Prepared For

Wilbur Smith Associates
465 East High Street, Suite 100
Lexington, KY 40507-1938

Prepared by

QORE™, Inc.
422 Codell Drive
Lexington, Kentucky 40509

GEOTECHNICAL ISSUES FOR US 641
From Eddyville to North of Fredonia
Lyon and Caldwell Counties, Kentucky
QORE Project No. 24302831
July 19, 2004

© QORE™ Inc., All Rights Reserved



July 19, 2004

Wilbur Smith Associates
465 East High Street, Suite 100
Lexington, KY 40507-1938

Attention: Mr. Carl Dixon, P.E.

Reference:  Geotechnical Issues for US 641
From Eddyville to North of Fredonia
Lyon and Caldwell Counties, Kentucky
QORE Project No. 24302831

Dear Mr. Dixon:

QORE, Inc. reviewed the eight proposed corridors for the section of US 641 from
Eddyville to North of Fredonia. This report explains our understanding of the project,
documents our findings, and presents our conclusions and engineering

recommendations.

QORE appreciates the opportunity to be of service to you. We look forward to helping
you through project completion. If you have any questions, please call.

Respectfully submitted,

QORE, Inc.
Bruce L. Hatcher, P.E. Craig S. Lee, P.E.
Senior Geotechnical Engineer Senior Engineer

Licensed KY 14527
24302831 GEO Report

Attachments: Index Map
Proposed Corridors (Sheets A - D)
Geology Column (2 Sheets)
Geology Explanation
Proposed Corridors Geology (Sheets A - D)



GEOTECHNICAL ISSUES FOR US 641
From Eddyville to North of Fredonia
Lyon and Caldwell Counties, Kentucky
QORE Project No. 24302831

Introduction

QORE, Inc. reviewed the proposed corridors for US 641 between Eddyville and north-northwest
of Fredonia in Lyon and Caldwell Counties. The West Kentucky State Penitentiary Farm is
located near the southeastern corner of the project area.

The project begins near Eddyville and heads northerly to a terminus point about 1.5 miles north-
northwest of Fredonia. At present, there are eight proposed corridors (Alternates 1 through 4
and Alternates 1A through 4A). Each of the eight corridors terminates at the same point.
However, there are four different beginning points. Alternates 1 and 1A begin at the Wendell H.
Ford Parkway (Western Kentucky Parkway) where it crosses the Caldwell/Lyon County line.
Alternates 2 and 2A begin at the intersection of US Highways 62 and 641 in the community of
Fairview. Alternates 3 and 3A begin at Interstate 24 about 2 %2 miles west of its intersection with
US Highway 62. Alternates 4 and 4A begin where US Highway 62 intersects the Wendell H.
Ford Parkway (Western Kentucky Parkway).

The eight corridors consist of various sections, some of which overlap with other corridors. As
such, the eight corridors are color coded on the attached drawings. The following list of
corridors indicates the applicable color coding for each proposed corridor

Corridor Identification Color Coding
Alternate 1 Gold
Alternate 1A Gold-Yellow-Green
Alternate 2 Pink-Green
Alternate 2A Pink-Blue-Gold
Alternate 3 Green
Alternate 3A Green-Blue-Gold
Alternate 4 Yellow-Pink-Green
Alternate 4A Yellow-Blue-Gold

Due to the large scale of the project and the overlapping nature of the proposed corridors, four
base maps (Sheets A through D) are needed to cover the project area. Please reference the
attached Index Map for details of the four base maps.

General Topography

All eight proposed corridors lie within Lyon and Caldwell Counties. The proposed corridors (or
corridor sections) which lie along the eastern side of the project area will be located within the
Fredonia Valley. The Fredonia Valley is characterized by gently rolling hills. The majority of the
Fredonia Valley is comprised of farmland, pastures, or forest. The proposed corridors (or
corridor sections) which lie along the western side of the project area will be located in
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moderately sloping terrain with narrow valleys. The terrain is steeper and more hilly west and
directly north of Eddyville. Depending upon the selected corridor, the project could be
constructed across four USGS (United States Geologic Survey) quadrangle maps. General
location and topographic information about the proposed corridors across each quadrangle is
listed below. Elevation ranges are within the potential construction areas only.

Quadrangle Location on Quadrangle Elevation Ranges
Fredonia Majority 375 to 530 feet
Eddyville Northern portion 400 to 610 feet
Grand Rivers Northeast corner 450 to 520 feet
Princeton West Northwest corner (barely) 570 to 620 feet

General Geology

We reviewed the geologic information along the proposed corridors from the four USGS
Geologic Quadrangles. The major rock formations encountered are discussed separately in the
following paragraphs.

Rosiclare Sandstone and Fredonia Limestone Members of the Saint Genevieve
Limestone — The majority of the Fredonia Valley is underlain by the Rosiclare Sandstone and
Fredonia Limestone Members of the Saint Genevieve Limestone. The Rosiclare Sandstone
Member is comprised of 5 to 10 feet of sandstone and shale. The Fredonia Limestone member
is comprised of limestone and shale. The Fredonia Limestone member is prone to sinkholes.

The Upper and Lower Members of the Saint Louis Limestone - To the west and south of the
Fredonia Valley, the project area is underlain by the Upper and Lower Members of the Saint
Louis Limestone. These rocks are comprised of medium to light gray limestone.

Gravel — Gravel is noted in the southwestern portion of the project area near the beginning of
Alternates 3 and 3A along the north side of Interstate 24. The gravel is mostly pebbles with
cobbles as large as 5 inches.

Alluvium — The valley bottoms are typically comprised of alluvium (i.e. — water transported
soils). The alluvium is typically thicker along the banks of the larger streams and rivers, and
less thick along the minor creeks or streams. Alluvium in this general area is comprised of
varying combinations of sand, silt, clay, and gravel.

Tuscaloosa Formation - A small area of the Tuscaloosa Formation is present within the
eastern edge of Alternates 1 and 1A corridors near the intersection with the Western Kentucky
Parkway (Wendell H. Ford Parkway). However, it is unlikely that this formation will be
encountered during construction.

The local geology changes drastically north of Fredonia as each of the eight proposed corridors
crosses the Tabb Fault System within the final 3500 to 5000 feet. North of the Tabb Fault
System, there are several types of bedrock encountered. These rock types are discussed
briefly in the following paragraph.

The Hardinsburg Sandstone is comprised of sandstone and shale. As much as 2 feet of coal
occurs near the middle of the formation. The Saint Genevieve Limestone is mapped as one
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unit in the fault area. However, it is likely that the lower portion of the Fredonia Limestone
Member will be encountered in this area. The Menard Limestone is comprised of limestone
and shale. The Palestine Sandstone is comprised of sandstone and shale. The Kinkaid
Limestone, Degonia Sandstone and Clore Limestone are mapped as one unit within this
area. However, it is likely that the Clore Limestone will be encountered since it lies directly on
top of the Palestine Sandstone. The Clore Limestone is comprised of limestone and shale. A
small area of Waltersburg Sandstone and Vienna Limestone occurs west of centerline along
the northwestern leg of some of the corridors. The Waltersburg Sandstone is comprised of
sandstone, siltstone, and shale. The Vienna Limestone is comprised of limestone and shale.

Please reference the attached Sheets A through D, US 641 — Proposed Corridors Geology.
Also, please reference the attached Geology Column drawings for descriptions of the applicable
geologic units.

The local dip varies by quadrangle and generalized dips within the project areas are listed
below:

Quadrangle Dip Direction Dip (percent) Dip (feet per mile)
Fredonia - South of

Tabb Fault System  Northeast or East 0.6-2 30-100
Fredonia - North of

Tabb Fault System  Southwest 3-5 150-280
Eddyville North 2 120
Grand Rivers North-Northwest 1 60
Princeton West North 2 120

Typically, groundwater flow is in the dip direction until it reaches daylight where it would then
flow downhill to the valley bottoms and creeks. However, in Karst areas the groundwater
system consists of underground conduits, caves, and underground streams.

Closed depressions (sinkholes), caves, and other underground indications of Karst topography
are common in areas underlain by potentially soluble bedrock such as limestone and dolomite.
According to a generalized Karst map of Kentucky published by the Kentucky Geological
Survey, the project area is characterized as an area of high potential for Karst. The map
indicates that the project area is underlain by pure limestone in which Karst is well developed.
No detailed maps of Karst activity are available for this specific area.

Numerous closed depressions are noted on the Fredonia topographic and geologic quadrangle
maps. It appears that they are highly concentrated within the Fredonia Valley area. A few
closed depressions were noted near the northwest corner of the Eddyville topographic and
geologic quadrangle maps. The closed depressions occurred at elevations ranging from 380 to
460 feet MSL, with the majority occurring in the 410 to 450 feet range. No closed depressions
are noted within the project areas on the Grand Rivers or Princeton West topographic or
geologic quadrangle maps.
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Two major fault zones were identified on the geologic maps. One unnamed fault zone lies
along the southern edge of the project area. These faults are northeast-southwest trending.
The Tabb Fault System is an east-west trending series of faults less than 1 mile north of
Fredonia. The Tabb Fault System is labeled on both the topographic and geologic maps (both
Sheet D). It is advisable for the corridors to cross faults perpendicularly. Each of the proposed
corridors crosses the faults at nearly perpendicular angles.

Review of USGS Maps for Mining Activities

We also reviewed the USGS topographic and geologic maps for each of these quadrangles
looking for mine adits (openings) or other signs of mining activities.

The review of the USGS topographic maps for each quadrangle revealed the following data:

Fredonia Quadrangle — no adits observed, one quarry observed
Eddyville Quadrangle — no adits or quarries observed

Grand Rivers Quadrangle — no adits or quarries observed
Princeton West Quadrangle — no adits or quarries observed

The review of the USGS geologic maps for each quadrangle revealed the following data:

Fredonia Quadrangle — one mine shaft observed, one quarry observed
Eddyville Quadrangle — no adits or quarries observed

Grand Rivers Quadrangle — no adits or quarries observed

Princeton West Quadrangle — no adits or quarries observed

Previous Surface Mining

Based on our review of the topographic and geologic maps, no strip mining has occurred within
the proposed construction area. However, there is an active rock quarry located southeast of
Fredonia on the east side of US Highway 641.

We met with quarry personnel to discuss their mining activities. The quarry mines limestone in
an open pit configuration. Presently, the quarry bottom is about 100 to 110 feet below the
existing ground level. No deep mining is proposed in this quarry.

Previous Deep Mining

The Kentucky Department of Mines and Minerals in Frankfort, Kentucky has published public
records for underground coal mining. This data is available on the internet at the web site
minemaps.ky.gov. No data is available for the proposed project area.

We also contacted the Kentucky Department of Mines and Minerals in Frankfort, Kentucky to
verify that coal was not present within the project area. Mr. Dan O’Canna verified that there are
no records of coal mining within the applicable quadrangles. Our review of the geologic
quadrangles did not reveal the presence of coal within the project area except for the possibility
of coal within the Hardinsburg Sandstone. The Hardinsburg Sandstone occurs as an east-west
trending band along the north side of the Tabb Fault System north of Fredonia.

There is a mine shaft symbol located north of Fredonia, along the Tabb Fault System. We have
indicated this symbol on both the topographic and geologic maps (both Sheet D). We believe
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that this mine shaft symbol is indicative of a fluorspar deep mine within this area. Although the
mine shaft symbol is located outside of the corridor boundary, it is likely that deep mining may
have occurred within the project area. According to the Economic Geology section of the
Fredonia geology quadrangle, fluorspar mining has occurred along the Tabb Fault System.
Mining occurred between the late 1890’s and the 1950’s; therefore, no mining maps are readily
available for these areas. None of the mines in the quadrangle is now active. Lead
contamination of soil and/or water is a concern due to the processing of the fluorspar ore.

Gas and Oil Wells

Gas and oil wells (active and abandoned) have been mapped based on available public
records. However, this data indicates that there are no active oil or gas wells within any of the
eight proposed corridors. One abandoned well is located west of Eddyville along the edge of
Alternates 3 and 3A. Three abandoned wells are located near the end of the project, north of
US Highway 641 and west of Kentucky Highway 902. Please reference the attached Sheets C
and D, US 641 — Proposed Corridors for details.

Geotechnical Issues

Ouir field reconnaissance was confined to public right-of-ways in and around the eight proposed
corridors. Because some corridors (or portions thereof) are located on private property, they
were inaccessible.

Based on our visual observations of the project area and our review of available mapping, we
have noted three geotechnical issues which could impact the proposed construction.

Karst activity — Numerous sinkholes were noted in the northern and eastern portions of the
project area. Typically, these sinkholes lie within the Fredonia Valley. The majority of the
bedrock underlying the Fredonia Valley is comprised of limestone capped with 5 to 10 feet of
sandstone. However, where the sandstone cap is absent there is considerable Karst activity as
evidence by the numerous sinkholes within this area. In general, the entire Fredonia Valley is in
a high risk of Karst activity area.

An existing quarry (Fredonia Quarry) is located southeast of Fredonia along the east side of the
existing US Highway 641. This quarry is an open pit mining operation which is currently about
110 feet below the existing grade. Several of the proposed corridors pass near the existing
quarry. Mineral rights may have been split from the surface land ownership in this area.
Additionally, blasting for road cuts near the quarry may present some concern for the miner’s
safety.

We did not observe the four abandoned wells during our review of the project area. Again, oil
and gas rights may have been split from the surface land ownership in this area. Since there
are no active wells within the project area, we do not believe that this will be a major issue for
the project. However, future wells present constructability (blasting, etc.) and monetary issues.

An abandoned mine shaft was observed on the geologic map north of Fredonia. We believe
that this mine shaft is a remnant of fluorspar mining activities in the general vicinity. Although
the mine shaft is not located within the proposed corridors, there could be underground mining
located within the proposed corridors. During the processing of fluorspar, the generation of lead
is a byproduct. As such, there is a likelihood of soil or water contamination due to the
processing of the fluorspar.
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Conclusions

From a geotechnical and constructability standpoint, we believe that the selected corridor
should avoid certain problem areas or potential geotechnical problems discussed above. The
project faces constructability issues (i.e. — sinkholes) which are inherent to the local terrain.
These issues cannot be eliminated; however, sound engineering solutions are available to
address them.

We believe that the most favorable corridor should avoid construction along the existing US
Highway 641 and the railroad track north of Fairview. Additionally, we believe that the most
favorable corridors should avoid closed depressions (sinkholes) by proper alignment selection.
From a constructability standpoint, the most favorable corridors should be in the flatter terrain to
reduce the amount of cutting and filling required. Additionally, shallower cuts and fills lessen the
likelihood of cut or fill slope instability problems.

Based on our evaluation of the eight proposed corridors, we have listed them in order from most
desired to least desired. Portions of each route are located within Karst areas. Remediation of
Karst areas can quickly become expensive; therefore, it is best to avoid areas underlain by
Karst activity. In general, the ranking of the following corridors also ranks the likelihood of
encountering Karst activity. The ranking of the following corridors also ranks the amount of
overlap of the existing US Highway 641. Houses and numerous underground utilities are
located along this existing highway, both of which will greatly impact the constructability and
cost of the project.

We have ranked the eight corridors and listed our major comments for each of the proposed
corridors.

Alternate 3 (Green) — This route is least likely to encounter Karst terrain. It includes more hilly
terrain and is generally longer than the following corridors. The area to the west of Eddyville
appears to be more populated than other rural areas. The corridor does not involve the existing
railroad track or any portion of the existing US 641.

Alternate 4 (Yellow-Pink-Green) — This route includes some hilly terrain in the yellow section
and lies within sparsely populated areas. The corridor does not involve the existing railroad
track; however, it will cross the existing US 641 at one location.

Alternate 2 (Pink-Green) - This route involves a major portion of the existing US Highway 641
and a railroad crossing (i.e. — bridge) just north of Fairview. However, a large portion of this
route avoids probable Karst areas.

The following routes involve the gold corridor (which is the highest probability for Karst activity),
although to different degrees.

Alternate 4A (Yellow-Blue-Gold) — This route involves a minor portion of the existing US
Highway 641. The corridor does not involve the existing railroad track.

Alternate 3A (Green-Blue-Gold) - This route involves a significant portion of the existing US
Highway 641. The corridor does not involve the existing railroad track.
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Alternate 2A (Pink-Blue-Gold) - This route involves a major portion of the existing US Highway
641 and a railroad crossing (i.e. — bridge) just north of Fairview.

Alternate 1A (Gold-Yellow-Green) — This route will cross the existing US 641 at one location.
The corridor does not involve the existing railroad track. This route travels through rolling hills
and sparsely populated areas.

Alternate 1 (Gold) — This route will impact the existing US 641 at one location, near the
Fredonia Quarry. The corridor does not involve the existing railroad track. This route travels
through rolling hills and sparsely populated areas.

Recommendations
The following general recommendations are applicable to the selected corridor:

1. We expect that the cut soils will be used as fill material for this project. We also expect
some rock excavation in deep cut areas. Based on the local geology, we anticipate that the soll
will be low to high plasticity mixtures of silt and clay. Chert fragments will also be likely. We
expect the rock from deep excavations to consist of limestone, shale, or sandstone. Soil or shot
rock fill should be placed according to requirements as specified in the Kentucky Transportation
Cabinet, Department of Highways, Standard Specifications for Road and Bridge Construction
(latest edition).

2. Shrink/swell of newly placed fill should not be of significant concern in most areas. Newly
placed fill will need to be placed with proper moisture control and compactive effort. However,
consolidation of soft, alluvial soils near the valley bottoms may present some settlement
concerns for embankments or for box culverts or other drainage structures. Undercutting and
stabilization of soft/wet alluvial soils will likely be required when the roadway crosses alluvial
areas.

3. We expect that the majority of the cutting and filling of the proposed corridor will be in
soil. Therefore, we expect the majority of the cut and fill slopes to be in soil. For preliminary
planning purposes only, expect 2.5H:1V (horizontal to vertical) cut and/or fill slopes. Obviously,
no geotechnical work has been performed for this project. Shear strength testing of residual
and compacted fill soils will be required so that specific cut and fill slope recommendations can
be presented. Rock toe buttresses may be required at the toe of fill slopes in deep alluvial soil
areas.

4. Depending upon the final selected grades, we expect a few cut slopes in rock. Cut
slopes in massive, durable sandstone or limestone are typically stable on cut slope angles
greater than “H:1V. Cut slopes in durable shale, poor limestone, or fractured sandstone are
typically less stable and require cut slope angles at '2H:1V. Cut slopes in non-durable shale will
require even flatter cut slopes — typically flatter than 2H:1V. Pre-splitting will likely be required
below the rock disintegration zone (RDZ). An overburden bench and flattened cuts slopes will
be required above the RDZ. Obviously, no geotechnical work has been performed for this
project. Rock coring and a geologic evaluation will be required before specific cut slope
recommendations can be presented.

5. Groundwater seeps or springs should be expected in down-dip cut areas, especially
those cuts that intersect the soil/rock interface. Special construction considerations will likely be
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required to collect and pipe groundwater in these areas if significant groundwater flows are
anticipated or encountered.

6. We expect that low to high plasticity soil will be used for the majority of the roadway
subgrade. Chemical stabilization of the soil subgrade should be expected for this project. The
roadway subgrade could be constructed with durable rock if a more stable road base is desired.
Depending upon the final selected grades, some shot rock fill may be available as fill material.
The local geology suggests that there may be some durable limestone or sandstone available
within certain portions of the proposed corridor; however, we doubt that there will be sufficient
volume to provide a durable rock roadbed without importing additional material.

7. We expect box culverts (or other minor structures) can be founded on shallow
foundations bearing on either stiff soil or rock. We expect bridge foundations will need to bear
on rock, either shallow foundations on rock or through driven steel piling or drilled shafts. The
presence of Karst activity will complicate the installation of rock bearing foundations. Some
modifications of designed foundations are anticipated if pinnacled rock and/or voids are
detected in the rock beneath the foundations. In addition, large chert boulders can be present in
the soil mass that can deflect driven piles. A detailed geotechnical exploration is warranted in
Karst areas to assess the foundation bearing conditions.

8. The project site is located in western Kentucky about 100 miles east of the New Madrid
Fault Zone. Seismic loads are presented in the Kentucky Building Code (2002 Edition), Table
1608.2, page 232 for Caldwell County and page 233 for Lyon County. In general, the project
area is located in a seismic zone which indicates moderate to severe damage to structures
during large earthquake events.
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pode, gt much 8w [y inches wids, ineguisty degtorbated, lecslly sbundant is Dhin lapee.
Hhale. medium- (0 gresnith-gray, partly calearesus.  Scaflersd arpovures of lowse half of
mwmﬂmmmmmrw

Sandutong and shale: Sanduions, lighl-gray, yelipersh-gray. Eréyish-orangs, o [iEht-beawn,
ey finm (o fine-grained, perity silty, guartboe, porays, Bhinly croethadoed o Bhick-bedded
gendraliy with dhaly partings  In park. clean sarndsions gredes imberally io shaly sasndsione
wnd sanady shale  Shale, dark-gray 1o gresnish-gray, genacslly sandy and very siny.  Sand-
#honE oulcisps feirly nemeross

Limesioss and shale Limesions mediom: (o deds-gray, some bromeminh-gray. mic rogrenulsr
10 Fne graiaed wilh Loarss 10 shundent loskl fragments.  Some msstons egeincsous of
wlEdy, SCEly aolostiriie, beddiag iR and Eragular Lo thech amd &wen. LOocely CONLEINS
absumsdant bachiopods. s much a8 1% inthes wide, and sbundas geitrapcde.  Small ehe
nodyies rare. fBeds of madium- 1o very coarse graned cscareniis composed of fossll
fragrnamis or ool comimosly with many graing slesned orenge Broen, clfmenbed by
rucrperyilsliime or cleas calcite, occwr locally mesr jop of formaetion,  Outcrops Fairty nu-
marous.  Shele, methium- 0 dadtsoptay, Rty 10silerous OF CalchFedui, iNIBFelaed.

Ganduline, siltiloss, @hil ahile Sanduisne ial GHVORE. EFeEn--grey 10 i EnT-brown, yary
firim grained, argiling sous, vecy Aerd B3 Sirm, glightlly carbanscesut of cabtareous boeally;
Dedieng is peneraily very tren and regular with sbumndent closely spaced winpy shaly pari-
ingn; Bedding suirlacei moatly raiegh and Neckly, locally amookh.  Soms hats, speEly
haEer o, waakhes o el rhembofedeon-ike bioces  SRale, gark-gray, ssile, localy

".I_ wafdy Bnd very &ifly.  BemEl ROerite Nodles FENE.

Limeilohe ard shales Limesloae, medium-gry, 20ms ighi-gray and brosnagh-gray. condals
o madiem- 1o vy Cosiie graired cronoedal calearanels camantad with clesr CalCits, infee-
pedded wmiih micreorysialtins limestone confaning sadvie 1o camman fodad Tragmants
\ Char! comman B4 Ehan irfeguldd nodielss of Feunded Nodales (Brers a8 much s & inches
I fhick. Bhals, dark-gray, fisslle, meiniy calcareoul, Mraailibisus.  UnA westhers o feddiEn-
Brawn clay genacally conlsineng Bhandant angulsr biocks of crnosdsl chert

Sandsions. vhabkes, snd sifisfons: Sendutons, very UEN gy, Brayish-cdangs. bnd dushsyilioe,

| itly very Bne greinsd. parily Fine generally Qusrtross. locally argilaceous. Bads 2
mches 1o 8 oot thick, many shaly Barbings. lamines, cross-lamman, and ripphe marka oca®y
shiendent  Shels, madium- to dark-gray, commonly wilh gresh of olive Linl, NeAcaiCanrBsou,
EauFiirainily imcluded Lamimed and bthin beds of ssndstons snd siltstons end lecally ingbudes
noclubes and layers of browh-seathehng sideris.  SERINe, Medut:gray. Caly replaces
sahdilane in middle ol formatan. Sandaione 8l bass commanly croos oulf

Limpalond @l shals Limeslons [calcarandie), madism-ferk- o mediym-light-gray, moaily
fin- B0 coarse praned, mclsdey 8 Ftle microgransiar lenesions; ehaly in pars Tosslilerous.

] Shaie, medoum- @ derk-gray, lecally with gresns Bk, mesnly cebibraowt, cammenly Rled-

.‘"1 layared wilh limeslane  DulCfops Fare.

o

e i W

| Glan Cean
Limestons

Chesteaer

— Sandetors snd shale: Ssndstone, Moty very Bt 1o lightlgrey, very Bne 1o Hes-gramed.
Dusiicess, Bads thick nesr bese. thin to madiem sbave, crossbieds common. |0 udpal
part @l fpfmalkich, sl LEndalnne B gFeenah gay, bty wity, LomeshiEl Miclosou. with
many shaly, micscscus partingi. lamines amd Crosi-lafmenes oeslly praminenl,  Bnals,
sdsim= Is dadk-gray. BArflly saith green anl. locally reddish-gray nesr tnp. sammonly in-
clhidas lEmangs grd lengad of asndibnie and SAIVIGRE. pEctly caltaredul &t PO A8 MCh
ik & fewt o cowl loCally masr middie of Eprmisticn; TRanngr Bede rars ol othar lewels.  Loeer
candibong fommanty cfopd eut  Bass of tofmahon Rty deuonigreable

Hardinaburg

Sandslona

e e

e ———

Shale, iimeviens. siiisions, and sandsions Shate, medium- o darks-gray, partly ik gresn L,
locally reddeph-gray near middls and top, partly wifly, partly COMSE0EE. ROTE ROENTE Mod-
kil Limisiions, medium- 1o medium-lighi-gray, very line o tosese: grained, moslly cal
caranite., partly vhaly, some adbiitke iFmeasioss nead meddle snd top; locelly fossilidarsus,
Commpedy irlsrbeddeed wTh shnls el umedark- 19 IENEr ey sTiloes and sl shale srd
light-grdy viry fing greimed sandgiona Mrm gwidently dgconinpou lapefs as TRick @i 2%
iead nepr medgie of formatnen.  Duicroos rve.  Locally thinned by shashng res Beults,

| Farmation

Sanciubond. afble, @nd 3100 SERARLaE. very [ENT 1 g -gray and grayish-na sngs. mosby
wery e fa line-grasned, parlly mediami-graendd nesr Diis, QUartbons; Iocslly ¢Ca S0,
el rostly Feediem bo theck,  Shate, medium-gray o black, parkly with grasn tind, nen-
cakcarsout, fofms hen arlings Bnd Deds i/ wpper hel of loematian  Interesl near middis
of formglion conuiats & partly sandy shsle, siflalons muliicne, sty G muddy sandiions,
wid discomineous cosl bads.  Co generally | fo 2 dest thick, reesly a3 thick s 4 fes
fhilcroge wheornAod Escegl if hiwes ABR0MIDHE.
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Meram®ect

Paint Creek

Samd stone e

Rénault

Lirmestons — T

LS - 200

Sandstores, ahate, end siltsfones Sendslone, sery NEht o Lght-gray end grayisfi-prange, moeily
wry fine to fips-gravned, pavtly medipm-graingd near bases, Juartioss; locally calchigous.
Bads maally maedium 16 thick Shala, Mmedium-gray 1o Black, Dartly with graan 1Y, Aos-
calcarasus Torms than partings and beds in oppsr el of formefien Intarved nesr middls
of formatios consists of parily sandy shals, siftstone, muditons, sty snd muddy sandilons,
and discontineous cosl beds.  Coal generally | to 7 lee thick, rarsly 8s thick a4 4 feel
Oiulcraps Uncomman Srcep in ieer shhduhone,

e ]

e ——

Limentons. whale and siftstons Limesions, medium- fo hghi-gray, mosily e ———

Erasread cabcarenibe. soame fine-graned; seme illy of afgillacecul, many cFnoid oeastles.
Shals, mediem-derk-gray. partly alcsreoul, commionly sifly and sandy, Silsione. medism-
gray, calcarsous,  Highly wariaele i theckvida, Twing fo wiersl {sces changs Bd perheps
1 chbfmling ®0 upped coninct  Dulcrops rnre.

™. Bats.  Lowsr contasct dincontormabl

Sandstons and wililons Sandatons, very Rghl to Lghi-gray and grayish-orange. vefy fine to
el -grained, coarsast near base. quasrtross. Shaly partings abundant lacally, LUpbar
part locally siltitone or inferiaminsed wl ehals and sanduiohy, Cultrops COoNMMoN Maar

i e

Limestoms ard shals: Limevtone, madivm- o Hght-gray. cammanly wilh Brnym end less pom.
mgnly with glive tint; rarges from micragranulee, partly shaly, eilh few fossd fragments.
to rmedium- [0 cosrss-grained calcarenite of fosssl debris and, locslly. of cbistes: locaily
eharty Aade Iop,  Shales, medium-ders gray, partly with green nt, somewshial sy, partly
eslopreaus, partly foksibiterous.  Dolomie uncamman, Bede conrails wilh undedying
wnet in darkar color snd Befowh tial and cammanly intludes sandy lEmesions and bad of
cosfLe ipherical Calcite graina fafely Conglomersiec

VA e
e 1= 2L rl s

T ]

Limestone, mediom-light- i ighl-gray, parily ol lacally wilh many lamiias of gresnsn-
Eray shale in lower part

Sandstons and shals. Sandsione, mediem-lght- 1o Nght-gray, cormmandy wedlh green fnd, graine
wiry fina o fane; calcarsous: comemgnly Infedbedded or aasociabed with ighl-ghoensan. gy
silly Calcarmous shale

Limestons and shale Limeslane, dominantly vary (ight To lighl-gray: conaists mainky of fine
o coarss oilfey snd few 10 many lossil fragrments b sparss microgranuler matrin.  Rarly
comkigtn phmest satlvaly of fossid fragmants. A few bads sre madium: (o mediem-lgnt grey,
maCcrogranalar bo very Fine grained. commonly dolomitic.  Beds thick to wary Thick wdh
parioe Olayey sfylolites. Shale, fresnish-gray, célcarsows. fFormi pertings shd some Hade.
Prohisbly the only infsrval containing the colonisl coral commonly identified a8 Lihsstro-
fean hirwesdilin, Fow ouldropa

Limnestons icalcaraniiel. medium- o medivm-lghl-gray, Medivm- to coarie-Erened: oom-
poksd af fowsl fragmants

Fredoma

Limesions

Ste. Gonevieve Limestonas

Mamiber

— e — —

Limestone, mainky Bght- 1o very lighl gray and consssting of fine 1o cosrse ooliles and Tew
i Fdny Feasl Pegmants in & commonly speré microgranidar matnid,  Includes same
coarse-grainad cscarenila of fossll debris snd madiam-ight- 1o Evi-Eray MaCr oEFanular
o vary fine grained limeitons, partly dalamilsc.  Brachiopods commaon.  Lacslly @ Nifle
gresninh-gray calcarsous shals near iop and cheri near base.  Few ouicrops

S SN E—

e ———

Lirmesimne. masium-lighl-grey, commonly sith Drown tinlk, meinly morogrenulsr 1o wery ine
Erained, warisbly dolemitic  Includes many then lemsinas of cosrss fossd fragments or
darher somestst aEilsceous limesions. Amown! of subordingls medium- 10 coarses-
graimed calcarenite. oalitic limesicne, and cherly imailans vafies laterally. A few out-
Eropk in sinks

o EE——— e

| U pper

IErmier

R e

Limestone, mostly medivmn-dight-gray, partly (gh-gray, predomnantly microgranulars bo wery
fime graiped  Cher, medium- to medism-lighl-gray, ir rosnded bodiss a few inches Thick,
fpirms % fo 20 percent of wnil,  Locaily containe g emall gmaunt of wnite @ g
and whaly lEmeesinne

Limmantors, mainty rradium-lighl-gray, partly Bght-gray, partly wilh browneuh Unl, inodty macro-
Eramuler to vary fine graensd with sceltersd coarter fokall fragments, soMme Bhaly oF dolo-
mitic. Some coarse-gramaed calcarenite of Pousl debris, commonly incduding 8 layer at
bars of unil with many shany very conrse Erains.  Some odlitc lmesione, mostly in keeer
hall, Beds medium o Ehck,  Madium-dight-gray o mediem-gray cherl occury s spane
o pommann spherside, disooids, brreguias Enobby Bodied, and drtkcoatinucui lepers, TRFDLgh
mimokl all of unit.  Gyosam wagl i lower pact & lew Possdifarous beds, Lad commanly
cropl oul in slnka

e — e . ]

51 Lowds Limasthons

e e o o

Lawr

Lirmerstone, gl o msdim-gray, much sith browmith Aol mMiciogf Bnuled 10 COBF 8- grained
Beds thick bo veay Thick,  Madium-lighl- 1o Bgnt=gray chart foime & bo 20 percent of rock
a4 than disonlincus wavy 1o scraggly layers and soms discodasl and scragily nodukes,
umummmmu_rummnhmahmdrmmmnln Dlernpa Cosmirmon.

Limessions, medium= Lo medoem:light-gray, parily with brosn Tint, mostly sery fine to Firup-
Eraened with few ta many scaliered coarser geaing. containe few dolormabic limestons bedi
v poeeg mmasliame LG coarss-grained calbarends cofmpotad of aRgulir Tossll ragmEnts or
fosnded graing.  Spema cherly Bads, molly nasr top.

Limesions, medium-Jight-gray, muodh with breaws sl Melaly microgranuler 1o vary fine
Erainsd wilh acaflered CoBFES Eraing; some fing- (0 mediurm-grained calcarenile § fow
dghamelse Bads. Chart light-gray, commen b epherosts, discsidi, snd Siscomnuous
imyers. Top of membed I8 maiped §f highesl sbourrencs of ool coral commaonly
idantitied &y Litkoatration” prelifrres Hall and Lithastrotionalls sastelnass Hayansin
G Vg nasr Dage, PSRN

Limestone icpicarsnitel, madium-light-gray, medium. 1o coarse-graned, fosslb fragmental,
wlighiy Dolitic

Limestone, medium- o medium-laght-gray, micnogranuls 1o wery Fime grainnd with scafieded
lsesil Pagmanls  Sparss LMl chest nodules.  Abundamt gypeum sssmd snd vag filliags.
Thaly negr base

Limesione, medium-dadi-gray, diatinety darker in eolor than uppes part of membas: madium
10 coarss grained calearencs with many roundsd grains containe soms ool heds, and
sbusdant Kedathyra, irlerbadded sith microgranylsr kmeilons conlaining scatiarsd fossil
fragments.  Argillacebus and shghtly chefly fesl Dass.

Limesione, msdium-ark-brosnsb-gray. very line grainsd sith scatersd Larges fodil frag-
manisd pravna. very sparss cheri nodules. faw Eyoeem bieba. shaly i b Gt

ko e

Dolamitic imestons, Medium-Oiownish-giay. very fing gralned. Cortains abundant bleba of
EFREUTT B miech a8 § nch SCrosi

Limestone, mediym-dark-broaniah-gray, very fine (o coarse-grained; some shaly. Middis
peart doloemibic, mediem-rownigh=-gray, vary fing graimed.  Gypswem Blebs and layeds shun-
daid in upper 8 of unit.  Lowest cccunrence of ~ Litkostredion™ oheala in diill Eoie

S—
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EXPLANATION
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|  Kinkaid Limestone, Degonia Sandstone, | ,
' and Clore Limestone
| |
|
|
Palestine Sandstone |
|
1 1
| |
| |
' I
1
1
|
l |
| |
5 ECONOMIC GEOLOGY
| This guadrangle includes part of the southern odge of the
Waltersburyg Sandstone and Western Eentucky floorspar mining district. The mines alongg
Vienna Limestone | the Tabb Fault system weat of Livingston Creeh wers pmang
v | the moat productive Mlusrspar mines in Kentucky, Between the
o, F_ u“'"b..rg Samdslo I late JHOD's smd the 19560, thess mines prodoced severnl hiandred
My, Viewna Limsstons thussand o of crude ore.  Fluorite, the principal ore mineral,
i namocisted with considernble sphabsrite, gulens, mnd barite, bul
! fluarite only was recoversd by the milling proosses. used during
t._ | tmtch af the miplng. Mot of the barite oocurs in the weathered
:..:' part of are depoaiis,  Dpen plis in weathersd material produced
5 | both Barite and Tluarite is the Pygmy mine aren, southesst of
= | the town of Mexice, from the 1950's until 1964, Nope of the
| O mines in the quadrangls B now setive.
| | Fault sones. gonerally moach more complex than cun be shown
| I lal off LEs map contaln mosl of the ore deposita. Most lerge
| L depostta been found he wall rock ints of th
z = spoaits have been found where the wall roek consists of the
o | . 81 Lowgk and Bie, Genevieve Limestopes or lower Chester
o 0 lineentone Enita
o m The Fredonls Valley guarry, in the sast eentral part of the
|_ E i 4 gundrangle, prodeces high calebum limestone, sgrieuliural Eme-
| ur EE} wlone, whil craabed llinetone ageregats from the middls of the
{ a Fredonda Limestone Member of the Ste. Genevieve Limestons.
] Swwkley and MeFarlan (195%) report two limestone undis m this
| = gquarry 3 to M feet thick that average over %7 percent caleium
: - carbonate. Limestones with similar kigh ealeium carbomale
coanlenl may oecur in thls atratigraphie interval (o the suat-
| northeast of thin guarry slong the west side of Nelson Hill and
atl the porthers edge of the quadrangle near Clement Cresk.
Much of the Palestine Sandstone tends to break into flat.
' | wurfaced slabs, 1 io & inches thick. 1t has been quarried north.
| ennt af Mexicn for local comtruction of hooses.

Cypress Sandstone, Paint Creek Shale, |
and Bethel Sandstone |

——— e

Ste. Genevieve Limestone
Mugl, Lerios Limestone Member
Merf, Bosiclare Serdsions and |

Fredoma Limestone Members |

51 Lauis Limestone |
MElu, upper membar
Msil, [oseer membar
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