills channellike depres­ 
sions in the upper surface of the shale. In many places, however, the 
shale grades upward into the sandstone and no indication of an uncon­ 
formity between the two units exists. Intertonguing and lateral grad­ 
ation of the two f acies in the northern part of the Haldeman quad­ 
rangle (pi. 4) indicate simultaneous deposition of the two units and 
rule out the possibility that the conformity at the base of the sand­ 
stone, though large at some localities, is responsible for the lateral 
change from sandstone to shale.

The contact between Pennsylvanian and Mississippian strata is 
largely covered and can be recognized only at scattered outcrops and 
in drill cores. Where the Pennsylvanian beds are sandstone or 
ocherous kaolinitic shale and where the dark-gray shale rests uncon- 
formably on limestone, there is little difficulty in recognizing the con­ 
tact. Exposures are particularly poor where the beds both above and 
below the contact are shale, but in drill core of such strata the contact 
is marked in most places by a contrast in color and fossil content. 
Most of Mississippian shale in contact with Pennsylvanian beds is 
green and contains a varied marine fauna, whereas basal Pennsyl­ 
vanian shale is dark gray and contains plant remains. In a few 
places, where the Pennington( ?) formation is present, the contact 
between Mississippian and Pennsylvanian rocks is particularly diffi­ 
cult to recognize, because some of the sandstone and shale beds both 
above and below the contact are very similar. At such localities, 
marine and nonmarine fossils furnish the best evidence for distin­ 
guishing, respectively, Mississippian from Pennsylvanian beds. 
Supporting evidence may lie in the general tendency for Pennsyl­ 
vanian sandstones to be noncalcareous, whereas those in the Penning- 
ton( ?) formation are cemented with calcite.

Where the cliff-forming sandstone facies is present, the contact 
between the Lee and the overlying Breathitt formation is at the top 
of the sandstone. In the northern part of the Haldeman quadrangle 
(pi. 2), where the Lee is represented by the variable dark-gray shale
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facies, its gross lithologic character is similar to that of the Breathitt; 
therefore, it is difficult to distinguish the two formations in the poor 
exposures. For this reason, the contact between the two formations 
in the northern half of the Haldeman quadrangle is somewhat arbi­ 
trarily placed at the base of a thin discontinuous coal zone located 
at the approximate stratigraphic position of the top of the cliff- 
forming facies. The coal zone ranges from 165 to 140 feet above the 
base of Crider's Olive Hill clay. Although the coal crops out in 
only a few road cuts, its elevation has been rather accurately deter­ 
mined from information in several hundred drill logs in the records 
of clay companies. This zone, the"Lee-Breathitt contact in the north­ 
ern part of the Haldeman quadrangle (pi. 2), is shown on the map 
as inferred because outcrops are so sparse.

SHALE FACIES

The shale facies of the Lee formation is varied; it has a bulk com­ 
position roughly estimated as 70 percent shale (some of which is 
sandy), 20 percent sandstone, 5 percent siltstone, 5 percent underclay 
(including the Olive Hill clay bed), and very small amounts of coal. 
Most of the shale is nearly black where observed in fresh drill cuttings 
and strip-mine faces, but in natural exposures and road cuts it 
weathers to a characteristic iron-stained yellowish brown. The colors 
of the other rocks cover a broad range, but most of them are drab 
shades of gray and brown. The shale facies is divisible, for purpose 
of discussion, into five vaguely bounded lithologic subunits, which 
consist from the base upward of: (1) a varied group of shales and 
sandstones below the Olive Hill clay bed, ranging from 1 to about 20 
feet thick; (2) the Olive Hill clay bed and the thin coal that overlies 
it (p. F50 and F94); (3) an extremely variable zone of shale, sand­ 
stone, siltstone, underclay, and coal ranging from 10 to 30 feet in 
thickness; (4) a dark-gray shale subunit 40 to 60 feet in thickness; 
and (5) an upper subunit of shale, sandy shale, and discontinuous 
massive cross-bedded sandstone beds, ranging from 60 to nearly 100 
feet in thickness. The lower three subunits extend with varied con­ 
tinuity throughout the area of Haldeman and Wrigley quadrangles, 
but the upper two subunits are gradational into the sandstone facies 
and are restricted to the northern half of the Haldeman quadrangle. 
The rocks in the subunit below the Olive Hill clay bed are similar in 
many respects to those in the subunit above the clay bed, and these 
two subunits cannot be distinguished where the clay bed is absent.

The varied rocks in the subunit below the Olive Hill clay bed con­ 
sist of dark-gray shale, noncalcareous sandstone, and red, green, and 
yellow ocherous shale. These rocks occur as lenses and discontinuous
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beds, and their aggregate thickness ranges from 1 to 20 feet, though 
in most places their thickness is less than 6 feet. The dark-gray shale 
beds are typical Pennsylvanian shales and contain abundant tiny 
mica flakes and scattered imprints of plant fragments along bedding 
planes. The sandstone occurs in lenses as much as 10 feet thick. 
Crossbedding is common in the lower part; but the upper part, where 
in contact with the clay bed, is nonbedded, and Stigmaria are common. 
The varicolored ocherous shale beds ordinarily occur immediately 
below the clay bed. This ocherous shale is of particular interest be­ 
cause it is closely associated with the Olive Hill clay bed, and prob­ 
ably the two are related in origin. Unfortunately, information re­ 
garding the shale is incomplete, because natural exposures are rare, 
only portions of the shale are exposed in the floors of clay mines and 
mine access roads, and exploration drilling for clay is terminated 
when the shale is penetrated. Thickness of the varicolored shale 
ranges from about 1 foot to about 6 feet. Much of it contains abun­ 
dant slickensides. Locally, bedding and laminations are absent, and 
except for its varied colors it is very similar in appearance to the 
semiflint and plastic clay in the Olive Hill clay bed (see p. F58). 
No orderly arrangement or layering of the red, green, and yellow 
colors was observed in any of the localities where the ocherous shale 
was seen in outcrop. In places the varicolored ocherous shale grades 
down into green shale of Mississippian age, but at other localities 
sandstone and dark-gray shale of Pennsylvanian age are present below 
the shale. Where the ocherous shale grades down into Mississippian 
shale, it could easily be interpreted as the geologic record of an ancient 
soil formed on the pre-Pennsylvanian erosional surface. The Penn­ 
sylvanian beds that occur locally below the ocherous shale, however, 
clearly establish its age as younger than the unconformity.

One sample of the sandstone and 7 samples of the ocherous shale 
from the subunit below the Olive Hill clay bed were investigated in 
the laboratory. The sandstone sample was taken from a bed about 10 
feet thick at an exposure along the road in the Greenbriar Branch 
valley, Haldeman quadrangle (lat 38°12'28" N.; long 83°16'28" W.)« 
From sieve and pipette analyses, this sample was found to contain 50 
percent fine sand, 32 percent very fine sand, 12 percent silt, and 6 per­ 
cent clay. More than three-quarters of the clay was kaolinite and the 
remaining part was illite. The sandstone is nearly pure quartz and 
no feldspar was present. The sample contained only a trace of heavy 
minerals, including tourmaline, rutile, and ilmenite. All 7 samples 
(table 2) of the ocherous shale consisted chiefly of varied amounts of 
kaolinite, illite, and mixed-layer clay minerals (mostly illite-mont- 
morillonite). One pinkish-red clayey shale sample (No. 7, table 2) is



F30 CONTRIBUTIONS TO ECONOMIC GEOLOGY

very similar in mineral composition to semiflint clay (see p. 58). 
Other samples (Nos. 3 and 5, table 2) are very similar in mineral 
composition to typical shale of Pennsylvanian age.

TABLE 2. Estimates of mineral composition (in parts of ten) of red, green, and 
yellow ocherous shale in the Lee formation below the Olive Hill clo,y bed, of Crider, 
1918, Haldeman quadrangle

Sample

1 - .
2________ ___ ___ ..._ . _ .
3 _- _
4__________-________.__ ___ _
5--___--___________.__ _______
6. __..__.________.___. _ _ __
7-__-___-______-___, _________

Illite

%
1
4
3

3-4
1-2

1

Kaolinite

2-3
3
4

2-3
1

4-5
7

Mixed layered 
clays i

2-3
3
1
2
2

1-2
1

Quartz

3-4
2-3

%
2

3-4
3

%

i Chiefly mixed layered illite-chlorite and vermiculite.
NOTE. Source of Samples:

1. Weathered red and yellow ocherous shale below Olive Hill clay bed, exposed in tributary to Patties Lick 
Branch, lat 38°11'20" N.; long 83°20'57" W.

2. Green ocherous shale below Olive Hill clay bed, exposed along access road to strip mine lat 38°11'43" N.; 
long 83°19'25" W.

3. Yellow ocherous shale, same as No. 2.
4. Red ocherous shale below Olive Hill clay bed, exposed along access road to strip mine, lat 38°11'38" N.; 

long 83°19'5" W.
5. Green ocherous shale same as No. 4.
6. Red ocherous shale below Olive Hill clay bed, exposed in strip mine 900 feet northeast of road junction 

961, Open Fork valley.
7. Pinkish-red ocherous clayey shale below Olive Hill clay bed, exposed in trail out of Greenbriar Branch 

valley lat 38°12'45" N.; long 83°16'10" W.

The second subunit, consisting of the Olive Hill clay 'bed and the 
thin coal bed which overlies it is discussed on pages F48-F79.

The third subunit, which overlies the thin coal above the Olive Hill 
clay bed, is an exceedingly varied unit (fig. 4), 20 to 40 feet thick, 
composed of discontinuous beds and internngering lenses of dark-gray 
shale, siltstone, clayey sandstone, quartzose sandstone, thin coal beds 
and plastic underclays. The beds in this subunit commonly wedge in 
and out or grade from one lithologic type to another within a few 
yards, as, for example, from clay into clayey sandstone (fig. 4, e-e2 ) . 
In most places, the coal above the Olive Hill clay bed is overlain by a 
silty plastic clay (pi. 6), over which is another thin coal. In other 
places, the coal above the Olive Hill bed is overlain by dark-gray 
shale, and at one locality, in Open Fork valley in the Haldeman quad­ 
rangle, a zone in this shale, which is about l 1/^ feet above the clay, 
contained specimens of the genus Lingula. Dark-gray shale, thin 
underclay, and coal beds also occur higher in the subunit (pi. 4, sees. 
3-4, 8), and at a few localities lenses of red and green vari-colored 
shale are present in the upper part of the subunit. Many of the sand­ 
stone beds occupy basin-shaped depressions in underlying strata (fig. 
4, </), and at a few places lenses of sandstone cut sharply through
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lower strata including the Olive Hill clay bed. 'Siderite concretions 
are common in this subunit and thin beds of oolitic siderite are present 
at a few localities. Except for carbonaceous films of Stigmaria root­ 
lets in the underclays, fossils are rare in this subunit.

The rocks in the third subunit, notwithstanding their extreme 
variety, contain a few zones and general characteristics that extend 
throughout most of the area. In most places, the rock in the lower 
10 to 15 feet of the subunit is dominantly clay, shale, and siltstone; 
sandstone beds are more abundant in the upper part. Perhaps the 
most persistent zone is a coal and underc'lay unit that rests on the coal 
above the Olive Hill clay or is separated from it by a thin wedge of 
shale or siltstone (fig. 4, bed e). The underclay is as much as 8 feet 
thick. Its composition is extremely varied, but it is mostly a brown 
plastic clay that consists of a mixture of illite and kaolinite with 
differents amounts of clastic quartz. This coal bed contains, at a few 
places, lacey carbonaceous residue films of the cortex of a plant. 
Specimens of this fossil from the high wall above the Licking River 
limestone quarry, about 2 miles beyond the southwest corner of the 
Wrigley quadrangle have been identified by Sergius H. Mamay of 
the U.S. Geological Survey as Dictyoxylon. This fossil, according 
to Mr. Mamay (written communication, Oct. 9, 1956) is regarded as 
indicative of Lower Pennsylvanian rocks, and it is not known to 
occur in any Mississippian beds.

The fourth subunit is composed chiefly of dark-gray shale that is 
typical of the shale facies, but it also contains a few thin quartzose 
sandstone beds, zones of interlaminated light-gray sandstone and 
dark-gray shale, and thin beds of coal, in association with underclays 
as much as 2 feet thick (pi. 4, sec. 4). Most of the interlaminated 
shale and sandstone is rippled bedded (fig. 5.A, &, £, and c), but in 
some of these rocks the bedding is involute and highly distorted (fig. 
5#, a; A ), showing evidence of mudflow deposition. Trashy films of 
plant remains and impressions of Lepidodendron trunks are common 
on some bedding surfaces in the shale. A few specimens of a small 
species of Lingula were found in the shale in a face of a strip mine 
in the Open Fork valley, Haldeman quadrangle, but marine or brack­ 
ish water fossils were not observed at any other locality. The shale 
consists chiefly of kaolinite, illite, and very fine grained quartz, but 
some mixed-layer clay minerals (chiefly illite and montmorillonite) 
are also present. Small muscovite flakes, oriented with their long 
dimensions nearly parallel with bedding planes, appear to be abun­ 
dant because the shale splits along these planes. However, this min­ 
eral makes up an insignificant part of the bulk composition.
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The fifth subunit is chiefly sandy shale interbedded with sandstone; 
it also contains three thin coal beds and their associated underclays. 
The coal beds are less than 12 inches in thickness, and the clays below 
them are also thin. The coal that overlies the top of the zone has 
been selected as the contact between the shale f acies and the overlying 
Breathitt formation, as explained, on page F27. The sandstone is 
chiefly in massive crossbedded lensBS and discontinous beds. Some of 
the beds are tonguelike extensions o n the cliff-forming sandstone f acies; 
others, particularly in the area north of the Christy Creek Valley, 
were probably continuous with the sandstone f acies before they were 
cut off during the formation of the present land surface. Some of 
these disconnected sandstone masses extend for 1 mile or more hori­ 
zontally and are locally as much as 40 feet thick.

CLIFF-FORMING SANDSTONE FACIES

The cliff-forming f acies is chiefly massive crossbedded quartzose 
sandstone that contains a few beds and lenses of dark-gray shale and 
quartz conglomerate. The facies, where present, generally range in 
thickness from 40 to 200 feet. It is thinnest in the central part of the 
Haldeman quadrangle where it grades into the shale facies, and it 
thickens in a southerly direction. Dark-gray carbonaceous shale lenses 
and tongues are common in the belt of gradation into the shale facies 
(pi. 4, section 9), and scattered large shale lenses are also present as 
far south as the southern part of the Wrigley quadrangle (pi. 5, 
section 9), where the sandstone facies is otherwise thick and persistent. 
Fresh rock from drill holes in the massive sandstone is loosely com­ 
pacted and poorly cemented, but some case hardening is present in 
outcrops. Iron oxides are the chief cementing materials, but locally 
silica cement is present and the rock has sufficient strength to cause 
breakage across quartz grains. Most of the sandstone is brown or 
reddish brown in both weathered exposures and in the drill cores, and 
the color appears to result from the ferriferous cementing materials. 
The massive sandstone consists of crossbedded deltaic units stacked 
one above the other. The units range from 1 to 5 feet in thickness and 
contain both inclined or foreset beds and horizontal or topset and 
bottomset beds. The direction of inclination of prominent sets of 
crossbeds ranges from S. 20° W. to N. 30° W. at 2 dozen scattered 
localities in the Haldeman and Wrigley quadrangles where readings 
were recorded. The average direction of inclination is N. 87° W. and 
the angle of inclination ranges from 12° to 22°. Less prominent and 
local crossbeds are inclined in all directions, particularly where deltaic 
strata are cut by channel-fill deposits.
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The rocks of the sandstone facies vary widely in grain size and 
degree of sorting. Two-thirds of the sandstone is composed of 
medium and fine grains in approximately equal proportions (table 3); 
about one-fourth of it is very fine sand, silt, and clay particles; and 
the remainder of the rock consists of very coarse sand, granules, 
pebbles, and cobbles. On outcrop surfaces of much of the unit, strings 
of milky quartz pebbles are scattered along bedding and crossbedding 
planes in fine- to medium-grained sandstone. Quartz pebbles and 
cobbles also form local beds and lenses of true conglomerate (fig. 5Z?, 
b; table 3, sample 20). Conglomerate beds in the sandstone facies are 
much more common in the Wrigley quadrangle than in the Haldeman 
quadrangle, indicating that the unit is coarser grained southward. 
Conglomerates are also most common in the lower part of the facies, 
and, in general, the sandstone tends to decrease in grain size from the 
base upward. Many of the conglomerate beds are crescent shaped 
and are no more than 25 feet wide and 8 feet thick where cross sections 
are exposed in cliff facies. Their shapes, together with prominent 
crossbedding, suggests that they are channel-fill deposits. Conglom­ 
erate beds are extremely porous and frequently cause loss of water 
circulation when penetrated during drilling.

All but 1 of the 22 samples of the sandstone facies (table 3) exam­ 
ined in the laboratory were quartz sandstone in which feldspar con­ 
tents ranged .from 0 to 5 percent, clay (less than 2-micron fraction) 
from 1 to 6 percent, and heavy minerals no more than 0.2 percent. 
One sample (table 3, sample 3) was distinctly arkosic and its sand 
fraction consisted of only 65 percent quartz, 34 percent feldspar, and 
0.3 percent heavy minerals. None of the samples contained more than 
traces of rock fragments, and chert grains were rare. Nearly all of 
the quartz grains were subrounded to rounded (fig. 3(7), and most of 
them were frosted. Most of the feldspar grains were also rounded 
and partially altered to clay minerals. Clusters of grains cemented 
by iron oxides were common in nearly all the samples, but no corre­ 
lation between the amount or condition of the iron oxides and the 
brown and gray colors was observed.

The heavy minerals in the sandstones are tourmaline, muscovite, 
zircon, rutile, ilmenite, pyrite, and siderite in order of abundance and 
persistence (table 3). All these minerals are probably detrital, 
except pyrite and siderite. Many tourmaline and zircon grains show 
good crystal form, but the edges are rounded and sometimes the sur­ 
faces are frosted. Some rutile shows crystal forms, but most is in 
well-rounded lumps. Ilmenite occurs as very well rounded grains 
commonly altered to leucoxene on the surface. The muscovite is 
present as irregular flakes of all sizes; many flakes have rounded
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edges and most of them have been bent by compression around sand 
grains. The clay minerals kaolinite, illite, mixed layer, and chlorite 
(table 3) are present in the sandstone facies in minor quantities. 
Kaolinite and illite occur in roughly equal amounts, and together they 
make up almost all of the clay fraction. A highly illitic variety of 
mixed-layer clay occurs in slightly more than traces; chlorite is less 
common than mixed layer.

CONDITIONS OF DEPOSITION OF THE LEE FORMATION

Sedimentary features of the Lee formation indicate that deposition 
took place in a coastal lowland characterized by periodic advances 
and withdrawals of shallow brackish or marine water. Well- 
developed crossbedding in the sandstone facies suggests deposition in 
large coalescing deltas. The crossbeds are inclined principally to the 
west in eastern Kentucky, indicating that the sand was introduced 
from the east. This conclusion, in general, conforms with those of 
students of Early Pennsylvanian sediment transport (Potter and 
Siever, 1956; Siever and Potter, 1956; Fuller, 1955; and Wilson and 
Stearns, 1957). The shale facies of the Lee formation seems to have 
been formed chiefly by the deposition of clay minerals and fine­ 
grained sediments carried beyond the zones of deltaic sand accumu­ 
lation. Much of these sediments was deposited in the outer 
peripheral areas of large deltas, in areas of quiet shallow water, possi­ 
bly lagoons, and in large coastal swamps that were located between 
the large deltas. This speculation on the origin of the Lee formation 
is supported by the following observations: (1) the northward and 
westward decrease in grain size of the sandstone facies, and the 
gradation of the sandstone into the shale facies; (2) interfingering 
of tongues of sandstone and shale in the zone of gradation between the 
two facies; (3) occurrence of distorted (fig. 55, a) and ripple-bedded 
interlayered (fig. 5J., a-c] sandstone and shale in parts of the shale 
facies; (4) evidence that the Olive Hill clay bed formed in swamps, 
presented by Patterson and Hosterman (1960, pp. 191-193) and 
summarized on pages F79-F81; (5) the likelihood that local channel 
and fill deposits in the shale facies were formed by shifting distribu­ 
taries; (6) periodic submergence and emergence of the area, indi­ 
cated by the interbedding of continental deposits with marine or 
brackish-water deposits. Thin coal beds and abundant plant remains, 
including root fossils, provide the evidence of continental environ­ 
ment; and sparse faunas, chiefly small Lingula, indicate marine or 
brackish water conditions of deposition.
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The purity and roundness of the quartz grains and low content 
of heavy minerals in the sandstone of the Lee formation suggest that 
the source of the sand was a considerable distance away, and that 
perhaps it came from the erosion of older sediments. The presence 
of one bed of arkose in the sandstone at one locality is anomalous to 
all other evidence pertaining to the origin of the formation. How­ 
ever, this arkose occurs near the base of the sandstone facies at a 
point about 2 miles from where the sandstone grades into the shale 
facies. The arkose may represent sediment from a much smaller and 
closer source than that which provided most of the sand in the Lee 
formation.

BKEATHITT FORMATION

The Breathitt formation includes all Pennsylvanian rocks in the 
Haldeman and Wrigley quadrangles above the Lee formation. The 
name Breathitt was introduced by Campbell (1893, p. 3), who failed 
to designate an upper boundary of the formation. According to a 
recent interpretation by Englund (1955, p. 5), who refers to previous 
regional correlations by Wanless (1939, p. 78; 1946, p. 10), the forma­ 
tion is presumed to include the youngest Pennsylvanian rocks in 
Breathitt County, which are considerably higher stratigraphically 
than the youngest rocks exposed in the area herein discussed. The 
Breathitt formation consists of shales, siltstones, sandstones, thin beds 
of coal and underclay, and a zone of dark-gray limestone and cal­ 
careous shale. The rocks of the Breathitt are for the most part soft 
and nonresistant, and inasmuch as they are truncated by the present 
land surface they support rolling uplands. Only about 50 feet of the 
lower beds in the formation are present in the northern third of the 
Haldeman quadrangle. The preserved section thickens progressively 
to the south and east, as the base of the formation descends in con- 
formance with the gentle regional dip, and Breathitt strata are about 
320 feet thick south and east of the village of Wrigley. Most of the 
rocks seem to represent deposition in a continental environment, but 
marine fossils are present in restricted zones.

TRANSITION BEDS

In most places, where the cliff-forming sandstone facies of the Lee 
is present, the lower 5 to 30 feet of the Breathitt formation consists 
of beds that are transitional between the two formations. The rocks 
in this transitional unit are interbedded quartz sandstones and sandy 
shales of varied thickness and distribution; the beds contain a thin 
discontinuous coal bed, the Zachariah( ?) (p. F96), and a sandy under­ 
clay bed. Crossbedding is common in the sandstones of the tran­ 
sition zone, which tend to be very quartzose and low in feldspar, and 
similar to those of the cliff-forming sandstone facies of the Lee
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formation, whereas sandstone higher in the Breathitt for the most part 
contains abundant clay minerals, feldspar, and mica. Transition 
beds are not present where the cliff-forming sandstone facies of the 
Lee is missing, and the lower rocks of the Breathitt are similar to 
both the shale facies of the Lee formation and the rocks above the 
transition beds described under the following heading. Difficulties 
in recognition of the contact between the two formations where the 
cliff-forming sandstone facies of the Lee is missing are discussed on 
pages F27-F28.

STRATA BETWEEN TRANSITION BEDS AND MAGOFFIN BEDS OF MORSE (1981)

The rocks above the transition beds and below Morse's Magoffin 
beds are characterized by discontinuous beds and lateral gradations, 
but they contain a few persistent coal beds and a concretion zone. 
These rocks are about 275 feet thick in the southeastern part of the 
Wrigley quadrangle, where the section is most complete; they thin 
northwestward by truncation of the present land surface. The rocks 
in this sequence consist mainly of shale, siltstone, and sandstone but 
include subordinate amounts of coal and underclay. Individual beds 
vary greatly in thickness and lithologic composition within short 
distances, hence it is difficult to trace most of them from one outcrop to 
another. A few zones, however, are persistent and can be recognized 
throughout much of the area.

The lowermost persistent zone in the Breathitt formation is the 
Howard coal bed (pi. 5, sections 3, 7, 8, 11), 40 to 65 feet above the 
base of the formation. This coal bed has been recognized by Huddle 
throughout much of the West Liberty quadrangle, which joins the 
Wrigley quadrangle on the south. The Howard coal bed is exposed 
in many road cuts and small openings where coal has been secured 
for local consumption. The bed is 14 inches or more in thickness near 
Blairs Mills and north of Blaze (pi. 5, sections 3 and 8), but in most 
outcrops it is less than 6 inches thick. The underclay below the bed is 
thinner than the coal in most outcrops and it consists of the clay 
minerals kaolinite and illite, mixed-layered clay, and considerable 
amounts of quartz. This clay is not of sufficient thickness in the 
Haldeman or Wrigley quadrangles to be of economic value.

The persistent second zone is a resistant bed of platy canneloid shale 
and*coal that ranges from 2 to 24 inches in thickness (48 inches have 
been reported) and in places contains a thin parting of plastic clay. 
This zone is believed to correlate with the Grassy coal (pi. 5, sections 
3r 4, 7-12) described by Englund (1955, p. 7) from an area a few 
miles south of the Wrigley quadrangle. It is 105 to 120 feet above the 
base of the Breathitt. Most exposures of this bed are found in road 
cuts, but some natural exposures are located in the beds of small
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streams. Further information on this coal is given on pages F98- 
F102.

The third persistent zone consists of widely spaced, dark bluish- 
gray, unfossiliferous, calcareous, irregularly ovoid sandstone concre­ 
tions (pi. 4, sections 8-10, 15, pi. 5, sections 4 and 8) as large as 3 
by 10 feet. This zone, shown on plates 2 and 3, is located strati- 
graphically 75 to 100 feet below the Magoffin beds. The concretions 
crop out at or near the crests of high hills in the east central and south­ 
eastern parts of the Haldeman quadrangle and in the northeastern 
part of the Wrigley quadrangle.

The fourth persistent zone, the Fire Clay coal (pi. 5, sections 11 and 
12) was recognized in only a few localities in the southeastern part 
of the Wrigley quadrangle. This coal was regarded by Wanless 
(1939, p. 55) as an important bed in regional correlations, and Robin­ 
son and Hudnall (1925) used it as their key bed in making a structure 
contour map of Morgan County. The Fire Clay coal is 28 to 38 feet 
below the Magoffin beds of Morse. This bed was mined at a point 
about a quarter of a mile south of State Koute 7 and a few yards east 
of the Wrigley quadrangle boundary. The mine is now inaccessible, 
but the coal is reported to have exceeded 2 feet in thickness. The 
dump of this mine is littered with fragments of flint clay. This flint 
clay was probably from a parting in the Fire Clay coal bed, which is 
known to contain a flint clay parting at several localities a few miles 
south of the Wrigley quadrangle (Englund, 1955, pi. 3). A thickness 
of 2 to 3 inches for the flint clay in this inaccessible mine is indicated 
by lumps on the dump that have coaly layers on two sides; this thick­ 
ness is about the same as that described by Englund.

The rock units enclosing the zones described above are similar and 
difficult to distinguish. They contain several thin coal and underclay 
beds, some of which can be correlated with thicker coal beds in the 
quadrangles to the south. Two of the coal beds have been correlated 
with the Tom Cooper and the Gun Creek (p. F102-F103). Nearly all 
underclays and some of the sandstones and siltstones subjacent to coal 
contain Stigmaria; many of the sandstones contain scattered and 
poorly preserved remains of Lepidodendron; and many of the bedding 
planes in the shales and siltstones are littered with a trashy film of 
carbonized plant fragments. Zones containing marine fossils are rare.

The rocks below the Howard bed, in most outcrops, are chiefly dark- 
gray shale interbedded with siltstone and fine- to medium-grained 
shaly sandstone, but at some places sandstone is more abundant than 
either the shale or siltstone. The sandstone in this zone is dark to 
medium "gray where fresh and weathers rusty brown. Many of the 
sandstone beds are crossbedded, and ripple-bedding is common in the 
finer sediments, particularly where shale and siltstone are inter-
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laminated. Beds tend to be discontinuous or to lens in and out, and 
lateral gradation from sandstone to shale is common. Rocks in the 
zone between the Howard coal bed and the Grassy coal are similar to 
those below the Howard coal bed; however, in all outcrops, shale is 
much more abundant than sandstone. Irregularly shaped ironstone 
(siderite) concretions are scattered sparsely throughout much of the 
shale. Fossil plant leaves occur in the silty beds 2 to 5 feet above 
Howard coal in outcrops in the village of Wrigley (pi. 5, section 11) 
and in a few other places, at approximately this stratigraphic position.

The unit between the Grassy coal bed and the calcareous concretion 
zones in the Haldeman quadrangle consists roughly of two-thirds 
dark-gray, brown-weathering shale and one-third loosely compacted 
sandstone and siltstone. The unit becomes more sandy to the south, 
and in the southern part of the Wrigley quadrangle the amount of 
sandstone and siltstone is about equal to the amount of shale. In this 
vicinity, some of the sandstone is sufficiently cemented to form small 
cliffs and prominent ledges in hillsides. Beds overlying the Grassy 
coal in the section along Route 7 south of Wrigley (pi. 5, section 11) 
contain Lingula and several other small brachiopods. A sandstone 
bed 14 feet above the coal in the section southwest of Blaze (pi. 5, 
section 7) is heavily cemented with hematite and contains several 
species of brachiopods. Calcareous sandstone concretions at the hori­ 
zon of these fossils, between the Grassy and the Tom Cooper coal 
beds, are common in the West Liberty and Cannel City quadrangles.

The beds between the calcareous sandstone concretion zone and the 
Magoffin beds are about two-thirds sandstone and one-third dark-gray 
and brown shale, and these beds contain the Fire Clay coal and a thin 
coal questionably correlated with the Hamlin bed (p. F105). Sand­ 
stone in this unit caps the high hills along Routes 32 and 173 in the 
east-central and southeastern parts of the Haldeman quadrangle. It 
also is exposed in road cuts along Route 7 south of Wrigley (pi. 5, sec­ 
tion 11), where it is 44 feet thick. The sandstone consists dominantly 
of loosely compacted, subrounded, fine- to medium-grained quartz. 
Flakes of muscovite make up 1 to 2 percent of the rock and are 
typically alined along normal and crossbedding planes. Small par­ 
ticles of light colored clay, which probably formed from altered feld­ 
spar grains, make up as much as 5 to 10 percent of the rock. Clay and 
shale are also more abundant in certain lenses and beds in the sand­ 
stone than in others. In places, the contact between the sandstone 
beds and subjacent strata is an undulating surface that suggests erosion 
prior to deposition of the sand. Locally, thick sandstone beds of this 
type occupy the stratigraphic interval of coal beds or the concretion 
zone, which are otherwise persistent.
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MAGOFFIN BEDS OF MORSE (1981)

The name Magoffin was proposed by Morse (1931, 301-303) for thin 
fossiliferous limestone and shale strata that crop out in Magoffin 
County, Ky. Beds that are believed to represent this same unit 
crop out on many hillsides in the southeastern part of the Wrigley 
quadrangle (pi. 2). Most outcrops of the Magoffin beds form small 
shoulders in hillsides, and are littered with weathered fragments of 
dark-gray limestone, some of which weather bluish gray; but in a few 
outcrops, the beds are represented only by a unit of fossiliferous shale 
a few feet thick. The best exposure of the beds, in the area mapped, is 
in a road cut along Route 7, about two-tenths of a mile north of the 
southern edge of the Wrigley quadrangle. At this point the aggregate 
thickness of the Magoffin beds is 9 feet 7 inches. An excellent section 
(fig. 6) is also exposed along Route 173, three-quarters of a mile east

FIGURE 6. Magoffin beds of Morse, 1931, exposed in road cut along Route 178 three- 
quarters of a mile east of Wrigley quadrangle, a, limestone 12 to 18 inches thick; 
b, dark-gray very calcareous shale 6 feet 2 inches thick with limestone bed; c, limestone 
14 inches thick; d, limestone concretion, 20 inches by 4 feet; e, brown noncalcareous 
ehaly siltstone 2 to 3 inches thick; and /, dark-gray shaly limestone 8 feet thick.

628824 O 62   4
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of the Wrigley quadrangle. Fauna! lists of the fossils in the Magoffin 
beds are given by Morse (1931, p. 302) who recognized 9 species of 
brachiopods, 3 of pelecypods, 1 of gastropods, and an unidentified 
crinoid.

The following section of the Magoffin beds of Morse (1931) was 
measured in a cutbank along Route 7, approximately two-tenths of a 
mile north of the southern boundary of the Wrigley quadrangle.

Feet Inches
1. Shale, brownish-gray, weathered______________________  
2. Limestone, very dark gray, argillaceous, and silty; contain scat­ 

tered fossils; weathers platy (top of Magoffin beds)    _    2
3. Limestone, very dark gray, dense, argillaceous; contains abundant

crinoids and brachiopods; weathers blocky_____-___     1 6
4. Limestone, very dark gray, argillaceous and silty, fossiliferous;

weathers platy_______________________________ 2 4
5. Limestone, very dark gray, dense, argillaceous; contains crinoids

and brachiopods; weathers blocky__________-___      9
6. Shale, dark-gray, lower one-third brownish-gray, soft, calcareous, 

fossiliferous; at base a zone of widely spaced dark-gray fossili- 
ferous limestone concretion approximately 6 inches thick (base 
of Magoffin beds)____________________________ 3

7. Shale, very dark gray, micaceous, soft, noncalcareous except in
upper few inches______________________________ 4 6

8. Coal, interlaminated with soft dark-gray shale_____________   4
9. Shale, dark gray, soft___________________________ 1 
Cover.

STRATA ABOVE THE MAGOFFIN BEDS OF MORSE (1981)

The Breathitt formation above Morse's Magoffin beds is limited in 
distribution and it consists of sandstone, siltstone, and shale. It also 
contains a few coal beds and calcareous sandstone concretions. These 
rocks are restricted to the structurally low area in the southeastern 
part of the Wrigley quadrangle, where a thick section of the Breathitt 
formation has been preserved. The maximum thickness of these rocks 
is about 125 feet. The most persistent bed in this unit is a massive, 
fine- to medium-grained, crossbedded sandstone that occupies broad 
channels. This sandstone bed is more than 50 feet thick in the section 
along Route 7 south of Wrigley (pi. 5, section 11) and probably is 
still thicker in high wooded hills west of the highway, where it 
appears to cut out the underlying Magoffin beds. Very irregular 
calcareous concretions are present in the upper part of the sandstone 
in the section along Route 7 and at several other localities. These 
concretions are as much as 10 feet thick and 12 to 15 feet in widest 
dimension. Whether or not the concretions all occur at the same 
stratigraphic position is not known. Presumably they were formed 
by calcite cement precipitated from ground water; the normal cross- 
bedding of the sandstone is preserved in them. The most prominent
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coal in the rocks above the Magoffin beds are correlated by Huddle 
with the Nickell coal of the West Liberty and Cannel City quad­ 
rangles (p. F106). This coal bed is exposed in a road cut along Route 7 
at the top of the hill south of Wrigley (pi. 5, section 11) and south 
of Route 7 near the east edge of the Wrigley quadrangle (pi. 5, section 
12). The clay below the coal at the top of the hill south of Wrigley 
is iy2 feet thick. Mineral composition and certain ceramic properties 
of this clay are discussed on pages F84-F87. Three other coal beds, 
correlated with the Haddix, Index, and Nickell beds by Huddle (p. 
F107), are present in outcrops near Route 7 south of Wrigley. 
In the Wrigley quadrangle, these coals are too thin to be of value and 
they are of little value as stratigraphic marker zones because of their 
limited extent.

PETROLOGY OF SANDSTONE BEDS IN THE BREATHITT FORMATION

Some of the sandstone beds in the Breathitt formation are very 
quartzose, others contain appreciable amounts of feldspar, and vir­ 
tually all grains are medium sand or finer according to the Wentworth 
(1922) scale. The quartz content of the sand fraction (0.5 to 0.060 
mm diameter) of eight samples examined in the laboratory (table 4) 
ranges from 73 to 99 percent, and feldspar from a trace to 26 percent. 
Most quartz grains were well rounded and frosted, and many of them 
were coated with iron oxide. Feldspar grains ranged from slightly 
altered, angular cleavage fragments to very thoroughly altered, 
rounded grains. The freshest and most abundant feldspar was from 
the two highest beds of the Breathitt sampled (table 4, samples 1, 2); 
whereas core samples from lower beds of the Breathitt contained less 
feldspar and it was more altered.

The heavy minerals of the sand fraction ranged from 0.1 to 1.7 
percent of the eight samples examined in the laboratory. The heavy 
minerals present were: muscovite, tourmaline, zircon, rutile, ilmenite, 
siderite, and chlorite. Muscovite is by far the most abundant of these 
minerals. More than 50 percent of the heavy minerals was muscovite 
in the two samples from beds that were stratigraphically highest 
(table 4, samples 1, 2), and the proportions of this mineral present 
tends to decrease in lower beds. Muscovite occurs as rounded flakes 
and most of them are bent, due to compression around sand grains. 
Tourmaline was present in all 8 samples, zircon and rutile in 5 samples 
each, ilmenite and chlorite in 4 samples each. None of these minerals 
were distributed according to any regular stratigraphic pattern. 
Small amounts of siderite were present in the form of spheroidal 
aggregates in two samples (table 4, samples 2, 8). Presumably this 
mineral formed in place.
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TABLE 4. Particle size and mineral composition of sandstone beds in the Breathitt
formation

1 2 3 4 5 6 7 8

Particle-size distribution, Went worth (1922) scale, in percent

Sand: 
Coarse________.
Medium_ ______
Fine___ ___ _
Very fine.. _____

Silt_______________
Clay «4-micron)__

Total _ _ ___

Tr.
40
26
Q

19
7

101

1Q
43
10
20
8

100

1
47
20
24
8

100

1
37
25
26
10

99

23
43
10
18
6

100

4
48
19
21
8

100

1
37
44
15
3

100

28
43
7
14
8

100

Composition of sand fraction, in percent

Quartz___.________
Feldspar. __________
Heavy minerals_____

84+ 
15 

.3

73 
26 

1.0

93+ 
5 
1.7

90 + 
8 
1. 5

99+ 
Tr. 

. 1

94+ 
5 
.07

96 + 
3 
.2

94+ 
5 
.2

Percentage of rock <2 microns

4 5 5 7 4 5 2 6

Clay mineral composition of <2-micron fraction, in parts of 10

IUite___. _________
Kaolinite. ______
Chlorite ______
Mixed-layer clay _ _

4
4
1

Tr.

3
6
1

Tr.

3-4
3-4
Tr.

1

4-5
4-5
1-2
Tr.

4
3-4

1
K

4-5
4-5

tt
Tr.

2-3
4
1

Tr.

2-3
4
1

Tr.

Composition of heavy mineral fraction
[A, abundant (50-100 percent); C, common (11-49 percent); P, present (1-10 percent); Tr., trace

«1 percent)]

Tourmaline __ _ _
Muscovite. __ ____

Rutile__ _____ _ __
Ilmenite ___ _____
Siderite__________ _
Chlorite _ __ ___

C
A
P
C
P

P
A
P
Tr.

P
C

Tr.
A

Tr.

C

Tr.
A

Tr.

C

C
C
P

A

C
C
P

A

Tr.
A

C
C
C
P
C
P
C

NOTE. Source of samples:
1. Surface sample from brownish-gray weathered sandstone enclosing calcareous concretion between Magof- 

fln beds of Morse, 1931 and Nickell coal bed, exposed in road cut along Route 7, 1.1 miles soutb of 
Wrigley (pi. 5, section 11), Wrigley quadrangle.

2. Surface sample from basal beds of thick brownish-gray weathered sandstone unit above Gun Creek coal 
bed exposed in road cut along Route 7, three-quarters of a mile south of Wrigley (pi. 5, section 11), 
Wrigley quadragle.

3. Drill core sample from near middle of massive gray sandstone bed 32 feet thick, at a point 53 feet above 
the base of the Breathitt formation. Drill hole located near road south of Elm Log Branch, about 150 
feet east of the west boundary of the Wrigley quadrangle (lat 38°1'26" N.; long 83°22'29" W.).

4. Composite sample of drill core from same hole as sample 3, includes core from several gray and brownish- 
gray sandstone beas in lower 70 feet of the Breathitt formation.

5. Drill-core sample from lower fourth of brown sandstone bed 37 feet thick, at a point 20 feet above the base 
of the Breathitt formation. Drill hole located about 300 feet west of drill hole 3, about 150 feet beyond 
the west boundary cf the Wrigley quadrangle.

6. Drill-core sample from same hole as sample 5, from gray sandstone bed 10 feet thick, at a point 7 feet above 
the base of the Breathitt formation.



GEOLOGY AND REFRACTORY CLAY, EASTERN KENTUCKY F47

7. Drill-core sample from brown sandstone 3 feet thick, 31 feet above base of Breathitt formation. Hole 
located in drainage of west fork of Brown fork, near northeast corner of Wrigley quadrangle (lat 
38°07'27" N.; long 83°15'34" W.).

8. Drill-core sample from brown sandstone 5H feet thick in Breathitt transition beds, 10 feet above the base 
of formation. Hole is located in drainage of south fork of Brown fork, about 1,000 feet southeast of 
drill hole 7 (lat 38°07'24" N.; long 83°15'21" W.).

GEOLOGIC STRUCTURE

The Haldeman and Wrigley quadrangles lie within the broad 
crustal downwarp between the Appalachian Mountains and the Cin­ 
cinnati arch, a low anticline whose axis plunges gently to the south 
across central Kentucky. Throughout these two quadrangles, Penn- 
sylvanian strata dip between 30 and 50 feet per mile to the east and 
southeast. This structure is shown in a general way (pis. 2, 3) by 
contours based on the elevation of the Olive Hill clay bed of Crider. 
Local inclination of beds resulting from deposition on sloping sur­ 
faces are common in Pennsylvanian rocks. The apparent dips of beds 
of this type are locally as great as 30°, but such dips are not related 
to structure.

Regional dips of Mississippian rock in general conform closely to 
those of Pennsylvanian beds. At a few localities, however, Mississip­ 
pian beds dip as much as 100 to 150 feet per mile, which is two to 
three times as great as the dip of the overlying beds. This slight 
difference in dip indicates that minor structural warping had taken 
place prior to the deposition of lowermost Pennsylvanian beds.

No large faults occur within the limits of the Haldeman and 
Wrigley quadrangles. Small faults with vertical displacements rang­ 
ing from a few inches to 6 or 8 feet have been encountered in a few 
clay mines. Very little evidence of these faults can be observed at 
the surface and none of them has been shown on the accompanying 
maps.

The structural contours (pis. 2 and 3) are drawn on the base of the 
Olive Hill clay bed of Crider (1913). Where the clay bed is missing, 
the contact between rocks of Pennsylvanian and Mississippian age was 
arbitrarily used because of its close proximity to the clay in most 
places. Altitudes of the base of the clay were obtained from company 
drill-hole data and aneroid elevations recorded in the field. The 
structural contours in the Haldeman quadrangle show the relief of 
the clay bed in more detail than in the Wrigley quadrangle because 
the altitude of the clay was determined at many more places.

The surface represented by structural contours, (pis. 2, 3) has 
a number of highly irregular minor flexures that may be due to: (1) 
small-scale tectonic warping; (2) the irregular surf ace on which rocks 
of Pennsylvanian age were deposited; (3) irregular thickness, shape, 
and compaction of rocks of Pennsylvanian age below the clay; (4) ir­ 
regularities in the depths to which clay alteration took place by meth-
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ods outlined on pages F79-F81; or (5) minor errors in the method and 
data used in plotting the contours. Two domes in the Haldeman quad­ 
rangle, one northeast of Brinegar and one east of Craney Creek, are 
shown to have structural closure of more than 30 feet. These domes 
and other flexures may be explained by any of the possibilities out­ 
lined above.

MINERAL DEPOSITS

THE OLIVE HILL CLAY BED OF CRIDEB, 1913

The name "Olive Hill fire clay" was introduced by Crider (1913, p. 
594-595). The name is derived from Olive Hill, a village of about 
1,300 inhabitants located 4^ miles northeast of the northeast corner 
of the Haldeman quadrangle. As explained by Waage (1950, p. 45) 
the term "fire clay," commonly written "fireclay," has come to be 
applied in a stratigraphic sense to any clay that underlies a coal bed, 
and it has lost its original meaning of refractory clay. Accordingly, 
the term "fire clay" will not be used in this report, except as a proper 
name applied to a coal bed in the Breathitt formation.

The Haldeman and Wrigley quadrangles are in the southern part 
of a large refractory clay producing district in eastern Kentucky that 
lias long been an important source of fire brick. The district is known 
as the Olive Hill district (Crider, 1913, p. 594), inasmuch as the fire 
brick industry is centered in the town of Olive Hill and in smaller 
communities scattered along the Chesapeake and Ohio railroad east 
and west of that town. The first clay was shipped from Olive Hill in 
1883, according to Crider (1913, p. 592), who gives a brief historical 
review of the fire brick industry in eastern Kentucky. Bricks were 
first made in the area of this report at a plant built by the Kentucky 
Firebrick Co. in the village of Haldeman in 1903 (Crider 1913, p. 
630), and this plant remained in operation until shortly after the close 
of World War II. Sometime prior to 1922 the same company built 
a second plant at Haldeman (Ries, 1922, p. 214), which was operated 
until 1955, when it was bought by the General Refractories Co. At 
the time of writing (1958), no firebricks are made at Haldeman or 
elsewhere in the Haldeman and Wrigley quadrangles, but production 
capacity of the district is maintained at a high level by increased 
plant facilities at Olive Hill. The clay mined in the Haldeman quad­ 
rangle each year amounts to several tens of thousands of tons. Most 
of it is trucked to the North American Refractories Co. plant at Hay- 
ward, Ky., and to the Harbinson-Walker Co. and the General Refrac­ 
tories Co. plants at Olive Hill, Ky. The Olive Hill district is one of 
the major producers of refractory brick in the United States and the 
finished brick is shipped to the steel producing centers of the United 
States and many foreign countries.
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More than 90 percent of the raw materials used in the refractory 
products of the Olive Hill district are mined from the Olive Hill clay 
bed. The remaining small percentage of materials is added to enhance 
plasticity required for forming brick, or to increase density and re­ 
sistance to high temperatures of brick for special uses. Some of these 
materials are: (1) local plastic underclays of Pennsylvanian age that 
occur several hundred feet higher stratigraphically than the Olive 
Hill clay bed, (2) diaspore from Missouri that has higher alumina 
content and refractory properties than the Olive Hill clay, and (3) 
soft kaolin of the type that is common in coastal plain deposits of 
Georgia, and that has essentially the same mineral composition as 
much of the Olive Hill bed but tends to increase density of the brick 
when added in small amounts.

MINING

At the time of the fieldwork (1957), several strip and underground 
clay mines were being worked in the Haldeman quadrangle, where 
clay had been mined for more than half a century. None of the clay 
deposits in the Wrigley quadrangle has been mined, and the only 
openings consist of about half a dozen hand-dug prospect pits.

The first mine in the area of this report was opened in 1903 (Crider, 
1913, p. 594); the adit was only a short distance from the old Kentucky 
Firebrick Co. plant at Haldeman. A few years later, the Harbison- 
Walker Refractories Co. built the mining community of Brinegar, 
about 2 miles southeast of Haldeman, and has since mined clay ex­ 
tensively in that area almost continuously. Formerly, the clay was 
transported by steam locomotives operating on narrow-gage tracks. 
Narrow-gage tracks once extended along Mocabee Creek and Jacobs 
Fork from Brinegar to a point on the Chesapeake and Ohio Railroad 
near Lawton, a small settlement 2 miles beyond the northeast corner 
of the Haldeman quadrangle, where the clay was loaded on standard- 
gage cars and shipped to firebrick plants. Other narrow-gage tracks 
extended from mines at the head of Brushy Fork to the brick plant at 
Haldeman and from a mine in the Walker Branch valley along the 
Christy Creek valley to Morehead, a town 3.9 miles west of the Halde­ 
man quadrangle. All these tracks are now abandoned and the clay is 
hauled by trucks.

At the time of writing (1958), the Harbison-Walker Refractories 
Co. operated a large underground mine at Brinegar and a smaller 
one on the Sparkman property, iy2 miles south-southwest of Brinegar. 
The General Refractories Co. operated the Sugartree mine in the 
Proctor Branch valley, approximately 0.9 mile upstream from the 
point where the Branch crosses the east boundary of the Haldeman 
quadrangle. This company also worked a small mine whose adit is 
about 1,000 yards N. 10° E. of the road junction near the mouth of
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Open Fork. Underground operations were suspended in 1956 at the 
K"orth American Eefractories Co. mine in the valley of a small tribu­ 
tary to Mocabee Creek 1 mile northeast of Brinegar. The 3 refractory 
companies and 2 or 3 earth-moving contractors operate strip mines 
scattered through the Mocabee, Christy, and Craney Creek valleys. 

The selection of clay deposits for mining is based on firing tests and 
analytical data from samples obtained by drilling. Exploratory 
diamond-drill holes are spaced on a grid having about 400-feet centers; 
supplemental holes for development are placed on much closer centers. 
The room-and-pillar method of mining is employed; in most mines 
pillars are robbed before the mine is abandoned. Because of incon­ 
sistencies in the quality of the clay, hand sorting is required to obtain 
high-quality clay; therefore, most companies sort the clay as it is 
loaded on mine cars. At the time of the field work (1957), one mechan­ 
ical loading device was in operation underground where the clay is 
unusually uniform. Mine adits are located in hillsides, and in many 
places main haulage ways are driven along the clay bed in an updip 
direction to provide drainage. In order to obtain nearly complete 
recovery, the haulage level is driven its full extent; thus all the deeply 
buried clay is mined. Mining operations are then extended toward 
the zone of shallow overburden in the direction of the portal until 
the workings reach the minimum roof stability zone, which is 60 to 80 
feet of overburden. The underground workings are then abandoned, 
and the clay that remains between the workings and the surface is 
mined by stripping methods. Overburden as much as 60 feet is re­ 
moved to mine high-quality clay 5 feet thick. Modern heavy earth- 
moving equipment, including bulldozers and power shovels, are used 
to remove the overburden. After the clay has been stripped, the upper 
surface is carefully cleaned to avoid undue contamination by shale, 
sandstone, and coal. The clay is then loosened with dynamite and 
loaded on trucks with power shovels. Hand picking of the clay in 
strip mines is necessary only when superior quality clay is required.

STRATIGBAPHIC POSITION, DISTRIBUTION, AND LITHOLOGY

The Olive Hill bed is an underclay that occurs near the base of the 
Lee formation, enclosed by an exceedingly variable sequence of beds 
(pi. 7). The coal that overlies the clay (pis. 6, 7; fig. 4) ranges from 
0 to about 10 inches in thickness, but in most outcrops it is only 3 to 
6 inches thick. The coal extends over more than three-quarters of the 
area of the clay, and in most places where it is absent, its stratigraphic 
position is marked by nearly black discoloration in the uppermost 
part of the clay or a thin zone of carbon-rich black shale above the 
clay. The clay bed occurs 1 to 8 feet above the base of the Lee forma­ 
tion at most places, but locally it is 20 feet above the base, and at one
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locality (pi. 5, section 2) a bed questionably identified as the Olive 
Hill bed is nearly 70 feet above the base of the Pennsylvanian rocks. 
Because the Lee formation rests on the truncated surface of 10 thin 
Mississippian formations, the Mississippian beds that occur a short 
distance below the clay vary considerably in lithology from place to 
place. This relation, together with the varied characteristics of the 
Pennsylvanian beds below the clay, has led to difficulties in prospect­ 
ing for the clay and to differences in opinion regarding its age. How­ 
ever, the position of the clay above the unconformity clearly estab­ 
lishes its age as Pennsylvanian. The varied characteristics of the 
beds above and below the clay are shown in pi. 7 and described as part 
of the Lee formation (p. F28-F34).

The Olive Hill clay consists of irregular lenses (pi. 8) that rest on 
an undulating surface. Neither the lenses nor the areas in which the 
clay is missing show any regional alinement or preferred orientation. 
The maximum thickness of most lenses is less than 10 feet, but in one 
old mine, now inaccessible, the bed is reported to be 25 feet thick. 
The undulating surface on which the clay bed rests, shown by struc­ 
ture contours on the geologic maps (pis. 2, 3), has a local relief of as 
much as 30 to 40 feet. Although some of these undulations appear 
to reflect uneveness of the surface on which the clay was deposited, 
most of them probably formed after deposition of the clay, by differ­ 
ential compaction or other phenomena that caused slight warping of 
the rocks above and below the clay. Gentle warping of the same order 
of magnitude as the undulations is present in the uniformly bedded 
siltstones of the Brodhead formation in railroad cuts in the village 
of Haldeman and in a cut along U.S. Highway 60 at the west edge 
of the town of Olive Hill.

The Olive Hill clay bed is itself composed of three types of clay 
in irregular nonbedded lenses of variable thickness and shapes (pi. 7). 
About one-third of the bed is flint clay and the other two-thirds is 
chiefly semiflint clay with subordinate amounts of plastic clay, but all 
variations in hardness from flint to semiflint and from semiflint to 
plastic clay are present in different parts of the bed. Boundaries be­ 
tween one type of clay and another are ordinarily sharp. Such terms 
as "semihard," "hard-soft," "semiplastic," and "number 2 clay," are 
used by local miners for intermediate clays. Except for the super­ 
position of one type of clay above another, the clay is essentially non- 
bedded. Typically, the flint clay overlies semiflint clay (pi. 6), but 
at many places the reverse is true and at a few places the flint and 
semiflint clay are irregularly interlayered. Where plastic clay is 
present it ordinarily occurs in the uppermost part of the bed, but there 
are many exceptions to this generalization.
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Colors, nonclay minerals, soluble salts, organic materials, and fossils 
are similar in all three types of clays; the types of clay differ, how­ 
ever, in the type and crystallinity of the clay minerals and in certain 
physical properties such as resistance to high temperatures, hardness, 
plasticity, resistance to erosion, and spacing of slickensides. Most 
of the clay is medium gray to brownish gray, but colors range from 
very light gray to almost black. Rusty iron stains are common along 
joints and in weathered outcrops. The content of nonclay mineral 
ranges from trace amounts to more than 50 percent of very sandy 
portions of the bed; lateral gradations from sand-free clay to very 
sandy clay within a few yards are common. Gypsum is the principal 
soluble salt present, and most of it is localized in crusts along joints. 
The plant-root fossil Stigmaria is commonly preserved in all three 
types of clay in the form of carbonaceous films. Locally the main 
rootstock with rootlets attached (fig. 7") is preserved in flint clay but 
commonly only the detached rootlets remain. The carbonaceous films 
rarely make up as much as 2 percent of the clay. The clay minerals 
in the clay are chiefly kaolinite, illite, and mixed-layer clays.

TYPES OF CLiAY

The Olive Hill clay bed contains three types of clay flint, semiflint, 
and plastic. A discussion on the physical, mineralogical, and chemical 
properties of the three clays and the differences between them follows.

FLINT CLAY

The flint clay in the Olive Hill clay bed is a hard, resistant, non- 
plastic refractory clay consisting chiefly of kaolinite. It possesses 
flintlike characteristics of homogeneity and conchoidal fracture, but 
it is distinctly softer than true flint (SiO2 ). Most high-grade flint 
clay has a Mohs-scale hardness slightly greater than 3; the clay inter­ 
mediate between flint and semiflint clay is slightly softer. Flint clay 
will not slake in water and has no plasticity unless very finely ground, 
and then plasticity is developed to approximately the same degree as 
similarly prepared quartz. Flint clay is sufficiently resistant to erosion 
to form small benches in stream beds. It weathers to angular blocks 
which, in turn, break down into shardlike fragments having sharply 
curved knife edges and pointed corners. Slickensides are extremely 
rare in flint clay. Oolites are very abundant in some of the flint clay 
but are not present in all deposits. The best flint clay is composed of 
more than 90 percent kaolinite, and some illite or mixed-layer clays 
are always present. This statement is based on mineralogical evidence 
discussed on the following pages and on chemical analyses (table 5). 
According to these analyses, flint clays are very similar in composition 
to theoretical kaolinite (SiO2, 46.54 percent; A12O3 , 39.50 percent;
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FIGURE 7. Stigmaria from the Olive Hill clay bed of Crider, 1913, showing main rootstock 
with rootlets attached (at right angles) and nodular root scars; pocket knife is 2% 
inches long.

and H2O, 13.96 percent), but some of the alkali constituents of illite 
and mixed-layer minerals are always present. Pyrometric cone equiv­ 
alents (PCE) of high-grade flint clay range from 34 to 36 (1,760°-
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TABLE 5. Mineral composition and chemical analyses of clays from the Olive 
Hill bed of Crider (1913) arranged in order of pyrometric cone equivalents

[Location of these samples on pis. 2 and 3 is indicated on table 6]

U.S.G.S. labora-

Pyrometric cone 
equivalent 

(PCE)__ .........

25

Flint

36

7

150135

35

150136

flint 

34-4-

1S

148113
Flint

34-U

2

148114
Flint

34

5

posite 

34-

16

148118
Flint

34-

17

148119

flint 

34-

33

150142
Flint

34-

38

150139

posite 

34-

Clay minerals

[Numbers, parts of 10; E, excellent; VO, very good; O, good; P, poor; VP, very poor]

Kaolinite  . ___
Elite-      

Mixed-layer clay

Crystallinity of

0-9^
Tr.

Vi

Tr.

VQ

y*
VO

9-91^
Tr.

H

VQ

9-9ji

H

E

9-9Ji
Tr.

^

E

sy2
IX

K
VQ

9

yz

E

9-9H
1^_1X

M-M
0

9

M-Ji

VO

9-9H
Tr.

yz

E

Nonclay minerals, in parts of 10

Pyrite  _      

Tr.

6.0

Tr.
Tr.

Tr.
A Q

Tr.

A Q

Tr.

Tr.
A. Q

Tr.

5.6

Tr.

Tr.

4.6

Tr.

4.7

Tr.
Tr.

4.8

Tr.

5.5

Tr.

Tr.

5.6

Chemical analyses
[In weight percent. Samples 1 and 10 analyzed by Mr. E. L. Prew, Alfred University, Alfred, N.Y., using 

standard methods; all other samples analyzed by Messrs. P. L. D. Elmore, S. D. Botts, M. D. Mack, and 
J. H. Ooode under supervision of Mr. W. W. Brannock, using methods like those of Shapiro and Brannock 
(1956). Summations rounded to nearest whole number. Samples for which TiO2 only is given analyzed 
by Patterson and Hosterman according to method of Shapiro and Brannock (1953). Asterisk (*) indicates 
samples contain organic matter that may cause FeO percentage to be in error]

SiO2- ___ -- -
AhOg         
FezOj         
FeO          
MgO         
CaO  -      
Na2O-.       
KzO          
TiOz          
P205    ...   ....
MnO         
H2O          
COs         

SOi          
S (total).....  ...

0.9

44.6
37.8

.50

.20*
nfi

.04

.12
 M

2.0
00
00

14.0
09

99.

37.6
59
99*

.16

.06
QQ

.41
1.5

03
00

14.0
<-05

99.

38.2
.46

19
.13
.06
.06

Qfi

1.9
.01
00

13.8
.05

100.
.20

45.1
37.8

.45

.48

.09

.16
no

.64
2.1

.01

.01
13.4

.07

100.
<.03

1.8

44.7
38.0

.57

.09

.10

.06

.06

.36
2.0

.01

.00
13.5

.05

100.
<-03

44.7
37.4
1.0
.03
.18
.07
.11
.97

1.9
.01
.01

13.4
<.05

100.
<03

45.5
36.0

.8.38*

.36

.08

.10
1.0
2.0
.05
.00

13.0
.12

99.

44.2
36.9

.7.55*

.15

.38

.09

.31
2.1
.42
.00

13.3
.12

99.
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TABLE 5. Mineral composition and chemical analyses of clays from the Olive 
Hill bed of Crider (1913) arranged in order of pyrometric cone equivalents  
Continued

[Location of these samples on pis. 2 and 3 is indicated on table 6]

Pyrometric cone equivalent 
(PCE)_... ................

15
148111
Flint

33-34

9

Flint

33+

22

Flint

33+

27

Semi-
flint 

33+

30

Flint

33+

14

Semi-
flint 

33

12

flint 

33-

20

posite 
33-

26

Flint

33-

Clay minerals Continued

[Numbers, parts of 10; E, excellent; VG, very good; G. good; P, poor; VP, very poor]

Kaolinite--.  ..... . .
niite-  .   . - _
Chlorite.. ..................
Mixed-layer clay minerals ... 
Crystallinity of kaolinite ....

9

Vi 
E

8H-i
Tr.

H 
VG

7-8
M-l

Tr. 
E

7-8
Tr.

1-1J* 
VP

8-8}^

1A 
VG

8y.-Yz
i 
p

&A
Tr.

**< 
8J3-9

Tr.

Xrl 
VG

8
1

M 
VG

Nonclay minerals, in parts of 10 Continued

Anatase ___________

Pyrite.. ........ ............

Tr.

5.7

H-l
Tr.

Tr.

4.3

1-2
Tr.

4.8

Tr.
Tr.

5.5

Tr.
Tr.

Tr.+

5.9

y-i
Tr.

7.7

Vv-Y*
Tr.

Tr.
Tr.
6.0

Tr.
Tr.

4.3

Tr.
Tr.

Tr.+

4.4

Chemical analyses Continued
[In weight percent. Samples 1 and 10 analyzed by Mr. E. L. Prew, Alfred University, Alfred, N.Y., using 

standard methods; all other samples analyzed by Messrs. P. L. D. Elmore, S. D. Botts, M. D. Mack, and 
J. ~S. Goode under supervision of Mr. W. W. Brannock, using methods like those of Shapiro and Brannock 
(1956). Summations rounded to nearest whole number. Samples for which TiOs only is given analyzed 
by Patterson and Hosterman according to method of Shapiro and Brannock (1953). Asterisk (*) indicates 
samples contain organic matter that may cause FeO percentage to be in error]

SiOj.  . .     
AhOa    ...   ...   ... -
FeiOi    . ._ - 
FeO. ........ ........ .......
MgO. ......  .............
CaO  ........... ........ -
NatO. ......................
KtO. .......................
TiOa  .................. ...
Pj06... ....... ..............
MnO.____. ..___.._.._____._
H2O. .......................
COj.. ...... ................

SOs  .   .. .    
S (total)....................
Ignition loss. ______ ..

44.6
33.0

.78
ns

.22
ns

.13

.71
1.6
.07
.01

13.6
<.05

100.
<.03

2.0 2.0- 1.5 1.5 2.0+ 2.5 1.5 2.0
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TABLE 5. Mineral composition and chemical analyses of clays from the Olive 
Hill bed of Crider (1913) arranged in order of pyrometric cone equivalents  
Continued

[Location of these samples on pis. 2 and 3 is indicated on table 6]

U.S.G.S. labora-

Pyrometric cone 
equivalent
(PCE). ..........

29

Flint

33-

1

Flint

32^

3

148115

flint

6

150134

32+

32

Flint

QO 1

35

150143
Flint

32+

4

148116

flint 

32

23

posite 

32

11

posite 

32-

21

148117

flint 

32-

Clay minerals  Continued
[Numbers, parts of 10; E, excellent; VG, very good; G, good; P, poor; VP, very poor]

Kaolinite    .. 
mite..... .... ... ...
Chlorite... ... ___
Mixed-layer clay

Crystallinity of

8-8M

H
VG

7H-8
Tr.

1-2

VG

8
yy

Tr.

P

7

H-i

VP

IL<: 9

^-1

VG

H-l

VG

7-7Ji
2

Tr.

P

6Ji-7

1

G

7-7M
1

Tr.

VG

1^
J<

Tr.

P

Nonclay mine.-als, in parts of 10  Continued

Siderite..      .

Pyrite _______

Tr.
Tr.

7.0

Tr.
Tr.

Tr.
Tr.+

4.1

Tr.

5.6

Tr.
Tr.

Tr.
4.4

LJ'-U

Tr.

Tr.
5.4

1-2
Tr.H-M
Tr.

Tr.
6.9

Tr.

Tr.
Tr.
5.8

Tr.

4.5

1
Tr.

Tr.

4.6

Tr.

4.2

Chemical analyses Continued
[In weight percent. Samples 1 and 10 analyzed by Mr. E. L. Prew, Alfred University, Alfred, N.Y., using 

standard methods; all other samples analyzed by Messrs. P. L. D. Elmore, S. D. Botts, M. D. Mack, and 
J. ~B.. Goode under supervision of Mr. W. W. Brannock, using methods like those of Shapiro and Brannock 
(1956). Summations rounded to nearest whole number. Samples for which TiCh only is given analyzed 
by Patterson and Hosterman according to method of Shapiro and Brannock (1953). Asterisk (*) indicates 
samples contain organic matter that may cause FeO percentage to be in error]

SiOi . .  .    .
AlzOs-       
FejOj.        
FeO  ....      
MgO    ... ... ...
CaO. _ ... ..... ...
Na»O         
K20  .... ..... ....
TiOz         
P205-   -         
MnO-..      -
H20  ....   ......
COs.    ...   ...

SOa.-  -     
S (total)............

2.7

39.0
S4 9

3.4

.55

.32
Ad

2.57
2.17
.24

3.54

.72

.29
17.39

45.1
QA A

1.0
.23
.52
.10

10

1 ft

2.4
.05
.01

12.3
.07

100
<" OS

46 4

1.4
.41*
.69
.11
.24

3.1
1.4

no
.00

11.6
.26

100

47.2
33.3

.9
2.3*
.30
.20
.15
.75

1.5
.06
.03

11.9
1.4

100.

46.6
35.1
1.1
.16
.54
.18
.22

2.0
2.4
.10
.01

12.1
<.05

101.
<.03

2.0- 2.0+

45.8
35.1
1.6
.34
.45
.06
.19

2.4
1.5
.01
.01

12.4
<.08

100.
<.03
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TABLE 5. Mineral composition and chemical analyses of clays from the Olive 
Hill bed of Crider (1913) arranged in order of pyrometric cone equivalents  
Continued

[Location of these samples on pis. 2 and 3 is indicated on table 6]

Pyrometric cone equivalent 
(PCE)_..__ ...............

37

Flint

32-

10

flint 

31+

19
148110

posite 

31

34
150141

flint 

30-31

18
148112

posite 

30

31

Flint

30-

24

Plastic

29-

28

flint 

29-

36
150140
Flint

"Jfi-U

Clay minerals Continued
[Numbers, parts of 10; E, excellent; VQ, very good; G, good; P, poor; VP, very poor]

mite....  ........  ......
Chlorite-  .. _   ... .... .
Mixed-layer clay minerals.. 
Crystallinity of kaolinite...

6
Tr.

Tr. 
E

6
1

*#

6
1

x-x

4-5
2

Tr. 
VP

5-5J4
2-3

X

$

5H
X
M

VG

5JS-6
2

1 
VP

5%
mlj*

H 
VP

7

Ji 
VG

Nonclay minerals, in parts of 10 Continued

Quartz ......................

Pyrite-  .  .  . 

3-4
Tr.

7.0

2
Tr.

Tr.
Tr.
5.7

2-3
Tr.

4.2

3-4
Tr.

5.4

1
Tr.

4.3

3-4
Tr.

Tr.
6.4

H
Tr.

4.8

2-3
Tr.

6.5

M
Tr.

1

6.8

Chemical analyses Continued

[In weight percent. Samples 1 and 10 analyzed by Mr. E. L. Prew, Alfred University, Alfred, N.Y., using 
standard methods; all other samples analyzed by Messrs. P. L. D, Elmqre, 8. D. Botts, M. D. Mack, and 
J. H. Goode under supervision of Mr. W. W. Brannock, using methods like those of Shapiro and Brannock 
(1956). Summations rounded to nearest whole number. Samples for which TiOa only is given analyzed 
by Patterson and Hosterman according to method of Shapiro and Brannock (1953). Asterisk (*) indicates 
samples contain organic matter that may cause FeO percentage to be in error]

SiOj.     ...... __ .. _
AltOt.. .....................

FeO. .......................
MgO. ......................
CaO               
NasO.     - .. 
KjO.  ......  ...........
TiOi......... ............. ..
PtOi  . ...-  .........
MnO. ......................
lltO. ................. ......
CO^.. ......................

SOs                -
S (total)-...................

1 8

54.3
28.5
3.2

.45

.24

.27
1.50
1.97
.22

91

.45

.25
10.34

54.6
29.9
1.7
.12
.42
.05
.10

1.3
1.4
.05
.00

10.6
.05

100.
<.03

66.7
21.0
1.4
i40*
.29
.11
.11

1.4
.01
.00

7.3
.12

100.

52.8
30.7
1.4
.72
.78
.13
.22

2.5
1.3
.01
.01

10.
.06

101.
<.03

1 1-L 1.0 0.5

36.2
31.2
1.1

11.9
.54
.41
.10
.26

1.6
.30
.08

11.4
4.2

99.
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SEMIFLINT CLAY

Semiflint clay is intermediate between flint and plastic clay in phys­ 
ical characteristics and clay-mineral composition. It has a Mohs-scale 
hardness between 2 and 3, and it possesses very little natural plasticity 
except when finely ground. Nearly all semiflint clays contain abun­ 
dant diversely oriented slickensides. Parting occurs mostly along 
the slickensides; and commonly, when fresh semiflint clay is subjected 
to a single rainfall, it breaks down into a rubble of irregular poly- 
hedra having a slickenside on each face. iSemiflint clays are rarely 
seen in natural outcrops except where they are protected by overlying 
flint clays or other resistant beds. However, some of the harder semi- 
flint clays, which are gradational into the flint clays, are remarkably 
resistant to weathering. A good example is the semiflint clay that 
for many years has supported the footing of the bridge on State Route 
32, one-quarter mile west of Elliotville, Haldeman quadrangle.

The semiflint clays consist chiefly of mixtures of kaolinite, illite, 
and mixed-layer minerals, and the kaolinite present generally ranges 
from 60 to 80 percent or a little more. The PCE's of semiflint clays 
are mostly in the range 31-33 (1,680°-1,745°C.), and these clays are 
distinctly lower in heat-resisting properties than good quality flint 
clay. In a few places, semiflint clays are very refractory, and PCE's 
are as high as 34+ (table 5). The refractory properties of most semi- 
flint clays are lower than in flint clays chiefly because of higher con­ 
tents of alkali-bearing clays such as illite and mixed layer minerals.

PLASTIC CLAY

Plastic clay consists of mixtures of kaolinite, illite, and mixed-layer 
minerals. Weathered plastic clay readily develops considerable plas­ 
ticity when wet, but some grinding is required to develop maximum 
plasticity in the fresh clay. Abundant slickensides are present in the 
fresh plastic clay, but as weathering progresses the slickensides are 
sealed and the clay becomes a homogeneous mass. Natural exposures 
of plastic clay are exceedingly rare because it is soft and lacks resist­ 
ance to weathering. Only a small amount of plastic clay is present 
in the Olive Hill clay bed. The few samples examined were very sim­ 
ilar in mineralogical composition to the poorer quality semiflint clays. 
The content of illite and mixed-layer clay minerals was high; accord­ 
ingly? the alkali content should be high and refractory properties 
should be relatively low.
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MINERALOGY

CLAY MINERALS 

ANALYTICAL PROCEDURE

Investigations of clay minerals were based primarily on X-ray 
diffraction of oriented and randomly oriented clay slides prepared 
from whole samples and the less than 2-micron fraction of the samples. 
The clay was ground and dispersed in distilled or deionized water, 
and sodium metaphosphate was used as required to prevent floccula- 
tion. After approximately 6 hours settling time the less than 2-micron 
fraction was siphoned off. Oriented aggregates were made on porous 
ceramic tile, using the techniques described by Kinter and Diamond 
(1956). Randomly oriented slides were obtained by pressing the less 
than 2-micron clay that had been oven dried into aluminum sample 
holders. A standard X-ray diffraction unit with copper radiation 
was used. A 1° beam slit, a seller slit, and a 0.1° detector slit with 
nickel filter were used in conjunction with a proportional counter 
X-ray detector. The goniometer was run at a speed of 2° per minute. 
The chart was driven at the speed of 24 inches per hour, so that the 
X-ray diffraction trace was recorded at the rate of 5° per inch.

The clay minerals were determined and their proportions estimated 
by X-ray techniques, based on the measurement of characteristic basal 
spacings which, in turn, reflect the number of silica-tetrahedral and 
alumina- or magnesia-octahedral sheets contained in the unit cell 
of the mineral. A unit cell with two sheets, one of silica and one of 
alumina, is about 7 A thick (an example is kaolinite); a unit cell 
with three sheets, two of silica with one of alumina between, is about 
10 A thick (an example is illite); and a unit cell with four sheets, 
two of silica and two of magnesia or alumina, is about 14 A thick 
(an example is chlorite). The unit of measure is the angstrom (A), 
which is 10~8 centimeters. The thickness between layers (d) in angs­ 

trom units is calculated from the Bragg equation d= . -:, where X

is the X-ray wavelength (which for CuK«i radiation is equal to 
1.54050 A) and 20 is the angle measured on the goniometer and marked 
off on the X-ray diffraction trace. Values of d, in A units, corre­ 
sponding to measured values of 20 are readily determined from pub­ 
lished tables. The height and area of the peaks on the X-ray dif­ 
fraction traces are a function of the amount and crystallinity of the 
clay minerals present, which provides some basis for estimating the 
proportions of the various clays present. The techniques employed 
in interpreting differences in crystallinity and of making quantitative

628824 O 62   5
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estimates from X-ray diffraction traces are described in detail by L. G. 
Schultz (1960).

Clay samples were also examined by means of differential thermal 
analysis, electron microscope, and petrographic microscope; and chem­ 
ical analyses were made of selected samples. The differential thermal 
analysis equipment used was similar to that described by Grim and 
Kowland (1944, p. 6-9). Both carbon-replica and powder techniques 
were employed in preparation of samples for electron microscope ex­ 
amination. The carbon replicas were prepared by the authors in the 
manner described by Bates and Comer (1955, p. 1-25). Miss Marie 
Lindberg examined the samples by means of the electron microscope 
and took the electron micrographs. Chemical analyses (table 5) 
were made in the laboratories of the Geological Survey by Messrs. 
S. D. Botts, M. D. Mack, J. H. Goode, and P. L. D. Ehnore under the 
supervision of Mr. W. W. Brannock, and by Mr. Elmer L. Prew of 
Alfred University, Alfred, N.Y. The rapid analysis method (Sha- 
piro and Brannock, 1956) was used for the analyses made in the Geo­ 
logical Survey laboratories. Analyses by Mr. Prew were by standard 
methods. Analysis of titanium on samples for which complete chem­ 
ical analyses are not given in table 5 were "made by the authors employ­ 
ing the method described by Shapiro and Brannock (1953).

KAOLINITE

Kaolinite (OH) 8 Si4Al4Oi0 is by far the dominant clay mineral in 
the Olive Hill clay bed, and in places it makes up as much as 90 to 95 
percent of the bed. The kaolinite in the flint clay is predominantly 
well crystallized. In the plastic clay and in some semiflint clay, the 
kaolinite has a poor degree of crystallinity similar to the "fireclay" 
kaolinite mineral of Brindley and Kobinson (1947). Intermediate 
stages of crystallinity are present in most semiflint clays. Kecogni- 
tion of well-crystallized kaolinite is based on the narrow basal (001) 
reflection at 7.1 A and the sharp resolution of reflections from the 
pyramidal and prismatic planes (fig. 8). Poorly crystallized kaolin­ 
ite gives a broad basal (001) reflection at slightly greater than 7.1 A 
and the reflections from the pyramidal and prismatic planes are dif­ 
fuse. The degree of crystallinity of the kaolinite varies with the pro­ 
portions of other clay minerals present in the clay. The well-crystal­ 
lized kaolinite occurs only in clays that contain only small amounts of 
other clay minerals, and therefore it is restricted to the flint clays. 
Poorly crystalline fireclay kaolinite occurs only where appreciable 
amounts of illite and mixed-layer clays are also present. Kaolinite* 
having intermediate crystallinity occurs in both the flint and semi- 
flint clays that contain small amounts of illite and mixed-layer min-
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erals. The conclusions regarding the crystallinity of the kaolinite 
are based on the criteria outlined by Brindley (1951, p. 46, 50-52). 
Our conclusions closely parallel those of Keller and others (1954, p. 
19) and McConnell and others (1956, p. 279), who studied similar 
clays. The proportion of nonclay minerals bears no relation to the 
crystallinity of the clay, and well-crystallized kaolinite occurs in 
parts of the bed that contain as much as 50 percent quartz.

Differential thermal analysis curves of samples from the Olive Hill 
bed (fig. 9) appear to support the conclusion that kaolinite is the 
dominant clay mineral present and that the kaolinite in flint clay is 
more perfectly crystallized than in plastic clay. The prominent endo- 
thermic peak resulting from the loss of hydroxyls is at approximately 
600°C. for flint clay (fig. 9, sample 25) and at only 580°C for plastic 
clay (fig. 9, sample 24). Also, the exothermic reaction at about 975°C 
is intense and is completed within a temperature range of 25 °C, where­ 
as this reaction for plastic clays is much less intense and takes place 
over a temperature range of approximately 75 °C. The differential 
thermal-analysis curves for semiflint clay, not illustrated in this report, 
are intermediate between plastic and flint clay. The higher energy 
required to drive the hydroxyl ion of the clay mineral structure from 
the flint clay suggests that in the flint clay the hydroxyl ion is more 
tightly bound than it is in plastic clay. The exothermic peak at 
approximately 975 °C probably indicates the final breakdown of the 
structure remaining after the hydroxyls have been driven off. If 
so, the broad peak for plastic clay suggests that bonds of varying 
strength are present and the sharp peak for flint clay may mean that 
the bonds are all of essentially the same strength.

ILLITE

The term "illite" [(OH) 4Ky (Si8.y -Aly ) (Al4 -Fe4 -Mg4 -Mg6 )O20 , 
where y is less than 2] in this report is applied to a dioctohedral clay- 
size mica commonly referred to by some authors as hydrous mica in 
part. Illite is the second most common clay mineral in the Olive Hill 
clay bed. The proportion ranges from a trace in the flint clay to about 
40 percent in the plastic and the softer semiflint clays. Illite is recog­ 
nized in X-ray diffraction traces by its basal (001) spacing at approxi­ 
mately 10 A (fig. 8). Weak second-order (002) reflections at 5 A and 
third-order (003) at 3.3 A are also present in diffractometer traces of 
some samples. Only the material that does not expand when treated 
with ethylene glycol is considered to be illite; if there is some expan­ 
sion, the material is considered to be mixed-layer clay. In differential 
thermal-analysis curves, the presence of small amounts of illite is sug­ 
gested by broad weak endothermic reactions between 100° and 200°C
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100 200 300 400 500 600 700 

TEMPERATURE, IN DEGREES CENTIGRADE

800 900 1000

FIGURE 9. Differential thermal analysis curves of clays from the 
Olive Hill clay bed of Crider, 1913. Locality numbers are referred 
to on plates 2 4 and on table 6.
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(fig. 9, samples 9 and 24) and by small endothermic reactions begin­ 
ning between 450° and 500° C.

MIXED-LAYER CLAY MINERALS

Complex mixed-layer minerals are closely associated with the illite. 
Some of these minerals resemble montmorillonite in that X-ray dif­ 
fraction traces show a slight increase in 14 A reflections when samples 
are treated with ethylene glycol. Montmorillonitelike layers are most 
common in plastic clays and softer semiflint clays (fig. 8). Other 
mixed-layer clays consist of heterogeneous mixtures of minerals 
resembling chlorite, montmorillonite, and probably vermiculite. 
X-ray traces of these clays have broad irregular bulges in 10 A to 14 A 
range, and reflections are changed very little by heat or ethylene glycol 
treatments. Efforts to improve the mineral structure of mixed-layer 
minerals by treatment with potassium ions were not successful. The 
structure of these minerals appears to be far more complex than that 
of some mixed-layer clays that are mostly potassium-deficient illites. 
Heterogeneous mixed-layer assemblages occur only in small amounts. 
They are probably present in all types of clay in the Olive Hill area, 
but they are most abundant, or at least most easily recognized, in the 
softer flint and harder semiflint clays. Mixed-layer clay minerals 
are not recognizable in differential thermal analysis curves of samples 
from the Olive Hill bed (fig. 9). The reactions caused by heating 
these minerals are probably similar to reactions that take place in 
illite, and, no doubt, part of the small reactions attributed to illite are 
caused by mixed-layer minerals.

The Olive Hill clay bed contains a very small amount of a clay 
mineral that is probably chlorite. In X-ray diffraction traces, this 
mineral has a fundamental basal spacing of 14 A, and it does not swell 
when treated with ethylene glycol or collapse when heated to 300 °C. 
Some doubt regarding the correct identification of this mineral re­ 
mains, however, because it was neither destroyed nor enhanced by heat 
treatment at 650 °C, and it was not destroyed by BN hydrochloric acid 
treatment as are most chloride clay minerals. Possibly the clay 
mineral here reported to be chlorite is a highly aluminous variety. 
Chlorite is most abundant in the softer flint clays and harder semi- 
flint clays (fig. 8, samples 33, 27), but in none of the clay did the esti­ 
mated amounts exceed 5 percent (table 5).

NONCLAY MINERALS

The material other than clay minerals in the Olive Hill clay bed in­ 
cludes allogenic minerals that were introduced during deposition of 
the clay, authigenic minerals that formed after deposition of the clay,
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and organic matter in the form of thin carbonaceous films. The allo- 
genic minerals are quartz, SiO2 ; zircon, ZrSiO4 ; tourmaline, (H, Li, 
Na, K, Ca) 9Al3 (B-OH) 2Si4O19( + Fe2O3, FeO, MgO, MnO); garnet, 
which in the Olive Hill bed is probably almandite having 
the composition Fe3Al2 (SiO4 ) 3 ; ilmenite, FeTiO3 ; and magnetite, 
FeFe2O4. Quartz occurs in proportions ranging from traces to ap- 
roximately 50 percent. The other allogenic minerals are present 
only in trace amounts. The most abundant authigenic mineral is 
siderite, Fe CO3, and it occurs in amounts as great as 10 percent (table 
5, sample 36). Other authogenic minerals, present in minor amounts 
in samples studied in the laboratory, are pyrite, FeS2 ; iron oxide 
minerals such as limonite, goethite, lepidocrosite, and hematite; and 
the soluble salts gypsum, CaSO4 -2H2O, and iron sulfate. Traces 
of galena, PbS, and sphalerite, ZnS, have also been reported in the 
clay bed; they are probably authigenic. Anatase, TiO2, is present in 
small amounts throughout the Olive Hill clay bed, but whether or not 
it was introduced at the time of deposition or formed after deposition 
is not known.

The allogenic minerals vary considerably in grain size, roundness, 
and amount of alteration. Quartz occurs as both rounded and angular 
grains; most of the rounded grains are frosted and most of the angular 
ones are clear. Locally quartz grains are coated with an iron oxide 
mineral that is probably limonite. Grain size of the quartz ranges 
from very fine silt to medium sand. The quartz in plastic and semi- 
flint clay is essentially unaltered, but many of the grains in flint clay 
are serrated and etched and partially replaced by clay minerals (fig. 
11, c). Most of the allogenic minerals other than quartz occur as 
rounded grains. Garnet and zircon grains are essentially unaltered. 
Most of the magnetite, however, is partly altered to limonite or hema­ 
tite, and most of the ilmenite is coated with leucoxene.

The authigenic minerals occur in a variety of crystal forms, and 
they apparently were formed at two different times. Pyrite and 
siderite are scattered throughout the clay, and hematite, limonite, gyp­ 
sum, and soluble salts are closely associated with joints in the clay. 
Probably the pyrite and siderite formed long before the other min­ 
erals, which may be still forming by precipitation from ground water. 
Siderite occurs commonly as oolites, spherulites, and euhedral crystals, 
and at the locality where it makes up 10 percent of the bed it is in 
the form of nodular concretions that are as much as one-fourth inch 
in diameter and one-half inch in length. Many of the siderite con­ 
cretions contain irregular inclusions of white kaolinite. Some of the 
pyrite occurs locally as small euhedral crystals disseminated through­ 
out the clay, but most of it is in the form of small irregular nodular
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concretions. Most of these pyrite concretions are closely associated 
with carbonaceous films of Stigmaria, and presumably the pyrite was 
concentrated in the space originally occupied by a plant rootlet. 
Pyrite, in very fine particles, gives an exothermic reaction between 
400° and 500°C in differential thermal analysis (fig. 9, sample 9). 
The iron oxide minerals limonite and hematite occur as films along 
joints in the clay and as finely disseminated particles causing red, 
brown, and yellow discoloration of the clay adjacent to joints. The 
gypsum and soluble iron sulfate salts are chiefly in the form of films 
along joints. Iron oxide minerals, gypsum, and soluble iron sulfate 
salts are present only in small amounts in most of the Olive Hill clay 
bed. The differential thermal-analysis curves give no indication that 
these minerals were present in any of the samples investigated, and 
the percentages of iron, calcium, and sulfur are low in the chemical 
analyses of most samples of these clays (table 5).

Anatase occurs in all samples of the Olive Hill clay bed examined 
in the laboratory (table 5), and appears to be present in essentially 
all parts of the bed; it probably contains nearly all of the titanium 
present in the clay. Anatase was identified by the strongest X-ray 
reflection at 3.51 A. Inasmuch as this reflection is masked by the 
second-order basal reflection (002) of kaolinite, it was necessary to 
heat the clay to 550° C for half an hour to destroy the kaolinite struc­ 
ture in order to recognize the presence of anatase. The strongest 
reflection of anatase was weak for all samples, but the proportion of 
anatase indicated on the X-ray diffraction traces was probably suffi­ 
cient to account for nearly all of the titanium which ranges from 0.9 
to 2.7 percent shown in the chemical analyses (table 5).

Anatase appears to be in very fine particles uniformly distributed 
throughout large bodies of the clay. The less than 2-micron fractions 
contained essentially the same proportions of anatase as the whole 
clay in samples investigated by X-ray methods. This observation 
together with the absence of recognizable anatase in thin sections in­ 
dicates that the mineral is present in very fine particles. The dis­ 
tribution of titania in the clay was investigated by chemical analyses 
of the type outlined by Shapiro and Brannock (1953). Samples were 
taken from opposite sides of blocks of flint clay and semiflint clay 
approximately iy2 feet in diameter. Samples from the same block 
contained essentially identical amounts of titania for each type of 
clay, though blocks from different localities differed within the range 
indicated in table 5.

The Olive Hill clay bed in one mine near Olive Hill, Ky., is reported 
by Greaves-Walker (1907, p. 470) to contain nodules and oolites of 
uncommonly high alumina content. He referred to the material as
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"aluminite," and it was later identified as gibbsite, A12O3 - 3H2O, by 
Galpin (1912, p. 324^329). Greaves-Walker reports as much as 48.5 
percent alumina, and a low content of alkali and iron. Accordingly, 
the so-called aluminite was more valuable for refractory purposes 
than parts of the bed that contain only kaolinite. During the 
present investigation a special effort was made to locate samples of 
gibbsite-bearing clay in the Haldeman and Wrigley quadrangles, but 
without success. The efforts included X-ray examination of con­ 
centrated oolites from the clay bed at several localities. In all 
samples, the oolite concentrates contained only kaolinite that was of 
essentially the same composition as the enclosing nonoolitic clay.

Coaly organic matter appears to be abundant in the Olive Hill clay 
bed because black films and specks are conspicuous in hand specimens, 
but the total content of organic matter in the clay is low. Most of 
the carbonaceous films and specks are remains of detached rootlets 
of /Stigmaria, but locally nearly complete root systems are preserved 
by such films (fig. 7). The presence of organic matter is also indi­ 
cated in some differential thermal analysis curves by a sharp exo­ 
thermic reaction between 650° and 720°C (fig. 9, sample 1). Of all 
samples investigated, sample 1 contained the most organic matter, 
and the exothermic peak shown by the curve of that sample is of the 
same order of magnitude as peaks obtained from a 2-percent mixture 
of coal from the bed overlying the Olive Hill clay in clay that con­ 
tains essentially no organic matter. No indication of organic matter 
was present in the differential thermal-analysis curves of most of the 
clays investigated, and organic matter probably makes up consider­ 
ably less than 1 percent of most parts of the Olive Hill bed.

TEXTURE AND HARDNESS OF THE CLAY

The textures of the three types of clays were examined by petro- 
graphic and electron microscope and by X-ray diffraction of slices of 
clays. Electron micrographs were taken of powder samples of plastic, 
semiflint, and flint clays and of carbon replicas (Bates and Comer, 
1955, p. 3) of flint and impregnated semiflint clays. The slices for 
mounting in the X-ray diffractometer were cut from samples on which 
the field orientation had been recorded. Slices of flint clays were cut 
parallel to the horizontal, vertical east-west, and vertical north-south 
field directions. Slickenside surfaces of semiflint clay and slices cut 
at angles to slickensides were also examined. Interpretation was 
based on the assumption that orientation parallel to the basal planes 
of the clay minerals would give intense basal (001) and subdued prism 
reflections similar to those from mounts prepared by settling, and 
that random distribution of the clay minerals would give intense 
prism an$ subdued basal reflections.
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The kaolinite grains in flint clay lack preferred orientation; some 
of the kaolinite grains in semiflint clays are alined parallel to slicken- 
side surfaces, and much of the illite and mixed-layer clays in semi- 
flint and plastic clay is partially oriented. The evidence for lack of 
orientation of kaolinite in flint clay is based on the X-ray diffraction 
traces of oriented slices. In the traces, the basal reflections of kaolin­ 
ite are no higher in slices from one direction than from any other, and 
the prism reflections are resolved equally well in traces of slices in all 
directions. Lack of orientation is also shown in the electron micro­ 
graph of flint clay (fig. 10). X-ray diffraction traces of semiflint 
clay slices cut at angles to slickensides are similar to those from flint 
clay showing general haphazard orientation. Also, no evidence of 
orientation of kaolinite is present in an electron micrograph of semi- 
flint clay shown by Patterson and Hosterman (1960, p. 191). How­ 
ever, basal reflections from kaolinite are more intense in X-ray dif- 
fractometer traces from slickenside surfaces of semiflint clay than 
from slices cut at angles to the slickenside. Apparently some of the 
kaolinite grains are oriented parallel to slickensides:

In a general way the hardness of the clay varies directly with the 
amount of recrystallization of the kaolinite. In flint clay, recrystalli- 
zation of kaolinite is indicated by light-colored kaolinite grains suffi­ 
ciently large to be seen with a petrographic microscope. These grains 
occur in the centers of oolites and scattered throughout an extremely 
fine grained groundmass (fig. 11, A ). A small amount of light-colored 
kaolinite occurs in vermicular or wormlike crystals. Electron micro­ 
graphs of flint clays (fig. 10) indicate that the kaolinite grains are 
interlocking and angular, forming a texture somewhat similar to the 
texture of certain igneous rocks. In semiflint clays, thin sections show 
no evidence of recrystallization of kaolinite (fig. 11, B), and electron 
micrographs show the kaolinite grains to be much less angular and 
interlocked than in flint clays. No typical hexagonal kaolinite crys­ 
tals were observed in either the carbon replicas or the powder elec­ 
tron micrographs.

Some of the illite and mixed-layer clays in thin sections of semiflint 
clays appear to be partly oriented into wavy distorted bands (fig. 11, 
B). Some of these bands of partly oriented illite and mixed-layed 
clay extend along slickensides, and others are enclosed in clay that 
shows no evidence of parting or movement. Apparently, some slicken­ 
sides form along zones of weakness caused by partial orientation of 
clay grains, and very little force and movement are required to form a 
parting with a shiny surface. Little geologic evidence pertaining to 
the origin of the bands is available, but they may represent mineral
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FIGURE 10. Electron micrograph of carbon replica of flint clay.
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FIGURE 11. 'Thin-section photomicrographs. A, oolitic bint clay ; B, 
silty semiflint clay ; C, etched and replaced quartz sand grains in 
flint clay.
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orientation by pressures related to the churning action of roots or 
plastic flowage.

REFRACTORY TESTS

Tests were made (table 6) on 38 samples from the Olive Hill clay 
bed at 24 localities in the Haldeman and Wrigley quadrangles to 
evaluate their refractory properties. The tests were made by Richard 
West and Leon B. Coffin, Ceramic Research Department, Alfred Uni­ 
versity, Alfred, N.Y. In general, accepted testing procedure such as 
is outlined by Klinefelter and Hamlin (1957, p. 29-35) was followed; 
however, some modification of accepted procedure was required be­ 
cause flint clays have no plasticity and cannot be made into test brick 
without the addition of bonding agents. Ceramic tests of brick made 
from flint, clays to which bonding agents have been added are of 
questionable value because of the variable effect of the bonding agent 
on the refractoriness of different samples. Practical procedures for 
testing the refractory properties of flint clays by using coarsely 
crushed clay instead of test brick were devised by Messrs. West and 
Coffin, which are now regarded as standard procedure in the depart­ 
ment. In their procedure, the sample is crushed to %-1/2 inch in size 
and quartered. One portion was used for firing tests and another 
was ground to pass 70 mesh and used for pyrometric cone equivalent 
(PCE) tests and chemical analysis. Firing tests were run on three 
200-gram portions of the coarse fraction of each sample. Each portion 
was placed in an alumina crucible of known weight and volume. The 
specimens were dried overnight at 100° C, cooled, and weighed on an 
analytical balance. The crucibles and specimens were immersed in 
kerosene overnight, then the weights of the saturated sample in air 
and suspended in kerosene were determined to the neareest 0.01 gram. 
The volumes were calculated from these weights. The specimens were 
heated in a gas fired kiln to 1,000°, 1,200°, 1,400°, and 1,600° C, and 
weights were taken and volumes calculated after each firing. Several 
empty crucibles were heated for control purposes; their volume 
changes were negligible after heating to all four temperatures. Per­ 
centage change in weight and volume, bulk density, and apparent 
specific gravity were calculated from weights recorded after each 
firing; all calculations of weight or volume change were based on 
dry measurement. Pyrometric cone equivalent (PCE) tests were 
made according to procedure outlined in Designation 24 by the Amer­ 
ican Society for Testing Materials (1948). The PCE test as stated 
by Klinefelter and Hamlin (1957, p. 29) is "a standard determination 
universally used to evaluate the refractoriness of both clays and 
refractory bodies," and it is probably the best measure of the refrac­ 
tory properties of clays given in table 6. The PCE of a clay is deter-
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TABLE 6. Refractory tests of samples from the Olive Hill clay ~bed of

[Tested by Richard W. West and Leon B. Coffin, Department of Ceramic Research, Alfred University,

Locality 
No. on 
plates 

2-4

Sample 
No.

Pyro- 
metric 
cone 

equiv­ 
alent

Percent volume change 
after heating

1,000° C 1,200° C 1,400°C 1,600°C

Apparent specific gravity 
after air drying and heating

Air 
dried

1,000° C 1,200°C 1,400°C 1,600°C

Haldeman

l--_  -

2.. ........
3... .......

4  . ...

5.... ......
6      
7 
8..........
9... .......

10  ......
11...... ...
12.........
13     

14  __. 

1  ...
2......
3   
4......

5  ...
6...  
7  ...

8... ...

9   
10    

11 -
12   
13   
14   
15 ..
16   
17 .. 
18   
19.....
20   
21   
22    
23   

32H
34
32^
32

34-
32+
35

Sd-4-

VI J-
31+ 

32-
33-
34+
33

33-34
34-
34- 
30
31
33-
32-
33+ 
32

-15. 16
-15.62
-4.22
-6.67

-11. 39
-4.4

-16.1

-14.2

-9.26
-4.9 

-6.98

-16.33
-10.99
-16.92
-27. 36
-9.71 
-6.89
-3.47
-8.44

-16.13
0 

-17.58

-22.11
-19.73
-16. 89
-12. 18

-16.85
-15.7
-22.1

-20.0

-7.10
-6.05 

-6.33
-13.70
-21. 41
 6 91

-23. 17
-25.20
-19.42 
-11.37
-8.6S
-8.11

-17.93
-2.77 

-13.32

-17.43
-8.61

-10. 85

-15. 56
-11.3
-19.8

-17.2

-4.21
-5.72 

-3.08
-8.16

-19.6
+0.71

-22.23
-22.05
-15.33 
+6.73
-8.68
-8.94

-6.07

-6.08
+8.10

+13. 68

-13.48
+12.8
-17.7

-11.2

-7.85

+18.43
-17. 42
+16. 31
-19. 20
-15. 58
+13. 28

+19.86
+7.59
-3.81 

+14.20

2.46
2.50
2.61
2.56

2.54
2.66
2.59

2.55

2.54
2.51 

2.49
9 5ft
2.53
2.55
2.51

2. 53 
2.42
2.56
2.56
2.56
2.54 
2.58

2.58
2.58
2.57
2.55

2.57
2.62
2.72

2.64

2.51
2.53 

2.56
2.51
2.64
2.46
2.58
2.92
2.56 
2.35
2.54
2.52
2.50
2.58 
2.57

9 48

2.64
2.56
2.53

2.55
2.64
2.75

2.68

2.45
2.51 

2.45
2.56
2.56
2.34
2.63
2.75
2.59 
2.24
2.53
2.47
2.50
2.55 
2.52

2.27
2.57
2.52
2.47

2.58
2.5
2.68

2.66

2.28
2.50 

2.31
2.39
2.6S
2.23
2.63
2.66
2.61 
1.88
2.45
2.48
2.45
2.64 
2.41

2.30
2.08
2.06

2.26
1.93
2.53

2.36

2.37

1 AQ

2.53
1.90
2.49
2.48
1.53

2.16
2.03
2.42 
2.02

Wrigley

15....   

16.    

18  ------
19  ....

20   

21    

22     
23_   ...
24... ..... _

24   

25    
26.. 

27   

28    
29.....

30.   

31.....
32   

33   

34   
35   

36   
37 ..
38   

29-

36 
33-

33+

29- 
33-

33+ 

30-
32+

34-

30-31
32+

20+
32-
34-

-2.6

-12.8 
-11.6

-9.0

+4.0
-7.7

-9.8 

-6.0
-6.2

-10.4

0
-7.7

-14.2
-3.0

-13.5

_ IE Q

-18.9 
-14.4

-14.4

+3.4 
-11.5

-14.4 

-9.0
-12.3

-15.9

-3.0 
-12.3

-20.4
-3.0

-16.5

-6.0

-17.3 
-5.3

-9.8

+7.2 
-10.7

-10.0 

-9.0
-10.7

-13.5

-.73 
  12 9

-12. 3
-2.4

-16.1

+14.4

-13.5 
+19.9

+16.7

+29.8 
-6.2

+10.0 

-8.3
-4.6

-4.4

+10.8 
-4.0

-11.8
-9.3

-11.3

2.68

2.57 
2.61

2.59

2.61 
2.59

2.59 

2.59
2.59

2.59

2.61 
2.63

2.77
2.59
2.59

2.62

2.66 
2.64

2.64

2.66 
2.73

2.68 

2.70
2.65

2.66

2.67 
2.71

2.98
2.71
2.72

2.57

2.70 
2.64

2.64

2.64 
2.70

2.68 

2.68
2.69

2.70

2.70 
2.75

3.01
2.70
2.68

2.18

2.70 
2.47

2.54

2.52 
2.67

2.54 

2.68
2.64

2.64

2.59 
2.66

2.67
2.70
2.62

1.71

2.50 
1.83

1.88

1.90 
2.42

1.99 

2.46
2.33

2.29

2.14 
2.33

2.01
2.52
2.28
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Crider (1913) Haldeman and Wrigley quadrangles, Kentucky
Alfred, N.Y. Colors determined by comparison with "Rock Color Chart" (Goddard and others, 1948)]

Percent weight loss 
after heating

1,000°C 1,200°C 1,400° C 1,600°C

Bulk density of clay 
after drying and heating

Air 
dried

1,000° C 1,200°C 1,400°C 1,600°C

Color of test brick 
fired at 1,600°C

quadrangle

16.49
12.94 
11.63

11.20 
12.96 
10.25 
13.25

13.0 

12.28
9.48 

10.92
12.35 
13.41 
11.94 
12.80 
13.38 
12.64
9.87

10.06
12.68 
11.12 
11.19 
11.10

16.83
13.02 
11.71

11.28 
13.04 
10.75 
13.75

13.5 

12.32
9.55 

11.10
12.42 
13.48 
11.96 
12.88 
13.42 
12.73
9.96
9.92

12.77 
11.26 
11.01 
11.14

16.92
13.05 
11.00

11.30 
13.06 
10.75 
13.5

13.5 

13.66
9.61 

11.02
13.44 
13.35 
12.39 
12.90 
13.43 
11.25
11.08
10.07
12.91 
11.30 
11.03 
11.17

10.90 
10.57

12.05 
15.82 
11.0 
13.5

13.5

9.16

15.09 
13.16 
12.92 
12.13 
12.22

12.60 
11.36 
10.90 
11.06

2.20
2.31 
2.52

2.45 
2.30 
2.38 
2.32

2.36 

2.36
2.37 

2.43
2.41 
2.33 
2.41 
2.32 
2.29 
2.41
2.24
2.48
2.44 
2.18 
2.46 
2.44

2.17
2.39 
2.32

2.33 
2.26 
2.24 
2.40

2.39

2.28
2.26 

2.33
2.28 
2.41 
2.37 
2.44 
2.74 
2.33
2.17
2.32
2.33 
2.06 
2.20 
2.63

2.35
2.51 
2.46

2.47 
2.40 
2.52 
2.58

2.55 

2.24
2.27 

2.31
2.43
2.57 
2.27 
2.64 
2.66 
2.61
2.25
2.45
2.32 
2.36 
2.25 
2.50

1.99
2.44 
2.45

2.44 
2.37 
2.39 
2.51

2.47 

2.13
2.27 

2.23
2.26 
2.51 
2.08 
2.60 
2.55 
2.52
1.06
2.44
2.41 
2.21 
2.33 
2.25

2.21 
2.04

1.99 
2.18 
1.87 
2.44

2.30

2.34

1.65 
2.45 
1.79 
2.53 
2.58 
1.44

1.94 
1.80 
2.28 
1.95

Light olive gray 5Y6/1. 
Moderate olive brown 5Y4/

Yeilowish gray 5Y 7/2. 
Light olive gray 5Y 6/1. 
Moderate brown 5YR 4/4. 
Pale yellowish brown 10YR 

6/2. 
Pale yellowish brown 10YR 

6/2.

Pale yellowish brown 10 YR 
6/2.

Light brown 5YR 6/4. 
Very light gray N8. 
Light brown 5YR 5/6. 
Very pale orange M)Y 8/2. 
Very light gray N8. 
Light brown 5YR 5/6.

Yellowish gray 5Y 7/2. 
Pale brown 5YR 5/2. 
Very light gray N8. 
Light olive gray 5Y 5/2.

quadrangle

8.5

13.15
13.0

12.0

4.75
12.0

12.5

10.5
10.0

12.5

7.0
12.5

15.0
10.0
13.75

9.0

13.75
13.0

12.25

4.5
12.0

12.5

11.0
11.5

13.0

7.5
13.0

15.25
10.5
14.25

9.0

13.75
13.0

12.25

4.5
12.0

12.5

11.0
11.5

13.0

7.5
13,0

15.5
10.25
KO

9.25

13.75
13.0

12.25

4.5
12.0

12.5

11.0
11.5

13.0

7.5
13.75

16.0
10.5
14.0

2.10

2.38
2.42

2.40

2.49
2.43

2.40

2.40
2.43

2.40

2.43
2.47

2.47
2.43
2.38

1.97

2.37
2.37

2.31

2.28
2.31

2.32

2.28
2.31

2.34

2.26
2.34

2.45
2.26
2.37

2.27

2.53
2.45

2.45

2.30
2.42

2.45

2.34
2.45

2.48

2.32
2.45

2.63
2.24
2.44

2.03

2.48
2.22

2.33

2.22
2.40

2.32

2.34
2.41

2.41

2.27
2.41

2.38
2.24
2.45

1.66

2.37
1.75

1.80

1.83
2.28

1.91

2.32
2.26

2.18

2.03
2.22

2.36
2.40
2.28

Moderate yellowish brown
10YR 5/4.

Very light gray N8.
Moderate yellowish brown

10 YR 5/4.
Moderate yellowish brown

10YR 5/4.
Medium light gray N6.
Pale yellowish brown 10YR

6/2.
Moderate yellowish brown

10YR 5/4.
Medium light gray N6.
Pale yellowish brown 10 YR

6/2.
Pale yellowish brown 10YR

6/2.
Medium light gray N6.
Pale yellowish brown 10 YR

6/2.
Blackish red 5R 2/2.
Medium light gray N6.
Moderate yellowish brown

10YR 5/4.
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mined by preparing a pyramidal cone of certain dimensions and 
heating it along with standard cones in a specified manner until de­ 
formation takes place. The PCE is the number of the standard cone 
whose tip would touch the supporting plaque at the same time as that 
of the clay cone tested.

The ceramic properties of 38 samples tested (table 6) varied con­ 
siderably. On the basis of pyrometric cone equivalents, 16 samples 
were in the superheat duty range (cone 33 or greater, 1,745°C or 
higher), 15 samples were in the high heat duty range (cone 31 to 33, 
1,680°+ to 1,74:5°C), 6 samples were in the intermediate heat duty 
range (cone 26 to 31, 1,595° to 1,680°C), and 1 sample was low heat 
duty (cone 20+, 1,530°C). The volume change, specific gravity, 
weight loss, and bulk density of the samples also cover broad ranges. 
However, only extreme changes in these properties cause the clay to 
be unusable, because shrinkage and bloating can be controlled to 
some extent by such techniques as (1) adding grog when making 
brick, and (2) by gradually elevating the temperature during firing 
to allow the escape of evolving gases.

In a general way the refractoriness of the clay varies directly with 
the amount of kaolinite and inversely with the proportions of other 
minerals that are present. All five samples having PCE's in the range 
34 to 36 (table 5) are estimated to contain 90 to 95 percent kaolinite, 
whereas samples consisting of about half kaolinite have PGE's in the 
range 29 to 30. Theoretically, kaolinite consists of 39.5 percent A12O3, 
and it is this alumina that gives the clay its refractory properties. The 
increase in PCE as the alumina content increases toward the compo­ 
sition of theoretical kaolinite is shown for the samples tested in figure 
12. Minerals other than kaolinite have variable effects on the refrac­ 
tory properties of clays. Appreciable amounts of quartz are present 
in some clays used for refractory brick. This mineral apparently acts 
primarily as a diluent and samples containing as much as 30 to 40 
percent quartz h.ave pyrometric cones greater than 30 (table 5, samples 
34 and 37). The iron-bearing minerals, such as siderite, pyrite, and 
iron oxides, act as fluxes and greatly reduce the refractory properties 
of the clay. None of the samples having PCE's of 34 or more con­ 
tained as much as 1 percent iron oxide (fig. 12), and the PCE of the 
one sample in which the amount of siderite was estimated to be 10 
percent (table 5, sample 36) was only 20+. Potassium, sodium, and 
calcium-bearing minerals also act as fluxes and small amounts of 
these minerals will greatly reduce the refractoriness of the clays (fig. 
12). Most of the potassium, sodium, and calcium is probably con­ 
tained in or closely associated with the illite and mixed-layer clay 
minerals, and none of the samples having PCE of 33 or greater con-
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REFRACTORINESS, IN PYROMETRIC-CONE EQUIVALENTS 
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tained more than an estimated 10 percent of these clay minerals (table 
5). However, the true effect of illite and mixed-layer clay minerals 
on the refractory properties is somewhat obscure because the propor­ 
tion of illite and mixed-layer clays tend to vary directly with the 
amount of iron present. Organic matter burns off during firing of 
the brick and has little or no effect on the refractory properties, if 
the evolving gases are allowed to escape gradually before the exterior 
of the brick vitrifies.

Color of the fired clay is of minor importance for use in refractory 
products, but some of the clay in the Olive Hill bed may eventually be 
used in products such as face brick, for which fired color is critical; 
chiefly for this reason, the colors of the fired samples are recorded in 
table 6. Light color is indicative of refractory products because, in a 
very general way, the color darkens as amounts of certain components, 
chiefly iron compounds, that reduce refractoriness increase. For 
example, the most iron-rich sample tested (sample 36, tables 5, 6) is 
blackish red and had very low refractory properties, whereas samples 
which are low in iron are very light shades of gray and brown and 
had good or excellent refractoriness. In addition to the samples listed 
in table 6, four samples, for which data are not given in this report, 
were tested for possible use in face brick. Of these, 1 sample, which was 
from semiflint clay, fired very light cream buff and had the plasticity 
and other properties required for making face brick; and 2 samples, 
which were from flint clay, fired sufficiently light colored but lacked 
the plasticity required for face-brick manufacture.

RESOURCES OF CLAY IN THE OIjIVB HILL. BED

The available information on which to calculate tonnages of clay in 
the Olive Hill bed in the Haldeman and Wrigley quadrangles varies 
considerably from place to place; because of this variability, esti­ 
mates of the amount of clay present were calculated in different ways 
in three areas. The areas are designated, for purposes of discussion 
only, as Haldeman A, Haldeman B, and Wrigley.

Haldeman A is the irregularly shaped area, mostly in the eastern 
half of the Haldeman quadrangle, in which thicknesses and shapes of 
clay bodies are shown by isopach lines on plate 8. Several hundred 
logs of drill holes and many measurements of the clay from mine 
workings and from natural exposures were available in this area. 
Calculations of tonnages of clay in the Haldeman A area are, in effect, 
measured tonnages, whereas those in the other two areas are much 
less accurate.

Haldeman B is that portion of the Haldeman quadrangle occupied 
by the Lee formation; it contains clay for which sufficient information



GEOLOGY AND REFRACTORY CLAY, EASTERN KENTUCKY F77

is not available on the thickness of clay to permit construction of 
isopach lines (pi. 8). A fair amount of information regarding 
thicknesses of the clay was available, however, from the logs of many 
scattered drill holes and prospects, as well as from numerous natural 
outcrops. Tonnages of clay in Haldeman B area are inferred, but the 
basis for the inferences was reasonably sound.

The third area is the entire Wrigley quadrangle except those por­ 
tions from which the Lee formation has been eroded. The informa­ 
tion available for the estimation of the amount of clay present in the 
Wrigley area was by far the least. The clay and the rocks that 
enclose it are covered in all but a few places in the Wrigley quad­ 
rangle, and only 20 natural exposures were located during fieldwork. 
The clay has been explored by drilling only in a few properties in 
the northeast, north-central, and southwest parts of the quadrangle. 
The resource estimates for the Wrigley quadrangle are all in the 
inferred category, and the basis for the inference is, in large measure, 
speculative.

Estimates of the amount of clay in the Olive Hill bed in the two 
quadrangles were made by calculating the clay for the Haldeman A 
area, determining the average amount of clay per square mile, and 
projecting this average figure to the Haldeman B and Wrigley areas. 
Inasmuch as the clay bed occurs in the lower part of the Lee formation, 
the areas where this formation has been eroded (shown as rocks of 
Mississippian age in pis. 2, 3) were excluded from all calculations. 
Also, all clay less than 2 feet thick was considered too thin to be mined 
profitably and was excluded from the calculations. Areas between 
successive isopach lines (pi. 8) were measured in square miles with a 
polar planimeter, and the number of cubic feet of clay underlying 
each area was calculated and weight in tons was estimated on the 
assumption that 12.8 cubic feet of clay weighs approximately 1 ton. 
The 12.8 figure is based on specific gravity measurements (table 6) 
of air-dried clay, and all figures are on air-dried basis. So many 
assumptions were necessary in calculating tonnages of clay in the 
Olive Hill bed that the figures given may be in error as much as 
50 percent.

The original tonnage of clay in the Haldeman A area is calculated 
to have been 85 million tons, and the average per square mile, 3i£ 
million tons. Approximately 19.1 square miles is occupied by the Lee 
formation in the Haldeman B area, and this area is estimated to con­ 
tain 65 million tons of clay. Clay has been mined in the Haldeman A 
area since 1903. Approximately one-half of the high-grade clay in 
this area has been mined or lost in mining, and much of the remaining 
clay is of too low grade for use. Accordingly, the clay in this area can
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be reduced by one-half, or to about 40 million tons, and thus the total 
resources of clay in the Haldeman quadrangle are about 100 million 
tons. Of this figure, only about one-fifth, or 20 million tons, is prob­ 
ably suitable for use in refractory products, and only a fraction of 
this amount is of the quality required for superheat duty refractory 
products.

The Lee formation occupies approximately 49.8 square miles in the 
Wrigley quadrangle; as much as 175 million tons of clay may be 
present in this quadrangle. Approximately one-half of this clay is 
below local drainage levels and at such depths that vertical shaft 
mining would be required. The clay probably could not be mined 
profitably under economic conditions that will exist in the foreseeable 
future, and for most purposes the resources of clay in the Wrigley 
quadrangle can be reduced by one-half. Furthermore, the proportion 
of high-quality clay in the Olive Hill bed is probably lower in the 
Wrigley than in the Haldeman quadrangle, because sand and siderite 
are abundant in much of the clay in the Wrigley quadrangle (pi. 6) 
and several of the samples from the Wrigley quadrangle tested (table 
6) were of low-quality clay. Probably no more than 8 to 10 million 
tons of the clay in the Wrigley quadrangle can be considered to be 
reserves of refractory clay.

Much of the clay in both quadrangles that is unsuitable for use 
in high-grade refractory products may eventually be used for some 
purpose other than refractory products. Some of the low-refractory 
clay is very light colored after firing (table 6) and would be suitable 
for face brick on low-heat duty refractory products. Also, much of 
the clay may some day be used as a source of alumina. Probably much 
of the clay that is unsuitable for refractory products because of high 
iron contents could be'used for extraction of alumina at costs only 
a few cents a pound higher than ores currently used.

Information available to the authors regarding the extent of areas 
in which the clay in the Olive Hill bed has been mined underground 
was incomplete and only araas mined by stripping are illustrated in 
this report (pi. 2). Essentially all the large clay bodies in the north­ 
east quarter of the Haldeman quadrangle have been mined under­ 
ground except the deposits in the Greenbrier Creek valley. Most of 
the high-grade clay in bodies that have been mined is depleted except 
in areas where underground mining is active (see p. F49). In addition 
to deposits in the northeast quarter of the quadrangle, the bodies 
shown by isopach lines (pi. 8) in an area east of Buffalo Branch south­ 
west of Haldeman on Walker Branch, and in a small stream valley 1.1 
miles due west of Elliottville (pi. 2) are depleted of high-grade clay. 
Clay deposits east of Cold Spring Branch (not shown on the isopach
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map) were mined many years ago; they also are probably exhausted. 
Large tonnages of low-grade day are still present in areas in which 
the high-grade clays are exhausted. Appreciable tonnages are also 
present at sites suitable for strip mining, but much of this near-surface 
clay is high in iron content and is unsuitable for use in refractories.

ORIGIN OF THE CLAY

Stratigraphic, paleontological, mineralogical, and chemical evi­ 
dence all support the conclusion that the clay deposits in the Olive 
Hill clay bed were formed by the alteration of ordinary fine-grained 
Pennsylvanian sediments in acid swamps. Some of the facts and ob­ 
servations pertaining to the origin of the clay are as follows:

1. The clay is a true underclay as indicated by (a) the thin over­ 
lying coal bed, (b) abundant fossil plant roots, Stigmaria (fig. Y), in 
the clay, including main root stocks with rootlets attached, (c) lack of 
bedding in the clay, (d) abundant slickensides in semiflint and plastic 
clays.

2. Eoot fossils indicate that the clay supported plant growth and, 
therefore, served as a subaqueous soil; however, evidence for a soil 
profile in the clay is lacking.

3. The clay bed is discontinuous and consists of irregular lenses 
having no preferred orientation.

4. Essentially all of the clay is acid according to pH measure­ 
ments of 40 samples (table 5). Two of these samples were neutral 
and 38 were acid ranging down to pH 3.9

5. The kaolinite, illite, and mixed-layer clay minerals in plastic 
clays are similar to clay mineral assemblages in Pennsylvanian shales 
enclosing the clay bed. Schultz (1958, p. 363, 3Y7, 378) also observed 
close mineralogic relationships between several plastic underclay beds 
and enclosing shales.

6. Proportions of kaolinite increase gradually from plastic to flint 
clay, and this increase is accompanied by a corresponding decrease in 
the amounts of illita and mixed-layer clays present.

7. Eecrystallization of the kaolinite in flint clay is indicated by 
interlocking grains and by comparatively light colored large kaolinite 
grains in a dark-colored, very fine grained groundmass. Semiflint and 
plastic clays show little evidence of recrystallization.

8. Some of the quartz grains in sandy flint clays are fresh, but 
others show evidence of solution and replacement by clay (fig. 11, c}.

9. The clay bed contains virtually no feldspar.
10. The titania content of most flint clays is about 2.0 percent, of 

semiflint about 1.5 percent, and of plastic clay 1.0 to 1.5 percent. 
Titania is one of the most stable of all chemical components, and if it
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has not migrated the increase in percentage from plastic to flint clay 
indicates a residual enrichment.

The shapes of the irregular lenses of clay, the relation of lithologic 
units within the bed, the presence of fossil roots, the absence of a soil 
profile, the lack of bedding, overlying coal, and marine or brackish- 
water fossils in the dark shale above the clay all point toward an 
origin of the clay in coastal swamps. Clearly the irregular-shaped 
lenses of clay lack the orientation, continuity, and bedding that would 
be expected if they (1) were formed by dissection of a blanket of sedi­ 
ment, (2) accumulated in channels, as in certain kaolin deposits of 
Tertiary age in Mississippi (L. C. Conant, unpublished data, 1958), 
or (3) formed in cutoff stream meanders as has been suggested by 
Kesler (1956, p. 553) for the kaolin deposits in Georgia. The irregu­ 
lar shapes and lack of orientation of the clay lenses, however, would 
be expected if the deposits accumulated in swamps in which bodies 
of water were irregular in shape and depth. Further evidence that 
the clay deposits formed in swamps lies in'the root fossils in the clay 
and the overlying coal; this relation is remarkably in accord with the 
invasion of modern swamps by plants and with the accumulation of 
peat in modern swamps, as described by Twenhofel (1950, p. 81-84). 
The best explanation for the absence of a soil profile seems to be that 
none developed because the clay was water logged at the time it served 
as a soil. The lack of bedding in the clay is probably due to the 
churning action of roots and to plastic flowage. The later gradation 
from virtually pure clay to very sandy clay appears to be similar to 
the decrease in grain size away from shore in sediments in modern 
swamps diagramed by Twenhofel. A sparse fauna, chiefly small 
Lingula, in the shale a short distance above the clay, and the conform­ 
able relation of the shale and clay suggest that only slight subsidence 
was required to lower the clay below sea level. This, in turn, suggests 
that the swamps were located along coastal lowlands, a possibility 
that seems in accord with the evidence for deltaic deposition in the 
sandstone facies of the Lee formation.

The clay appears to have formed by the leaching and alteration of 
ordinary fine-grained Pennsylvania!! sediments in acid swamps, a 
theory similar in some respects to those proposed by Keller and others 
(1954) and by McMillan (1956). Inasmuch as the clay minerals in 
plastic clay do not differ greatly from those in the Pennsylvanian 
shales enclosing the clay bed, there is no reason to assume that special 
sedimentary sorting processes were involved. The three types of 
clay plastic, semiflint, and flint clay can be explained as represent­ 
ing progressive stages of leaching. According to this theory kaolinite 
formed concurrently with the removal of alkalies and silica from illite
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and mixed-layer clays and certain non-clay minerals. Leaching of 
the clay is indicated by both direct and indirect evidence, but un­ 
fortunately there is little evidence to support the idea that kaolinite 
formed from other clay minerals, and nothing to reveal what happened 
to the dissolved materials. The etched quartz grains and their re­ 
placement by clay minerals are convincing evidence that leaching 
took place. Also, the absence of feldspars, which are present in 
many plastic underclay beds, is suggestive of leaching. The 50- 
percent increase in titania from plastic clay to flint clay seems to 
represent an expected increase in resistates with leaching. The root 
fossils provide still another line of indirect evidence, for they clearly 
indicate that the clay supported plants; and alkalies and perhaps 
silica would be removed from any material that served as a soil. 
Perhaps most of the leaching took place while the rotted roots of 
many generations of plant growth provided channels for the acid 
waters to circulate through the sediments lying on the floors of the 
swamps. The materials removed by the leaching process and by 
upward diffusion into the overlying body of water were flushed away 
by sluggish movement of water through the swamps. The acidity of 
the swamps is indicated by the present acid characteristics of the clay, 
by the overlying coal, and by organic materials scattered throughout 
the clay. A suggestion that kaolinite formed from other clay min­ 
erals lies in the relation of crystallinity of the kaolinite and its pro­ 
portions to other clay minerals in the three types of clay. The 
kaolinite in plastic clay is a poorly crystallized fireclay variety, and 
its proportion to other clay minerals is low. The flint clay is essen­ 
tially pure kaolinite that is well crystallized. In the semiflint clay, 
the perfection of the kaolinite structure as well as the proportions 
present are intermediate betwyen plastic and flint clay. This progress­ 
ive increase in the perfection of the kaolinite structure accompanying 
a decrease in the amount of other clay minerals seems more than a 
coincidence, and it may represent a tendency for the crystal structure 
of kaolinite to become more perfect as the alkalies and silica are 
leached.

CLAYS AND SHALES EXCLUSIVE OF THE OLIVE HILL CLAY BED
OF CRIDER, 1913

Large deposits of shale and considerable amounts of underclay, 
exclusive of the Olive Hill bed, are present in the Haldeman and 
Wrigley quadrangles, and very large tonnages of these rocks are prob­ 
ably suitable for use in certain ceramic products. None of these 
rocks has been mined for ceramic raw materials, but some of them 
could be used for sewer pipe, drain tile, and structural clay products, 
and some of the shales are probably suitable for making lightweight
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aggregate. Underclay beds occur in the shale facies of the Lee for­ 
mation and in the Breathitt formation of Pennsylvanian age. Shale 
is present in several formations, but only the Muldraugh formation, 
the Haney limestone of McFarlan and Walker (1956) of Mississip- 
pian age, and the shale facies of the Lee and Breathitt formations 
contain beds of sufficient thickness to be considered as possible sources 
of ceramic materials.

Much of the red and green shales in the Muldraugh formation of 
Mississippian age would probably be satisfactory for use in structural 
clay products. Although this formation is rarely more than 20 feet 
thick, there are many localities where considerable tonnages of clay 
could be mined in the Haldeman quadrangle. In most outcrops in 
the Wrigley quadrangle, this formation is too thin to be considered 
as a potential source of ceramic raw materials. Investigations of 
samples of shale from the Muldraugh formation at three localities 
by X-ray and petrographic microscope revealed that the shale is com­ 
posed chiefly of illite, kaotinite, and mixed-layer clay minerals (table 
7,10-12). Red and green shale samples from the same locality (table
7. 10-11) gave essentially identical X-ray diffraction patterns, and 
presumably the difference in color is due to variations in the oxidation 
condition of the iron. The amount of fine-grained quartz sand and 
silt varies a great deal from place to place. One sample of green 
shale from the Muldraugh formation was analyzed chemically (table
8. sample 3) and tested for possible use as a bloating clay. This chan­ 
nel-type sample was taken at an outcrop of shale 13 feet thick at a 
point along the road at the head of the Dry Creek valley, Haldeman 
quadrangle (pi. 4, section 11).

The one sample of shale from the Muldraugh formation tested at 
the U.S. Bureau 6f Mines Electrotechnical Experiment Station had 
very poor bloating properties; however, it is probably suitable for use 
in common brick and tile. This shale is smooth working, requiring 
25 percent water for plasticity and drying with 3 percent shrinkage 
without defects. An estimate of the mineral composition of this 
sample is given in table 7 (No. 12) and a chemical analysis in table 
8 (sample 3). Firing characteristics of this shale are given below.

Temperature (degrees F)

1,800___ ______________
2,000______---_-______
2,100____-___.__ ______
2,200_______________._
2,300_-_____-_________
2,400... _.________._._

Color

Buff.. ...........
Orange buff _ -___

Brown. __ _______
.....do.......... -
-----do---._-_-_-

Hardness

Fairly hard. ______

ftt**f*l fiflfH
_____do___________
Expanded. ______

-....do _ . _ .___

Apparent 
specific gravity

2. 63
2. 62
2.49
2.36
2. 14
1.75
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TABLE 7. Estimated mineral composition (in parts of ten) of clays and shales, 
exclusive of the Olive Hill clay bed of Crider (1918), in the Haldeman and Wrigley 
quadrangles, Kentucky

["Chemical analyses given in table 8. **Chiefly mixed-layered illite and montmorillonite]

Sample 
No.

!*____

2_.__.
3-____

4*____
5__...
6___-_

7_____

8_.___

9_
10_.._
ll_-._ 
12*._.
13..._

Type of rock

Plastic under- 
clay. 

Flint clay _
Plastic under- 

clay. 
Dark-gray shale. 

_-..-do.__.._...
Plastic under- 

clay. 
Sandy plastic 

underclay. 
Plastic under­ 

clay. 
-___ do_------__
Red shale. _ ___
Green shale. __ _

_-___do_________
Purplish-gray 

shale.

Formation

Breathitt ______

_____do_________
-____do_________

Lee. __ _ ___
_____do_________
__.__do____.____

_-_-_do-____-__.

___-_do__-______

____.do_._______
Muldraugh- __-_

__-__do____.____
-_-._do_-_______
Haney limestone 

of McFarlan 
and Walker.

Quartz

2-3

1
3-4

3-4 
2-3 

2

5 

3-5

1 
1 
2 
2 

Tr.

Clay minerals

Elite

3-4

1

2-3 
3-4 
1-2

2 

2

2-3 
5 

3-5
4 
9

Kaolin- 
ite

4-5

9 
3-4

2-3 
3-4 

5

2

4

6 
1 
1y2

Mixed- 
layer**

Tr.

Tr. 
1

1-2
X1-2

1

y2
2 
3 

2-5 
3-4 
Tr.

Chlorite

1

y2

NOTE. Source of samples:
1. Plastic underclay 1 foot 10 inches thick below Nickell coal bed in upper part of Breathitt formation, at a 

point along Route 7, Wrigley quadrangle (pi. 5, section 11).
2. Flint clay, sample obtained from dump of old mine in Fire Clay coal bed, at a point 50 feet east of the 

Wrigley quadrangle and 1,000 feet south of Road Fork.
3. Plastic underclay 2 feet thick in lower part of Breathitt formation, North of Blaze (pi. 5, section 8).
4. Dark-gray shale, Lee formation, composite of chip samples from beds 20 feet thick exposed in high wall of 

strip mine east of road junction 961 in Open Fork valley, Haldeman quadrangle.
5. Dark-gray shale, Lee formation, composite of chip samples of beds 25 feet thick exposed in high wall of 

strip mine on south side of Mocabee Creek valley near east edge of Haldeman quadrangle.
6. Plastic underclay 2 feet thick exposed along road near head of west fork of Buffalo Branch, Haldeman 

quadrangle (pi. 5, section 1).
7. Plastic underclay 1 foot 4 inches thick, same location as 6.
8. Plastic underclay 2H feet thick exposed along road between Bearskin Branch and Jones Branch, Halde­ 

man quadrangle (pi. 3, section 3).
9. Brown plastic underclay 5 feet thick above the Olive Hill clay bed, Sugartree mine (pi. 6, No. 7), Halde­ 

man quadrangle.
10. Red shale, Muldraugh formation, grab sample, from exposures along mine access road near cemetery on 

west side of Open Fork valley, Haldeman quadrangle.
11. Green shale, same as 13.
12. Green shale, Muldraugh formation, channel sample from beds 13 feet thick, at a point along road at head 

of the Dry Creek valley, Haldeman quadrangle (pi. 4, section 11).
13. Purplish-gray shale, Haney limestone of McFarlan and Walker, channel sample of beds 18 feet thick in 

high wall of overburden stripped above limestone at Kentucky Road Oiling Co. quarry, Christy 
Creek valley, Haldeman quadrangle.

The Haney limestone of McFarlan and Walker (1956) in some 
places grades laterally into a calcareous shale that may have some 
slight potential for use in making light-weight aggregate. One 
locality where this limestone formation is represented by shale is at 
the limestone quarries along the north side of the Christy Creek Val­ 
ley, Haldeman quadrangle. Approximately 90 percent of one sample 
of this shale (table T, sample 13) examined in the laboratory was com­ 
posed of illite, and the other 10 percent was chiefly calcite and mixed-
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TABLE 8. Chemical analyses of shales, sandstones, and a siltstone from the Haldeman 
quadrangle, and a sample of plastic underclay from the Wrigley quadrangle, 
Kentucky

[Analyses by P. L. D. Elmore, S. D. Botts, and M. D. Mack under the supervision of W. W. Brannock, 
employing methods similar to those of Shapiro and Brannock (1956). Summations rounded to nearest 
whole number. * Sample contains appreciable organic matter, which may have caused inaccuracy in 
the value of FeO]

Si02_-_-____-__
AlaOs-------
Fe208    -----
FeO   ------
MgO- _-_ __
CaO_-.________
Na2O__. _______
K,0  ._    
Ti02___.______
P20S---_  
MnO__________
H,0       .
C02-      

Sum_____

1

93.6
3. 1
1. 1

. 07

. 18

. 11

. 14

.63

. 16

.00

.02

.58

. 05

100

2

92. 7
3.8
1. 0

. 07

.26

. 09

. 15

.78

.21

.00

. 01
1. 0

. 05

100

3

66. 4
16. 2
4. 2

. 76
1. 5
.26
. 18
4.0
.91
.00
.03

5. 3
.05

100

4

56. 3
21. 9

1. 6
3.4
1.2

. 37

. 19
2.9
1. 1
.24
.08

6.3
1.5

*97

5

74. 6
9. 6
1. 5
4. 4
1. 0

. 64

.72
2. 4

. 76

. 22

. 04
2. 4
1. 4

100

6

55. 6
16. 2
5. 9

. 81
2.0
4.2

. 11
4. 2

. 64

. 08

. 01
7. 6
2. 5

100

7

62. 3
22. 3

1. 4
. 40
. 42
. 08
. 21

2.5
2. 1

. 04

. 00
7.3

. 12

99

NOTE: Source of sample 
1. Sandstone, Lee formation, composite of chip sample from exposures 57 feet thick along graveled road 

extending up steep hill at head of tributary to Dry Creek, Haldeman quadrangle (pi. 4, section 11) 
(lab. No. 148098).

2. Sandstone, Lee formation, composite of chip samples taken at 1 foot intervals of 106 feet of diamond-drill 
core, hole located on ridge east of head of Minor Creek, Haldeman quadrangle (samples obtained 
through courtesy of General Refractories Co.) (lab. No. 148099).

3. Green shale, Muldraugh formation, channel sample from exposure 13 feet thick along graveled road ex­ 
tending up steep hill at head of a tributary to Dry Creek,'Haldeman quadrangle (pi. 4, section 11) 
(lab. No. 148100).

4. Dark-gray shale, Lee formation, composite of chip samples from beds 20 feet thick exposed in high wall 
of strip mine east of road junction 961 in Open Fork valley, Haldeman quadrangle (lab. No. 148101).

5. Siltstone, Brodhead formation, composite of chip sample from outcrops 20 feet thick on north side of 
Route 32, H mile west of Pattys Lick, Haldeman quadrangle (lab. No. 148102).

6. Purplish-gray shale, shaly facies of Haney limestone of McFarlan and Walker, channel sample of beds 
14 feet thick which form the overburden above the limestone at Kentucky Road Oiling Co. quarry, 
Haldeman quadrangle (pi. 4, section 6) (lab. No. 148103).

7. Underclay, light- to medium-gray, 1^_ feet thick, below Nlckell coal bed, exposed along Route 7 south of 
Wrigley, Wrigley quadrangle (fig. 3a, section 11) (lab. No. 150138).

layer clay minerals. The calcium content of this shale virtually rules 
it out as a possible source of raw materials for structural clay prod­ 
ucts, but some of it may be suitable for use in making light-weight 
aggregate. No bloating-test data are available for this shale.

Very large reserves of dark-gray shale are present in the Lee for­ 
mation above the Olive Hill clay bed outside the area investigated, and 
shale hi this stratigraphic position is used as ceramic raw material. 
The largest deposits of dark-gray shale are in the shale facies of the 
Lee formation in the northern half of the Haldeman quadrangle, but 
some shale is also present above the Olive Hill bed in the southern half 
of the Haldeman and in the Wrigley quadrangles. In many places 
the dark-gray shale forms most of the overburden that is stripped from
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the Olive Hill clay bed. Both the Olive Hill clay bed and the shale 
above it are mined at Clack Mountain, 2 miles beyond the western 
boundary of the Haldeman quadrangle, by the Lee Clay Products Co., 
Morehead, Ky. The clay and the shale are mixed and made into sewer 
pipe, drain tile, and certain structural clay products. Ceramic tests 
of two samples of very similar shale from the Lee formation at points 
northeast of the Haldeman quadrangle are given by Floyd and Ken- 
dall (1955, p. 42-43). Both samples slaked readily, were plastic, and 
worked well in an extrusion machine. They had fair air-dried 
strengths, and their firing range was 1,125° to 1,210°C. Possible use 
for sewer pipe and structural clay products was suggested.

Mineralogical investigations and bloating tests were made on two 
samples of dark-gray shale in the Lee formation. A chemical analysis 
was also made of one of the samples (table 8, sample 4). Both samples 
were composite chip samples from strata several feet thick exposed in 
high walls of a strip mine in the Haldeman quadrangle. These two 
samples consisted chiefly of the clay minerals illite and kaolinite and 
fine-grained quartz; they contained appreciable amounts of mixed- 
layer clay minerals, and a small amount of chloritic clay was present 
in one sample. Bloating tests were made at the U.S. Bureau of Mines 
Electrotechnical Experiment Station, Norris, Tenn. Both samples 
were dark-gray shale that had been crushed and seived. Only the 
fraction that passed through number 2 and was retained on number 4 
mesh seive was tested. The tests show that some of the shale is poten­ 
tially good bloating material; however, complete evaluation for this 
purpose would require pilot plant testing. Firing characteristics of 
these two samples of shale are given in table 9.

Dark-gray shales that are similar in appearance to those in the Lee 
formation occur at several different stratigraphic positions in the 
Breathitt formation. None of these shales have been used in the 
vicinity of the area investigated, and neither mineralogical, chemical, 
nor ceramic test data are available.

Variable plastic underclay beds occur at several stratigraphic posi­ 
tions in the shale facies of the Lee formation above the Olive Hill 
clay bed (pi. 4), but none of these clays serve as sources of ceramic 
raw materials. These underclays range in thickness from 0 to nearly 
10 feet, and commonly they w^edge out from their maximum thickness 
within a few hundred yards. At many places, the underclays grade 
laterally into sandstone or siltstone. The most promising of these 
underclay beds overlies the thin coal bed above the Olive Hill clay bed.

This clay has been tested at many places by refractory companies to 
determine if it could be mined in conjunction with the Olive Hill bed. 
It has been found to be exceedingly variable, and attempts to use it
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TABLE 9. Firing characteristics of dark-gray shale in the Lee formation

Sample

!_______.

2

Tempera­ 
ture 

(degrees F)

1,800
1,900 
2,000 
2, 100 
2,200 
2,300 
2,400
1,800
1,900 
2,000 
2, 100 
2,200 
2,300 
2,400

Bulk 
specific 
gravity

1.72
1.37 
1.39 
1. 13 
1.05 
.90 
.85

1.29
1. 19 
1. 02 
.84 
.66 
.48 
.45

Absorption 
(percent)

10. 6
16.0 
14.7 
17.8 
19. 1 
17.0

18.6
21. 5 
26. 1 
28. 8 
31.7 
32. 1 
36.8

Remarks

No bloating.
Slight bloating. 

Do. 
Fair bloating, sticky. 
Fair bloating, very sticky. 
Overbloated, very sticky. 

Do.
Slight bloating.

Do. 
Fair bloating. 
Good bloating. 
Good bloating, slightly sticky. 
Overbloated, very sticky. 
Overbloated, melted and viscous.

NOTE. Source of sample:
1. Dark-gray shale, Lee formation, composite of chip samples from beds 20 feet thick exposed in high wall 

of strip mine east of road junction 961 in Open Fork valley, Haldeman quadrangle.
2. Dark-gray shale, Lee formation, composite of chip samples of beds 26 feet thick exposed in high wall 

of strip mine on south side of Mocabee Creek Valley near east edge of Haldeman quadrangle.

have not been successful. All of the plastic underclays in the Lee 
formation (table 7, samples 6-9, consist chiefly of mixtures of the clay 
minerals kaolinite and illite, with varying amounts of mixed-layer 
clays and clastic quartz. The high proportions of illite and mixed- 
layer clay minerals in these clays indicate rather high content of 
alkalies, and probably none of the clays have high refractory 
properties.

Underclays also occur at several stratigraphic positions in the 
Breathitt formation, (pi. 4). Most of these underclay beds are thin 
and discontinuous and are similar to those in the Lee formation. 
None of them has been worked for ceramic raw materials and there 
is little likelihood that they will ever be developed.

Mineral compositions of samples of three underclays in the 
Breathitt formation were estimated in the laboratory, and ceramic 
tests and a chemical analysis were made of one of the samples. (1) 
The first sample was taken from a bed in the lower part of the 
Breathitt formation at an outcrop north of Blaze, Wrigley quad­ 
rangle (pi. 5, section 8). Approximately one-third of this sample was 
quartz (table 7, sample 3). Kaolinite was the most abundant clay 
mineral, but mixed-layer and chloritic clay minerals were also present. 
(2) The second sample was of dark-gray flint clay from the parting 
in the Fire Clay coal bed and was taken from the dump of the old 
Clearfield Co. mine (p. F104), a short distance east of the Wrigley 
quadrangle. This flint clay bed is probably no more than 2 or 3 inches 
thick, but it is of interest because it is the only flint clay in the Halde-
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man and Wrigley quadrangles in rocks younger than the Olive Hill 
clay bed. The sample was composed of approximately 90 percent 
well-crystallized kaolinite and 10 percent angular, very fine grained 
quartz sand and silt. Traces of mixed-layer clay minerals were also 
present. The dark-gray color of this flint clay no doubt reflects a 
higher content of finely disseminated carbon that is common in most 
of the Olive Hill clay (p. F52 and F67). (3) The third sample was 
taken from the underclay below the Nickell coal bed at a point along 
Route 7 at the top of the hill south of Wrigley (pi. 5, section 11). The 
underclay at this point is l1/^ feet thick and consists of light- to me­ 
dium-gray plastic clay with abundant slickensides. It consists chiefly 
of kaolinite and illite (table 7, sample 1), but a small amount of 
mixed-layer clay is also present. Quartz of silt and fine sand size 
makes up about one-quarter of the bed. The clay has low-grade re­ 
fractory properties (PCE 27+) as compared to high-grade refrac­ 
tory clay of the Olive Hill bed (table 5). The color of the test brick 
was grayish orange after firing at 1,000°C, yellowish gray in the range 
1,200° to 1,400°C, and yellowish brown after firing at 1,600°C. The 
sample fired maintained satisfactory density characteristic at the 
lower temperatures, but it bloated excessively when fired at temper­ 
atures above 1,400°C. The chemical analysis of this clay (table 8, 
sample 7) indicates that it contains 2.5 percent K2O, which is probably 
the cause of the low refractory properties of the clay. Most of it is 
110 doubt contained in the illite. The large content of silica shown in 
the analysis is due to the high content of clastic quartz.

LIMESTONE

The rocks in the Haldeman and Wrigley quadrangles contain large 
quantities of marketable limestone. Though it is chiefly in beds less 
than 15 feet thick, large quantities lie under light overburden in nar­ 
row belts along outcrops and can be easily stripped and quarried. 
Nearly all of the limestone that is produced is used as road metal, 
agricultural lime, and concrete aggregate. Some of it has been 
shipped for use as flux in steel mills, and small amounts of dolomitic 
limestone are reported to have been dug from small prospect type 
openings in the Warsaw (?) formation for carving or ornamental 
stone.

Several hundred thousand tons of limestone have been taken from 
three quarries in the Haldeman quadrangle, and favorable sites for 
additional quarries are present at several localities. At the time of 
the field investigations (1955-57) the only active quarry in this quad­ 
rangle was operated by the Kentucky Road Oiling Co. on the north 
side of Christy Creek, between Seas Branch and Open Fork. Aban-
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doned quarries are located near the Christian Cemetery, on the north 
side of Christy Creek, and on a branch of Craney Creek in the south- 
central part of the quadrangle. The Beech Creek limestone of Malott, 
1919 and St. Louis limestone, the only two formations from which 
limestone has been quarried, have been worked at all three quarries. 
The Beech Creek is a high-calcium (95 percent or more calcium car­ 
bonate) limestone that is nearly white in color and has rather uniform 
purity and chemical composition. The calcium carbonate content of 
three samples analyzed ranged from 97.1 to 98.1 percent (table 1, 
samples 7, 8, and 9). The St. Louis limestone is dark to medium 
gray and is much less consistent in composition than the Beech Creek, 
principally because of variation in the amount of chert (SiO2 ). The 
calcium carbonate content of three samples taken from the St. Louis 
ranged from 87.6 to 97.1 percent (table 1, samples 2, 3, and 4). In 
the Haldeman quadrangle, the thickness of the limestone formations 
varies considerably within short distances; therefore, careful explora­ 
tion is required to locate good quarry sites. The presence of several 
outcrops suggests that good sites for quarries in the St. Louis and 
Beech Creek limestone are located at several places on both north and 
south sides of the Christy Creek Valley, between the two quarries 
described above. Large amounts of limestone that have not been de­ 
veloped are also present in the Mocabee, Greenbriar, and Proctor 
valleys in the northeast part of the quadrangle. Throughout most 
of the quadrangle the Beech Creek limestone is overlain by incom­ 
petent shales; therefore, the cost of roof support would be too great 
to permit profitable underground quarrying.

Limestone production in the Wrigley quadrangle at the time of the 
field investigations (1956-57) was limited to a series of long, narrow 
workings at the quarry along the North Fork of the Licking River 
operated by the Kentucky Road Oiling Co., but large deposits are 
present elsewhere in the southern half of the quadrangle. The quarry 
is located along the North Fork of the Licking River % to 1% miles 
downstream from Leisure. Yearly production of crushed stone ranges 
from 70 to 100 thousand tons. Stone is taken from the St. Louis, 
Beech Creek, and Glen Dean limestones. Of these three formations, 
only the Beech Creek is sufficiently pure to be classified as high-calcium 
limestone (table 1, samples 10, 11); it is the source of nearly all rock 
sold for agricultural purposes. Road metal, the principal product 
of the quarry, is taken from all three formations. Large reserves of 
limestone are present under light overburden in the valleys of Yocum 
Creek and its tributaries, as well as downstream from the present 
quarry workings. Very large deposits could be worked by under­ 
ground methods in the vicinity of the present quarry and elsewhere.
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Rock of sufficient competency to support roofs of underground work­ 
ings is present in most places.

SILICA SANP

At the time of the field investigation (1955-57) there was no 
utilization of sandstone in either the Haldeman or Wrigley quad­ 
rangles. A small amount of silica sand was once mined from a point 
near the Kentucky Firebrick Co. plant (Crider, 1913, p. 639). Crider 
described the deposit as follows:

At a point about 90 feet above the clay [Olive Hill clay bed near the base of 
Pennsylvanian rocks] is a ledge of comparatively pure sandstone which is mined 
by the company, ground and mixed with plastic clay, and burned into silica 
brick.

Neither chemical analyses nor information concerning the dimensions 
of this deposit are available.

Considerable amounts of silica sand have been mined from deposits 
at Lawton, Ky., about 1% miles from the northeast corner of the 
Haldeman quadrangle. Sand was formerly shipped from this locality 
for use in window glass manufacture (Crider, 1913, p. 683), and the 
deposit is now worked intermittently to satisfy local needs. McGrain 
(1956, p. 11) reports that the sand is used at nearby refractory plants, 
where it is sprinkled on the floors of kilns and between green bricks 
to prevent them from sticking during firing. Sandstone deposits that 
are very similar to the one at Lawton occur in large lenses throughout 
the northern half of the Haldeman quadrangle. Presumably the com­ 
position and grain size of these deposits is similar to that given by 
McGrain (1956, p. 11) in analyses reproduced below.

"Chemical analysis (percent) : Unwashed Washed
SiO2 ________________________________ 96.700 98.840
Fe2O3 ________________________________ .118 .050
A12O3 _________________________________ 2.537 .890
CaCO3 _______________________________ .035 .030
MgCOa _______________________________ . 090 .020

"Sieve analysis (percent) : unwashed Washed
Retained on 20 mesh______1_______________ 3. 72 2. 44
Retained on 30 mesh_______________________ 2. 82 5. 94
Retained on 40 mesh______________________ 7. 23 11. 95
Retained on 50 mesh______________________ 13. 64 20. 77
Retained on 70 mesh______________________ 20. 99 45. 73
Retained on 100 mesh_____________________ 30. 22 11. 91
Retained on. 140 mesh_____________________ 13. 62 * 1. 26
Retained on 200 mesh_____________________ 3. 32 __
Through 200 mesh_________________________ 4.44   

100. 00 100. 00 
The percentage of loss through washing was not determined."

1 Through 100 mesh.
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Very large amounts of sandstone are present in the cliff-forming 
sandstone facies of the Lee formation in the southern half of the 
Haldeman and throughout the Wrigley quadrangles. Chemical anal­ 
yses of this sandstone from two localities (table 8, samples 1 and 2) 
indicate high iron contents. Most of the iron is in the form of hema­ 
tite cement and coatings on the quartz grains, and it would be difficult 
to wash out. Information on grain size, clay mineral, and heavy 
mineral content of this sandstone is given in table 4. This sandstone 
has never been mined within the limits of the Haldeman and Wrigley 
quadrangles; apparently it is of little value.

ASPHALT

A deposit of asphalt along a branch of a large tributary to Jones 
Branch, half a mile south-southwest of road junction 1136 near the 
center of the north boundary of Haldeman quadrangle, was described 
by Crider (1913, p. 682). The deposit occurs in the lower part of 
the Lee formation, a few feet above the stratigraphic position of the 
Olive Hill clay bed. At the time of the field work (1956), prospect 
openings in this deposit were covered by slump and alluvial materials, 
and the only asphaltic rock observed was in a small dump. Crider, 
however, described the deposit as 4 to 6 feet in thickness and con­ 
sisting of coarse-grained sandstone completely saturated with oil.

Several similar deposits of asphaltic sandstone are known in the 
area north of the Haldeman quadrangle. Efforts to mine the asphalt 
have been made from time to time, but a profitable outlet has never 
been found. The prospects for future use of this material are also 
dim. Though no test data or analyses are at hand, the oil contents 
of the deposits are probably too low to permit profitable extraction 
of petroleum products, and more suitable bituminous road surfacing 
materials can be obtained at lower costs from other sources.

OIL AND GAS

Several test wells have been drilled in the Haldeman and Wrigley 
quadrangles in search for oil and gas. Shows of both oil and gas 
have been reported in a few of the holes, but there has been no com­ 
mercial production up to the date of writing (1959). Sufficient gas 
was present in one well to furnish domestic supplies for one farm 
home for several years. Data for this well and other selected dry 
holes are given in table 10.

No favorable traps for petroleum are indicated on the rocks exposed 
at the surface; however, the possibility of buried anticlines, fault 
traps resulting from pre-Pennsylvanian crustal movement, or sedimen­ 
tary traps in pre-Pennsylvanian rocks cannot be ruled out. In a few
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places the dip of Mississippian strata is slightly greater than of over­ 
lying beds, indicating some structural warping before the deposition 
of Pennsylvanian beds. Conceivably, low closed structural domes 
could exist in Mississippian and older formations where they are com­ 
pletely covered by Pennsylvanian strata. Also, the two quadrangles 
lie in a belt in which geologic conditions are somewhat favorable for 
the formation of stratigraphic traps. The rocks dip gently to the east 
and southeast, and they contain many lens-shaped sandstone deposits, 
and several small unconformities. Any porous rock unit pinched out 
updip by impervious beds might serve as a trap for petroleum. 
Porous beds may wedge into tight enclosing beds where truncated by 
an unconformity or by normal termination of lens-shaped units. 
Unfortunately both buried structural sedimentary type traps are diffi­ 
cult and expensive to locate, and therefore the prospects of finding 
petroleum in the Haldeman and Wrigley quadrangles are difficult to 
assess. Only 2 of the 10 wells drilled in the Haldeman and Wrigley 
quadrangles for which records are available were more than 3,000 feet 
deep (table 10), and the area is essentially untested.

COAL, BEDS AND COAL, RESOURCES

By JOHN W. HUDDLE

The coal reserves of the Wrigley and Haldeman quadrangles are 
very small. As shown in the stratigraphic sections (pis. 4-5), the Lee 
formation contains 3 or 4 thin coal beds, and the Breathitt formation 
contains 9 widespread but generally very thin coal beds. Only very 
locally do any of the beds exceed 14 inches in thickness, and only 2 
beds, the Grassy and Fire Clay of the Breathitt formation, contain 
pockets of coal thicker than 14 inches that are of sufficient extent to 
class as recoverable reserves, according to definitions currently used 
(Averitt and others, 1953). Many of the coal beds that are thin and 
unimportant in this area are important producing coal beds in nearby 
areas or in other parts of the eastern Kentucky coal field (Huddle and 
others, in 1962).

Coal reserves are reported by thickness, reliability, and overburden 
categories. The thickness categories used in coal reserves studies 
by the U.S. Geological Survey in eastern Kentucky are 14 to 28 inches, 
28 to 42 inches, and more than 42 inches. Coal in beds less than 14 
inches thick is not included. The reliability of an estimate depends 
on the amount of information available to the estimator. Because 
very little information was available on coal in the Wrigley and Hal­ 
deman quadrangles, the estimated reserves are classed as inferred. All 
coal beds in the two quadranges are thinner than 14 inches at several 
localities, and they thin rapidly in all directions from the few obser-
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vation points where coal thicker than 14 inches was measured .or 
reported. All estimated coal reserves lie under less than 1,000 feet of 
overburden.

Commercial varieties of bituminous and subbituminous coals in­ 
clude common banded, splint, cannel, and boghead coal (American 
Society for Testing Materials, 1954). Common banded coal consists 
of irregularity alternating layers of a bright vitreous material (vit- 
rain), less brilliant attrital material, and soft, powdery material 
called fusain or mineral charcoal. Splint coal has a dull luster and in­ 
cludes very thin irregular bands of vitreous material. It is hard and 
tough, and it breaks with an irregular fracture, sometimes splintery. 
Cannel and boghead are nonbanded varieties of bituminuous coal 
with uniform, compact, aphanitic texture, are black or dark gray in 
color, and have a greasy to dull luster and conchoidal fracture. They 
ignite easily and burn with a yellow smoky flame. In thin sections 
cannel coal and boghead coal are distinguished by the presence of 
resinous spore coats in cannel and algal remains in boghead coal, 
but in hand specimens they are indistinguishable.

Information concerning the character of the coal in the Haldeman 
and Wrigley quadrangles was obtained principally from observa­ 
tions in roadcuts, natural exposures, limestone quarries, clay pits, and . 
cores from holes drilled for refractory clay. In 1955 and 1956 there 
were no active coal mines in the area, but at locality 10 (pi. 3) and a 
few other localities, small amounts of coal have been mined from the 
Howard and other beds for household use and for farm forges. Be­ 
cause of the lack of active mines, it was impractical to obtain un- 
weathered coal for analysis, but analyses of the coals from nearby 
areas indicate that most of the coal is probably of high-volatile bi­ 
tuminous rank. Most beds are composed of bright, common banded 
coal; fusain partings are usually present; and visible pyrite is com­ 
mon. Nonbanded coal, probably cannel, occurs in at least two strati- 
graphic positions in the Breathitt formation the Grassy and the 
Fire Clay coal beds.

COAL BEDS OF THE LEE FORMATION

The Lee formation in the Wrigley and southern half of the Halde­ 
man quadrangles consists of a lower unit composed of shale, thin- 
bedded sandstone, coal, and underclay and an upper massive sandstone 
unit. These units locally grade into each other laterally and vertically, 
and the sandstone grades into a dark shale facies in the northern half 
of the Haldeman quadrangle. Wherever the massive sandstone mem­ 
ber of the Lee formation is absent, coal beds may be present. Several 
diamond-drill holes in the Wrigley, Haldeman, and adjacent quad-
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rangles penetrated three coal beds in the shale unit below massive 
sandstone, but in some holes neither coal beds nor underclays were 
found. Probably there are at least three and perhaps four, coals in 
this part of the Lee formation, but the number of beds is uncertain be­ 
cause they are not persistent or easily correlated. Three thin coal 
beds are present in the shale facies that is laterally equivalent to the 
massive sandstone, as shown in sections 1, 2, 3, 8, and 9, plate 4.

The unconformity at the base of the Lee formation of Pennsyl- 
vanian age is an irregular surface, and the base of the massive sand­ 
stone unit also is an irregular surface, so that neither of these two 
surfaces can be used as a datum plane for correlating the coal beds 
of the Lee formation. As a result, the continuity and identification 
of the coal beds are in question in many places. Wherever the Olive 
Hill clay bed is present, the coal bed immediately above it can be 
recognized, and this and other coal beds both above and below the 
Olive Hill clay bed can also be correlated. A second thin coal bed, 
2 to 8 feet above the coal bed overlying the Olive Hill clay bed, con­ 
tains a peculiar lacelike imprint of bark tissue in the fusain layers 
of the coal. This fossil has been identified as Dictyoxylon by S. H. 
Mamay; inasmuch as it has not been found in other coal beds in the 
area, it is probably useful for correlation purposes, particularly where 
the Olive Hill clay bed and overlying coal are absent.

Coals in the Lee formation associated with the Olive Hill clay bed 
(pis. 4, 5) have been mined locally in the Haldeman quadrangle for 
household or forge coal at places where the clay is mined. No coal 
samples fresh enough for analysis were obtained in the Wrigley quad­ 
rangle, but three samples of Lee formation coals were collected from 
cores drilled by the General Refractories Co. about 3 miles east of 
Dan, Ky., in the northern part of the Ezel quadrangle (about 3.3 
miles southwest of the southwestern corner of the Wrigley quad­ 
rangle) . These analyses show that the coals above the Olive Hill clay 
bed are high in heat value, low in ash, but contain relatively large 
amounts of sulfur (table 11). It is unlikely that anywhere in the 
Wrigley and Haldeman quadrangles any of the coal beds of the Lee 
formation is thick enough to mine commercially; the coal above the 
Olive Hill clay bed is too thin even to be mined profitably in con­ 
junction with the clay. Most of the reports of thick coal found in 
holes drilled in the search for oil and gas probably are due to mis­ 
taking black shale for coal, or to erroneous reports of thickness due 
to sample contamination caused by coal caving down the hole. Ex­ 
ploration for coal in the Lee formation anywhere in the quadrangles 
is not justifiable because the chances of finding a large pocket of thick 
coal are remote. This is true in spite of the fact that pockets of thick
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coal in the shale below the massive sandstone of the Lee formation 
were mined in the vicinity of Frenchburg for a number of years, 
where Crandall (1910) and Miller (1910) reported the coal to have 
a maximum thickness of 40 inches.

TABLE 11. Analyses of coals of the Lee formation 

[Analysis by U.S. Bureau of Mines. Condition of sample: A, as received; B, moisture- and ash-free]

Bureau of
Mines 

laboratory
No.

Condition
of 

sample-

Proximate analysis (percent)

Mois­ 
ture

Volatile 
matter

Fixed 
carbon

Ash

Ultimate analysis (percent)

Sulfur Hydro­ 
gen

Carbon Nitro­ 
gen

Oxygen

Heat 
value 
(Btu)

F-61507. 

F-61508. 

F-61509.

3.6 41.4
46.2
44.6
48.1
40.1
45.8

48.2
53.8
48.1
51.9
47.3
54.1

6.8
T?"

9.3

4.4 
4.9 
2.3 
2.5 
5.6 
6.4

5.5 
5.7
5.9
6.0 
5.3 
5.6

71.7
80.1
76.0
82.0
69.9
80.0

1.4 
1.6
1.6
1.7 
1.4 
1.6

10.2
7.7 
9.5 
7.8 
8.5 
6.4

13,170
14,720
13,860
14,940
12,800
14,650

Measurements of coal beds in the Lee formation in the Haldeman 
and Wrigley quadrangles are shown graphically in plates 4 to 6, and 
additional measurements of these coals are listed in the sections 
measured at the following localities (pi. 3) :

Location 1:

Altitude at top of coal bed: 1,146 feet. Feet Inches
Sandstone  _____________________________ 51 0
Concealed _______________________________ 7 0
Coal _________________________________ __ 6
Shale, black___________________________f____ 11 0

Location 2:

Altitude at top of coal bed: 1,013 feet.
Sandstone  _____________________________ 55 0
Concealed  _ _______________^__________ 51 0
Coal __________________________________ __ 9
Semiflint clay_____________________________ 3 0
Sandstone         ________________________ 1 0
Shale, silty_______________________________ 23 6

Location 3:

Altitude at top of coal bed: 1,042 feet.
Sandstone, massive, cliff-former__________________ __ 
Concealed _______________________________ 60 0 
Coal ___________________________________ __ 3 
Semiflint clay, silty____________________________ 2 0 
Cover         ____________________________ 10 0
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Location 4 :

Altitude at top of coal bed: 902 feet. Feet inches
Sandstone, massive, cliff-former__________________ __
Coal ___________________________________ 0 3
Shale, black_______________________________ 6 0
Semiflint clay_____________________________ 3 0
Sandstone __ _ ___________________________ 3 0
Shale, red and green (Mississippian) ______________ 10 0

Location 5:

Altitude at top of coal bed: 898 feet.
Sandstone, massive, cliff-former____________     __ __ 
Coal ___________________________________ 1 0 
Shale, black______________________________ 2 0 
Coal ____________________________ ____ 1 0 
Underclay      __________________       1 6

Location 6:

Altitude at top of coal bed: 900 feet.
Sandstone, massive, cliff-former__________________ __ 
Coal __     ____________________________ 0 8 
Shale, black_______________________________ 10 0 
Shale (Mississippian) Brodhead formation_____ ____ _

Location 7*:

Sandstone, massive, cliff-former___________________ _
Coal ____________________________________ 0 6±
Underclay _______________________________ 2 0
Sandstone     ________________________  __ _ 10
Siltstone, with plant rootlets_______________   _ 2 8
Coal ___________________________________ __ 4
Underclay ____  ___________________________ 1± 0

 Section from diamond-drill core; drill hole only approximately located on plate 3.

COAL BEDS OF THE BBEATHITT FORMATION 

ZACHAKIAH(?) COAL BBI>

A coal bed (shown in sees. 2,4,8, 9, pi. 4; and sees. 19,23, and 25, pi. 
5) occurs in the base of the Breathitt formation immediately above 
the sandstone member of the Lee formation. This coal bed is dis­ 
continuous and coal is absent in many sections. At a few sections as 
much as 5 inches of coal is present, but at most places the coal horizon 
is represented only by a bloom or an underclay. The coal is probably 
equivalent to the Zachariah coal (Briggs, 1957), the Lily coal, and 
the No. 1 coal reported by Crandall (1910, pi. 1, p. 35). No reserves 
are present in the Wrigley and Haldeman quadrangles.
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HOWAKD COAL, BED

The name "Howard" was proposed by Browning and Russell (1919, 
p. 28) for a thin coal in northern Magoffin County. In the Wrigley 
and Haldeman quadrangles a coal bed at this stratigraphic position 
ranges in thickness from S1/^ to 14 inches where it was observed. The 
coal generally lies between 40 and 65 feet above the top of the mas­ 
sive sandstone unit of the Lee formation. In most localities the roof 
rock is a dark gray or black fissile shale, and commonly the coal is 
underlain by siltstone or very fine grained sandstone. The bloom of 
this coal was seen in a number of places throughout the area, and it 
was fresh enough to be measured at the following localities (pi. 3):

Location 8:

Altitude at top of coal bed: 1,217 feet Feet Inche» 
Shale ___________________________________ 22 0 
Coal ____________________________________ 1 0 
Uriderclay ________________________________ 6 0
Shale __________________________________ 26 0

Location 9:

Altitude at top of coal bed: 998 feet.
Shale __________________________________ 19 0 
Coal ___________________________________ __ 10 
Underclay ___________________________ ____ __ 7
Shale __________________________________ 20 0

Location 10:

Altitude at top of coal bed: 940 feet.
Siltstone _______________________________ 2-3 0 
Coal, laminated in top and bottom 4 in____________ ___ 12-13 
Shale, abundant plant rootlets________   _         3

The thickness of the Howard coal is shown graphically in sections 
3, 7, 8, and 11, plate 5. It is unlikely that there are any thick pockets 
of coal or any coal resources in the Wrigley and Haldeman quadrangles. 
Thick coal also is unknown at this horizon in Morgan, Menifee, 
Elliott, and Magoffin Counties, Ky. No exposures of unweath- 
ered coal were found to sample for coal analysis. The bed is composed 
of common banded, bright attrital coal, generally with thin vitrain 
bands, but at some places, as at section 8, plate 8, thick vitrain bands 
are present. The top and bottom 4-inch benches of coal are lami­ 
nated at location 10, and only the middle 4 inches is common banded, 
bright, cleated coal. The laminated coal probably contains a high 
percentage of ash. The presence of visible pyrite at all localities 
indicates that the coal is probably high in sulfur.
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GRASSY COAL BED

The name "Grassy" was applied by Englund (1955, p. 7) to a coal 
bed in the lower part of the Breathitt formation in the Cannel City 
quadrangle, where it has been mined locally. Nowhere in the Wrig- 
ley or Haldeman quadrangles is the coal known to be thicker than 24 
inches, and locally its position is occupied by a canneloid shale or 
nonbanded coal. Throughout most of the Wrigley quadrangle the 
Grassy coal is split, the upper and lower splits being separated by 
12 to 18 feet of shale and sandstone. The lower split is commonly 
a bright, banded attrital coal ranging in thickness from 6 to 14 inches. 
In the section measured near Blairs Mills School (sec. 3, pi. 5), the 
lower split of the Grassy appears to be split again into two benches 
separated by 6i£ feet of siltstone and underclay.

The upper split of the Grassy coal is generally a canneloid shale 
or a nonbanded coal having a slaty cleavage and conchoidal fracture. 
That the shale represents the stratigraphic position of a coal is clear 
from the fact that at several locations (see sections, p. F101) it is asso­ 
ciated with common banded coal or overlies a shale siltstone or sand­ 
stone containing plant roots. This coal bed is thickest in the vicinity 
of location 14 (pi. 3 and p. F101), where 22 to 48 inches of nonbanded 
coal (probably cannel) in a local pocket is reported. Cannel coal 
was seen in the spring north of the road at this locality. The top of 
the bed was clearly a canneloid shale with slaty fracture, and even the 
central part of the bed, which had a strong conchoidal fracture, had 
a slight tendency to fracture parallel to the bedding. No samples 
were obtained for analysis, but the coal seemed heavy and probably 
had a fairly high ash content. The material in the dump at location 
16 (pi. 3 and p. F102) also was relatively heavy and had a slaty 
fracture.

Impure nonbanded coal with a slaty fracture occurs in the Grassy 
coal bed at a number of places near Wrigley. This coal was called 
canneloid shale in the field, but thin sections and an ash determination 
show that it should be classified as impure coal. Ash ranges from 
34 to 39.7 percent. A grab sample of coal at location 14 (pi. 3 and 
p. F101), selected for light weight and apparent purity, was thin sec­ 
tioned and studied by James M. Schopf of the U.S. Geological Sur­ 
vey. He reports that the sample is a cannel coal, containing a 
considerable amount of humic matter, opaque master, some waxy spore 
coat material, and scattered grains of quartz and mica. A block 
sample of the entire coal bed was collected at location 20 (pi. 3 and 
p. F102). Thin-section studies by Schopf show it to be impure, non- 
banded coal, containing a large percentage of humic and opaque 
organic matter, and abundant crystals, spherules, and aggregates of 
siderite a ferrous carbonate (FeCO3 ). This specimen contained 
39.7 percent ash.
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East of Wrigley, along Road Fork and its tributaries, the Grassy 
coal is represented by impure cannel coal which is widespread but 
generally less than 14 inches thick. A column sample was collected 
in the creek bed at the base of a bluff northwest of road junction 830 
on State Route 7, location 19 (pi. 3 and p. F102). This sample was 
also studied by Schopf. He reports that the top block, 1.5 inches 
thick, has a slaty fracture, 3-4 percent spore coats, 30-40 percent 
humic matter, and sufficient opaque matter to class the rock as cannel 
shale. It contains 51.8 percent ash. The lower part of this sample 
contains 3-4 percent oil algae, sufficient to justify the term "boghead 
cannel" shale. The middle block, 3.5 inches thick, was analyzed by 
the U.S. Bureau of Mines as follows:

Moisture_____ ____________ ._ ___

Fixed carbon _ __.____.. __ ___ _
Ash- --___-________-___..__-______ _

Total.-.- -------------------

Sulfur. _-_______-______..___-___.__
Heat value (Btu)__ ___.. __ ___ _

As-received 
(percent)

1. 6
37.5
27.3
33. 6

100.0

1. 1
9,480

Moisture-free 
(percent)

38. 1
27.7
34. 2

100.0

1. 1
9,630

Moisture- and 
ash-free (percent)

57.9
42. 1

100.0

1. 6
14, 630

It is an impure cannel coal containing abundant disseminated sider- 
ite, which probably accounts for some of the ash reported by the U.S. 
Bureau of Mines. The bottom block, which is 3.5 inches thick, is simi­ 
lar to the middle block but contains abundant pyrite veins, more 
disseminated siderite, and probably more ash than the middle block. 
The plant matter in this block is compressed. Uncrushed plant 
tissues commonly are preserved by siderite, but here apparently the 
siderite was added to the peat too late to preserve uncompressed plant 
material. A 1-inch bed immediately below the coal contains mainly 
siderite and pyrite, with minor amounts of organic matter. This 
basal bed contains uncrushed specimens, of pelecypods, probably 
Naidites sp., and the brachiopod Lingula sp. The presence of these 
fossils suggests that the impure cannel and boghead cannel coals were 
deposited in brackish waters.

. Two samples of impure cannel coal and one sample of cannel shale 
from the Grassy bed were ashed and analysed by semiquantitative 
spectrographic techniques (table 12). Iron seems to be the most 
abundant element in the coal, and most of it is contained in siderite, 
which is very abundant in this coal. The concentrations of ger­ 
manium, gallium, and beryllium in this coal are not sufficiently great 
to constitute a possible source of these trace elements.
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TABLE 12. Semiquantitative spectrographic analyses of the ash of cannel coal and 
cannel shale from the Grassy bed

[M Indicates a major constituent greater than 10 percent. The following elements were looked for but not 
found: P, As, Au, Bi, Cd, Ce, Co, Cs, Dy, Er, Eu, Qd, Hf, Hg, Ho, In, Ir. La, Lu, Nd, Os, Pd, Pr, Pt, 
Bb, Re, Rh, Ru, Sb, Sn, Sm, Ta, Tb, Te, Th, Tl, Tm, U, W, Yb. Analyzed by Katherine V. Hazel, 
U.S. Geological Survey]

Si        _         _.
AL_    _     _        __
Fe__    _       .   ____
Mg_          _-_._   __
Ca. _______ ___ ___________
Na____________________.____
K... ......... ______________
TL_--   __  ___  _:
Mn_________________________
Ag____.______________._____
B.-                
Ba-_                
Be_-_-____-______-_________
Cr_.           _     
Cu._   -_-____-__.. ________
Ga___---_____-_-__-_-______
Ge_---___-_-___-___________
Li_-___----_-___._________
Mo___-_____-______________-
Nb_-___-_-____________.____
Ni_____-_-_-_-___-__-_______
Pb                 
Sc___             _   _
Sr______-_._________________
¥______.___________________
¥____._____.__ _-. __
Zn_____-___-__-______._____
Zr______.___________________

Coal, impure 
cannel, 3 in. thick 

(location 19)

7.0
3.0
M

. 15

.3

.3
3.0
.15
.03
. 00003
.015
.03
.0007
.003
.07
.0007
.0015
.007
. 0003
.007
.003
.007
.0015
.003
.007
.0003
.007
.015

"Roof" shale, dark 
gray, fissile, 3 in. 

thick (location 19)

3.0
1.5
M
.15
. 3
.3

3.0
.07
.07
. 00015
.015
.015
.0003
.0015
.015
.0007
.0003
.003
.0007
.015
.0015
.007
. 00015
.003
.003
.003
.015
.015

Coal, impure 
cannel (location 20)

3.0
1.5

M
. 15
.3
.3

3.0
.07
.07
. 00003
.015
.015
.0003
.0015
.015
.0007
.0015
.003
. 0003
.007
.0015
.007
.0015
.003
.007
.0007
. 007
.015

The estimated coal resources of the Grassy coal bed in the Wrigley 
and Haldeman quadrangles are inferred from geologic evidence and 
reported thicknesses. Approximately 360,000 (tons of noribanded coal 
(probably cannel) is present, but prospecting will be necessary to 
prove the exact quantity and quality. North of Blaze the coal is com­ 
mon banded and, although it was mined for forge coal at location 
15 (pi. 3 and p. F102), it is not thick enough in a large-enough area 
to constitute coal resources.

According to D. B. Reger (written communication, 1929) the 
following section was exposed in 1929 at a small mine on a branch of 
Minor Creek about half a mile west of Blairs Mills at an altitude of 
1,155 feet (aneroid barometer):

Shale, dark gray
Coal, about 2 feet, concealed by water, mostly splint coal with a little cannel

Apparently, in this area the coal is thicker than 14 inches, but at sec­ 
tion 18, plate 4, it is split into three benches and no other outcrops
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of thick coal were found nearby. Prospecting of this bed might 
reveal a small area of bright, common banded coal thicker than 14 
inches.

The Grassy coal probably is an equivalent of the Elkhorn No. 1 or 
Elkhorn No. 2 of the Big Sandy coal district. These coals are exten­ 
sive and important in eastern Kentucky, but in Wrigley quadrangle 
they appear to be near the feather edge of the beds (or bed) and con­ 
tain no important coal resources. The thickness of the Grassy coal 
at measured sections 3, 7, 8, 10, and 12 is shown in plate 5, and other 
thicknesses were measured at the following localities:

Location 11:

Altitude at top of coal bed : 1,028 feet. Feet Inches 
Shale ________.-__________ ___          
Coal ___________________  _    ..__           0 1
Underclay  ________________________  __      2 0
Shale _____________________________ _ 8 0

Location 12:

Altitude at top of coal bed : 1,025 feet.
Shale _____________________________  _   
Coal _________.._______________________ 0 9 
Underclay _______      _   -              6 
Shale _____________________________  _  

Location 13:

Altitude at top of coal bed: 886 feet.
Shale and siltstone .___.____________________ 6 0
Siltstone _____ -   _   _ _____    _ 3 0
Coal __________________________________   6
Underclay ___                               4
Sandstone  _____   ___________________   _ 1 6
Siltstone _________________________________ 6+ 0

Location 14:

Altitude at top of coal bed: 1,039 feet.
Siltstone and sandstone ________._____   __ 2 0
Coal, cannel, and canneloid shale__________ _  _ 2 0
Underclay, plastic         ______________     _ 1± 0
Concealed ________________________________ 14 0
Sandstone __________  ________________ __ 1± 0
Coal __________________________________ __ 8-12
Underclay _______________________________ __

Location 15:

Altitude at top of coal bed: 1,052 feet.
Sandstone ______.__________________________ 6 0 
Coal (reported)     _  _________________ -_____ 1 6 
Underclay ________________________________ __ 6
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Location 16:

Altitude at top of coal bed: 1,024 feet. *««*
Siltstone _________________________________ 4± 0
Coal, cannel (reported) ____ _                  22-48

Location 17:

Altitude at top of coal bed: 912 feet,
Siltstone ______________________________  10± 0
Sandstone ________  ______________________      4± 0
Shale, canneloid__________________________   1 4
Coal bloom       _ __________________    __   2
Underclay        ______________  _             6
Siltstone _______________________________ 2 6

Location 18:

Altitude at top of coal bed: 861 feet.
Shale, canneloid____________________________ 0 5 
Coal __________________________________ __ 3-4 
Underclay ___   ________ ______     ______ __ 10
Sandstone _______________________           1+ 0

Location 19:

Altitude at top of coal bed: 842 feet.
Coal bloom       _ _______________________ 0 3
Underclay, sandy, dark-gray____________________ __ 8
Siderite, bed or large lens_____________________ _ 3
Coal, impure cannel____________________________ __ 3
Coal, impure cannel, shaly_____________________ __ 4V2
Cover __________________________________ __

Location 20:

Altitude at top of coal bed: 890 feet.
Alluvium    -__________________________ _    
Coal, impure cannel___________________________ 0 6
Shale, medium-gray; contains abundant Stigmaria.,_________   4
Shale, light-gray, contains abundant Stigmaria______________ __ 4

(TOM COOPER COAL BED

The name "Tom Cooper" was proposed by Browning and Russell 
(1919, p. 29-31) for a coal bed in northern Magoffin County, lying 
between the Grassy and the Gun Creek coal beds. It has been traced 
northward by mapping through the Dingus and Cannel City quad­ 
rangles to the Wrigley quadrangle. It is probably the marginal por­ 
tion of the Upper Elkhorn No. 3 coal, which is the most important 
producing coal in eastern Kentucky. The area of outcrop is essen­ 
tially confined to the southeastern portion of the Wrigley quadrangle 
(sec. 11, pi. 5). Elsewhere in the quadrangle it either has been re­ 
moved bj erosion or was never deposited. The fact that, marine
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shales and sandstone occupy the general position of the Tom. Cooper 
coal (sees. 7 and 8, pi. 5) suggest that it was never deposited. The 
coal is 7 inches thick in section 11, plate 5, and ranges from -5 to 
8 inches in thickneiss in the following sections from Blair Branch 
(pi. 3), where it was formerly mined for local use:

Location 21:

Altitude at top of coal bed: 856 feet. F * J»cAe«
Sandstone ____.._________________________ 2 9
Coal _________..___   __   _ ____          __ 5
Siltstone, with plant roots____________"  __   __ 1± 0

Location 82:

Altitude at top of coal bed: 857 feet.
Shale, black ___.._________________________ 3 0 
Coal _______.._________________________   8 
Bone       ..     _  __   __             1 
Underclay               __      __ ___ 1± 0

GUN CREEK COAL BED
The name "Gun Creek" was proposed by Browning and Russell 

(1919, p. 32-33) for a coal bed mined along Gun Creek east of Royal- 
ton in Magoffin County. This is the same bed that was called Cannel 
City by Englund (1955, p. 8), and it is probably the Amburgy coal of 
the Hazard coal field. The Gun Creek coal is generally thin, and 
nowhere in the Wrigley or Haldeman quadrangles is it thick enough 
to contain reserves of minable coal. It crops out only in the SE1/^ of 
the Wrigley quadrangle, where it is common banded coal. No non- 
banded (cannel or boghead) coal was found at this horizon in the 
Wrigley quadrangle. The following sections were measured in creek 
bed exposures (pi. 3):

Location 28:

Altitude at top of coal bed: 874 feet Feet inches
Sandstone  _   __ _____________________ 1± 0
Coal  ___________________________________ __ 6-8
Shale, with plant roots _______________________ 2± 0

Location 24:

Altitude at top of coal bed: 953 feet.
Siltstone  ______________________________ 2± 0
Coal __ ______________________________ __ 7
Shale _________________________________ 1 3
Coal     _   ^_________________________ __ 3
Shale _________________________________ __ 1
Coal __________________________________ __ 5
Shale, with plant roots _______________________ __ 2
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Location 25:

Altitude at top of coal bed: 945 feet. peet inches
Sandstone ______________________________ 20± 0
Coal __________________________________ __ 7
Shale, with plant roots _______________________ 3± 0

FIRE CLAY COAL BED

The Fire Clay coal bed, named by Hodge (1908, p. 40-41), is the 
most widespread and widely known coal in the eastern Kentucky 
coal field. It occurs 25 to 50 feet below the Magoffin beds. Through­ 
out most of eastern Kentucky it contains a parting of flint clay that 
ranges in thickness from 0 to 6 inches, but in the Wrigley and 
Haldeman quadrangles this flint-clay parting is generally absent and 
the bed is difficult to recognize. Where the coal was seen and mea­ 
sured (fig. 3a), it is 8 to 12 inches thick. Elsewhere it is thicker than 
14 inches, as it was mined by the Clearfield Coal Co. at location 26 
(fig. 2), and at a point 50 feet east of the Wrigley quadrangle and 
1,100 feet south of Road Fork. At these localites the coal is reported 
to be 22 to 28 inches thick, and fragments of flint clay, typical of the 
parting in the Fire Clay bed, are abundant in the dump. At location 
29 it was reported to be 22 inches thick. Crandall (1910, p. 6) 
reported coal at Judge Blair's farm on Blair Fork as being 40 inches 
thick, under a slate roof, 55 feet above the creek bed. The section 
described by Crandall could not be located in the field, but it may 
be at the old adit in the Fire Clay coal, in a tributary of Blair 
Branch at aneroid elevation 913 feet, location 30.

The Annual Keport of the Kentucky State Mine Inspector for 
1911 lists 7,319 tons as the production for that year from the Road 
Fork mine of the Clearfield Lumber Co. This is undoubtedly the 
mine located 50 feet east of the Wrigley quadrangle and 1,100 feet 
south of Road Fork, which was served by a spur track from the 
Morehead and North Fork Railroad. The Annual Report for 1912 
states that 6,277" tons was mined at the Road Fork mine. The Clear- 
field Lumber Co. is reported to have mined 7,759 tons in 1913, 7,306 
tons in 1914, and 3,062 tons in 1915. Probably all of this coal came 
from the Road Fork mine. Production from 1916 to 1920 is unknown 
because the Kentucky Department of Mines issued no annual reports 
for these years. At least 13,596 tons (1911 and 1912) and probably 
a total of 31,723 tons (1911-15, inclusive) of coal was produced from 
the Road Fork mine of the Clearfield Lumber Co.- It appears likely 
that the thickest part of the bed has been mined out. The Annual 
Report of the Kentucky Department of Mines for 1921 states that 
the Clearfield Lumber Co. was mining coal at Redwine, and the Road 
Fork mine probably was abandoned prior to that date. When the
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Koad Fork mine was visited by D. B. Reger in 1929 the entrances 
were caved (written communication, 1929) and the coal thickness 
could not be measured.

In scattered outcrops in the Wrigley quadrangle, the Fire Clay coal 
bed is a common banded, bright attrital coal, but to the east near 
Kedwine, in the adjacent Sandy Hook quadrangle, the Fire Clay coal 
bed changes to a nonbanded coal, probably cannel coal. Formerly 
this thick pocket of coal was mined extensively and shipped to market 
by the now abandoned Morehead and North Fork Kailroad. Meas­ 
ured sections follows:

Location 26:

Altitude at top of coal l>ed: 933 feet. Feet inches 
Coal (reported)_______________________    0 22

Location 27:
Altitude at top of coal bed: 920 feet.

Sandy soil____________________   __      2 0
Coal _________________________________   8 
Shale, with plant roots___________________ __   6

Location 28:

Altitude at top of coal bed: 917 feet.
Massive sandstone____________________ ___   
Underclay ____.._________________________ 0 6 
Shale, coaly___.._________________________   2 
Coal _______.._________________________   10 
Underclay     ..______L__________________   3

Original inferred reserves are 1,110,000 short tons. Assuming 50 
percent recovery, about 62,000 tons have been mined and lost in 
mining.

HAMLJN(?) COAL BED

A thin coal bed 5 to 15 feet below the Magoffin beds is questionably 
correlated with the Hamlin of the Hazard mining district. As shown 
in section 11, plate 5, and in the following sections, it nowhere contains 
more than 14 inches of coal and consequently no reserves were calcu­ 
lated. The coal was frequently split, as is shown in the section meas­ 
ured at location 27 (pi. 3) :
Location 27:

Altitude at top of coal bed: 950 feet. Feet Inches
Sandstone    __.._________________________ 3 0
Shale ______.._________________________   4
Coal _______._________________________ __ 3-6
Sandstone ____ _________________________ 5 0
Coal _______.._________________________ __ 8
Underclay ____.._________________________ 1± 0
Concealed ____ _________________________ 22 6
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Location 81:

Altitude at top of coal bed: 962 feet. Feet Inches
Sandstone _______________________________ 20 0
Shale, gray ____________________             3
Coal __________________________________   7
Shale, silty, plant roots_______________________ 5± 0

HADDIX COAL BUD

A coal bed 5 to 25 feet above the Magoffin beds is correlated with 
the Haddix coal of the Hazard mining district. This coal is 3 inches 
thick at location 30 (pi. 3), and only coal blooms were found else­ 
where. Generally the position of this coal is occupied by massive 
sandstone and no reserves in the bed are likely. The Haddix coal 
was measured only at location 30 as follows:

Location SO:

Altitude at top of coal bed: 982 feet. Feet inches 
Sandstone  ____   _____________  '.___________ 30 0
Concealed _______________________________ 2 0 
Shale _________________________________ 2 0 
Coal __________________________________   3

INDEX COAL. BED

The Index coal bed, named by Adkison (1957, p. 12) from exposures 
near West Liberty, is recognized at only one outcrop in the Wrigley 
and Haldeman quadrangles, a short distance south of the divide on 
State Route 7 south of Wrigley. The coal is 8 inches thick underlain 
by 0.9 foot of underclay and overlain by 10.5 feet of shale. The bed is 
probably widespread on hilltops in the SW^4 of the Wrigley quad­ 
rangle, but it is not likely that there are any large reserves.

NICKELL, COAL. BED

The Nickell coal bed, named from the exposures in the southern part 
of the Cannel City quadrangle (Englund, 1955, p. 11), is probably 
represented by a coal in the highway cut at the crest of the ridge 
south of Wrigley on State Route 7. Here the coal is 15 inches thick, 
overlain by a thick, friable sandstone, and underlain by 1.9 feet of 
underclay and sandstone. In section 12, pi. 5, it is 8 inches thick, and 
it is probably present high on the ridges in most of the southeastern 
part of the Wrigley quadrangle. The reserves and the area underlain 
by the coal must be.small, because the coal lies near the top of the 
ridges. No reserves were calculated.
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SUMMARY

At least five of the major producing coals of eastern Kentucky, the 
Zachariah-Lily, Upper Elkhorn No. 1, Upper Elkhorn No. 2, 
Amburgy, and Fire Clay coals, are present in the Wrigley and Halde- 
man quadrangles. Over most of the area all the beds are too thin to 
constitute minable reserves under f oreseeable economic conditions and 
energy needs. Because they are less than 14 inches thick they are not 
classified as coal reserves. The Grassy coal contains one pocket of 
nonbanded, probably cannel, coal near location 14 (pi. 3). This 
pocket is probably very local and could not support extensive mining, 
but the coal might have a good local market. Most of the thick 
reserves in the Fire Clay coal apparently have been mined or lost in 
mining at the Road Fork mine of the Clearfield Lumber Co., which 
probably operated from 1911 to 1916. Near the eastern margin of the 
quadrangle, the coal probably grades laterally to nonbanded (cannel) 
coal toward the Redwine district in the Sandy Hook quadrangle. It 
is unlikely that any large-scale mining: is possible in the Wrigley and 
Haldeman quadrangles, and the doubtful continuity of the coal beds 
makes it unlikely that these very thin seams could be used for under 
ground gasification.
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