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The town of Maysville, Ky., most likely got its start in 1773, when pioneer and explorer Captain
John Hedges, traveling down the Ohio River, came upon a natural harbor and creek in what would be
known later as the community of Limestone. This landing at Limestone Creek also had a buffalo trace
that formed a roadway 40 feet wide up through the center of Kentucky. In 1775, frontiersman Simon
Kenton (1755–1836), a key ﬁgure in opening up the frontier in northern and central Kentucky, paddled
down the Ohio River and came upon rich cane ﬁelds at the very same location that Captain John Hedges
found 2 years earlier. Kenton helped erect the ﬁrst permanent structure there in what would become
Maysville.
Limestone was one of the ﬁrst important ports on the Ohio River and already in use by 1784.
The Virginia legislature assigned a naval ofﬁcer to collect tolls and supervise river trafﬁc. By the
next year, the port of Limestone was incorporated into the newly formed Bourbon County. This
county included all of what we know of as Kentucky to the north, east, and southeast of Lexington,
with Limestone being the preeminent port for the whole region. In 1789, Limestone and the rest of
northeastern Bourbon County became Mason County, Va. In 1792, when Kentucky became a state, 34
new counties were formed from the original Bourbon County.
John May (1744–1790), a prominent Virginia attorney, surveyor, and a delegate of the Kentucky
District of the Virginia legislature, would hear and decide on land disputes in Kentucky. In 1785, he was
granted 800 surveyed acres by the Virginia legislature at Limestone. On December 11, 1787, the town
of Maysville was formally created and named after John May. Yet the local post ofﬁce was established
on October 1, 1794, as Limestone with George Mitchell as postmaster, and not ofﬁcially renamed
Maysville until around 1799. The Limestone name persisted for many years, and as late as 1824 the
town was still called by both names. On January 13, 1833, Maysville was incorporated as a city and
became the county seat of Mason County in 1848 (Rennick, 1984).
Maysville became an important port, dealing in bourbon, hemp, and tobacco. Ferries crossed to
Ohio, and a road was opened to Lexington by around 1800; this is also known as U.S. 68, and Limestone
Street here in Lexington. By 1830, more than 150 steamboats stopped in Maysville in a month. The
town continued to grow throughout the 19th century. The ﬁrst three decades of the 20th century brought
slower growth, highways bypassed the area, and the river lost some of its importance. Fortunately,
because the highways bypassed Maysville, there was not huge developmental growth and the town
retained much of its beautiful architecture.
Within the last three decades, the AA Highway (Ky. 546) has encouraged growth, and the Ohio
River has been rediscovered for trade and recreational beneﬁts.
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Brief Overview of the Development of the Dravo
Lime Co. Cabin Creek Mine to the Carmeuse Lime,
Maysville Operation
In the early 1970’s, the Dravo Lime Co., a
subsidiary of the Dravo Corp., purchased a 1,306-acre
tract along Cabin Creek by the Ohio River, 4 miles
east of Maysville. In 1974, it began developing a
limestone mine and calcining plant there. The location
on the Ohio River was ideal to facilitate barge shipments of processed lime to generating plants, as well
as to handle incoming coal shipments to fuel the kilns.
Engineering, design, and construction were largely
done by the parent company’s divisions and subsidiaries. Full operation of the new $50 million mine and
lime plant was expected by the fall of 1976.
The target stone (high-calcium) was located
in the Camp Nelson Limestone about 900 feet below
the surface, which provided the ﬁnal crushed stone
needed for the calcination plant. The overall mine
plan and design was to safely excavate the limestone
using a highly mechanized operation with a production capacity of 10,000 tons per day on a two-shift,
5-day-a-week basis.
The Cabin Creek Mine began excavating a
slope to get mining equipment down the mining horizon and to provide truck access to the mine workings.
This was through an 18-foot-wide by 10-foot-high,
3,000-foot-long –18˚ slope. This decline also contained the 42-inch-wide steel cable belt production
conveyor, which was equipped with a hoist and track
for the supply of equipment and materials underground. A 14-foot-diameter, concrete-lined vertical
shaft was sunk to provide ventilation and human
access to the mine below via a friction-hoist, doubledeck, 40-person cage. The bottom of the shaft was
located about 360 feet from the end of the slope. The
mine horizon layout called for two similar panels,
approximately 1,100 feet wide, to be mined simultaneously. The plan was for these panels to both be
mined to their extremities, with the remainder of the
area isolated by the panels being mined on a retreat
pattern toward the mine center. Mining of the panels
was by the room-and-pillar method using all-hydrau-

lic drill equipment, which was the ﬁrst of its type in
the United States.
The rooms were created by using the topheading-and-bench method of mining. First, the top
20 to 24 feet of the exposed stone from under the
ceiling was removed by slicing into it, or top-heading. The benching phase concurrently removed 30 to
40 feet of the stone down to the ﬂoor. This process
did not have to be cyclic, and resulted in an upper
level, which eventually was blasted down to the lower
level, creating room heights over 60 feet. This method
enabled the drilling and blasting to be well ahead of
the loading, always providing a stockpile of broken
rock in the mine. The resulting room width was about
35 feet, leaving behind 25-foot by 50-foot pillars. This
conﬁguration produced an extraction ratio close to 72
percent. Depending on the size of the equipment for
drilling and blasting, the primary crusher was moved
every 550 feet along the centrally located conveyor
so as to maintain an efﬁcient weighted-average haul
distance. Once above ground, the conveyors carried
the limestone to a secondary crusher. Finally, the
limestone went to a cone crusher and a recirculating
conveyor system, resulting in the stockpile of 2-inch
by 3/8-inch kiln feedstone.
The calcining system was designed and supplied by the Kennedy Van Saun Corp., a subsidiary of
McNally Pittsburgh.
The KVS rotary lime kilns were specially
designed to produce a highly reactive, soft-burned
product. Crushed stone was preheated with exit gas,
pushed through a single feed-spout duct above each
kiln, where hot gases (approximately 1,900˚F) partially calcined the stone before it entered the kiln. The
coal-ﬁred rotary kilns were 203 feet in length and 17
feet in diameter. The pitch of the rotary kiln was 3/8
inch per foot and the drums rotated at a rate of 0.6 to
0.9 rpm by a 300-hp engine. Each kiln had a processing capacity of 907 tons per day. The lime was stored
in three 186-foot-tall concrete silos with a combined
capacity of 45,000 tons.
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Carbonate Rocks and Their Uses
The principal carbonate rocks used by people
and industry are limestone (CaCO3) and dolomite
(CaCO3·MgCO3). Compared to other rock or mineral
commodities, carbonate rocks have long had more
uses in satisfying the needs of people and industry.
Carbonate rocks are found extensively on all of the
continents. They form about 15 percent of the earth’s
sedimentary crust, and are available for exploration
and mining from formations that range in age from
Precambrian to Holocene (Carr and others, 1994).
Carbonate rocks are so useful and abundant that they
comprise about 75 percent of all stone quarried or
mined. Kentucky ranks 25th in the nation in the quarrying or mining of carbonate rock (USGS Mineral
Resources Web site).
For the paleontologist and rockhound, carbonate rocks preserve the greatest fossil record of ancient
sea life. Because of their weight, bulk, durability,
compressive strength, inert chemistry, and uniformity
(crushed and broken), carbonate rock has been used as
an aggregate to prevent further erosion of gullies, on
trails and driveways, roads, and as one of the aggregate components in asphalt and concrete. It has been
quarried as a dimensional building stone, and used on
some of the world’s most famous buildings and monuments. When crushed to a ﬁne powder, it is used as an
agricultural additive to the soil to lower the pH value.
If the silica content of the carbonate rock is very low
to negligible, the ﬁne powder is applied to coal mine
walls to keep methane from escaping out of the coal
seam.
When limestone or dolomite is heated to a
temperature to drive off the carbon dioxide, leaving
behind calcium oxide, it is referred to as quicklime,
or the loosely used term “lime.” This process is called
calcination. The alchemy of lime has been identiﬁed
in an Arabic text printed in 1,000 A.D. (Freas, 1994).
Lime is most used in the making of portland cement.
The use of cement is documented as far back as the
Roman Empire; the Romans used it far and wide in
their great structures (Ames and others, 1994). Lime
has many uses in many industries. The uses of lime
are as follows:
•

As a ﬂux in the steel industry to remove impurities such as phosphorus, silica, aluminum oxide

(alumina), and sulfur; with these impurities
removed it extends the refractory life of furnaces
(Freas, 1994).
•

In the nonferrous metallurgy industry, such as
copper, aluminum, and magnesium.

•

In chemical manufacturing of various organic and
inorganic chemicals.

•

In the production of pulp and paper.

•

Flue gas desulfurization.

•

In the environmental ﬁeld in treating water and
wastewater.

•

As paving material when mixed with ﬂy ash,
mortar, and asphalt.

•

In the reﬁning of sugar.

•

As CO2 absorbent in controlled atmospheric storages for fresh fruit and some vegetables.

Research and development on lime has
increased the number of its uses in industrial applications as well as improving on known applications.
One such area is in ﬂue gas desulfurization. Highcalcium limestone used in the calcination process to
produce lime for scrubbing equipment lacks sufﬁcient
alkalinity to neutralize high-SO2 concentrations.
Scrubbing with the calcium-based lime also causes
scale to build up in the scrubbing equipment. The
scaling blocks ﬂow of gas and slurry, and periodic
shut-downs are needed to remove the scale.
In the early 1970’s, extensive research into
this problem by the Dravo Corp. produced a product called Thiosorbic® lime. Then–vice president of
research for the Dravo Lime Co. Joseph G. Selmeczi
and his staff developed the Thiosorbic® process. The
researchers found that during the ﬂuid-gas desulfurization process, magnesium oxide dominates the
scrubbing solution (even though the ratio of calcium
ions to magnesium ions is 20:1), promoting high
alkalinity, thus increasing the scrubbing efﬁciency up
to 94 percent removal of SO2, compared to 74 percent
using conventional lime, and eliminating scaling on
the scrubbers.
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In September 1998, Dravo Corp. merged with
Carmeuse Lime Inc., a subsidiary of Carmeuse North
America.
The Federal Clean Air Act Amendments of
1990 (Public Law 101-549), also known as the Acid
Rain Bill, created a large demand for limestone and
lime for reducing a greater percentage of SO2 emissions from coal-burning power plants. Carmeuse
NA Co., the technology division of Dravo Lime Inc.,
developed a new magnesium-enhanced lime-based
wet ﬂue-gas desulfurization process; it is an improvement on the older process, which has been in use for
the past 25 years. In 2000, 27 percent of annual lime

production was used in an improved version of the
process, which can obtain an SO2 removal efﬁciency
of 99 percent while scrubbing ﬂue gas from highsulfur fuel. The old process produced the by-product
calcium sulﬁte (CaSO3), which had no use and had to
be disposed of in landﬁlls. The new process produces
valuable by-products such as gypsum (calcium sulfate; CaSO4) of 99 percent purity, and achieves a lime
utilization of 99.9 percent (Benson and others 2003).
If desired, the process can also produce the by-product magnesium hydroxide (Mg(OH)2), which can be
used for controlling sulfuric acid emissions, another
pollutant (Benson and others 2003).
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The Camp Nelson Formation near the Carmeuse
Mine, Maysville, Kentucky
Frank R. Ettensohn and Richard A. Smath
Introduction

The Camp Nelson Formation is an Upper
Ordovician (Mohawkian Stage; Turinian Series) carbonate sequence ﬁrst described and named by Miller
(1905); it is commonly referred to as the lower part
of the “Blackriverian Stage,” but because this stage
name is easily confused with similar lithostratigraphic
terms, use of the term has been formally discontinued
(Leslie and Bergström, 1995). The Camp Nelson is
largely composed of dense, micritic or microcrystalline limestones, and it is the massive, resistant nature
of these rocks that has resulted in the steepest part
of the Kentucky River gorge called The Palisades
(Ettensohn and Hickman, 2002). The Camp Nelson
Formation is the oldest exposed rock unit in Kentucky, and together with the overlying Oregon and Tyrone formations, forms the High Bridge Group. About
300 feet (91 m) are exposed in the type area along the
gorge of the Kentucky River in central Kentucky, but
subsurface analysis indicates that the unit is typically
between 350 and 460 feet (107–140 m) thick.

The Camp Nelson Formation in Its
Type Area

At Camp Nelson, the unit is composed largely
of yellowish-brown, pelletal calcilutite with abundant,
dolomite-ﬁlled, burrow mottles (Fig. 1). Preferential
weathering of the burrow mottles gives rise to the
characteristic “honeycomb” appearance (Fig. 2) in
weathered sections (Fisher, 1970a, b), and it is the
presence of this pronounced burrow mottling in both
outcrop and cores (Plate 1, no. 1; Plate 2, nos. 5 and
6) that is the “signature” of the Camp Nelson Formation. Nonetheless, laminated dolostones, laminated
calcilutites (Plate 1, no. 3), massive calcilutites (Plate
1, no. 2), ribbon-bedded calcilutite and dolostone,
calcarenites (Plate 1, no. 4), breccias, and shales are
also present locally throughout the unit (Figs. 3–4). In
particular, however, two white calcilutite beds and a
prominent open-marine shale bed near the middle of

the formation and a shale or dolomitic mudstone unit
near the top of the formation are prominent marker
horizons (Fig. 3). The white calcilutite beds are commonly laminated and contain mudcracks and bird’seyes, and the lower white bed (Figs. 5–6) is used as
a common marker horizon called the M bed, white
marker bed, or white micstone bed (Kuhnhenn and
Haney, 1986; Gilreath and others, 1989; Ettensohn,
1992b; Ettensohn and others, 2002b). The calcarenites
and breccias commonly have sharp, erosional bases
and occur at the bases of shoaling-upward cycles; they
are typically composed of poorly to well-sorted fossil
fragments, pellets, and intraclasts. An argillaceous,
dolomitic mudstone or calcareous shale, 5 to 12 feet
(1.5–3.7 m) thick, commonly occurs near the top
of the Camp Nelson, and it may be associated with
stromatolites. Stylolites are also a common feature
throughout the unit.
A sparse, molluscan-ostracod-tabulate coral
(“Tetradium”) fauna is present locally in the limestones, but especially in the breccias and calcarenites
at the bases of the shoaling-upward cycles. The gastropod Maclurites bigsbyi, as well as coiled and orthocone cephalopods, are locally common. Open-marine
faunas, including brachiopods, bryozoans, gastropods,
crinoids, sponges, corals, ostracods, and trilobites, are
more common in major shale partings.

The Camp Nelson Formation near
the Carmeuse Mine

In the area of the Carmeuse Mine (former
Dravo Mine), the Camp Nelson Formation is more
than 600 feet in the subsurface and can only be
viewed in the mine itself and via core. To provide
some basic stratigraphic information before entering the mine, we examined the Cominco American
Core CA-57 at the Kentucky Geological Survey Well
Sample and Core Library. The core has been previously logged and analyzed chemically (Anderson and
Barron, 1995) and was drilled about 13 miles (22 km)
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northeast of the Carmeuse Mine in northern Mason
County (Fig. 7). Both the core and mine are present
on the southeastern ﬂank of the Carntown-Moscow
Anticline, a small, northeast-trending anticlinal spur
off the Cincinnati Arch, where the rocks are striking
nearly NNW-SSE (Fig. 7) (Potter, 1993).
In order to better understand Camp Nelson
stratigraphy and compare it with gamma-ray logs
from the unit in the subsurface, an artiﬁcial gammaray log (Fig. 8) was prepared from the core using
techniques outlined by Ettensohn and others (1979).
Core lithologies were also described and compared
with log signature from the core and with the gammaray signatures and lithologies from cores in southwestern Ohio (Stith, 1986).
Stith (1986) divided the Camp Nelson into
four informal units based on gamma-ray signatures,
and these units are apparent in the log from the
Cominco core as well. Stith deﬁned the top of the
Camp Nelson by his bentonite I, and although no discrete bentonite is present in the Cominco core, the top
of the Camp Nelson there is deﬁned by about 10 feet
(639–649 feet) of bluish-gray, argillaceous calcilutite
that registers as a prominent positive deﬂection on
our curve (Fig. 8). The deﬂection is nearly as strong
as two overlying bentonites (Fig. 8) and may reﬂect
the inclusion of argillaceous, bentonitic components
in the limestone. On the outcrop, a similar mudstone
or shale unit is commonly present near the Camp
Nelson–Oregon contact (Ettensohn, 1992b; Ettensohn
and others, 2002b) (Figs. 3–4, 9). The contact can also
be distinguished by the change from generally white,
burrow-mottled calcilutites in the Camp Nelson to
color-mottled, yellowish-gray dolosiltites (Fig. 10)
that generally lack burrows, and the contact is very
sharp in the core (Fig. 9).
Stith’s “upper unit” is represented in the core
by yellowish-gray calcilutites and ﬁne-grained calcarenites with laminae and abundant burrow mottling
in the 649–739 foot interval (Plate 1, nos. 1 and 2).
The interval is represented on the log by an interval
of less radioactive deﬂections that indicate a lesser
contribution of argillaceous material. The base of this
unit is deﬁned by the prominent white marker or M
bed (733–739 feet; Plate 1, no. 2), which is present
on the outcrop (Figs. 3, 5), in the core (Fig. 6), and in
the mine (Fig. 11). An argillaceous unit in the middle

(700–709 feet) may be Stith’s “Gant” or bentonite II,
and may be equivalent to the prominent shale break
noted by Ettensohn (1992b) above the white marker
bed (Fig. 3). The presence of chert nodules in the core
at 709 feet (Fig. 12) may reﬂect the bentonitic nature
of the overlying argillaceous carbonates and the fact
the silica was transported downward and deposited
just below the unit as noted by Ettensohn (1992a) on
exposures.
Underlying the white marker bed is Stith’s
“upper argillaceous unit,” which is represented in
the core by the more radioactive interval from 739 to
835 feet. In the core, this unit is composed largely of
light to dark brownish-gray, ﬁne-grained, argillaceous
calcarenites (Plate 1, no. 4) and calcilutites (Plate 1,
no. 3) with shaly laminae and ﬂaser beds. The darker
color of these limestones (Plate 1, nos. 3 and 4) no
doubt reﬂects the presence of a greater argillaceous
component.
The upper argillaceous unit is underlain by
Stith’s “Carntown unit,” an interval of relatively pure,
white calcilutites with light brownish-gray burrow
mottles (Plate 2, nos. 5 and 6), which registers on
gamma-ray proﬁle as a series of negative deﬂections
from 835 to 943 feet (Fig. 8). The white coloration
of the unit and negative gamma-ray deﬂections both
reﬂect the relatively pure nature of the carbonates and
general absence of argillaceous and siliceous components. This unit also forms the top of the “Gull River
limestone” of Ohio drillers (Wickstrom, 1996).
The basal unit of the Camp Nelson is the
“lower argillaceous unit” of Stith, and in this core, it
is represented by an interval (943–999 feet) of massive to laminated, light bluish-gray calcilutites (Plate
2, no. 7) with cyclic interbeds of light gray bird’s-eye
calcilutite and greenish-gray, silty dolosiltites; it is
represented by the series positive (more radioactive)
deﬂections at the base of the unit (Fig. 8). The contact
with the underlying Wells Creek Formation at 999 feet
is sharp but apparently overall gradational (Fig. 13).
The upper part of the Wells Creek Formation
in the core is composed of dark greenish-gray, argillaceous, quartzose siltstones alternating with yellowishgray, laminated dolosiltites. Like the overlying Camp
Nelson, the Wells Creek is represented by a series
of shallowing-upward cycles, with the muddy, dark
greenish-gray siltstones representing basal transgres-
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Figure 1. Camp Nelson bedding-plane surface showing
grayish-orange, dolomitic burrow mottling in brownish-gray
calcilutite or micritic limestone.

Figure 11. “White marker” or “M” bed near the base of a
drift in the Carmeuse Mine. Note the sharp contact with
overlying brownish-gray calcilutites and the bird’s-eyes in
the marker bed.

Figure 6. Position of the
“white marker” or “M” bed in
the Cominco core.
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Figure 10. Typical grayish-orange dolosiltites with bluishgray color mottling from the Oregon Formation in the
Cominco core.

Figure 9. Camp Nelson–Oregon contact and the overlying, dark
argillaceous calcilutites in the Cominco core. The prominent
bluish-gray color mottling deﬁnes the beginning of the Oregon
Formation.

Figure 12. Chert nodules in the Cominco core below an
argillaceous unit in the core that may represent Stith’s
(1986) bentonite II.
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Figure 13. Sharp contact between the Wells Creek and Camp
Nelson formations in the Cominco core.

Figure 14. Typical cyclic Wells Creek lithologies from the
Cominco core. Dark greenish-gray units represent the basal,
transgressive parts of each cycle.
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Figure 15. Schematic drawing of the extensive Black River
platform across Kentucky parts of which the Camp Nelson
limestones were deposited.

Figure 16. Schematic drawing of east-central United
States after the collapse of the Black River Platform and
differentiation of the cratonic area into platforms and
troughs.
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Figure 3. Stratigraphy of the Camp Nelson Limestone.
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Figure 4. Mudstone/shale unit in the upper part of the Camp
Nelson; probably equivalent to Stith’s (1986) bentonite I;
Camp Nelson, Ky.

Economic Aspects

Figure 2. Typical honeycomb weathering in the Camp
Nelson; Camp Nelson, Ky.

sive parts of each cycle (Fig. 14). The dark basal parts
of each cycle are also commonly intensely burrowed
(Plate 2, no. 8).

Figure 5. The “white marker” or “M” bed that occurs at the
base of Stith’s (1986) upper unit; Camp Nelson, Ky.

Most of the Camp Nelson mined in central
and northern Kentucky is used for industrial, construction, and agricultural purposes (Dever and others, 1994; Anderson and Barron, 1995). Low-silica,
carbonate rock dust is used for explosion abatement
in underground coal mines. These carbonates are also
used as construction stone, spoil-bank reclamation,
and acid-mine-drainage neutralization. It is also used
to reduce sulfur dioxide emissions from coal-burning
power plants in ﬂuidized-bed-combustion and ﬂuegas-desulfurization processes. In particular, chemically pure limestones are used for production of lime,
portland cement, agricultural lime, ﬂux for steel and
other metallurgical industries, and fertilizer ﬁllers.
Many of these uses require low-silica compositions,
and hence, limestones in the Carntown and upper
units are preferentially selected, while argillaceous
and bentonitic carbonates from the lower, middle, and
upper parts of the unit are avoided (Dever and others,
1994; Anderson and Barron, 1995).
In southern and central Kentucky, the Camp
Nelson and its equivalents locally contain fracturedcarbonate reservoirs with oil and gas (Wickstrom,
1996). Much of the fracturing is thought to be related
to reactivation of deep structures, and the fracturing
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Figure 7. Structure-contour map on top of the Camp Nelson and map showing the location of the Carmeuse Mine and
Cominco core in Mason County, relative to regional structures. Modiﬁed from Potter (1993).

is commonly associated with secondary dolomitization. According to Wickstrom (1996), production is
especially prevalent in clean, fractured micrites from
the Gull River interval, which are bounded above and
below by argillaceous zones.

Depositional Environments

The rocks of the High Bridge Group, including the Camp Nelson Formation, were deposited on
east-central parts of a continent, now called Laurentia,
during waning phases of the Blountian tectophase,
an early phase of the Taconian Orogeny (Ettensohn,
1991, 1994). As is typical during ﬁnal phases of
orogeny, the adjacent foreland basin ﬁlled with sediments, giving rise to an overall shallowing-upward,
regressive regime that prevailed throughout the basin
and adjacent parts of the craton (Ettensohn, 1991,
1994). The High Bridge Group and many other very
similarly appearing Blackriverian rocks from New
York to Tennessee were deposited during this time
across an extensive, shallow, carbonate platform in
east-central United States (Fig. 15) called the Black
River Platform (Keith, 1989; Ettensohn and others,
2002a). Environments across the platform represented
very shallow-subtidal to peritidal conditions, probably

no deeper than 60 feet (18 m) deep, and because of
its shallow nature and distance from the open ocean,
much of the time the platform would have acted as a
restricted platform or shelf lagoon like the Bahamian
Platform today (e.g., Newell and others, 1959; Purdy,
1963a, b). Although mixed clastics and carbonates
predominate in equivalent units near the tectonic highlands (Fig. 15), away from the highlands, subtropical
carbonate, pelletal muds become dominant across
the platform because of its former presence at about
25º south latitude (Scotese, 1997) in the evaporative
trade-wind belt where such carbonates are formed
in abundance (e.g., Lees, 1975). Although carbonate
muds and pelletal muds are the preeminent sediments
throughout the High Bridge Group, the environments
in which they were deposited changed in a systematic
way upward in section from shallow, open-marine to
transitional and ﬁnally to intertidal.
The Camp Nelson Formation reﬂects the
early, shallow open-marine part of the High Bridge
Group and is speciﬁcally interpreted to represent a
shallow-ramp, somewhat restricted, platform-lagoonal
environment like most of the Bahamian Platform
lagoon today (Newell and others, 1959; Purdy, 1963a,
b). Such an environment typically exhibits heavily

1979, Use of scintillometer and gamma-ray logs for

Tyrone Fm

Stith (1986) units
Tyrone Fm
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Oregon Fm

?

bentonite I

4
5

white marker bed
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Carntown unit
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Figure 8. Artiﬁcial gamma-ray log made from the Cominco core showing lithostratigraphic units and Stith’s (1986) informal units
in the Camp Nelson. Numbers on log: 1. Pencil Cave bentonite at 525 ft; 2. unnamed bentonite; 3. argillaceous unit at top of
Camp Nelson; equivalent to Stith’s (1986) bentonite I; 4. Stith’s Gant on bentonite II; 5. top of white marker bed; 6. base of
white marker bed; 7. 4 ft of core missing; 8. Camp Nelson–Wells Creek contact.
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burrowed, pelletal muds. The muds are commonly
produced by the disaggregation of calcareous green
algae, pelletized as they pass through the guts of burrowers, and redistributed across the lagoon and onto
adjacent tidal ﬂats by storms and tides (Shinn and
others, 1969). So the Camp Nelson platform lagoon
may have similarly provided pelletal muds for the
Oregon and Tyrone tidal ﬂats, and it is possible that
colonies of the coral Tetradium acted as bafﬂes to trap
the sediment in the shallow waters on and near the
tidal ﬂats (Walker, 1973; Kuhnhenn and others, 1981).
The dolomitic mottling that is so common reﬂects the
abundant bioturbation that was present in the Camp
Nelson carbonate muds, and this bioturbation apparently provided zones of permeability for dolomitizing solutions during later diagenesis (Fisher, 1970b).
The extensive, shallow waters of the platform lagoon
probably limited exchange with waters from more
open-marine settings, meaning that the lagoon may
have become hypo- or hypersaline at times, and this
may account for the restricted nature of the fauna
(mollusks, ostracods, corals, and burrowing worms)
throughout most of the unit. However, open-marine
fauna may be found in the calcarenites and breccias at
the base of the cycles, which probably represent major
storms or local transgressive incursions that brought
with them open-marine waters and fauna. In contrast,
some of the thicker shale beds and argillaceous zones,
commonly with more diverse marine faunas, probably represent regional transgressions with tectonic or
eustatic origins.
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Figure 22. Measured section of Route 3071 outcrop,
near Maysville, Kentucky. See p. 12 for general legend to stratigraphic sections.

Reprinted from Algeo and Brett (1999) with the permission of the Kentucky Geological Survey. See page
36 for reference to Algeo and Brett (1999).
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Introduction

The upper Fairview Formation of the Rte. 11
cut preserves remarkable evidence for synsedimentary
deformation that are interpreted as seismites (Schumacher, 2001; McLaughlin and Brett, 2004). Not only
does this exposure yield evidence for deformation of
beds at or near the seaﬂoor, certain aspects of the deformed beds point to “paleothixotropy”; i.e., that the
muds behave initially as semisolids and subsequently
became liqueﬁed. This observation, in turn, sheds
light on the origin of the deformation.

Description of Deformed Beds

While deformed beds have long been recognized in the rock record, only recently have such
features been interpreted as being seismically induced
(see McLaughlin and Brett, 2006, and references
therein). This study focuses on such beds in the upper
Fairview Formation (Upper Ordovician: Maysvillian) near Maysville, Ky. (Figs. 1A, B). The deformed
layers consist of plastically deformed ball-and-pillow
masses of laminated silt to ﬁne calcarenite, up to 2 m
across that show extreme deformation with upturned
to overturned laminae, separated by tongues or diapirs
of clay (Fig. 1C). Deformed horizons pass laterally
into undeformed intervals of laminated siltstone and
shale. Deformation appears to be especially concentrated in areas of originally thickened silt. In some
instances these are clearly channel ﬁlls; sharp lateral
boundaries of channel sides truncate older, undeformed tabular beds of siltstone, calcarenite, and shale
(Fig. 1C). All of the deformed horizons appear to be
sharply overlain by bundles of ﬁne-grained to shelly
skeletal pack- and grainstone (Figs. 1C, D). These
limestones may rest sharply upon truncated upturned
laminae of deformed siltstones and, in turn, they are

overlain by intervals of shale. In addition, at least
one horizon shows a calcarenite/packstone bed up to
30 cm thick, which is locally broken into blocks that
have been slightly rotated from original burial attitude
(Fig. 1D).
Well-preserved examples of pillows fallen
from the outcrop are available intermittently in the
ditches and in a cutting on a small side road that turns
off Rte. 11 opposite the main exposures. In several
cases, undersurfaces of deformed siltstone masses
display deformed sole features; these include distorted
burrow molds and tool marks, as well as reticulate
patterns of apparent tension fractures. The trace
fossils are small, sharply incised, tubular burrows
(Planolites) up to 10 cm long (Fig. 2). These burrows
show varying degrees of deformation from simple,
undistorted molds to highly deformed examples that
are stretched around the curving contours of the pillows. Likewise, prod and other tool marks on pillow
undersides show distortion. In places, pillows also
display a ropy surface pattern that appears to be associated with ﬂow of the silt during deformation. This
pattern overprints sole marks in places and probably
has eradicated some.
In addition to sharp sole marks, the bases of
the pillows also display reticulate tension fractures.
These form rhombohedral patterns a few centimeters
across on the basal surfaces, which are inﬁlled with
silt matrix.
One horizon in the Rte. 11 roadcut shows
examples of broken and tilted blocks of ﬁne-grained
grainstone (calcarenite)/packstone up to 70 cm long
(Fig. 1D). These blocks are partially embedded in a
clay matrix such that they can be exposed. Surfaces
of these blocks show lamination weathered/eroded
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Figure 2: The undersurface of a deformed siltstone bed displaying both deformed sole features and distorted burrow molds
(Planolites), suggesting the sea ﬂoor was ﬁrm enough to preserve such features yet still able to behave plastically during
deformation events.

out in relief as slight ridges. Blocks rest on a sharp,
irregular encrusted hardground with a relief of up to
20 cm. The upper portions of this limestone appear to
be similar in lithology to the blocks. Certain blocks,
and the hardground itself, are encrusted by bryozoans,
especially mat-like treptostomes and the large, ﬁbrous
holdfasts of ptilodictyid cryptostomes. The entire
hardground and the blocks are covered and surrounded by soft clay-shale.

Interpretations of Process

Sole features demonstrate the ﬁrm consistency of the muds at and perhaps somewhat after the
time of deposition. This is signiﬁcant as the muds that
originally underlay the siltstones were subsequently
deformed and locally injected upward between the

pillows to form mud diapirs (ﬂame structures). Thus,
evidence that the muds were initially ﬁrm, and even
perhaps overcompacted, and yet subsequently became
liqueﬁed enough to ﬂow, indicates that these muds
were thixotropic.
Evidently, the erosive scour, associated with
the initial deposition of the silt layers, did not produce
liqueﬁcation of those muds. Removal of up to a meter
of sediment in channels indicates that the channel
bases should have been incised into overcompacted
muds. Their subsequent liquefaction presumably required a strong disturbance: we postulate that seismic
shaking provided the necessary vibration to liquefy
the muds. At least one of the mud layers weathers
as a sticky clay, suggesting the presence of smectite;
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bentonitic composition may have played an important
role in the thixotropic character of the muds.
The reticulate fracture structures are either a
form of syneresis or perhaps were formed and inﬁlled
with silt during the initial shocking of the sediments.
In the latter case, it is difﬁcult to understand how the
sharp form of the fracture ﬁlls was maintained during
deformation if the subjacent mud was liqueﬁed; to a
lesser extent this is also an issue with preservation of
sharp sole marks, although the sediment in the latter
could have undergone incipient cementation prior to
the deformation. One possibility is that the mud surface was stabilized with biomats prior to silt deposition and these helped to hold sediments in place (A.
Seilacher, personal comm., 2007).
The tops of the pillows appear sharply truncated in several cases where they are abruptly overlain
by undeformed beds of skeletal debris, including brachiopod valves and fragmentary bryozoans. The latter
are apparently time-averaged accumulations, and they
represent pauses in sedimentation following deposition and deformation of the silt beds.
It is evident that the deformed silt beds were
eroded to nearly planar surfaces during these intervals. In rare cases examples of the peculiar “runzel
mark” structure, Kinneyia, have been observed on upper truncated surfaces of the pillows. Such markings
have been attributed to gas bubbles trapped between a
sediment surface and a biomat (Pﬂueger, 1999). Thus,
possibly mats of microbes were developed at times on
the upper surfaces of the deformed sediments.
It is also clear that episodes of deformation
produced not only ball-and-pillow type deformation
but also brittle fracture of more indurated sediments.
The blocks associated with a cemented calcarenite
(ﬁne-grained grainstone) above the middle ball-andpillow deformed interval were apparently broken and
slightly rotated. Their external surfaces show coarser
skeletal layers in relief, while ﬁner silt laminae are recessive as in modern weathered surfaces of laminated
limestones. It is evident, however, that this weathering
must have occurred in a submarine environment as the
etched-out laminae are overgrown by encrusting bryozoans. What is most remarkable is that these bryozoans occur on all sides of the blocks and overgrow the
weathered laminated surfaces of their broken lateral

edges. This implies that, following a period of partial cementation, the blocks were broken and rotated
somewhat, presumably by seismic shocks. Submarine
erosion exposed the blocks, and their surfaces underwent a period of weathering-corrosion. The blocks
must have been exposed as hardgrounds for substantial periods on the seaﬂoor, as they were subject to
colonization by encrusters. In places the blocks must
even have been undercut, as bryozoan colonies sweep
around from the upper to lower surfaces. Evidently,
the blocks lay loose on a hard pavement during an interval of sediment starvation. Subsequently, the blocks
and the hardground itself were buried by clay-rich
sediments.

Summary and Environmental
Implications

Synopsis of evidence for sedimentation,
erosion, and paleothixotropy helps to elucidate the
mechanism of deformation. Evidently, deposition
of the upper Fairview pulses of mud sedimentation
alternated with abrupt inﬂuxes of laminated silt, some
of which appear to have been carried and deposited
in submarine, storm-scour channels, as evidenced by
the lense-like shape of such beds. Loading of this silt
was not initially sufﬁcient to cause deformation of the
underlying muds, and indeed those muds were ﬁrm
enough during deposition to sustain sharp scour marks
and preserve burrows. The stacking of these denser
siliciclastic and carbonate silt and sand on muds set
up a density inversion that was potentially unstable.
In the face of subsequent major seismic shocks the
thixotropic mud supporting the heavier silt became
liqueﬁed and, particularly in areas of heavy loading,
such as storm surge channels, this led to failure of the
muds and their injection upward as local diapirs while
the silt and sand beds foundered. Depending upon
their consistency, these sediments either deformed
plastically, if in a semi-indurated, state, or brittlely if
in an indurated condition. The set-up for deformation
occurred repeatedly in small-scale cycles during minor episodes of greatly increased sedimentation when
the silt layers were deposited rapidly. We suggest that
these record falling stages or regressions. These were
followed by intervals of relative quiescence and sediment starvation and/or winnowing, possibly during
minor transgressions. At these times the deformed
beds were exposed on the seaﬂoor, physically eroded
and truncated, and ﬁnally covered by time-averaged
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skeletal debris. In the case of indurated hardground
blocks, these remained more stably on the seaﬂoor
and were exposed to encrustation during the sediment-starved intervals. Finally, as siliciclastic sedimentation resumed, the eroded seaﬂoors were blanketed by muds.
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John Filson was a pioneer and explorer, born in Chester County, Pa., in 1747. He purchased a
one-third interest in the site of Cincinnati, which was later called Losantiville. While exploring the area
in 1788, he disappeared and was reported killed by hostile Indians.
The entire map made in 1793 has been reproduced by the Kentucky Geological Survey to
accompany “John Filson of Kentucke” by John Walton, published by the University of Kentucky Press,
1956. A copy is stored in the Map and Archive Library, M.I. King Library, University of Kentucky,
Lexington, Ky.
It can also be viewed at www.goldbug.com/digitalmaps.html.

