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DEDICATION

The Jeptha Knob portion of the field trip is dedicated to the memory of Calvin T. Schmidt,
who through the years showed interest in the question of the origin of this structure
and love of the Jeptha Knob area in his publication, “A History of Jeptha Knob,” and
allowed geologists access to his property so that they might pursue an answer.

Obituary from Davidson College:

Calvin Tafel Schmidt '49, of Shelbyville, Ky., died May 22, 2010, at his
home. He was born Oct. 19, 1927, in Shelbyville. He was alifelong resident
of Shelbyville, the son of Frederick and Helen Tafel Schmidt. He was an alumnus
of Davidson, where he was amember of Beta Theta Pi fraternity. He worked for
45 years at the Coca-Cola Bottling Co. of Shelbyville, 35 years as president. He
cofounded Top Star Vending Co. and founded Stowaway, Shelby County’s first
mini-warehouse operation. Schmidt was alongtime leader in the Coca-Cola
Bottlers Association and of the Soft Drink Association. He was atrustee of Burks
Branch Baptist Church and alongtime member of the Juniper Hunting and Fishing
Club and Shelbyville Rotary. He served his community through service on the
boards of Shelbyville School System, United Way, Boy Scouts, Shelby County
Community Theatre, and Jewish Hospital. He was instrumental in documenting
the history of the Juniper Club, and the history of Jeptha's Knobs, and the Clayville
area, where he had afarm. Schmidt was cofounder of a coffee club which met
over many yearsin local restaurants. Woodworking was his lifelong hobby. He
issurvived by hiswife, Yvonne, 98 Wedgewood Dr., Shelbyville KY 40065; his
daughters, Linda DuBourg (Bill) and Carroll Senior (Dale); son Greg Batts
(Paula); seven grandchildren; one great-grandchild. He was preceded in death
by hisfirst wife, Jean Moore Schmidt, and his brother, Craig R. Schmidt *43.
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The Jeptha Knob Cryptoexplosive Structure,
Shelby County, Kentucky

William M. Andrews Jr. and Mark F. Thompson

This field trip is divided into two parts. First, we will examine the geology and geomor-
phology of a suspected impact structure. It will provide opportunities to discuss regional
versus local geology, the effects of impacts on carbonate target rocks, and the geomorphic
evolution of this structure.

A barbecue lunch will be provided by Rick’s White Light Diner, Frankfort, Ky., “The
Finest Dive in America” (just ask Guy Fieri, host of the Food Network’s “Diners, Drive-ins,

and Dives”).

The afternoon portion will be a short drive to outcrops along Ky. 55, around the north
side of Shelbyville. Here we can collect a number of fossil specimens.
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Front of hotel.

Turn right on Corporate
Campus Drive.

Turn right on Hurstbourne
Green.

Turn right on Hurstbourne
Parkway and proceed south
on Hurstbourne Parkway.
Hurstbourne Parkway and
Shelbyville Road (U.S. 60).
Stay on Hurstbourne Park-
way heading south.

Turn left onto entrance ramp
to Interstate 64 East. Proceed
on [-64 East.

Pass by Blankenbaker Park-
way.

Pass by Gene Snyder Free-
way.

Pass by exit 32 (Ky. 55).
Continue on I-64 East to exit
43 (Peytona/Waddy). Turn
left on Ky. 395 (Peytona
Beach Road).

Turn left on U.S. 60.

Turn left on Buzzard Roost
Road.

Stop 1. After sharp right,

turn left into first drive-
way. Bus will back out, turn
around, and head back to

U.S. 60.

14 302 Turn left onto U.S. 60. Pass
through Clay Village.

32 334 Turn left on Ky. 714.

1.5 349 Turn left into Knobs Farm,

Britton Run (just before
Knobs Farm, Britton Run,
is mailbox 1790). This is
stop 1, Jeptha Knob.

Introduction

The following discussion is adapted from
Thompson (2005) and is reproduced with the per-
mission of the American Institute of Professional
Geologists-Kentucky Section.

Many scientists today suspect that the Jep-
tha Knob structure (Fig. 1) is an impact structure.
It is not listed with the more than 170 such places
on Earth because many of the accepted criteria re-
quired to define impact structures have not been
observed at Jeptha Knob. Ever since W.M. Linney
mentioned Jeptha Knob in his 1887 geologic report
(its first appearance in scientific literature), the in-
terpretation of its origin has been a dynamic one,
even to this day.

Jeptha Knob contains an eroded and buried
remnant of a structure that is undergoing a second
cycle of erosion. After deposition and lithification
of the Middle and Late Ordovician shallow ma-
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Figure 1. Geologic map of Jeptha Knob showing local roads and locations of points of interest. Adapted from

Thompson (2005).

rine carbonates, the Jeptha Knob event occurred,
forming a structure that was subjected to subaerial
weathering process during Late Ordovician to Ear-
ly Silurian time. A Silurian transgression resulted
in carbonate deposition (Brassfield Formation),
which buried the structure. Today, within the
second cycle of erosion, much of the Jeptha Knob
structure has been eroded down an additional 220
to 320 feet below the level of the Ordovician-Silu-
rian contact (Fig. 2). As a result of erosion and a
thick soil cover, only sparse rock crops out at Jep-
tha Knob.

The Jeptha Knob structure is a nearly circular
(approximately 3 miles in diameter) area of uplift-
ed, intensely faulted and folded, Middle to Late Or-
dovician, shallow marine carbonate rocks (Fig. 3).

Jeptha Knob is situated about 50 miles west of the
axis of the Cincinnati Arch and nearly 50 miles
north of the 38th Parallel Lineament of Heyl (1972)
(Fig. 4). The photograph in Figure 2 (point of inter-
est 1 on Figure 1) was taken from 3.25 miles east
of the center of the structure. In the distant fore-
ground, 2.5 miles away, is an outer arcuate belt of
knobs (Figs. 2, 5). This eastern arcuate belt is ap-
proximately 1.7 miles long and trends north-south.
Weathering processes on this complexly folded
and faulted structure have characterized this outer
arcuate belt of knobs with a pseudo-flatiron ap-
pearance. The occurrence of resistant rocks of the
Drakes Formation in deeper, downdropped fault
blocks relative to the other surrounding fault blocks
caused the development of this arcuate knob belt.



3 Previous Scientific Investigations

Figure 2. Westward view of Jeptha Knob from 3 miles away. Horizontal line represents the approximate Ordovician-
Silurian contact (world geodetic survey [WGS] 84 datum, N 38.17258716, W —85.05705901, elevation 910 feet).

There may once have been another arcuate belt
of knobs approximately 0.25 mile to the east and
possibly many others throughout Jeptha Knob’s
geomorphic history. An imaginary line drawn in
a horizontal plane and placed just above this outer
belt of knobs represents the approximate Ordovi-
cian-Silurian contact when viewed from this loca-
tion (Fig. 2).

Previous Scientific Investigations

The Jeptha Knob structure was first reported
by William M. Linney (1887) of the Kentucky Geo-
logical Survey. Linney discovered localized fault-
ing in the Jeptha Knob area and suggested that the
structure was produced by localized subsidence
and subsequent infilling of sediment. Walter H.
Bucher (1925) produced the first geologic map of
Jeptha Knob, based primarily on biostratigraphy,
and suggested it had a cryptovolcanic origin. Dur-
ing the construction of Interstate 64 in eastern Shel-
by County, Willard Rouse Jillson (1962) discovered
three previously unmapped faulted disturbances
south of Jeptha Knob.

C. Ronald Seeger (1968) studied Jeptha Knob
and performed geophysical work (gravity and
magnetic surveys). His magnetic survey showed
that a basement counterpart to the Jeptha Knob
structure is unlikely because deformation essen-
tially disappears 700 feet below the present surface
of Jeptha Knob, leaving the crystalline basement
rocks 5,500 feet below the present surface unaf-

fected. From this and many other findings, Seeger
concluded an exogenetic origin for Jeptha Knob,
hypervelocity impact from a bolide being the most
likely mechanism. Seeger (1968) failed to provide
confirming evidence of unquestionable criteria for
his impact hypothesis, however.

Earle R. Cressman (1975a, b) mapped the Jep-
tha Knob structure on the basis of lithostratigraphy
and produced the most detailed geologic maps of
the structure in existence today. His maps show a
cap rock, a central core of uplifted material, and a
belt of faults and a belt of folds. The fault belt con-
sists of radially propagating faults, several listric
normal faults ringing the structure, and three re-
verse faults in contact with the central core of up-
lifted material (Cressman, 1981).

Seeger and others (1985) conducted an iridi-
um survey in the vicinity of Jeptha Knob. They an-
alyzed and compared samples collected from the
highest breccia occurrences at Jeptha Knob, within
the basal Brassfield Formation, along with other
breccias found there. The basal Brassfield Forma-
tion breccias yielded anomalously high levels of
iridium (0.094 to 0.122 ppb). Such small amounts
of iridium may merely represent iridium that fell
upon Earth during Ordovician-Silurian lacunae,
only to be reworked and concentrated in lag de-
posits during Silurian transgression. Nevertheless,
Seeger and others’ (1985) survey may be worthy
of further investigation by incorporating the Silu-
rian rocks, which crop out approximately 19 miles
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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
A Brassfield Formation 1 to 6 ft. in several localities is calcarenite
and calcirudite consisting largely of
fragments reworked from Upper
Ordovician formations
UNCONFORMITY: — -
bk Rardetowrn Marabar 25-50 Nodular-bedded fossiliferous limestone
Formation Rowland Member 8 Shil
50 Argillaceous, dolomitic limestone
; Nodular-bedded fossiliferous limestone
Upper Grant Lake Limestone 140 anil iltaie
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 g Grier Limestone Member Brachiopod coquina, calcisiltite, and
] — 5 | Logana Member shale; 24-56 ft. above base of
Middle Curdsville Limestone Member formation.,
Calcarenite

Figure 3. Stratigraphic section at Jeptha Knob. Thickness and presence of members based on regional thickness

and facies trends. From Cressman (1981).

west, into this survey. Detecting such low levels
of iridium requires advanced techniques, instru-
mentation, and analytical experience, which only
a handful of laboratories worldwide can provide
(Montanari and Koberl, 2000; Koberl, personal
communication, University of Vienna, 2005). Be-
fore his untimely death in 1980, Dr. Seeger was
investigating the possibility that this structure is
the central peak of a much larger complex crater
(Seeger, 1968).

Carbonate Impact Targets

The shock metamorphic effects on sedimen-
tary targets, especially carbonates, are a relatively
new frontier in impact geology. There are no de-
finitive microscopic impact criteria for carbonate
rocks at this time (Bevan M. French, personal com-
munication, Smithsonian Institution, 2005). Much

of today’s impact criteria are derived from studies
performed on targets composed mostly of crystal-
line rocks (e.g., Sudbury, Ries, and Vredefort).
Gordon R. Osinski, J.G. Spray, Pascal Lee, and
others are examining sedimentary targets with a
fresh emphasis on carbonates. It has been widely
held that sedimentary targets decompose during
high temperatures as they release enormous quan-
tities of H,O and CO, during impact, and therefore
deduced that they contain approximately two or-
ders of magnitude less melt rock than crystalline
targets do. The work of these gentlemen is proving
otherwise. In short, during abnormally high pres-
sures that occur during impact, carbonate rocks
do not behave as has been widely held. Carbon-
ates may instead melt, break up as diverse brec-
cias, and, in some cases, flow as a fluidized mass.
These scientists have determined the clast-to-melt
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Figure 4. Map showing the structural features of Kentucky and parts of adjacent states. From Cressman (1981).

ratio of carbonates to be nearly equivalent to coher-
ent impact melt sheets found in crystalline targets
(Osinski and others, 2002a, b).

Conditions are not normal during impact
events (Fig. 6). The rapid release of large amounts
of energy in such events puts too much sudden
stress on the target rocks for them to respond in
the normal way. Typical impact velocities of tens
of kilometers per second far exceed the velocities
of sound in the target rocks (typically 3 to 5 miles/
second). The resulting impact-produced shock
waves travel through the target rocks at superson-
ic velocities, and they impose intense stresses on
the rocks without giving them time to give way by
normal deformation. In the shock-wave environ-
ment, transient pressures may exceed 500 gigapas-
cals (GPa) at the impact point, and may be as high

as 10 to 50 GPa throughout large volumes of the
surrounding target rock. Transient strain rates may
reach seven to 12 orders of magnitude higher than
those in ordinary geological processes. At the high-
er shock pressures (> 60 GPa), shock-produced
temperatures can exceed 2,000°C, and rapid, large-
scale melting occurs immediately after the shock
wave has passed (French, 1998).

Points of Interest

Point of Interest 2: Margin of the Fault and
Fold Belts (WGS 84 datum, N 38.17009807,
W 85.09581157, elevation 875 feet)

This location occurs within the margin be-
tween this structure’s proximal belt of faults and
its distal belt of folds. The center of the Jeptha Knob
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o
’?ﬂ
Figure 5. Hillshade digital elevation map displaying faults, Silurian cap rock contacts, local roads, and points of
interest.
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Characteristic

Regional Contact Metamorphism:
Igneous Petrogenesis

Shock Metamorphism

Geological setting

Widespread horizontal and vertical
regions of Earth crust, typically to
depths of 10-50 km

Surface or near-surface regions of
Earth’s crust

Pressures Typically < 1-3 GPa 100-400 GPa near impact point:
10-60 GPa in large volumes of sur-
rounding rock

Temperatures Generally < 1,000°C Up to 10,000°C near impact point

(vaporization): typically from 500° to
3,000°C in much of the surrounding
rock

Strain rates

10,375 t0 10.75

10.5t0 10.75

Time for completion of process

From 10° to 107 years

“Instantaneous”: Shock-wave pas-
sage through 10 cm distance, <
10-° s; formation of large (100-km
diameter) structure < 1 hour

Reaction times

Slow; minerals closely approach
equilibrium

Rapid abundant quenching and
preservation of metastable minerals
and glasses

Figure 6. Shock metamorphism from impacts: distinction from other geological process (from French, 1998).
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structure is 1.25 miles northwest of this location.
This stop also affords a scenic view of the knobs as
they appear to rise up out of the surrounding plain
(Fig. 7). The lone knob in the distant foreground is
0.6 mile away and it is the tallest knob in the east-
ern outer belt of arcuate knobs, rising to 1,142 feet.

Point of Interest 3a: Faults, Folds, and
Injection Breccias(?) (WGS 84 datum,
N 38.16473901, W 85.12339004, elevation

890 feet)
Note: This stop is sure to produce much hand-wav-
ing, heated discussions, and flying sparks.

Late in the summer of 1961, when the “grade
and drain” construction of I-64 in eastern Shelby
County was nearly completed, Willard Rouse Jill-
son was driving the westbound lane during a re-
connaissance tour and noted faulted disturbances
at three points south of Jeptha Knob. None of Jill-
son’s observations were previously mapped by Bu-
cher (1925).

Point of interest 3a is a visit to Jillson's “West-
ern Disturbance” (Fig. 8). Here we will observe
mixed breccias injected into faults and bedding
planes. Cressman (1981) noted that particular
mixed breccias observed along Jeptha Knob faults

were not unlike the mixed breccias reported to oc-
cur at Sierra Madera in Texas (Wilshire and others,
1972); at both locations the breccias consist of frag-
ments that have moved both upward and down-
ward. The difference is that most of the mixed-
breccia occurrences at Sierra Madera are not along
faults, but are in the vicinity of the central uplift
and form tabular sheets that cut the country rock at
steep angles (Cressman, 1981). The Lockne impact
structure in Sweden contains clastic injection (brec-
cia) feeder dikes that cut through country rock and
propagate sideways (Sturkell and Ormo, 1997).

In the summer of 2004, Mark F. Thompson
observed breccias between at least three bedding
planes at this location (Fig. 9). Further investigation
(Fig. 10) revealed bedding in a frozen state break-
ing into clasts (cataclasis) and broken clasts in the
process of being plucked from bedding planes and
subsequently incorporated into the breccia matrix
(cataclasite) (see polished section in Figure 11). He
also noted that the rocks at this outcrop contain a
wide range of amplitudes over a small cross sec-
tion of area. These strata appear to have very rap-
idly been forced into a smaller compartment.

At this location in the summer of 2005, Mark
F. Thompson observed what appears to be a feeder
dike cutting through the limestone succession and

RIS
1253

AW
AF

Figure 7. Scenic view from the northwest from the fault and fold margin. The knobs in the distant foreground appear

to rise up from the surrounding plain.
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WESTERN DISTURBANCE .

ORAG ZONE

LIBERTY LI ARNHEIM

T T T I S
o 100’ 200' 300 400' S0
Figure 8. Sketch of deformed rocks of point of interest 3a. Tick marks are 10 feet vertical, 100 feet horizontal. This
view covers from about 550 to 1,050 feet east of the Ky. 714 overpass on the north lane of 1-64, in direction N6OW.
“Liberty” implies Drakes Formation; “Arnheim” implies Grant Lake Limestone. Rocks are more covered by soil and
vegetation than implied in the sketch. A stratigraphic separation of over 500 feet is implied in the faulting shown

here, but, as an indication of complexity, Cressman (1975b, 1981) mapped Calloway Creek Limestone south of
these faults, and Clays Ferry is also involved. From Jillson (1962) and Seeger (1986).

Figure 9. Deformed rocks at point of interest 3a. The position of the rocks shown in Figure 10 is outlined. Notice the
many ranges of amplitudes occurring here.
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AN 1

Figure 10. Cataclasite frozen during formation. Bedding is breaking into clasts (cataclasis), and broken clasts are in
the process of being plucked from bedding planes and subsequently incorporated into the breccia matrix (catacla-

site). A small-amplitude fold caps the cataclasite.

propagating sideways between bedding planes.
Approximately 1,000 feet to the west is a very large
sheet or irregular mass of breccias that may be
walked upon.

Thompson cautiously interpreted the breccias
and mixed breccias of the Jeptha Knob structure to
have originated from impact-related clastic injec-
tions. The best model for this cursory field trip is
that of the Ordovician Lockne impact structure in
central Sweden (Fig. 12).

Point of Interest 4 and Stop 1: The Knobs
Farm—Resort Home (WGS 84 datum, N
38.17905664, W 85.12504228, elevation
930 feet)

Stop 1, at the Knobs Farm (Fig. 13), is located
0.45 mile due west from the center of the structure
and is approximately 0.2 mile inside the central up-
lift. This is private land, and permission must be

obtained from the landowner to enter. No excep-
tions!

Point of Interest 5: A View from the Top
and Ordovician-Silurian Contact (WGS
84 datum, N 38.18178177, W 85.11766621,

elevation 1,165 feet)

Point of interest 5 affords many spectacular
views from the top of Jeptha Knob upon the Silu-
rian cap rock (Fig. 14). After taking in the views,
the Ordovician-Silurian contact can be examined
(Fig. 15) and karren feature development upon the
subparallel Brassfield dolostones can be looked
at. Karren, from the German “wheel tracks,” are
furrows that occur from solution by rain wash on
carbonate rocks. Figure 16 is a polished slab of the
Silurian Brassfield Formation present only in the
Jeptha Knob area.

This location is 0.2 mile northwest of the cen-
ter of the structure. Looking west-northwest from
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Figure 11. Bedding in a frozen state breaking into clasts
(cataclasis) and broken clasts in the process of being
plucked from bedding planes and subsequently incorpo-
rated into the breccia matrix (cataclasite).

here, Kentucky’s Knobs geophysical region can
be viewed. This is the escarpment approximately
19 miles away on the distant horizon. The conflu-
ence of the Kentucky River with the Ohio River is
approximately 35 miles due north in Carroll Coun-
ty, Ky. On a clear day it is possible to see clouds
of steam rising from power plants along the Ohio
River. Try to imagine a Pleistocene moment in
which a 1-mile-thick ice sheet may have once glis-
tened blue-green along the horizon to the north,
or a herd of megafauna roaming and grazing the
peneplain in the foreground. If you're into modern
history, you might imagine buffalo migrations or
Indians or pioneers traveling along the Midland
Trail, which was succeeded by U.S. 60. More im-

portant, take a moment to experience the present
moment and the deafening silence this location
provides.

Why does this Jeptha Knob structure rise as
a monadnock above the slightly rejuvenated pene-
plain of the Tertiary that we see before us? Why
wasn’t this structure eroded down to the approxi-
mately 900-foot elevation of the Lexington Pene-
plain? Is the cap rock protecting this structure?
How could this occur when the cap rock once cov-
ered this entire region? Walter H. Bucher (1925)
was the first to address this question, and subse-
quent observations have built upon his interpreta-
tion.

The reason Jeptha Knob survives as a resid-
ual hill on the Lexington Peneplain is most likely
threefold. It is a combination of normal faulting,
porous rock occurrences, and the presence of en-
compassing marginal synclines. The occurrences
of the Drakes Formation in downdropped normal
fault blocks have protected Jeptha Knob from ear-
lier erosion. Present-day erosion is exposing these
rocks in downdropped fault blocks. Their relative-
ly porous and permeable nature with respect to
other surficially exposed units has reduced surface
runoff, however, and therefore inhibited Drakes
Formation erosion. In other instances, the syncli-
nal structures within the fault blocks that contain
the Drakes Formation also inhibit surface runoff
through capture and diversion away from stream
channels. Therefore, all three of these conditions
play a role in slowing erosion of the Jeptha Knob
structure.

Point of Interest 6: The Southwest Fault
Belt and Arcuate Knob Belt (WGS 84
datum, N 38.17150354, W 85.12987562,

elevation 990 feet)

This point of interest is located in the middle
of the southwestern fault belt and situated 0.9 mile
southwest of the center of the Jeptha Knob struc-
ture. We're standing upon the spine of yet another
arcuate knob belt. This southwestern belt of arcuate
knobs is approximately 1.1 miles long and trends
in a northwest-southeast direction. Like the eastern
belt of arcuate knobs, this southwestern belt is also
a product of differential erosion. In contrast to the
eastern knob belt, the resistant Drakes Formation
rocks here are in fault blocks that appear to be situ-
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Figure 12. Drawing showing the rarefaction wave that follows the compression wave propagating through the sedi-
mentary succession. The strata are separated along the bedding surfaces, especially along the weaker layers.
Clastic material is sucked in between the separated beds (from Sturkell and Ormo, 1997).

Figure 13. Entrance to the Knobs Farm as it appeared on January 7, 2003. View is northeast. Britton Run is the
valley in the foreground.
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Figure 14. Scenic view looking northwest from the top of the Silurian cap rock.

ated at higher relative positions than many of the
other surrounding fault blocks. Also noteworthy is
that the rocks of the Drakes Formation at this loca-
tion are tightly folded into an inwardly plunging
syncline.

Erosive forces have been at work on the Jep-
tha Knob structure more excessively on its south-
western region than on its eastern region. This is
because the structure is located in the headwaters
of the westward-draining Salt River watershed.
The southwestern section of Jeptha Knob is located
in a more mature section of the Salt River drainage,
whereas the eastern section is in the headwaters.
Therefore, the eastern region is subject to slower
erosive rates.

Looking 0.5 mile to the northeast, into the cen-
tral uplift, you can see an approximately 90-foot-
thick sequence of Silurian cap rock rising to an
elevation of approximately 1,185 feet at its crest

(Fig. 17). The elevation of this location is 990 feet
and it is near the contact between the Saluda and
Bardstown Members of the Drakes Formation.
Therefore, the strata within the fault block at this
location have downdropped a minimum of 55 to
80 feet from their original stratigraphic position.

The view south is across the fault and fold
belts (Fig. 18). I-64 is 0.5 mile due south, where it
passes over some of the structure’s southernmost
faults. Beyond I-64 for approximately 0.5 more
mile south is the fold belt that dampens into strata
having structural dips consistent for this region,
ranging from 16 to 22 feet per mile.

Appendix A contains core descriptions as
well as some selected photographs of split and pol-
ished core sections to show some of the distorted
bedding and possible breccia zones from the Ozark
Mahoning JK78-1 core from the top of Jeptha Knob.
Locations of cores are shown on Figure 1.
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Figure 15. Silurian cap rock outcrop (Brassfield For-
mation) at the Ordovician-Silurian contact. This site is
comparable to one that contains Seeger’s (1985) iridium
anomaly.
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Figure 18. Scenic view toward the southwest from the southwestern fault belt.
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17 Roadlog Mileage

Fossil Collecting at Grant Lake and Calloway Creek
Limestone Outcrops

Frank R. Ettensohn and Stephen F. Greb

Roadlog Mileage

Miles to Cumulative 20 69 Turn left onto Ky. 55/ Free-
. . dom’s Way.
00 00 Egﬁto g;fof IE;lt;Oﬁ Run. Turn 1.8 8.7 Pull off onto shoulder and
e stop at outcrop of Calloway
1.6 1.6 Turn l'eft onto U.S. 60. . Creek and Grant Lake Lime-
3.3 49 Turn right onto Ky. 53 /Busi- .. .
ness 55 stone. This is stop 2a (Fig.

1).

~ Alluvium 85°11
[ Grant Lake Limestone
[ calloway Creek Formation N 0 1 mi
" Clays Ferry Formation ' ' |

scale
. Outcrop stop

Figure 1. Location map showing stops 2a (WGS 84 datum, N 38.2441016, W 85.2311833) and 2b (WGS 84 datum,
N 38.2411333, W 85.2013333).
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Introduction to Fossil-Hunting
Localities

Stratigraphy

The Upper Ordovician Calloway Creek and
Grant Lake Limestones occupy the Maysvillian
Stage of the Cincinnatian Series (see, e.g., Cress-
man, 1975). The base of the Calloway Creek is the
base of the Maysville, whereas the top of the Grant
Lake Limestone is locally the top of the Maysville.
The Grant Lake is equivalent to the McMillan For-
mation of older Kentucky literature, which was
composed of the Bellevue, Corryville, and Mount
Auburn Members. These names are widely used
in paleontologic and paleoecologic investigations
of the Cincinnatian Series. Using the chronology
of Ogg and others (2008), the Calloway Creek and
Grant Lake Limestones are approximately 452 mil-
lion years old.

Upper Ordovician strata in central Kentucky
and the greater Cincinnati area have been divided
into a series of third-order sequences (Pope and
Read, 1997; McLaughlin and others, 2004). These
sequences define broad sea-level trends, which can
be correlated across much of North America. The
same units can also be examined as part of a large
regional regression that accompanied the waning
stages of the Taconic tectophase of the Taconian
Orogeny (Ettensohn, 1991, 2008).

Fossil Collecting at Grant Lake and Calloway Creek Limestone Outcrops

Upper Ordovician Paleogeography

The Upper Ordovician limestones and shales
of central Kentucky were deposited on a very gen-
tly dipping ramp on the western margin of the Ap-
palachian foreland basin. In addition, this area was
a part of the continent Laurentia, which was situ-
ated in the subtropical, trade-wind belt, approxi-
mately 25° south latitude (Scotese, 2007) (Fig. 2).
This position placed the region astride major storm
pathways during Ordovician time (Marsaglia and
Klein, 1983; Ettensohn and others, 1986).

Depositional Environments

Rock units in the field area are inferred to
have been deposited in a series of shallow marine
depositional environments in an overall regressive
(shallowing) sequence (Figs. 3-4). The deepest end
member is represented by the Clays Ferry Forma-
tion; it consists of interbedded shales, fine-grained
limestones, and siltstones, of which 50 percent is
shale (Cressman, 1975). This unit has been inter-
preted to represent deep open-marine environ-
ments well below normal wave base (Cressman,
1973; Ettensohn, 1992). Although this unit is pres-
ent in the Shelbyville area, it will not be visited on
this trip.

The shallow end member is represented by
the Rowland Member of the Drakes Formation
(Figs. 3-4), which also crops out in the Shelbyville
area but will not be

PANTHALASSIC OCEAN
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o
Modern landmass

Subduction Zone (triangles point in the
direction of subduction)

Figure 2. Paleogeographic reconstruction of Laurentia during Late Ordovician time (after

seen on this trip. The
Rowland  Member
is characterized by
greenish gray, argil-
laceous, dolomitic
limestones interbed-
ded with silty, glau-
conitic ~ mudstones
(Cressman, 1975).
Fossils are typically
sparse, but accumu-
lations of ostracods
occur locally. Rip-
ple marks and mud
cracks cover many
bedding surfaces.
This unit has been in-
terpreted to represent

North Chira

Scotese, 2007) showing the location of the central Kentucky field trip area (red dot). Used

with permission.
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Figure 3. Relative sea-level curve and generalized stratigraphic column of Upper Ordovician strata in the Shelbyville
area. Bracketed area to the left represents the part of the section viewed at the fossil-collecting stops.
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Figure 4. Schematic environmental continuum interpreted to represent the sequence of environments present in the
Shelbyville area. The boxed-in area represents the part of the continuum represented in the fossil-collecting stops.
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very shallow, quiet, intertidal mud flats (Weir and and platform lagoonal environments (Fig. 4). These
Peck, 1968). units are well exposed at stop 2.

Between these two end members, the Callo-

way Creek and Grant Lake Limestones represent Calloway Creek Limestone

the intervening shallow open-marine, tidal shoal, The Calloway Creek Limestone is 60 feet thick
in the Shelbyvﬂle area and is largely composed of

Figure 5. Parts of the stratlgraphlc section exposed on the south side of the hlgh-
way at stop 2a.

interbedded  fossiliferous
calcarenites (80 percent)
and interbedded calcare-
ous shales (20 percent), al-
though the upper 6 to 12
feet typically contains very
coarse-grained,  crossbed-
ded calcarenites and cal-
cirudites (Fig. 5). Fossils are
dominated by large bryozo-
ans and brachiopods, which
are commonly fragmented
(Cressman, 1975).

Lower Interval

At stop 2a only the up-
per 18 feet of the Calloway
Creek is exposed. The lower
6 feet of the unit contains
thin, even-bedded, fossilif-
erous calcarenites and in-
terbedded shales that are
typical for the formation
(Fig. 5). These beds repre-
sent storm deposition in a
shallow, open-marine set-
ting. Each thin bed of lime-
stone probably represents a
storm deposit that formed
a firm substrate on which

| brachiopod and bryozoan

communities could become
established. Large robust,
trepostome bryozoans are
especially characteristic of
Calloway Creek limestones
(Cressman, 1975). The frag-
mented nature of many
fossils shows the effects
of storms on these bottom
communities. Storm facies
have been widely studied
in Upper Ordovician strata
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of north-central Kentucky (see, e.g., Jennette and
Pryor, 1993).

Upper Interval

The lower Calloway Creek is separated
from the upper 11 to 12 feet of the unit by a thin
(1.5 inches), rust-stained hardground or disconti-
nuity surface (Fig. 3). The hardground consists of
pyrite oxidized to various iron oxides and phos-
phorite and represents a brief period of sediment
starvation and sea-level rise at a parasequence
boundary (Clepper and Ettensohn, 2012). Overly-
ing parts of the unit consist of light gray, bioclastic
calcarenite and calcirudite with prominent cross-
beds (Fig. 6), ripple bedding (Fig. 7), scours, and
storm-lag horizons. Hummocky bedding is present
below the crossbeds in the lower part of the upper
interval. The prominent crossbeds at this stop ap-
pear to have foresets with opposing orientations,
commonly referred to as herringbone crossbeds,
but troughs in successive crossbeds are obliquely
oriented rather than directly opposed. Large frag-

mented fossils and mudstone rip-up clasts are
common throughout the interval (Fig. 8). Where
the fossils have been dissolved and the mudstones
weathered away, yellow calcite, orange-brown
dolomite, and sphalerite have filled in the voids
(Figs. 7-8), giving this part of the Calloway Creek
Limestone an orange-brown-speckled appearance.
Just beneath the hardground at the top of the for-
mation, is a thin (6 to 8 inches), dark gray, fine- to
medium-grained calcarenite that shows low-angle,
unimodal crossbedding, dipping 2 to 9° south-
southwest (Fig. 9).

The grain size and crossbedding in the upper
Calloway Creek indicate deposition on a series of
migrating sandbelt shoals above wave base (Fig. 4).
Prominent crossbeds were probably deposited by
tidal currents. Hummocky crossbedding in the
lower part of the interval and amalgamated bed-
ding suggests that storms also periodically re-
worked this sandbelt. Symmetrical ripples show
the influence of fair-weather wave reworking. The
low-angle bedding at the top of the interval repre-

Figure 6. Crossbeds from the upper calcarenitic part of the CaIIoway Creek Limestone (see Figs. 2—4) on the north
side of the road at stop 2a.
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Figure 7. Ripple bedding (center of the photograph) from the upper calcarenitic part of the Calloway Creek Lime-

s

stone on the north side of the road at stop 2b. Brownish orange speckling on the exposure is a dolomitic infill ce-

ment.

sents a short interval of beach or lower-shoreface
development on top of the shoals (Fig. 4). This
beach facies, in turn, is abruptly overlain by anoth-
er hardground or discontinuity surface marked by
pyrite, iron and manganese oxides, and phospho-
rite (Figs. 3, 10). At both outcrops, the presence of
large erosional remnants, as much as a foot thick,
on the hardground (Fig. 11) suggests that a pe-
riod of submarine erosion accompanied sediment
starvation and flooding across this surface before
deposition of the overlying Grant Lake Limestone

(Fig. 3).

Soft-Sediment Deformation

A the east end of the western outcrop, parts
of the tidal sandbelt facies in the Calloway Creek
have been deformed into penecontemporaneous,
soft-sediment structures that have been called flow
rolls, pseudonodules, or ball-and-pillow structures
(Fig. 12). Structures like this can have many origins,
but without further examination of additional ex-
posures, the most likely origins are storm-related
or seismic. Numerous studies have interpreted ho-
rizons of soft-sediment deformation (mostly ball-
and-pillow structures) in the Upper Ordovician
of central Kentucky, southeastern Indiana, and
southern Ohio, as seismites, or beds formed from
liquefaction induced by an earthquake (Kulp, 1995;

Pope and others, 1997; Ettensohn and others, 2002;
Jewell and Ettensohn, 2004; McLaughlin and Brett,
2004). But not all soft-sediment deformation in
the Upper Ordovician was related to earthquakes.
Storms can also induce this kind of deformation
through overpressuring by high-amplitude storm
waves (Kraft and others, 1985; Okusa, 1985) or by
the drag force of bottom storm currents (Lowe,
1976; Orange and Breen, 1992). At this stop, the
overturning of crossbeds and the incomplete infill-
ing of overlying scours by apparent storm-lag de-
posits in the same horizon as the ball-and-pillow
structures (Fig. 12) suggest that storms were the
likely origin for the deformation.

Grant Lake Limestone

The Grant Lake Limestone is 150 feet thick in
the field stop area (Cressman, 1975). At stops 2a
and 2b only the basal 15 to 20 feet are exposed in
these two cuts. The unit is composed of 70 to 90 per-
cent medium- to coarse-grained, poorly sorted, ar-
gillaceous limestone with interbedded shale and
mudstone (Weir and Peck, 1968; Cressman, 1975;
Pojeta, 1975). The limestones are mainly irregu-
larly bedded to nodular and are largely composed
of rubbly jumbles of large fossil fragments and
whole fossils surrounded by a limy, mud matrix
(Fig. 13). Common fossils include the brachiopods
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Figure 9. Low-angle unimodal crossbeds at the top of the Calloway Creek Limestone that may represent a short-
lived beach on the north side of the road at stop 2b.
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Figure 10. Iron-stained hardground or discontinuity surface on top of the Calloway Creek Limestone on the north
side of the road at stop 2b.
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Figure 11. Example of an erosional remnant as much as 1 foot thick (above notebook), encased with the iron-
stained hardground deposits, on top of the Calloway Creek Limestone on the north side of the road at stop 2b.
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Figure 12. Penecontemporaneous, soft-sediment deformation of crossbeds that is commonly called flow rolls,
pseudonodules, or ball-and-pillow structures, overlain by a large scour incompletely filled by apparent storm-lag
deposits. From near the top of the Calloway Creek Limestone on the north side of the road at stop 2b.

Vinlandostrophia ponderosa, V. laticosta, Rafinesquina
alternata, Hebertella occidentalis, various massive
ramose and platy trepostome bryozoans, internal
molds of burrowing modioliform pelecypods, the
pelycepod Ambonychia flanaganensis, crinoid de-
bris, and internal gastropod molds. Table 1 is a list
of known fossils from the Grant Lake Formation in
Kentucky. Plates of common fossils are included in
Appendix B.

The stratigraphic position of the unit, as well
as its lithologic and faunal makeup, suggest that
the Grant Lake was deposited in an extensive,
open-marine, platform lagoon behind the tidal
sandbelt of the Calloway Creek and the restricted,
intertidal mudflats of the Rowland Member of the
Drakes Formation (Fig. 4). The abundance of mud
and fine-grained carbonate in the unit suggests
that it was deposited in a generally quiet-water,
platform environment protected behind the Cal-
loway Creek sandbelt. However, the bottom of

the platform lagoon was clearly above wave base
because it was continually ravaged and reworked
by storm waves as is indicated by the jumbles of
stacked brachiopod shells that characterize the unit
(Fig. 14). Added to the disruption caused by storms
was intense bioturbation by an abundant infauna
of modioliform pelecypods (Appendix B, Plate B2),
which has given rise to the nodular appearance of
limestone in shales throughout the unit (Appen-
dix B, Plate B2). As the aragonite shells of these
pelecypods easily dissolved, crude internal molds
of these pelecypods are all that remain, but these
molds are common throughout the unit.

Paleoecology

Fossils are abundant in the Grant Lake For-
mation and many reveal information about the
paleoecology of the unit. Rafinesquina alternata is
a relatively flat strophomenid brachiopod (Ap-
pendix B, Plate B1). It is common in shalier inter-
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Figure 13. Typical Grant Lake Limestone lithology composed of irregularly bedded to nodular limestone and shale,
showing rubbly jumbles of large fossil fragments and whole fossils surrounded by a limy mud matrix. From the north
side of the road at stop 2a.
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Table 1. Fossils reported from the Grant Lake Limestone in central Kentucky and the greater Cincinnati area. Updated from Weir

and others (1984) and Kentucky Geological Survey paleontological database.

Arthropods
Crustaceans/Ostracodes
Bolbopisthia sp.
aff. B. reticulata (Kirk)
Ceratopsis sp.
C. oculifera (Hall)
Cryptophyllus sp.
Ctenobolbina sp.
aff. C. cilata (Evans)
Kenodontochilina sp.
aff. K. subnodosa glabra Berdan
Laccoprimitia sp.
Leperditella sp.
Quasibollia
Q. persulcata (Ulrich)
Saffordellina sp.
S. striatella Berdan
Ulrichia sp.
U. nodosa (Ulrich) [previously Warthinia nodosa Ulrich]

Brachiopods
Orthids (small)
Cincinnetina sp.
C. meeki (Meek) [previously reported as a species of
Dalmanella, Onniella, and Reserella]
Dalmanella sp.? [may refer to C. meeki above]
Zygospira sp.
Z. modesta Hall
Orthids (large)
Hebertella sp.
H. occidentalis (Hall)
Vinlandostrophia sp. (previously Platystrophia)
V. cypha (James)
V. laticosta (Meek)
V. ponderosa (Foerste)

Bryozoans
Trepostome
Amplexopora sp.
A. ampla Ulrich and Bassler
A. cingulata Ulrich
A. filiasa (d’Orbigny)
A. parva Utgaard and Perry
A. welchi James
Atactoporella sp.
A. mundula (Ulrich)
A. ortoni (Nicholson)
Batostoma sp.
B. implicatum (Nicholson)
Batostomella
B. igracilis (Nicholson)
Calloporella sp.
Cyphotrypa? sp.
Dekayia sp.
cf. D. appressa Ulrich
D. aspera Milne-Edwards and Haime
cf. D. nicklesi (Ulrich and Bassler)
D. pelliculata Ulrich

Trilobites
Flexicalymene sp.
F. meeki (Foerste)
Isotelus sp.
Pterygometopus (Achatella) sp.
P. (A.) cincinnatiensis Meek
P. (A.) microps (Green)

Inarticulate craniids
Petrocrania sp.
P. scabiosa (Hall)

Strophomenids
Eochonetes sp.
Rafinesquina sp.
R. alternata (Emmons)
Strophomena sp.

Heterotrypa sp.

H. frondosa (d’Orbigny)

H. inflecta (Ulrich)

H. paupera (Ulrich)

H. solitaria (Ulrich)
Homotrypa sp.

H. curvata Ulrich

cf. H. flabellaris spinifera Bassler

cf. H. pulchra Bassler

cf. H. spinea Cummings and Galloway
Mesotrypa? sp.
Monticulipora? sp.

M. cincinnatiensis? (James)
Nicholsonella sp.

N. vaupeli (Ulrich)
Parvohallopora sp.

P. ramosa (d’'Orbigny)

P. subnodosa (Ulrich)
Peronopora sp.

cf. P. decipiens (Rominger)
Stigmatella sp.
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Table 1. Continued.

Bryozoans (continued)
Other Bryozoans
Bythopora sp.

B. dendrina (James)
Ceramoporella sp.
Constellaria sp.

C. florida Ulrich
Corynotrypa sp.
Crepipora? sp.
Cuffeyella sp.

Chordates
Conodonts
Amphelognathus sp.
A. grandis Branson and Mehl
Cordylodus sp.
Drepanodus sp.
D. homocurvatus Lindstrém
D. suberectus Branson and Mehl
Drepanoistodus sp.
D. suberectus (Branson and Mehl)
Oulodus sp.
O. casteri Pulse and Sweet
O. oregonia (Branson, Mehl, and Branson)
O. robustus (Branson, Mehl, and Branson)
0. subundulatus (Sweet and others)
O. ulrichi (Stone and Furnish)

Echinoderms
Crinoids
Cincinnaticrinus sp.
C. pentagonus (Ulrich)
Dystactocrinus sp.
D. constrictus (Hall)
Ectenocrinus? sp.

Cyclocystoides
Cyclocystoides sp.

Hemichordates
Graptolites
Geniculograptus
G. typicalis posterus (Ruedemann)

Molluscs
Bivalves (Pelecypods)
Ambonychia sp.
A. praecursa (Ulrich)
Caritodens? (Pterinea) sp.
C. demissa (Conrad)
C. insueta (Emmons)
Ctenodonta sp.
C.? cingulata Ulrich
aff. C. iphigenia Billings
aff. C.? longa (Ulrich)
C. pectunuculoides (Hall)
Cuneamya sp.
Cycloconcha sp.
Cymatonota sp.
Deceptrix
cf. D. filistriata (Ulrich)

Escharopora sp.
Graptodictya sp.
Stictopora sp.

cf. S. lata (Ulrich)
Trigonodictya? sp.
Vinella sp.

V. radialis Ulrich

Phragmodus sp.
P. undatus Branson and Mehl
Plectodina sp.
P. tenuis (Branson and Mehl)
Rhipidognatus sp.
R. symmetricus Branson, Mehl, and Branson

Edrioasteroids

Carneyella sp.

C. pilea (Hall)

C. ulrichi Bassler and Schideler
Curvitriordo sp.
Isorophus sp.

I. cincinnatiensis (Roemer)
Streptaster sp.

S. vorticellatus (Hall)

Ischrodonta sp.
Lyrodesma sp.

L. inornatum Ulrich
Modiolodon? sp.

Modiolopsis sp.

M. modiolaris (Conrad)
Nuculites (Cleidophorus) sp.
Pholadomorpha sp.

Psiloconcha sp.
Rhytimya sp.

R. convexa Ulrich

R. mickleboroughi (Whitfield)

R. munda (Miller and Faber)
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Table 1. Continued.

Molluscs (continued)

Cephalopods
orthocone unspecified [previously Orthoceras sp.]
Orthonybyoceras sp. [previously Treptoceras sp.]

Monoplacophores (snail-like)
Cyrtolites (Cyrtolites) sp.
C. ornatus Conrad
Helcionopsis sp.

Porifera
Sponges
Pattersonia sp.
P. difficilis Miller
P. tuberosa (Beecher)

Gastropods
Cyclonema sp.
Loxoplocus (?Donaldiella) sp.
Paupospira sp.
Phragmolites sp.
Sphenosphaera sp.

Stromatoporoids
Stromatocerium sp.

beds and is considered to have been a colonizer of
muddy substrates. Like other strophomenid bra-
chiopods, Rafinesquina has one valve that is con-
cave and one that is convex. In life, it likely lived
with the larger, convex valve down, “floating” as

it were in the mud (Leighton, 1998) (Fig. 15). Al-
exander (1975) noted that R. alternata shells show
subtle changes in shape through the Cincinnatian
Series, corresponding to bedding and grain size.
Furthermore, a wide range of attached or encrust-

B
o

| il or—

Figure 14. Stacked brachiopod of Rafinesquina alternata shells such as these suggest transport by storms. From
the Grant Lake Limestone on the north side of the road at stop 2a.
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ing fossils are a common sight when looking at
Rafinesquina shells in the Grant Lake Formation.
When these brachiopods died, their shells were
used as stable platforms of attachment for other or-
ganisms (Figs. 15-16). Attached fossils are termed
epibionts or epizoans. Bryozoans, algae, brachio-
pods, molluscs, and Cornulites (tube worms?) have
all been found attached to Rafinesquina and Stropho-
mena shells in central Kentucky. Some Rafinesquina
shells also exhibit small vertical holes, which have
been interpreted as predatory boring and feeding
by snails or other molluscs while the brachiopods
were still alive (Bromley, 1981; Brett and Walker,
2002).

Waves, currents

Rafinesquina

TN

Soft mud

Living position Shell is flipped

Two other abundant brachiopods in the Grant
Lake are Vinlandstrophia and Hebertella (Appen-
dix B, Plates B1-B2). Their shells are thicker and
more robust than Rafinesquina shells. These shells
could tolerate more agitated conditions than Rafin-
esquina. Nonetheless, the abundance of crushed
Vinlandostrophia valves and unopened shells,
filled like small geodes with sparry calcite cement
(Fig. 17), indicate that many living brachiopods
were rapidly buried during storms and not able to
extricate themselves. Other Vinlandostrophia valves
were broken and severely abraded, suggesting that
they were transported for some distance in moving
water and sediment.

Bryozoans

Smaller brachiopods
Edrioasteroids

Shell surface is
colonized by other
organisms

Re-deposited shell

Figure 15. Interpretive diagram showing succession of substrate colonization in muddy, but storm-influenced, Grant

Lake seas.

Figure 16. Examples of encrusting and attached epizoans on strophomenid shells in the Grant Lake Formation.
(A) Borings (b) and straight grooves (s) also possibly representing borings on a Rafinesquina shell. (B) Base of a
ramose bryozoan (bb) covered by encrusting bryozoans on a Rafinesquina shell. (C) Base of a branching bryozoan
and different encrusting bryozoan on another Rafinesquina shell. (D) Small brachiopod (arrow), possibly Zygospira,
on strophomenid valve. (E) Detail of encrusting bryozoan on (C). (F) Detail of encrusting bryozoan on (D).
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Figure 17. Geode-like infillings of sparry calcite cement from the brachiopod Vinlandostrophia ponderosa. This kind
of preservation indicates that the brachiopods were buried alive so rapidly that the valves were not able to open
afterward and permit sediment infilling. From the Grant Lake Limestone on the south side of the road at stop 2a.
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Appendix A

Descriptions of the three cores drilled by the Ozark Mahoning Co. on
Jeptha Knob. Ozark Mahoning was looking for lead and zinc-mineralization
within Jeptha Knob.



Property _Schmidt, Shelby County, KY Project Jeptha Knob _;_ Hole Yo, JK 7.1

Sheet Numhep 1 Elevation _ /052 Started _April 6, 1978

Carter Coordinates 23-U-53 2750 PNL X 50! PEL Completed _April 24, 1978

Dip _ Vertical Ultimate Depth _ 19hS!

N=1p
2-L9

49-50

59-57

6769

50-7%

71.RY

-9y

9i=101

101-1113

113-129

129-149

119-167

167-190

Cvarburden, no semnle,

Rreccla, orincipally fine and medium subanguler frasments in a dolomitic
argillaceous rock flonr matrix, fragments all dolomitic, sll rather porons
end recrystnllired, rother distinet dark pray throughout, hint of preferred
orlentation of lonr axls normal to core, few blebs of pirite, all very soft,
few very larpe {rasments of norona drusy dolomite simileyr to material in
deoper narta of hole.

Dolomite block, dips esientially psrallel to cora, very fine prained, some~

what mottled in novesrence, possibly wells Creek or Knox, unabls to identify
with caertainty.

Dolomlite, tan and lirht pray, finely crystalline, rather vuggy snd porous,
few fractures, .5' grean shaley material at 56,

Note: Possible Tyrone

¥Moatly braccla ns above, upper ' mostly dark pray srgillaceocus dolomlite hkreccis
nll rather vupgpy and porous, 1ittle disseminated vyrite filling opan svaces,

Note: Probably continous breccia to this polnt, unbrecciated dolomites
probably large blocks.

Dolomite, ton, very flnely crvatulitne, well mottled hy bluish eray atreaks,
dips probably steep, hiph varieble, estimste about LSO,

Note: The nnit above and those helow strenely resamble Camp Nelson dolomite.

Dolomite, madium crystalline, very soft, very vueey snd norons, all rathep
nitied, oartly friablo, all brownish rray, dips at about 40°,

Dolomite, llcht gray and 1lieht tan, very finasly erystalline, Catrly well
badded, fairly shundant interlamincoted srelllaceous streaks, little
brecciation in hottom, pertly tan, movre cosrsely crystrlline and vupcy,
rather well leminated, dipoing epproximately 30 degrees,

Dolomite, light gray end lirht ten, very finely crystalline, well mottled,
fafrly well laminated, onrtly vugey and porovs, dips at spproximately /00,

Dolomite, gray, finely crystalline, very irrepularly bedded, few patches
and zones thoroughly recrystallized, wuggy snd porous, bottom 1' shaley,
bedding st all aneles, hichly disturbed.

Dolomite, tan, sonewhat 1like the tan units above, all highly distvrbed,
very hiechly altered, dolomitized, parts very sof't, vuggy and friable,
beddins very irregular.

Dolomite, tan and 1irht gray, mottled, mostly very dense and fine srafned,
partly recrystallized, heddinr rather variable, sveraps approximntely 40O,
somewhat more remular than wnits nhove, hottom fault contact dipping at

about 150,

Nnte: This ia the hottom of the litholories favorine Zamp Nelson, litholo-
eles helow tend to favor Tyrone.

Dolomite, orineipally tan, f'ins end medium crystrlline, partly vuesy and

more coersely crystalline, dips falrly repnlar at spprovimntely LSO, 1! of
fossil at hottom.

Nota: This unit representa chenee in 1litholosy, vpossibly beginning of Tyrone,
Dolomite, crystalline, tan and linﬁt tan, rether well bedded throuphout,

few fractures with slickensides, vuggy and porous, check nodule at 177 and
187, dips avernpe approximately 50°,

Al



190-

219-231

?31-215

2A.5-25h

254295

295-309

19-129

Dolomite, mo=ztly as ahecve, little preenish sray nrgllisceous dolomite in
middle, bottom 3" breccia, uppar contact probesble fault contact dipping ot
approximately 500, little tan chert, one speck of sphalerlts in fault goupge
et bottom.

Breccia, fairly cosrse, tishtly interlocked fragments of dsrk pray,
arpillaceous dolsmite, partly calcareous, few chunks of limestone, few
zones vuggy and very porous from vrecrystallization of dolomite, dips all
highly irremular.

Note: Texture rasembles that of the tishtly interlocked braceia in Plattin
limestone st Hicke Dome, cnlc vein at 199, folr oyrite vaeinlet 203.5. This
braccia similer to breccia at ton of hola.

Nolomite druse, e¢xtremely porous, erystalline dolom'te with very ahundant
vwrrs lined with dolomite druse, nll rray, 211 somavhat Criasble, very hirhly
pltered, fey zonas of arpglllecaouns dolomite leas well sltered, unable to
tell 1f this $3 brscclia frasments hleached out or just wvupry dolomite.

Dolomitized hreccin, nll very vurey rnd porous, very little limeatone or
calelte, calcite nsually as blebs, srobably foasils, breccie texture rather
obacured by dolomitizatlon, eantire zona rather soft, spongy, consists of a
loose dolomite crystals, ell vary porovs snd vuegy, all praoy to dark oray
snd ten, rather masalve pyrito at 236 surrounding smpll dolomite fra~ment.

Uolomite druse, very porous and vupgy, conslsts mostly of the loose apsro-
rete of platty mansges of dclomite ¢rystnls, very porous, very vuppy end
spongy in appesrance, few limey frapments in upper 2', entire zone prohably
represents reorystallized breccia, occasional small pyrite crystsal on top of
dolomite erystal,

Altered dolomitized breccla, consists of dolomitized fragments with bedding
st111 evident and zones and patches of norous vuggy dolomite as deseribed
ahove, porous zones notlceably celluler, framments randomly oriented, some

ara slightly calcareous but princivally thoroughly dolomitized, fracture

with possible minor fault between 28l end 276, bottom contect fairly distinct.

Note: Would interpret zone ahove ns a tiphtly interlocked breceis which has
baen rather thorourhly dolomitized and altaered,

Dglomltizod breccia, principally rather cosrse, tirhtly interlocked fraemonts
of verloua dolomitized limestones, rather ahundant sreilleceous mrterial,
all rray, p-rtly wuery, vugs lined with druzy calcite snd drusy dolomite, rrades

rs:ho; ;uickly to helow, all prther sray in color princivally due to sreilleceous
matarial,

Freccisted limestone, nrinc’nally hirhly disturbed conrae fr->mants, bYeddine
ot verfors en~les, rathar bichly sulted in voper portion with strong slicken-
stdan, diopine approzimetely 300 (indicntes stropp hortzontal component on
movement), dsrk pray, very erelllececos 1limestone," hottom contect stsarp,
oceaslonal poteh of finer breceistion, vugey, common vurs mostly lined with

cglg{ge. falrly messive, disseminated pyrite, sometimes sssoclated particularly
e o

Note: Use of the term hreccla may not be totslly oppropriate. Tn some of the
ahove described units the depree of comminution is relatively minor but the
units are very hichly disturbed.

325-325.44 Injection breccin, consists of principally fine, subrouvnded limestone

frorments in a celcareous, rock flour matrix, top contact rather sharp,
dipoine at epproximately 309, contalns one fairly large fregment,

925.4-135 ®Zreccia, limeatone, similer to shove, bottom portions somewhat more

335-3h3

highly comminuted,

Rock flour breccie consists of fine, medium snd fairly cosrse subrounded
fragmenta floatine in s calesrecus, rock fleour matrix, metrix materisl
constitutes npnroxlmatalz 507 of totsl, unable to tdentify frarments, appesrs
to din At approximately 609, alickensides, arcillaceous meterisl at tov snd
bottom, breccinted limeatone ns ahove from 239-2Y 1, hottom contect rather
stavp.

A2



A 1-266

156-107

183-397

197-103

h03=1hS

WiS-h71

L71-LA9

139-513

513-551

551-591

581619

619-65);

Breceinted limestone, esaontfslly as sbove, erades rather ouickly to helow,
al] somawhet dolomitic, few verts very dolomitic, few vugs principally with
c¢=lcite druse.

Oruay dolom'te, occasiondl frerment of dolomite with beddine evident, all et
verious enples, nll rether throughly recrystnllized, very little calcite in
entire section, highly nlterod portions ccnsist of apgregate of dolomite
crystals, renerally very vurpy with dolomite druse lining vugs, considered

e recrystallized brecciea,

Dolomlte druse easentially ns above, somewhat more relic heddins evident
indicating rather consisteat dips of apoproximately' 25°, occasional trace

of pyrite on dolomlite druse and vugs, occasional derk speck in more ccarsely
erystalline materizl,

Rrecciated, dolomitic limestone, rll rather argilleceous, strong slickensides
in orpillaceous mrterial st bottom.

Drusy dolomite, all Vuggy, borovs, hirhly racrystallized, few fragments and
zonas less drusy, still dolomitic, dips erratic, 1ittle beddinr remainine,
oceasionrl falnt trace of pyrite on dolomite fruse, errdes rather ouickly to
helow.

Note: Shspe of some of the vuga 1h the very coarsely crystslline dolomite
drugse surpests possibilitias of brecein with vues representing molds of
leached frarments.

Nnlomite drhnse mived with fine rretinad, dark prayv dolomile or dolomitic
1'rpstone, somewhot calcereovs, wuegy portions ezsentially ss pbove, bedding
vory arratic, faw zones with considereble very fine pyrite on dolomite
erystals, pgrades to helow, rather well fractured throughout, fairly numerous
slickansides on argillaceous varting indiceting movement et various angles.

Dolomitic limestone and dolomite druse, interbedded limestone fairly dolo-
mitic, drusy meterisl as ebove, divas hiprhly varlable, from 60°-300, few
fracturses, posalbly somewhat Caulted, 1ittle disseminated pyrite at 283.

Dolomite drmse, vory vugpy, medium and coarse crystslline, bedding largely
obscured, bedding at various angrles,

Note: TFalr amounts of very fine pyrite are discornable throughout in vuggy
20nes, pyrite erystals are generally on dolomfte crystals.

Dolomitized, argillaceous limestone blocks interbedded with vuggy, drusy
dolomite as above, limestone blocks rather argillioceous, bedding highly
variable, probably revresents jumbled block, few fractures coarse crystalline
calcite in vugs and along fractures, little pyrite.in drusy dolomtte,
particularly whera more coarsely crystalline nnd wvurry, srades rather
abruptly te below.

Principelly drusy dolomite, few blocks of cerlcareous dolomitic limestone,
ell pray, drusy portions with traces of oyrite, scattered srgillsceous
materiel, heddine at all enclea, probably jumhled blocks, falrly well
fractured throughouty

¥ote: DNolomitization seems to he less complete in this wnit and probebly
8 mraduel tendency over the lest 10 for slirhtly increasine emounts of
crlcite and calcareous mrterisl in each section.

TInterbodded, areillaceous, dolomitic limestone snd drusy dolomite as ahove,
beddine somawhat more irrvesvlsr, dippine ot mostly about 50 where hedding

is discernahle, somawhat more cslecite in vuepy materinl, limestone portions
argillscoovs, few zones with sbundant colcite fossils, 1ittls pyrite scattered
throvehont, somawhat more calcareous than shove,

Limestone, medivm crystalline, sray snd lirht tan, fossiliferous, abundant
intorlaminsted areillaccous partingss and stresks, few zones somowhat distuvrbed,
perticulerly shaley portions, bedding rather consistent, estimste dip to
averare 250, frw nortlona appeer brecciated due to slippage in shaley meterial,
1ittle interhedded, dark brownish pray argilisceous limestone.
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654-697 Limestone, interbedded light srey crystalline limestons snd a derk gray,
dolomitic limestone, all rather fossiliferous, partly fractured, few vugs
with eslcite crystals, few calcite crystals along fracture planes, hedding
fairly regular, probably averages sbout /00, considered moderstely disturbed.

697-73 Limestone, interbadded crystalline and argillaceous as above, somewhat more
highly disturbed, few srgillaceovs zones appear somewhat brecciated, 3" cale
(horite?) veinlot at 728, Mow zones fairly well fractured, this unit somewhat
more disturbed than ahove, dips somawhat more irregulsr, estimate bedding
averemes 40O,

73=767 Limestone, vrincipnlly dark hrowmish eray, very arpillaceous, somewhat dolo-
mitic, little Interbedded c¢rystalline limestons, all somewhat fossillferous,
dips veriable, moderately distvrbed, vuspy, dolomitic, drusy from 7:9-755, 75%-
762, amall cole velnlat at 765.6 with posaible clear, crystalline hsrite or
F%gsum, bottom contsact aharp, prohably fault contact dippine at approximately
159,

Tyrone Formation

767-779,5 Dolomite, pele ereenish gray, somewhst silty in sppesrance with darker
eraentsh pray, somawhat silty in apnesvance with darker preenish rray mottling,

7"9.5-7ﬂ1.5 Dolomite, tan, brownish sray, finely crystalline, dips et approxl-
mately 10°.

771.5~782 Pancil Cave?, greenish rray shaley material, nesrly flat bedded, veory
altered in appearance.

732~795 Dolomite, ten, crystalline, vsrtly wngsy, all senerally rather dense, dark
gray chert nodule at 78l, approximately .S' of tan srey chalcedonic chart
at 79, veinlat of mnssive hlpded horite? at 787.5, massive bladed hsarite in
vog ot 788, beddinr nesrly flst, essentially less than 10°,

796-%12 Dolomite, tan, orystnlline, essaentielly as a“ove, rather messive, few inter-
beided zones vuspy end drusy, llttle disseminated vyrite, one larpe zinc
crystal at 810, bottom contact dippine at ahont 60°, vprobabla fault contsch
d4pning throurhout approximately 10°, somewhat more disturbed st bottom 1!,

812-317,5 Limestene, crvstalline, rrey, all rather hirhly disturbed, pertly wuegy
with 1little calcite druse, little harite in vurs, very similer to limestone
from 760-773. .

217,.5-A19 Higtly contorted, shaley meteriasl, probably dlsfﬁrbed Pencil Cave moterisl
89 nbove.

919-229 Dalomite, tsn, crystslline, partly wurry, little fairly massive calzite
£1111inr vugs, bottom contnct sharp, dipning at h5°, sppesrs to be ferlt contact.

829-819 Fgult zono, mixed, tan erystnlline dolomite, mreenish eray shaley material
1ike Pencil Cave with some fractures filled with bsrite and cslcite, bottom
cmtact rather sherp, dippine st approximately 159, top contrct at spvroximately
700, .

A39-855 Dolomite, ten, crystalline, several thin sheley sectlons, rather wurny,
highly disturbed throughout, dips probebly nverage IS degrees, littls tan,
breccisted chert at top ldentical to ten, hrecciated chert at 777.

A58-855,5 Pencil Cave meteriel, unshle to determine If this is In place or represcnts
cave-in in the hole, suspect cave-in, !

36%,8-87), Dolomitae, ten, modium crystalline, rrsdes to below, rother steeply dipning
thronehont st avproximetely /159, rether wupey and porons throuphout with
dolomite driuse.

87,-398 Dolomite, tsn, principally fina prained, crystelline, psrtly vugey throughout,
distinct bluish pray mottling throvghout, zones with sbundant interhedded
shaley end fossiliferovs, dips somawhat varisble, nrincioally at approximetaly
159, bottom contact shsrn, renrasents small fault contact, this zone possibly
reprasoats Orecon?.
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89°-91F

915-925

925-913

933-950

950-977

977-991

991-1007

Dolomita, finely ervstslline, eray, licht oray snd licht tan, partly well
dolomitlzed snd dvsy, few zones and pntches very vugry with calcite end
dolomite druse, bottom cantact vather sharp, »11 dipoinec st approvimately
10O, appesrs aome beds selectively dolomitized, 1little faultine as small
displeacements on fracturaes, hottom contnct renresents favlt contnct dlioping
et novroximately L5°.

Dolomite, tan, finely crystalline, upper pnarts well laminated, bobttom
portions irregularly mottlod, few strinpers of more conrse ten dolomite,
pertly vuggy, dips rather consistent ot shout L0°.

Dolomite, essentially ss above, upper pertions with Interlaminated rrpill-
acecus partines, slirhtly more vugpy with little pyrite in vugs on tov of
dolomite drnase, divs at ahout 150, dips somewhet more irremulsr in bottom wvortions.

Dolomite druse, mostly well crystallized, soft, porous, vugry, few zones
somewhat less vuggy and well lamlnated, dips approximately 150, feirly
irremular, vugs drincipally 1lined with dolomite and 1ittle later calcite.

Dolomite, principally tan, very Cinely crystslline, well strasked with dark
bluiyk reay, faw prrks Tairly well hedded, dipping st vorious aneles from
75-400, dips very irreguler, .5' at 973 well renlaced with rather massive
disaarinatad nyrito, nyrite strin-ars, hledbs of pypsum, numerous fractures
with alickensides, little massive pypsvm at 975.

Dolomite, essentially ss above, all bi~hly disturbed, fairly well fractured,
fairly abundant verticsl heds, dips hirhly veriable.

Dolomite, tan, very finelv erystelline, partly drusy, drusy portions rather
viigey, vurs commonly f1lled with cosrsa crystalline gypsum, beddine hirhly
variable, unper portions aporoximetely RO®, averase throushout 1460, very
irregular,

1007-102; Dolomite, sublithopraphic, dense, mottled, well laminated in psrt, bedding

nighly vartable, few shaley zones, lsrge +1" bleb of cypsum at bottom,
bedding hipghly veriable, average approximately 600, small patch of drusy,
voegy materisl at 1012 with vugs filled with pyrite snd little disseminated
oyrite, fairly numerous fractures with polished surfaces.

192h-1043 Dolomlte, very highly disturbed, fairly well recrystellized, partly drusy,

unable to discern bedding because of fracturing and recrystallizetion
assume near vertieal, dip veriahle, partly vuggy with occesional vug
filled with gypsum, show of crystalline sphelerite rilling vueg at 1031,
aohalarite mostly comrse black Jack with 1little surrounding rubyjack.

1043-1072 Dolomite, very highly disturbed, divs erratlc, some nearly psrallel to

core, all falrly well fractured, féw zones fairly brecclated, abundant
slickensldes on fractures, few patches somewhat wugey in uoper portions,
dips tend to become somewhat more reguler hut gt111 steep in bHottom S,

1072-10%6 Dolomite, principally finaly crystalline, brown and tan, well mottled and

strapkad alonr beddineg olanas, few zones rather disturbed, few zones
aomewnat wuzey, dlps rather steep, vary from approximately 700-1459, tendinpg
to fletten townrd bottom, little eypsum in vups and in velinlet at bottom, |
rather numerous fractures wlith nollshed srpgillecoous meteriel indicating
movement nlone Cprastures at varions sngles, stronzest comnenent of move-
mant seema Lo bava a strike-slip throw approximstely ;5% from vertiesl

1086-1119 Dolomite, f!nely crystalline, wall streasked with irresulsr darker material,

abundant Interlaminsted arzillaceous pertings, dips rather consistent et
epproximetely 50, fairly numerous fractures with slickensides indicating
both strike-slip and dip-slip movement and variationz of esch.

1116-1177 Dolomite, essentislly as shove, seversl zones rather hirhly disturbed

with lrregulsr bedding, bottom contact probably feult contact, “sault
gontact st bottom dipping at approximately 700,

Fote: Very little vuggy materiel ssen between 10L1 and this point, seems

To be decreasing in recrystallization thoueh the units are still entirely
dolomite. '
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1137-1165

1165-1119

1189-1218

1137-1165

1165-1119

1199-1218

14105-1436

1136-1155

1155=-146h

1sl=11.78

17518,

8 -1508

1508-1513

1513-171€

Dolomite, essentially as sbove, bedding very irregular, veries from 70°-10°,
dips in bottom portions tending to become more flot, few zones partly
vuggy, conslder the unit very highly disturhed, fairly well fractured with
some slickensides.

¥ote: This ascems to be the bottom, at lesst temporarily, of the very fine
grained to sublithographic dolomite, meterial helow much less dense end
lacks mottling, contact between two rather sharp.

Dolomite, ten, finaly crystalline, somewhat stylolitic with rather sbundent
tnterlaminated srpilleceovs overtines, rather dlatinct from above, lacks

the mottling end tan colorstion, dips avpenr te be rather reguler, dippine
at nonroximetely LO®, dips less steep nesr bottom, crades rsthar avickly
into halow, somewhat recrystallired, slishtly vuggy end porous et bottom.

Nolomita, tan, vurey throvshout, rathar alterad in appararance, dolomite

orincionlly fine prained, little drrsy dolomite scattered, drusy In vueey
zones, apnaar to he selocted strenks of different 1litholoey which has hean
elterad, baddine difficult to discern, appesrs to be dippine »t about 20°,

Dolomite, essentially as above, bedding very irresular, veries from 70°-10°,
dips ¢{n bottom portions tonding to hecome more flst, few zones partly
viupgy, consider the wnit very highly disturhed, falrly well fractured with
some slickenajdes.

Note: This seems to be the bottom, at lesst temporarily, of the very fine
grained to sublithographic dolomite, meterial helow much les3 dense and
lacks mottling, contact between two rather sharp.

Dolomite, tan, finely crystealline, somewhat stylolftic with rather abundent
tnterlaminated rrpgilleceovs pertines, rather distinct from abova, lncks

tre mottline and tan colorntion, dins avpensr tc be rather repuler, dinpine
at avnroximatelw 109, dips less steep nesr bottom, erades rethar auvickly
into halow, somewhat recrystallized, slishtly wvuggy end porous =t bottom.

Dolomite, tan, vurey throvshout, rather altered in apprarance, dolomite
vrinctoally fine rrained, little drrsy dolomite scattered, drusy In wvucey
zones, apnaar to he selocted streaks of different 1itholoegy which has hean
elternd. beddine difficult to discern, appesrs to he dippine »t ahout 20°.
Dolomite, partly calcareous, consists of Interbsdded brown crystaslline
dolomite ns ehove snd rather srpillaceovs portions with greenlah cray
cast, few zones wlth texture identical to limestone describad ahove excopt
it is entirely dolomite, few zones with mottled greenlsh eray shelsy
materisl, dlps throughout less than 109, occasional seem of myosum slons
beddine plane.

Vote: Possible top of Wells Creek

Dolemite, rnther well laminnted, finely crvstalline, hrownish pray, few
interbedded zones of aomewhat silty, shaley, sreenish pray dolomite,
dips averase aspproximntely 10°,

Dolomite with interhedded sreenish pray to dark grsy shale, sll very fine
srained, beddinr somewhat contorted in lower portions, orobsbly sedimentary
fantures,

Dolemite, Ltan to hrwmish ~rey, p-rtly erystelline, vsrtly fairly wall
lemineted with rraenish sray »rrillincecus stresksd, somewhat mottled
throurhout, beddine dippine st less than 109, .

TLimestone, licht tan, well mottled hy derk bluish cray strenks, fairly
shundsant interbedded arcillacsous meterinl dippine movoroximntely S5°,
1ittle falrly mnostve pyrite on beddine plenes, orchebly syngenetic.

Tnterbeddod, palo srsealsh pray arplllscsons dolomite snd ten, verv fine
gretned dolomite, Tittle interbedded limestone, occasional preonish oray
strealr of hale, drusy dolomitic from 1501-1503, bottom contact avpears
to be at spproximatoly 559 anmle, rather sharp.

3peccia, partly pebble conglomerate, probably represents trash zone between
Wells Creek and 4nox, upper contact sharp nt about 56°, possible injaction
breccls, hottom contect dipping about 25°.

Knox Group - HMascot Formatlon

Dolomite, brownish mray, finely crystelline, somewhat broken and shatbter
Wrasctatad, faw Interbedded shaley streaks.
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1516-1532

18172.1566

1566~1570

1570~1570

1530-1657

1657-1694

1694-1712

1712-1720

1722-1718

1738-1718

17,,8-175]

17€)~1765

176%-1782

1732-1500

17°0L-1823

Dolomite, lieht eray, very dense, very finely ecryastalline, sublithoprephic,
oceasionnl shale perting, dips soproximately 159, smnll shpley pebble dike
st hottom, bottom 1.5' somewhat brecciated.

Dolemite, very finely crystalline, very dense, lieht tan, light rray,
oceaalonnl interhedded, thin creenish shale stresk, occasional interhadded
sandy atrenk, typical of inox, haddine somewhst varlahle, dips probabdbly
avarage 150, some anite steep, unable to determine if sedimentary festures.

Rroccia, principally coerss fr-ements in n gandy, dolomite rock {lour
matrix, few chart frarments, 1lithola~ies of dnlomitas aeme a3 shove and
pelow, unit consilats of mostly fragments, one Ceirly larce frecment of chert.

Dolomite, very dense, fine grained, lirh¥ tan to light pray, essentially
as ehove, dips averace about 15°.

Dolomite, all very denso, varies from pray to white, very fine preined,
sublithorranhic, few argillacoous psrtings, few interbedded sandy strerks,
few interbedded shralev straaks, occasional white tripolitic crert as bend,
occasgtonal dark brownish pray chert band, little scattered pyrite sg distinct
dark gray to black blebs, beddinp sverages asbout 100,

Rprecela, tightly !nterlocked coaras frapments of dolemite sepsrated by
petches of finer hreccis, mririx principally dolomite, medium crystalline,
eppreara to have been recrystallized, fow {reements of 3andstone and chert,
braccin texture som what bhazy in hottom 10', tottom contmct varue.

uote: The hreccie zone deserihed ahove secms to ho hoginning of coarsex
crystalline mrterial,

Dolomite, principally 1lipnt ~rey to white, medivm crystalline, somewhat

vuggy throughout, more wvupsy from 1707-1712, fair zinc shows between 1706~
1710 in wvugmy portinas, zine occurs as nenrly colorless vale yellow crystals
on dolomite crystals In vura and as aperesntes of crystnls on amall fractures
and dAtlassomineted Ehrorrhout the vathar corrsely erystelline dolomite, hrrd to
detect baconge nearly colorlesa, It zone may mo alirht more than 72.5¢ %n,

_Dolomite, licrht arey to white, medlum crystalline, stylolitic, bedding
_appears to he nearly flat.

Dolomite, light prey, nesrly white, fine and medium crystelline, dips
dif{icult to diacern, less than 100, little interbedded sandy and ereenish
shale,

Ryacecle, principally cosrse frrements of dolomite in a sandy rock flour

matrix, litholoriea somowhat mixed, dolomite appesrs to have been recrystallized,
f:ulpr§1ce strinrers 1n top 6", few oyrite shows ns streaks f1lling froctures

at 1705, .

Bpecein, monolithologic, ten crystalline dolomite, fragments separated by
white crystalline fine dolomits, 6" of chert mrtrix type aandatone st hottom.

Dolomite, partly hracciated, consists of pala ereenish sray very fine
eroined dolomite and hrown to ten crvstalline dolomlte, fow zones r-thar
well breccietad, »11 with somewhnt diaturbed appenrance, 1ittle chert at
hottom, fsir trace of pvrite at 1760.5, zone at.bottom 2' with sandy matrix.

Princivally very fine ¢rained, li~ht ereenish gray dolomite, fairly well
mottlad, llttle intorhedded, mora conrsely crystelline material, some inter-
hedded monolitholopic breceln, faw intarbeddad sandy zones, several frectures
with movament indicetinc din-slip movemant, occasionel bandsd ochert nodulae,
dins nt aporoximetely 59,

Rpacain, mostly monolitholoric, little mixed breccis, princioally with white
dolomitic rock flour metrix, few Clne vortions with fairly abundont mntrix,
fracments essentially monolitholoric throughout, few portions with somewhat

mixed Crapments, breccis texture commonly rather hazy, upper contact
appesrs to be esjentisily flat, bottom contact vague.

Dolomite, white to light pray, mediun crystslline, somewhat stylolitiec,
vedding appears to be dlpping between 5° and 109, few intorlaminated
green argillacecus partings.
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1A22-1873

1%22-1919

1245-1865

1865-1882

1982-1490

1990-1915

Dolomite, essentially na aove, somewhat wvupey, amall pateh of nrecclia ot
1R29 with sbundant pyrite in metrix, eredes to below, odd prtches of vague
breccla texture iln bottom portions.

Dolomite, iiyhe epey, medium crystelline, somewhet atylolitic, renarally
rather meraifive, occaslonel rreen srellleceous parting, few zones with
faint crackle breccistion, smell shnle dike at bottom.

Dolomite, lieht grey, moatly medium crystalline, rather cherty with trana-
1ncent pray nodules and some chalky white chert, vartly brecciasted as
crnckle breccin, monollthologic, somewhat vuggy snd porous in bottom L',

Dolomite, principally light arey, fine send madium crystalline, few larre
chert nodvles which sre pray and very oolitle, pertly breccistod through-
out as creckle breccis, few interbedded sandy zones and sandy atreaks,
dips spproximetely 10°, few treces of pyrite.

Principally chert with little irtarbedded dolomite, few Interbedded sandy
streaks, chert light gray nnd white, chalky end evrny, very oolitic chert,
chert somewhat hroken in portlons, unit may make . fair marker bed.

Dolomite, principelly light eray, crystalline, somewhnt crackle brecciated
in vpper portions, interhedded with very fine ererined lirht tan to lirht
gray dolomite with tntarlaminstod sandy streaks, somewnat cherty throurh=-
out, faivly asbundent dork aray, very oolitic chert, hottom faw feet vory
aandy.
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Proparty Desvid Nawton, Shalby Jonnty, KY Projact _Jonth Knob Hole No. JE ?7R-2

Shaet Yumbey 1 Elevation -~ Jsb Started _April 26, 1978
Cartor Coordinatas 19-U-53 2h25' FSL_X 500! FWL Complethd _May 12, 1978
Oip Vartisnd Ultimate Donth _ 1200!
0-138 Overburden.

Drakes Formation - Rowland Memher

35-82 Interbadded, fossilifarous arsillsceous 1imestone snd shale, limestone pray
to pele sreenish rray, rl1 rether srpilleceons snd fossiliferons, little
glauconite scatterod throushout as hlebs, specks and irvegular patches,
shala gray to lirht oreenish erey, rether fossiliferous, all rather soft,

. 82-89 Bracein, subrovnded limestone frerments in a arpillaceous shaly matrix,
Cragmenta principslly wedfum end cosrse, metpix meterisl very arzillacoous,
constitutes approximetely 3109 of totnl, probehly fault breccia.

30-112 Limestone, greenish sray, very arrillscaous, fairly abundsnt specks snd
blebs of glauconite, few zones with sbundant erpillaceous mnterial, rether
argillaceous throushovt, little interbedded shale, grades to below, probsbly
reveating Rowland. 3

Note: Dips to this point relatively flst, approximetely 100,
Grant Lake Limestone

112-130  Shale, mostly light sreenish sray, 1ittle dark aray, all very calcsreous,
little interbedded limestons, sll rathor soft, somewhet f1lssle, mostly
fossiliferovs, dips variable from 159-200,

130-170  Very calcereous shela, greenish gray, vary abundant interbedded fossiliferous
stresks, fosailiforous throvrhout, 1ittle interbedded nodvlar limestons,
eaglmngo 60707 shale, bedding planes irrerular surfaces, sstimate dip st
100.3159,

170-223  Shale, very calcareouvs, essentially ns above, possihly somewhat more
fossiliferons than above,

223-235  Shele, essentislly as before, considersble more interbedded fine prained,
light pray limestone, estimete limestone st S50%, :

235-250  Shale, groenish gray to olive, soft, 1little interbedded limestons, sll
very colearsous, shale rather fogsiliferous, fairly wel) lamineted, dips
estimeted at 10°9-15°,

250-300  Shale, esgsentially ns above, somewhat less preen color, mostly gray,
moatly very fossiliferous, estimate 30%-h0%z11mestone and fossil material,
shale portions very calcareous, lime portions vory argillaceous, dips
dirficult to discern, estimate 10°,

Calloway Creek Limestone

100-329  Very fossiliferous shale and pehble conelomarate, frogments orincipally
fossll fragments, shale snd argillaceous material dark eray, rether soft
and rather fissile, faulted at bottom.
Clays Ferry

126-412 Prineipally shale, dark pray to derk olive, very calcarcous, rather ahun-
dant interbedded fossiliferous limestone, all rather soft, somewhat fissile,
aversge dips to ehodt 200, estimete 60%-70¥ shale, top 3'conchoidal.

ha2-uho Shale, as above, well fractired, highly disturbed throushout, abundant .
slickensides on fractures, dips evrratic, 21l aneles, possible shear fewlt zone.

Llj0-k57  Shele, as above, mora hirhly sheered, mores abundant slickensides on polished
surfaces, still part of same sheared fanlt zone.

hS7-1:75  Badly sherred shale as above, degres of shearing tends to be diminishing
towerd bottom, dips somewhat veriable, tend to be flettening toward bottom.
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175-512

§12-520

570-555

555-582

£R2-592

592-60L

60-62

&24-603

611657

657-669

665-5678

678-690

690-691

691-725

Shele, essentislly as befors, somewhat more interbedded, fossiliferous
limestone, bedding dipping at epproximetely 200 throughout, bottom contact
rather distinct.

Limostone, fairly coarse apgrapaste of rounded pebbles in s crystalline
limestone matrix, fairly ahundent interlaminsted shale strenks end partinps,
all fossiliferous throurhont, baddinr at 150,

Interbedded shale and limestone, nhout 50/50, shale rray, fairly soft,
fairly well leminated, limestone sll vary fossiliferous, light gray, lime-
stone and shnle both fossiliferous, limestone licht pray, beddine at ahout
159 anrle, prades rather aulckly into helow.

Lexinrton Limestons - Sulphvr YWells member

Limestone, cslesrenite, fairly sbundant intevbedded snd interlaminated

argilisceons vartines, limestone consiats principelly of lime pebhles

and fossil fragments, some interbedded preenish eray shale and folrly

gégtiggt rovnded lime pebblas, hedding (sirly consistent dipping at shout
-P50,

Brannon Member

Limastone, rray, finely crystelline, few interlaminated shaly pertines,
little rock flour breccia from 587-888, flat-lying, possible sedimentary,
hottom contact rather distinct.

Shale, brown, well laminated, fairly ahundant interbedded limestone, bottom
portions consist principally of vary arpillaceous, tan to hrownish sray lime-
atone, hottom contasct rather distinqt.

Cordsville Member? (Lorano missing)

Limestone, frasmental, upper portions appesr breccisted but probably consist
princionlly of fossil fyr.rments, predes to somewhat nodwlar, limeatone fairly
abundant, argillaceous pertings in middle portions, somewhat recrystallized
and dolomitized in bottom 5', all gray throughont, dips fairly flat, probably
svarape about 10°, dolomitized vortions in hottom sometimes have fairly

haavy nyrits on dolomite druse.

Limastone, fossiliferous, erey, partly crysteslline, few zones somewhat
dolomitic, tends to crade into dolomitic limestone at hottom, few inter-
lamineted argillececus partinra, dips estimated at 100, few thin, (approxi-
mately 1/4") seams of pypsum alone bedding plenes.

Dolomite, gray to lipht gray, mostly fine, little medium, principally licht
rrey crystalline dolomite, middle vortions rather brecclated in sopenrancse,
poasibly recrystallized altered mixed lithology breccla, few interlsminated
argillececus partinesg and streaks, dips estimate st less than 100, few
thin seams of gypsum along bedding planes, 1/2" seam at bottom, bottom
contact very sharp.

Bipgh Bridge Croup - Tyrone Formation

Dolomite, principally finely crystalline, brown to brownish mray dolomite
with interhedded areenish sray dolomite, greenish pray somewhat argillaceous,
few zoues tan dolomite rather wvurgy.

Timeatone, partly ddlomitic, very finely crystalline to sublithopravhic,
fow zones falrly well dolomitized, Pencil Cave from 673-67l, 1/2" brownish
gray chert at top snd hottom of PencilCave. .

Dolomite rradine to limestone in hottom half, dolomite consists of fine
1light brownish prsy crystelline dolomite, somewhat vurry and pitted which
predes to tan, suhlitho~rashic limestonea $n bottom, dips minus 10°.

Note: Would tend to divide Hirh Pridze down to Wells Creek into two units.
Tyrone above this point end Camp N_elson below.

Limestone, sublithographic, brown, well laminated, partly greenish gray
snd srgillaceous, abundant interleminated darker brown streakas.

Limestone, vrincipally sublithorraphic, tan and lipht crey, little inter-

hedded shaly and fogsiliferons, partly burrowed in avpeavance, little
interbedded dolomite.
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725-710
7h0-751

781-778

778-783

783=-827

927-858

353-081;

A8 -902

903-923
923~930
Q10-90R
99R-1008
1908-1058
1055-1001
13%1-1091

1.091-1108

1108-1118

113A-1200

Dolomite, finely crystalline, tan snd mottled light wrsy, fairly well
lominetad, few irrecular, nodular brown prtches at hottom.

Dolomite, crystalline, medium, drusy, mostly porous snd vuggy, hirhly
raceystpllised.

Dolomite, tan, very finelv ervstalline with sbundant {rresuler derk cray
mottline, few zones somewhat vacrystallized, hiphly disturbed from 759-765.

Note: Dips sll epproximately 5° or less.

Dolomite, veary fine, very argillaceous, gray and brown, fossiliferous
(aimiler to 230-305 in hole 3).

Dolomite, c¢rystalline, medium and fine, brown ond tan, generally porous
and prrtly voggy, irvegularly bedded, brasks with hackly fracture nlong
boddine planes,

Dolomite, pray, little tan, very finely crystelline, well bodded with thin
beds sepersted by wavy argillaceous nartines, 1little wupry towsrd bottom.

Dolomite, cryatalline, porous, pnvtl& vuegy, medium and fine, trace smber
sphnlartite in wvuma at 873.5.

Dolomite, interbedded very fine, eray end brownish gray and medium crystalline,
tan, porous, partly vuspy snd drusy dolomite, one speck yellow sphalerite at
#05, gredes ~ujekly into holow,

Limestone, sublithorrsphic, tan with abundant irrepuler darker dolomitic
streaks (typical Plattin - Murphyfreesboro),.

Limestone, sublithorravhic, tan, partly fossiliferous, 1little interbedded
eroenish arpillaceous, gsreen mottled, essentially as above.

Limestons, esiontinlly as ahove, 2' shaly nt top, somewhat more interlominated
arrillaceous moterisl towsrd bottom, credes sbruptly to helow.

Dolomite, fine, gray, well laminsted with interlaminated srgillaceous psrtincs.
Dolomite, medium snd fine crystallins, tan snd brownish gray, partly vueey,
renernlly porous. {pross tertura of dolomite fmiler to limestones and probably
are limestone ecuivalents),

Dolomite, as ahove, little danize at top.

Limeatone, sublitho~ranhic, hrown and tan, incramssing interlaminated
srpillacaous meterisl in bottom portions, erades cuickly to below.

Dolomite, pertly calcareous, very arsillaceous in uoper 2', falrly well
bedded throughout, fine and little medium crystalline, brownish gray.

Note: May ha pert of Wells Creek

Dolomite, fine crystalline, little medium, brownish sray, several interbedded
arpillaceons zones with faknt erreean mottling, fairly well laminsted with sbun~
dant srgillaceous strosks,

Wells Creek

Dolomite, very finaly cryatalline, str-aked and mottled, little greenish
eray ergillaceous material, »1ll rether uniform, little scrttered pyrite.

TOTAL DEPTH
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’Pt-opoz‘ty Schmidt, Shelby County, KY Prdjoot Japtha Knob Hole Mo, JK 78-3

Sheet Number © 1 . Elavation 9951 Started _May 1k, 1978
Carter Coordinates 23-J-53 15501 FNL X 200! FEL Completed _May 17, 1978
Dip Vertical / Ultimste Depth _ 1200'

Set X casing at 12!, Core size BX to total depth.
N-12 Overburden,

12-26 Dolomité, ton, finely erystalline, upper portions rather vupry with dolomite
QFusa, beddine hipghly disordered throupghovt, typical Camp Nelson with Camp
Felson tyve hurrows end mottling, faint traces of crystelline pyrite.

26-1i6 Dolomite, tan, very fine erystalline, dips principally vertical, somewhat
disordered st hottom, typical Camp Nelson, little dolomite druse in wggy
portions, bottom contact rether sharp. %

16-56 Dolomite, light arey to white, very finely cfystnlline, fairly well mottled,
uneble to distinguish bedding.

56-77 Dolomite, hiphly disordered, moderately drusy, relatively porous, highly
recrystallized, few lerge vugs 1lined with druse, unable to distinguish bedding,

77-117 Dolomite, typlcal Camp Nelson litholories, partly highly recrystellized and
vuggy, bedding highly disordered, typical Camp Nelson burrows and mottling,
bottom contact rather sharp,

117-155 Braccia, very highly altered, dolomitized, very porous and vurgy, few patches
with traces of pyrite, breccias texture rsthar well preserved in places, other
parts diffiocult to discern, litholosles possibly well mixed, unable to deter-
mine, wvuggy portions may pertly represent clasts that heve boen leached out,
vugs generally lined by dolomite druse, entire unit very porous, top contsct
sharp dipping st approximately LS degree angle. .

155-180 Brececia ss above, little pyritic at bottom, pyrite consists of crystalline
A druse on dolomite druse, possible faint trace of chalecopyrite associated
with pyrite. :

180-187 Breccis, consists principally of patches and zones of drusy dolomite as
above and dark gray argillsceous dolomite with few shaly partings, bottom
contact rather sharp, somewhat gougey, possibly nearly flst fauvlt contact,

167-195 Dolomite, medium crystalline, tan to brownish aray, partly vugey, somewhat
rrectuyed in upper portions, bedding variashle, nrincipally steep (resembles
Tyrone), -

195-201 Verious dolomites, prineinally fine rrained, hrownish gray, upper portions
very shaly, pertly vuegy, beddine st variouvs anrles, princivelly steep,
unit vrobably represents lower part of Camp Nelson, sbundsnt slickensides in
pougey meterisl along fractures, srocillacecus meterisl in upper portion
vaguely resemhles Pencil Ceve material.

203-211 Dolomite, liéht gray, very finely crystalline, somewhat sileg in appearance,
bedding very stesp -nd somewhat variable, feint greenish cast, possible Wells
Creek fragment, :

Note: Material below the breccis zone probably megsbreccia consisting
principally of lsrge clasts.

211-230 Vsrious fragments of dolomite, principally well altered, partly vuggy and
porouvs, litholopies rather well mixed, fair amounts of argillaceous material,
bottom contact possible fault contact, few zones with fine disseminated
pyrite, (would interpret this as megabreccia).
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117-155

155-180
1.80-187
167-195

195-203

203-211

211-230

230-239

2729-252

252304

30L-3h1

Y1-368

168-38L

Brecola, very hichly altered, dolomitized, very porous and vuergy, fow patches
with traces of pyrite, breccis texture rether woll preserved in plnces, other
parts difficult to dfscern, litholorlas possibly well mixed, unable to deter-
mine, vuggy portions may partly represent clasts that have boen leached out,

vugs generally lined by dolomite druse, entire unit very porcus, top contact

sharp dipping st approximately 45 degree angle.

Breceia ss above, little pyritic at bottom, pyrite consists of crystalline
:ldr:;a onigolomite druse, possible faint trace of chalcopyrite associated
pyrite. ;

Breccia, consists principally of patches and zones of drusy dolomite as
above and dark gray argillsceous dolomite with few shaly partings, bottom
contact rather sharp, somewhat zougey, possibly nearly flst fault contact.

Dolomite, medium crystalline, ten to brownish egray, partly vuggy, somewhat
gractm)'ad in upper portions, bedding variable, principally steep (resembles
yrone) . -

Veriovs dolomites, princinally fine prained, hrownish gray, upper portions
very shely, pertly vuegy, beddins st variouvs enrles, principelly steep,
unit probably represents lower pert of Camp Nelscn, sbundsnt slickensides in
pougey materisl along fractures, sroillsceocus meterisl in upper portion
vaguely resembles Pencil Cave material, :

Dolomite, light gray, very finely crystalline, somewhat silty in appesrance,
bedding very steep and somewhat varisble, faint greenish cast, possible Wells
Creek fragment,

Note: Material below the breccis zone probably megsbreccia consisting

principally of large clasts.

Verious fragments of dolomite, principally well altered, partly vuggy and
porous, litholopies rather well mixed, fair amounts of argillaceous material,
bottom contact possible fault contact, few zones with fine disseminated
pyrite, (would interprat this as mogabreccia).

Dolomite, tan, very finely orystalline, somewhat porous, several patches
very porovs, soveral acettered gray to light pray chert nodules, rather
well fractured, hottom contact rather sbrupt, several zones with slicken-
sides, occasionnl disseminated pyrite associatod with fractures, block
regembles Tyrone.

Dolomite, tan, very finely crystalline, well mottled and wupgy, typlcal
of Camp Nelson, bottom portions well laminated, bottom contact rather sharp,
nesrly flat, little ground core at hottom contsct,

Argillaceous dolomite, pale rraenish sray to rray, appeanrs to consist of
argilleceous dolomi“e pebbla conrlomarstes and very fine grained thinly

hedded dolomite, heddine vrincipsally vsrallel to core, few thin interleminated
areillaceous partines, fairly well frectured, rather abundant smooth polished
fracture surfaces with slickensides, bottom portions more thinly laminated

and less arpillaceous, bottom contact probably foult, dippine st LS desrase anple.

Note: Litholosy fairly distinct, unahle to find lithologic equalivents in
JK 78-2, shaly unit at 780 vaguely resembles this unit but probsbly is too thin,

Dolomito, tan, very finely crystalline, well stresked and mottled with darker
bluish sray materinl, few zones more medium crystdlline, moderately frectured
throughout, oxidized, wupgy, and vory pyritic with disseminated pyrite druse
from 332-335, sulpbides in this zone consists of pyrite snd msrcasite filling
fractures, vugs and cavities and disseminated throughout, beddine at erratic
angles, principslly steep, commonly parallel to core,

Note: This unit closely correlstes in litholoay to the unit from approximately
350-375 in JX 78-2. ;

Dolomite, essentially as shove, fairly well recrystallized, somewhat more
‘cosrsoly orystalline, few zones vuggy and fractured with little massive
pyrite on fracture st 353.5, bedding at various sngles, rather well fractured,
rather strong slickensides slong various fractures, strong fault ot 6,

Dolomite, fairly well recrystallized, rather hischly sltered, rather highly
altered, rather highly fractured, very vuggy, large vugs filled with maasive
and crystalline caleite which is costed by abundant drusy crystalline pyrite,
pyrite rather maassive in hottom 2' (and morcesite), estimate pyrite through-
out at 7%,  Semple No. 821 (371-377) results sttached
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38h-410
1,10-1h29
L29-1136

I36=0p2

L1 -9l

hol-528

528-539

539-554

551-590

%00-638

635725 -

725-710

Disordered dolomite blocks, all principally steeply dipping, principally tan
fine to medium erystallinn: 1ittle ergillaceouvs, greenish g;ay, 1like 25Z-§Oh:
dips principelly steep. .

Dolomite, nearly vertical, partly porous and vvegy, vartly medium erystalline,
gggs ;egiggle, principally near verticsl, tend to be somewhat more flat
ard bottom.

Dolomite, srgillaceous, pale greenish eray, bedding principally approximately
45 degrees, rether contorted, hottom 1.5' somewhat fractured, gll very similar
to zone between 252-304 which may correlate with 78-2 from 778-783.

Dolomite, tan, very fine srained with dark bluish gray mottled strenks,.d!ps
nearly flat, possible contsct at bottom. 3

Note: Dips appear to have decressed ratheyr rapidiy from epproximately ;25
to this point, above that zone dips were prineipslly vertical whereas from
i25-lh1 dips tend to be epproximately LS degrees.

Dolomite, tan to light brownish srray, finely crystelline, somewhat ssccharolidal,
few patches and zonss rather vuggy and porous, bedding fairly consistent at
approximately LS-50 degrees, bottom contsct probably faunlt contact, unit some-
what more highly disturbed in bottom 10', rather similar in lithology to

78-2 from 10)78-1080, falr correlation. : /

Lower Camp Nelson

Mixed dolomites, bighly disturbed, principally dipping at =700, all some-
what recrystallized, fairly well fractured, some very well laminated with
abundent vugs and medium crystelline material between argillaceous lamina-
tions, bottom 3' resembles Tyrone.

3reccia zons, probably fanlt breccis, all well sheared snd fractured,
partly oxidized, brecclas consist of fine, rock flour breccias, patches
surroundine larger frnmments of brown to tan dolomite, highly disturbed
Poncil Cave materlal with breccia from 532-53l, unable to locate chert
that is usvally sessociated with Pencil Cave.

Dolomite, light brownish gray, finely crystolline, rather dense, massive,
rather hierhly disturbed frectured, few »ones vartly porouvs and VUgRy,
probably Tyrone. v ’

Note: Probably atill going throush disordered blocks, litholories shove
this Tyrone clesrly favor those of the Camp Nelson. Probable Pencil Cave
at 531 snd this »one of vrohable Tyrone gives fair correlation, g

Dolomite, hirhly fractured, highly disturbed, principally fairly porous
and vuesy along Cractures, litholopies rather varisbls but principally
resemble upper parts of Como Nelson, moderste calcite mineralization alonem
fractures in wvugpy portions, show of svhalerite in coarse cplcite and
fracture with some sssocinted fine prained, light to pale yellow bladed
barite at 562,5, several zones moderately pyritic along fractures with
possible very faint-traces of chalcopyrite, pals ¥yellow to white bladed
barite crystals in fractures lightly scattered throughout,

Dolomite, hishly disturbed, fractured, principally rescmbles Camp Nelson
lithologies though somewhat darker eray probably due to dolomitic alteration,

little pyrite and treces of bladed barite in vugs, considersble less
mineralizatioh than above.

Dolomite, very highly disturbed and lithologiea somewhat mixed, all rather
well altored,; reorystallized, few zones and patches rather vuggy with dolo-
mite druse, several vugs with ageregates of blady and fibrous crystals,
probably barite, bedding at all aneles, moderstely well fractured, litholo-
gles probebly favor lower part of Camp Nelson, correlation questionablas,
:e:as%o?al vug with crystalline pyrite druse toward bottom, grades gradually
nto below.

Dolomite, derk brownish grey and mostly medium crystalline, somewhat vogey

and recrystallized, fairly numerovs srgillaceous partings principally nearly
parallel to core, considered hishly disturbed, dips nearly verticeal,
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7L0-770 Dolomite, essentislly as before, rather well pitted, vuggy and porous,
beddinpg at all aneles, principally steep, fairly well frsctured, trsces of
pyrite and calcite on vurs, :

770-775 Dolomite, well banded with dark preenish rray, bands hiegbly contorted,
dark greenish rray bands of arpillsceous meterisl similar to greenish gray
band at 959 in 78-2. : 4 i

775-830 Dolomite, tan, brownish gray, medium crystalline,”essentially as ahove,
resembles lower Csmp Nalson, pertly wuggy, well pitted snd cosrsely
erystalline, all highly disturbed, hishly fractured, dips principally less
than 60 degrees, little white bladed barite on frectures.

830-885 Dolomite, essentially as above, bedding variable, commonly nearly vertical,
all rather vuggy, Pocrystallized, feirly common sggregates of fibrous
crystals in vugs, possibly barite.

Note: All dolémites described ahove sre all rather porous, Hole'73—1,
seemed to encounter mors porous or drusy dolomite. These dolomites would
make excellent hosts if exposed to minerelizing solutions.

885-910 Dolomite, essentially as above.

910-922 Dolomite , medium crystalline, porovs, soft, fairly abundant argillaceous
' materiel, dark brownish stained, ssems rather petroliferous, 3" of blsck

shele dipping at LS degrees st bottort, .

922-99l;  Dolomite, light ten to light brownish gray, medivm crystalline, rather
porous, somewhat vuggy throughout, dips rather consistent at approximately
L5 deproes, somewhat massive at 969, somewhat mixed in pleces, little
bladed barite in vups and along fractures, unit veguely resembles dolomite
approximetely from 1010~1080 in 7R8-2, .

Note: Degree of disturbance seems to be d;minishing.-

99L-10L2 Dolomite, finely crystalline, brownish eray, rsther hizhly disturbed,
partly vuggy with dolomites druse, few interbadded streaks of drusy dolo-
mite, resembles material above, little hladed mineral probably barite
;cittered throurhovt in fractures and vugs, grades rsthsr sbruptly into
elow.

-~ .
10h2-1061 Dolomite, upper portions finely crystalline with sbundsnt interlsminated
wavy rrgillsceous meterial, all dipping at epproximately 4SO, bottom
pogiion with falnt creenish cast, argilleceous meterial vaguely resembles
Wells Creek. -

1061~1126 Dolomite, veJ hishly disturbed, dips principslly betwsen 6(P° sand 80°,
dolomite somewhat porous, recrystallized, few zones vuggy and drusy,
highly disturbed throurhout, litholoeries veried, few greenish blocks
possibly Wells Creek, bottom contact rather sbrupt.

1126-1158 Dolomite, tan, crystalline, fairly sbundent interlaminated argillaceous
streaks, upper portions very well laminated, pertly wupgy, psrtly
fractured, little dolomits druse along wugs, bottom contact fairly distinot.

1158-1200 Dolomite, tan, gray and lipht gray with slight greenish gray east,.fnirlgh
abundant srgillaceous materisl, 6" of sreenish grey shaly meterisl at 118l,

dips somewbat varisble, rather consistent, probably aversge about 300 with
meximum of sbout U459, ¢ ; ;

TOTAL DEPTH
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Plates of Selected Split and Polished Cores from the Ozark
Mahoning JK78-1 Core










































Appendix B

The following plates were constructed to aid in fossil identification at field stops in the Grant
Lake Limestone. All of the fossils shown on the plates were found at the field stops. You can
visit the fossil pages on the Kentucky Geological Survey Web site for more information on
Upper Ordovician fossils. Pictures and aids to identifying Upper Ordovician fossils in northern
Kentucky are also available through the Cincinnatian fossils and stratigraphy Web site, as well as
the Kentucky Paleontological Society and Cincinnati Drydredger’s Web sites.

Plate B1. Common brachiopods of the Grant Lake Limestone at stops 2a and 2b. Three species
of Vinlandostrophia (previously Platystrophia) may be found. V. ponderosa has a rounded to V-
shaped hingeline. V. laticosta has a straight hingeline of moderate length. V. cypha (not shown)
has been reported from the unit but was not identified during initial reconnaissance of the
outcrops. It has a long, straight hingeline. Hebertella occidentalis is another large orthid
brachiopod. It has finer ribbing than Vinlandostrophia. Raphinesquina alternata is a relatively
flat-valved concave-convex strophomenid brachiopod. Strophomenid shells commonly are
encrusted by bryozoans and other fossils. See Table 1 for a complete listing of brachiopods from
this unit.

Plate B2. Other common fossil of the Grant Lake Limestone at stops 2a and 2b. Bryozoans are
abundant. Branching, platy, and encrusting forms have all been identified. Generic placement
generally requires microscopic analysis. Pelecypods are also common. Internal molds of ovate
modioliform clams are most common, but several distinct large clams with fossilized valves can
also be identified. Caritodens? (Pterinea), possibly C. demissa, has a broad lobate shell with a
slight “wing” or extension near the hingeline. Valves commonly exhibit fine concentric growth
layers. Ambonychia’s shell tends to be narrower toward the hinge and has an elevated umbo
(back point of the shell). It exhibits well-developed ribbing along the long axis of the valves.
Orthocerid (straight-shelled) cephalopods are uncommon and generally small. See Table 1 for a
complete listing of other fossils from this unit.



Plate B1

V. laticosta
(with an “overbite”)

Vinlandostrophia Vinlandostrophia
ponderosa laticosta

Hebertella occidentalis —

Rafinesquina alternata

Common Brachiopods



Plate B2

Bryozoans

Ramose (branching)
forms Platy forms

Ambonychia

Molluscs, cephalopods
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Modioliform internal molds
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D.L. Lake’s “Atlas of Henry & Shelby Cos, Kentucky” -- 1882
[Locates: Landowners, Turnpikes, Springs, Toll Houses, Ponds, Scales,
Quarries, Iron Ore) iv

Map taken from “A History of Jeptha Knob, Cross Keys Inn, Old Bethel Church, and Wildlife of the Area.”
(All located near Clay Village in Shelby County, Kentucky). Published by Calvin T. Schmidt, 2004, 45 p.






