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SURFACE GEOLOGY OF THE JEPTHA KNOB CRYPTOEXPLOSION STRUCTURE,
SHELBY COUNTY, KENTUCKY

By EARLE R. CRESSMAN

ABSTRACT

The Jeptha Knob crytoexplosion structure, deseribed by
Bucher in 1925, was remapped in 1973 as part of the U.S.
Geological Survey and the Kentucky Geological Survey coop-
erative mapping program. The knob is in the western part
of the Blue Grass region. Hilltops in the rolling farmland
adjacent to the knob are underlain by the nearly flat-lying
Grant Lake and Calloway Creek Limestones of middle Late
Ordovician age, and the valleys are cut in interbedded lime-
stone and shale of the Clays Ferry Formation of late Middle
and early Late Ordovician age. Precambrian basement is
estimated to be 4,000 ft below the surface. The mapped area
is 50 miles west of the crest of the Cincinnati arch; the
regional dip is westward 16 ft per mile. The 38th parallel
lineament is 50 miles to the south.

The structure, about 14,000 ft in diameter, consists of a
central area 6,300 ft in diameter of uplifted Clays Ferry
Formation surrounded by a belt of annular faults that are
divided into segments by radial faults.

The gross structure of the Clays Ferry Formation is that
of a broad dome, but some evidence indicates that, in detail,
the beds are complexly folded. The limestone of the Clays
Ferry is brecciated and infiltrated by limonite, The breccia-
tion is confined to single beds, and there is no mixing of
fragments from different beds. A small plug of the Logana
Member of the Lexington Limestone (Middle Ordovician) has
been upfaulted at least 700 ft and emplaced within the Clays
Ferry. The central uplift is separated by high-angle and, in
places, reverse faults from the belt of annular faulting.

The concentric faults in the zone of annular faults are
extensional, and the general aspect is of collapse and inward
movement. Lenses of breccia are present along many of the
concentric faults, but not along the radial faults. At least
some of the breccia was injected from below. The youngest
beds involved in the faulting are in the Bardstown Member
of the Drakes Formation of late Late Ordovician age.

The faulted and brecciated beds are overlain by nearly
horizontal dolomite and shale of Early and Middle Silurian
age. The basal 5 ft of the oldest Silurian unit, the Brassfield
Formation, contains calcarenite and calcirudite composed, in
large part, of locally derived fragments from the Upper
Ordovician formations.

The Jeptha Knob structure was formed in latest Late
Ordovician or earliest Early Silurian time. At the time of
formation, the area was either very slightly above or very

slightly below sea level; the sediments were already largely
indurated. At the onset of Silurian deposition, the area of the
central uplift was probably a broad shallow depression not
more than about 15 ft deep, possibly surrounded by a rim of
Upper Ordovician rocks or rock fragments.

The origin of the Jeptha Knob structure cannot be deter-
mined from the available data. Shatter cones and coesite,
considered by many to be definitive criteria for origin by
impact, have not been found. On the other hand, geophysical
studies indicate that there is no coincident uplift of the base-
ment, and there is no certain relation of Jeptha Knob to any
obvious structural trend.

INTRODUCTION

The peculiar circular structure of Jeptha Knob,
Shelby County, Ky., was described in a paper by
Walter H. Bucher in 1925. Bucher (1925, p. 227)
interpreted the structure as being the result of the
rise of a column of rock, driven by an unknown force
of deep-seated volcanic origin, and applied the term
“cryptovolecanic,” originally coined by Branca and
Frass (1905) for the Steinheim basin of southern
Germany. Subsequently, Bucher (1933) applied the
cryptovolcanic hypothesis to other similar features
in the United States and proposed that the driving
force was a sudden release of pent-up volcanic
gases.

In 1936, Boon and Albritton suggested that some
of the “cryptovolcanic” features described by Bucher
might have resulted from meteorite impact, but at
that time there were no known definitive criteria for
impact origin. More than two decades later, Dietz
(1959) suggested that shatter cones were diagnostic
of impact. He based his opinion on the observation
that shatter cones were known from “cryptovolcanic”
structures, but were completely absent from rocks
known to have been subjected to volcanic explosion.
He also believed that phreatic explosions were of
inadequate force to produce the cones. In the same
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paper, Dietz (1959) proposed that the term “crypto-
explosion” be used rather than “cryptovolecanic,”
because it was less specific genetically. Subsequent
studies of cryptoexplosion structures by different
workers showed that if the deformed beds are ro-
tated to their prestructure configuration, the shatter
cones commonly point upward and inward, an orien-
tation consistent with an origin by impact from
above but difficult to explain by an explosive force
from below (Wilshire and others, 1972, p. H26).
More recently, Roddy and Davis (1977) showed
both by experiment and by theoretical considerations
that pressures of 20-60 kbar are required for the
formation of shatter cones; they noted that no known
endogenic process can produce pressures of this mag-
nitude in near-surface rocks, and nearly all workers
now consider shatter cones as definitive evidence of
impact (Milton, 1977, p. 703). Beginning in the late
1950’s, studies of known and suspected impact struc-
tures have revealed that many contain fused glass,
disordered minerals, coesite and stishovite (high-
pressure polymorphs of silica), and basal deforma-
tion laméllae in quartz (Short and Bunch, 1968); all
these features again indicate pressures that could
be attained in near-surface rocks only by impact.

Thus, evidence accumulated that many “‘cryptovol-
canic” structures were most probably of impact
origin. Bucher, however, maintained to the end of
his career that most of the structures were crypto-
volcanic (Bucher, 1963), and his views were sup-
ported by others, including Amstutz (1964), Snyder
and Gerdemann (1965), and Nicolaysen (1972).
Their arguments were based mostly on evidence for
structural control of the location of the features.

Although many other cryptoexplosion structures
have been investigated intensively in the last quarter
of a century, little additional work has been pub-
lished on Jeptha Knob, which had originally stimu-
lated Bucher’s interest. Jillson (1962) described
some faults on the southern periphery of the struec-
ture that were newly exposed by roadcuts along
Interstate Highway 64, and Seeger (1968) conducted
a gravity and magnetic study, but until recently the
only geologic map available has been the one orig-
inally published by Bucher.

In 1973, I mapped Jeptha Knob at a scale of
1:24,000 as part of the cooperative mapping pro-
gram of the U.S. Geological Survey and the Kentucky
Geological Survey; about two-thirds of the structure
is in the Waddy 7l4-min quadrangle and one-third
in the Shelbyville 7l4-min quadrangle. Geologic
maps of both quadrangles are published as U.S.
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Geological Survey Geologic Quadrangle Maps (Cress-
man, 1975a, b). The purpose of this report is to
offer observations on the surface geology that could
not be presented in the format of the Geologic
Quadrangle Map series and to discuss their implica-
tions concerning the origin of the structure. I have
not made an exhaustive search of the literature, and
the discussion of the origin is cursory. The paper is
published chiefly with the hope that others involved
more directly with the study of cryptoexplosion and
impact structures will find the deseription useful.

REGIONAL SETTING

Jeptha Knob is in Shelby County, west-central
Kentucky, about 5 miles east-southeast of Shelby-
ville, between U.S. Highway 60 on the north and
Interstate Highway 64 on the south. Physiographi-
cally, the area is in the western part of the Blue
Grass region, which is nearly coextensive with the
area of outcrop of Ordovician rocks in central
Kentucky. The surrounding country consists of
gently rolling farmland where hilltops are at alti-
tudes of 800 to 850 ft; the hilltops are underlain by
limestone of Maysvillian (middle Late Ordovician)
Age, and the valleys are eroded in interbedded lime-
stone and shale of Edenian (early Late Ordovician)
Age. Jeptha Knob is mostly wooded and rises well
above the surrounding countryside to an altitude of
1,188 ft; it is a conspicuous topographic feature,
particularly where viewed from the west.

In 1922, when Bucher mapped the knob, much of
it was cleared and farmed. Since then, most of the
farms have been abandoned, and forests now cover
the slopes. As a result, some of the features described
and illustrated by Bucher in his report of 1925 can
no longer be observed.

Jeptha Knob is on the west flank of the Cincinnati
arch about 50 miles west of the crest; exclusive of
the disturbed area, the beds across the Waddy and
Shelbyville quadrangles dip westward an average of
about 16 ft per mile. The 38th-parallel lineament of
Heyl (1972) is nearly 50 miles to the south (fig. 1).
Heyl described the 38th-parallel lineament as con-
sisting of a zone of faults and intrusions that ex-
tends from northeast Virginia to south-central Mis-
souri. In Missouri, Heyl defined the lineament in
part by the westward alinement of the Crooked
Creek, Decaturville, and Weaubleau Creek crypto-
explosion structures, but Jeptha Knob is too distant
from the lineament to be considered part of it or to
have any obvious genetic relation to it.
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FIGURE 1.—Map showing structural features of Kentucky and parts of adjacent States. Structure in central Kentucky from

unpublished compilation by D. F. B. Black; rest of map from Tectonic Map of the United States (U.S. Geological Sur-
vey and American Association of Petroleum Geologists, 1961).

Of the cryptoexplosion structures shown, Middlesboro (Dietz, 1966), Flynn Creek (Roddy, 1968), Wells Creek
(Wilson and others, 1968), and Serpent Mound (Dietz, 1960) contain shatter cones and are probably of impact origin.

Jeptha Knob is approximately in line with, but
12 miles northwest of a zone of en echelon faults
that extends north-northwest from the intersection
of the Kentucky River and Irvine-Paint Creek fault
zones (fig. 1; Black and others, 1976). Northwest of
Jeptha Knob, D. F. B. Black (written commun.,
1978) has found evidence of a lineament, defined by
a monoclinal fold, a few short faults, and small struc-
tural basins, that has the same strike and is in line
with the zone of en echelon faults. These features are
depicted on an excellent structural map compiled by
Black (1978). Black concluded that the lineament

and the en echelon fault zone are the surface expres-
sion of a wrench fault in the basement that passes
very near, if not beneath, Jeptha Knob. The evidence
cited by Black for the existence of the lineament
northwest of Jepth Knob is suggestive but not con-
clusive; the monoclinal fold is gentle and inconspicu-
ous, the faults are short and widely spaced, and the
structural basins are small.

Major faulting in central Kentucky took place in
the Precambrian, in the Early and Middle Cambrian
(Webb, 1969), between the Middle Silurian and
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Middle Devonian (Simmons, 1966), and probably at

the end of the Paleozoic. The two main periods of
doming along the Cincinnati arch were in post-
Middle Silurian and pre-Middle Devonian time and
at the time of the Appalachian orogeny (McFarlan,
1943, p. 132).

Regional gravity and magnetic maps (Watkins,
1963; Zietz and others, 1968) show no unique fea-
tures in the area of the knob. Similarly, more de-
tailed gravity and aeromagnetic maps of central
Kentucky (Black and others, 1976) show no pe-

culiarities in the vicinity.

GROUP, FORMATION, MEMBER

. THICKNESS,
SYSTEM SERIES | Heavy line to left of column marks IN FEET DESCRIPTION
units that crop out in structure
Louisville Limestone Concealed by soil and chert residuum.
Middle Waldron Shale 75 Presence inferred from fossils identified
Laurel Dolomite in residuum (Foerste, 1931, p. 182) and
Osgood Formation from thickness of interval
SILURIAN Finely crystalline calcareous dolomite;
contains abundant small vugs; angular
fragments of very finely crystalline
. . dolomite present in some beds; basal 3
Lower Brassfield Formation 8 to 6 ft. in several localities is calcarenite
and calcirudite consisting largely of
fragments reworked from Upper
Ordovician formations
UNCONFORMITY- Tded o I
3 - - "
Drakes Bardstown Member 25-50 Nc;:‘ga;hgfe ed fossiliferous fimestone
Formation Rowland Member 50 Argillaceous, dolomitic limestone
. Nodular-bedded fossiliferous limestone
Upper Grant Lake Limestone 140 and shale
Fossiliferous limestone and minor
Calloway Creek Limestone 60 interbedded shale; 6-8 ft. thick
calcarenite at top
, Clays Ferry Formation 300 Interbedded limestone and shale
' Fossiliferous limestone
ORDOVICIAN _ | Sulphur Well Member Calcilutite
S 2| Perryville Limestone Member Calcarenite
§’ £ | Tanglewood Limestone Member 200 Fossiliferous limestone
= g Grier Limestone Member Brachiopod coquina, calcisiltite, and
) 2 5| Logana Member shale; 24-56 ft. above base of
Middle Curdsville Limestone Member formation.
Calcarenite
High 2 Tyrone Limestone 92 Calcilutite
Brli?i e Oregon Formation 24 Finely crystalline dolomite
GroS Camp Nelson Limestone 385 Calcilutite and dolomite
p “Wells Creek Dolomite’’ 90 Argillaceous dolomite
Cower UNCONFORMITY:- Firal I m
Knox Group® 2000 inely to. coarsely crystalline vuggy
dolomite
CAMBRIAN Conasauga qumation‘ Limestone apd shale
Rome Formation* 51200 Shale and siltstone

Basal sand

Sandstone

PRECAMBRIAN

UNCONFORMITY-

'Thickness and presence of members based on regional thickness and facies trends
2'Wells Creek Dolomite” is a driller’s term. Thicknesses from Stoll Oil Refining Company
No. 1 Whittaker well (Freeman, 1953, p. 280)

*Thickness from isopach map of Knox Group, McGuire and Howell, 1963, p. 4-17

“As used by McGuire and Howell, 1963, p. 2-2
*Thickness of pre-Knox Cambrian inferred from depth to basement—
as shown by Bayley and Muehiberger, 1968

F1GURE 2.—Stratigraphic section at Jeptha Knob.
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Brassfield Formation at several localities, and as-
suming that the calcirudite and calcarenite were
basin fill, the topographic depression throughout the
area of the central uplift was about 15 ft.

The gross structure of the central uplift is that
of a broad dome, but the variable dips noted by
Bucher (1925, p. 218) suggest that the structure is
complex in detail, and I suspect that it is similar to
the intricately folded and faulted but broadly domal
core uplift of the Sierra Madera impact structure of
Texas (Wilshire and others, 1972, pl. 4). The strue-
ture also seems similar to that of the central uplift
of the Decaturville impact structure where the for-
mations are intricafely deformed in detail, but as
whole units they have relatively gentle dips off the
dome (Offield and Pohn, 1977, p. 328). The twinning
and fracturing of calcite in the breccia might be an
indication of shock metamorphism (Short, 1968, p.
238), but according to W. C. MacQuown (oral
commun., 1974), of the Department of Geology, Uni-
versity of Kentucky, who has examined thin sections
from both areas, twinning is considerably less com-
mon in the breccia of Jeptha Knob than in limestone
adjacent to faults of the Kentucky River fault zone.

The annular faults are extensional, and the breccia
pods along the faults were, to some extent, injected
from below. Wilson and others (1968, p. 95) have
shown, in an elegant analysis, that fault blocks in
the annular ring at the Wells Creek structure have
moved both downward and inward. The map pattern
of Jeptha Knob is too irregular to allow the use of
their procedure, but because it bears enough simi-
larity to the pattern at Wells Creek, their conclusions
probably apply.

Little can be said with confidence about the sub-
surface structure beyond Seeger’s (1968) conclusion
from his gravity and magnetic surveys that the base-
ment is not uplifted. Even the shallow structure
shown in the structure sections could be interpreted
differently. The lack of fragments in the breccia pods
from formations below the Calloway Creek Lime-
stone might be taken as evidence that the annular
faults do not extend deeper than the Clays Ferry
Formation, and on that assumption, sections very
different in appearance from those in figure 3 could
be constructed. Only by drilling can the correct inter-
pretation be determined.

Two exploration wells for oil and gas were drilled
within the structure in 1924 and 1925, both to depths
of about 950 ft (McGuire and Howell, 1963, p. A9);
the wells were dry. One well was reportedly near
the southwest margin of the structure where it is
crossed by Interstate Highway 64; the other was in
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the central uplift in the valley of Britton Run. How-
ever, locations given for old wells are notoriously in-
accurate. Drillers’ logs, the only information avail-
able, were published by Seeger (1968) and are in-
adequate to determine what stratigraphic units are
present. Seeger noted that red beds were described
in both wells at about the same altitude—about 100
ft above sea level—and therefore concluded that de-
formation was limited to near-surface rocks. How-
ever, no red beds have been reported from the Cam-
brian and Lower and Middle Ordovician section in
Kentucky, and the red units reported in the logs
might be taken as evidence that alteration, and thus
faulting, extends to 900 Tt below the surface. A more
probable conclusion is that the drillers’ logs are in-
accurate,

Most geologists on reviewing the evidence would
probably conclude, as did Seeger (1968), that the
Jeptha Knob structure was of impact origin. The
impact hypothesis satisfactorily explains the intense
localization of the deformation, the absence of base-
ment uplift and of intrusive rocks, and the lack of
any certain relation to well-defined structural trends
in either the surface rocks or the basement. Further-
more, Jeptha Knob is similar in gross structure and
in the nature of brecciation to other cryptoexplosion
features that contain shatter cones, coesite, and
other products of shock matamorphism indicative of
impact. Jeptha Knob also shows many similarities
to explosion craters produced experimentally to sim-
ulate the conditions of impact (Roddy, 1976, 1977).
Nevertheless, for reasons discussed in the following
paragraphs, I do not believe that an impact origin
can be accepted without reservation.

No evidence at Jeptha Knob indicates whether the
structure was formed by a single major nearly in-
stantaneous event, as required by the impact hypoth-
esis, or whether it resulted from a series of less
severe events distributed through the several million
years between latest Ordovician time and deposition
of the Brassfield Formation. Furthermore, in the
absence of shatter cones and of severe shock meta-
morphosis, there is no immediately apparent method
for determining whether or not the near-surface pres-
sures were too great to have resulted from endogenic
processes.

Another factor that suggests caution is the pres-
ence elsewhere in the midcontinent of undoubted
endogenic circular structures and clear evidence in
a few localities of explosive voleanic activity. One
such structure is Hicks Dome in southern Illinois.
Hicks Dome is an oval uplift that has a diameter of
about 9 miles and a structural relief of 4,000 ft and
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that is bounded in part by arcuate faults (Baxter
and Desborough, 1965, pl. 1). The dome contains
oval intrusions of kimberlite and pipes of explosion
breccia that contain igneous rock fragments and are
enriched in rare earths, thorium, beryllium, fluorite,
and barite (Heyl, 1972, p. 887). The dome is clearly
of endogenic origin, yet it is not reflected on the
aeromagnetic map of the area (McGinnis and Brad-
bury, 1964, fig. 2); therefore, the lack of any ex-
pression of Jeptha Knob on the aeromagnetic map
of the area (p. 4) cannot be taken as evidence that
no intrusions are present at depth within the struc-
ture. Clearly, however, both in gross structure and in
many of the detailed features, Jeptha Knob more
closely resembles structures of nearly certain impact
origin such as Wells Creek in Tennessee (Wilson
and others, 1968) and Sierra Madera in Texas (Wil-
shire and others, 1972) than it does Hicks Dome,

The structure of Muldraugh Dome in Meade
County, Ky., raises some interesting questions about
whether the impact hypothesis is applicable to all
cryptoexplosion structures. At the surface, limestone
and shale of Osagean and Meramecian age (Early
and Late Mississippian) form an unfaulted dome
about 1.8 miles in diameter that has a structural
relief of about 360 ft. Dips on the flanks are about
5° (Withington and Sable, 1969). Holes drilled for
gas near the apex of the dome reached the base of
the New Albany Shale of Devonian age at a depth of
450 ft (Withington and Sable, 1969), passed through
about 15 ft of Silurian dolomite, and penetrated
brecciated dolomite of the Knox Group of Cambrian
and Ordovician age (Freeman, 1959, p. 38). In the
normal stratigraphic section in that area, the top of
the Knox Groun is 1,560 ft below the base of the
New Albany (McGuire and Howell, 1963, p. AT7).
These data indicate uplift (at least 1,560 ft) and
brecciation of the Knox in Early or Middle Silurian
time, deposition of the uppermost Silurian, Devo-
nian, and Lower Mississippian rocks, and doming
sometime after the Early Mississippian. Uplift may
also have taken place in Middle Devonian time,
inasmuch as the New Albany Shale is underlain by
limestone of Early and Middle Devonian age in
nearby sections. This series of events seems incom-
patible with an impact origin. However, the sub-
surface geology of this interesting feature is poorly
known, and the extent to which the structure is
analogous to that of Jeptha Knob and other crypto-
explosion structures is uncertain. Muldraugh Dome
certainly deserves more study.

Finally, the evidence that Black (1978; and written
commun., 1978) cited for structural control of the
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location of Jeptha Knob needs to be evaluated, prob-
ably by seismic methods, to determine whether or
not a major basement fault passes beneath the struc-
ture, as suggested by Black.

In summary, the structure of Jeptha Knob is so
similar in gross aspect and in many details to
impact structures elsewhere that meteoroid impact
seems the most likely origin., Nevertheless, enough
unanswered questions remain so that Jeptha Knob
cannot yet be classified with those cryptoexplosion
structures whose origins by impact can be considered
as demonstrated.
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