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PREFACE

This r1eport is a final report of work performed by the Kentucky
Geological Survey during fiscal year 1981 under U.S. Nuclear Regulatory
Commission contract number NRC 04-76-321. Work performed under this
contract prior to 1981 is incorporated in a final report to U.S.N.R.C. by

H. R. Schwalb entitled "Paleoczoic geology of the New Madrid area."



ABSTRACT

Data from four drill holes and other subsurface data were compiled to
analyze for possible offset on a suspected fault near an earthquake epicenter
in the New Madrid seismotectonic area of westerr Kentucky. The drill holes
penetrated unconsolidated Eocene and younger seciments of the Mississippi
Embayment. These holes were located along an east to west line that inter-
sected the northeast trending lineament of the suspected fault.

Lignite was encountered in each of the drill holes. Correlation of
lignitic layers, geophysical logs, and drill cuttings suggests that the
lignite was deposited on a gently rolling, westward-dipping surface. This
surface dips westward at approximately 23 feet per mile. The underiying
Wilcox Formation is reported to dip westward at 3 feet per mile.

No evidence was found to support the presence of offset on the suspected
fault, but the inability tu correlate the lignitic deposits unequivocally
made it impossible to rule out the possibility of a fault. Furthermore, the
similarity between the dip of the Wilcox Formation and the dip of the lignite
horizon suggests 70 offset along the line of the drill holes. Five possi-
bilities about the occurrence of a fault in the area investigated are:

(1) no offset due to faulting exists, (2) the suspected fault was not
intersected by the line of drill holes presented in this report, (3) the
presence of unconsol idated deposits may have dampened effects of faulting,
(4) offset due to faulting exists but is too small to detect, and (5) offset
on the |ineament occur only to the south and died out before reaching the
study area.

INTRODUCTION

Siructure mapping based on seismic-reflection profiling and earthquake-
epic.nter plotting in the Jackson Purchase region of western Kentucky indi-
cates lineaments, faults, and earthquake epicenters in deposits of the
Mississippi Embayment. New Madrid seismic activity has been linked to these
structures which have been reactivated through geologic time (Zoback and
others, 1980). These structures are within the New Madrid seismotectonic
area, an area known to have experienced one of the major earthquakes of
North America during historic time. Information about these structures is

important for evaluating seismic risk in the region.



Data from four dril)l holes and other subsurface data were compiled to

analyze a suspected fault near an earthquake epicenter in Carlisle County,
Kentucky. The purpose of the drilling was to detect offset from faulting
in unconsolidated strata of Eocene age and younger. The taryget for drilling
was lignitic strata thought to have the greatest likelihood of good corre-
lation from one borehole to another.

The area of study was selected from existing subsurface information
and a map of lineaments, faults, and epicenters by Heyl and Mckeown (1978).
Important factors in choosing the drill sites were (1) existence of subsur-
face information for the area, (2) proximity to a mapped |ineament suspected
as a fault, (3) proximity to a mapped epicenter, (4) surface elevation
adequate to penetrate lignitic marker horizons, and (5) access to drill sites.

The four drill sites were located along Kentucky Highway 80 between
Milburn and Arlington in Carlisle County. Figure 1 shows the location of
the study area and the drill sites. Arlington is only 12 miles from the
axis of the Mississippi Embayment, 32 miles from New Madrid, Missouri, and
144 miles south of St. Louis, Missouri. The area of study is in the Milburn
and Arlington quadrangles (0live, 1976, and Swanson, 1977).

GEOLOGY OF THE STUDY AREA

The Jackson Purchase reginn of Kentucky contains Upper Cretaceous and
younger deposits of the Mississippi Embayment. The Mississippi Embayment
is a southward-plunging trough whose axis approximately coincides with the
course of the Mississippi River hetween Kentucky and Missouri (0live, 1980).
The deposits of the Mississippi Embayment are predominantly clastic continental

sediments with minor amounts of marine sediments.
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The near-surface deposits of the study area have been mapped by Swanson
(1977) on the Milburn geologic quadrangle map. The geology of the Missis-
sippi Embayment in the Jackson Purchase region of Kentucky is described by
Olive (1980).

The near-surface deposits have been described by Swanson (1377) as
recent alluvium, loess, and continental deposits from 0 to 60 feet thick
of Pliocene(?) and Pleistocene age. The Eocene-age Jackson and Claiborne
Formations are often undifferentiated, predominantly clastic alluvial sedi-
ments up to 300 feet thick. The Claiborne Formation contains lignite deposits
up to several feet thick that overlie a commercially important clay deposit.
A generalized stratigraphic section of Cretaceous and younger sediments of
the Mississippi Embayment is shown in Figure 2.

The commercial clay deposit is 15 to 20 feet thick and capped by
a lignite deposit several feet thick. The clay deposit is extensive and has
been mined at several locations in the Milburn quadrangle. During this
drilling project an active clay pit was producing 4} miles east-northeast
of drill site 1. The clay deposit in the active surface mine was capped by
lignite with a cumulative thickness of 7 feet.

The lignite-clay sequence was targeted as a datum by which offset from
faulting might be recognized because (1) the clay was deposited in a wide-
spread lacustrine environment that formed a relatively flat, correlatable
surface, and (2) the lignite accumulated on this flat surface, preserving
the regional depositional slope.

The structural and tectonic setting of the region has been discussed

by several authors. Heyl and McKeown (1978) compiled gevological and
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FIGURE 4 EAST TO WEST CROSS SECTION IN TERTIARY SEDIMENTS

OF THE REELFOOT BASIN, MIL BURN QUADRANGLE, CARLISLE COUNTY, KENTUKY




The line along which the drill sites were located is perpendicular ts

depositional strike of the deposits of the Mississippi Embayment THI
alignment is considered portant because it is nearly varallel to the
max imum slope to the depositional surface The slope of the Wilcox Formati :

d

upon which the ignite-odeat ] Llaiborne ed entls were depositeda, i . eet
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of unconsolidated deposits may have dampened effects of faulting, (4) offset
due to faulting exists but is too small to detect, and (5) offset on the
| ineament occurs only to the south and has died out before reaching the study
area.
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NRC - Lignite Series
Drill Hole 2
Sample Descriptions

Carter coordinate location 14-D-7, 1910' FSL x 2620' FwL
Milburn Quad. Comm. 9/3/81 Comp. 9/5/81

1.50'

0.50'

0.50'

Carlisle Co., Ky., Elev. 360'
Geologist: David Williams
Sand and mud, sand, medium to lower coarse grained, sub-
angular, with chert
Gravel bed (driller)
Sand and mud, as above
Gravel bed, pea-size g.artz and chert, angular

Sand and clay, sand medium to lower coarse grained, angular
to subangular; clay, medium-grained

Gravel, pea-size, angular to sub-rounded quartz and chert,
with sand, medium- to coarse-grained

Clay, light-olive gray

Grave!, as above

Clay, light-gray

As above

Split Spoon Sample #1

Silt, light-gray, argillaceous, gradational basal contact
Clay, light-gray

Sand, upper medium to lower coarse grained, angular
Clay, light-gray (driller top)

Clay, as above

Sand, medium- to coarse-grained, angular, coal fragment
Split Spoon Sample #2

Sand, silt to upper fine, light-gray, subanqular



L iqr‘ ite Series

NRC -
Crill

Sample Descriptions
14-D-7, 1910' FSL

9/3/81 Comp. 9/5/81
Elev. 360

Hole

Carter coordinate location
M-;.Ibqrﬂ ‘Juddv C""""-“.
Carlisle Co., Ky
As above, iron staining demarking crossbeds, mtains
carbonaceous material

lay, light-
angular tn subangular

3 ined a

Sand,
ed, angular to subrounded

oarse qgrai

subangul

some | ign

subangu
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NRC - Lignite Ser es
Drill Hole 3
Sample Descriptions
Carter coordinate location 14-D-7, 1750' FSL x 2620' FwL
Milburn Quad. Comm. 8/29/81 Comp. 9/2/81
Carlisle Co., Ky., Elev. 385'

Geologist: David Williams

0 .. 79 Sand, loose, medium- to coarse-grained, subangular to rounded

73 - 80 As above, iron staining

30 - 83 As above

83 - 88 Clay, light-yellowish-brown, cohesive

88 - 90 Sand, as above

90 - 53 Clay, as above

92 - 100 Sand, as above, no iron staining

100 = 120 Clay, light-brown

120 - 124 Sand, fine, medium-grained, subangular to rounded

124 - 125 Clay, light-gray, with streaks of pink clay, cohesive

126 - 13; Sand, fine- to medium-grained, rounded, with clay, light-
gray, cohesive

137 - 14¢C Clay, red, cohesive, slower drilling

140 - 145 Clay and sand; clay, light-gray and red; sand, medium-
grained, subangular to subrounded

145 - 150 Clay and sand; sand, as above; clay, light-gray and red

150 - 153 Sand, light-gray, subangular to subrounded, angular dark-
gray chert fragment, medium-grained. Some grains rust-
coated

153 - 155 As above

155 - 160 S5and, white, subangular to rounded, angular chert fragment,

upper medium to lower coarse

160 - 165 Sand with clay; sand, as above; clay, light-gray



Sample

Carter coc inate location
Comn




6.5
11.5
16.5
21.5

26.5
31.5
36.5

41.5

46.
S.
56.
61.
66.

Vi o v

b

76.5
81.5

86.5
9.5 -

11.
16.
2.
26.

31.
36.
4.

46.

51.
56.
61.

7i.
76.

£é.

91.
96.
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NRC - Lignite Series
Drill Hole &
Sample Descriptions
Carter coordinate location 6-D-7, 650' FSL x 1390' FEL
Milburn Quad. Comm. 9/8/81 Comp. 9/10/81
Carlisle Co., Ky., Elev. 460'

Geologist: David Williams

Clay, reddish-brown, and gravel, reddish=-br own

Clay, as above, with sand

As above

Sand, medium- to coarse-grained, brown, argillaceous

Sand, fine- to coarse-grained, some pea-size gravel, angular
to rounded

As above
As above, no gravel

Sand, fine- to medium-grained, with some coarse-grained,
subangular

Sand. medium- to coarse-grained, angular to subangular,
driller reports clay

%s atove, with light-gray clay

As above

Sand, medium- to coarse-grained with pebblesz angular
Sand, as above. ODriller reports clay

As above, with clay, light-gray

Sand, upper fine- to medium-grained, with some coarse,
rounded grains; sand subangular, with clay, light-gray

Sand, medium-grained, subangular to subrounded

Sand, medium- to coarse-grained, subangular to subrounded,
with white clay

As above

Sand, fine- to medium-grained, subangular to subrounded,
with white clay
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NRC - Lignite Series
Drill Hole &
Sample Descriptions
Carter coordinate location 6-D-7, 650' FSL x 1390' FEL
Milburn Quad. Comm. 9/8/81 Comp. 9/10/81
Carlisle Co., Ky., Elev. 460'
965 - 101.5 Sand, medium- to coarse-grained, subrounded to anqular:
gas? Hole produces gas from this point down.
101:5 - 106.5 Sand, as above, with white clay, some gasl(?)
106.5 =~ 111.5 Sand, medium- to coarse-grained, subangular to subrounded,
iron staining; clay, light-gray to red
111.5 - 116.5 Sand, medium-grained, subrounded
116.5 - 121.5 Sand, fine- to medium-qrained, subrounded, with white
arqgillacecus siltstone
121.5 - 126.5 As above
126.5 - 131.5 As above, with clay, white, and some red
131.5 = 136.5 Sand, medium-qgrained, angular to subanqular, with silt
136.5 - 141.5 Sand, fine- to medium-grained, subangular to rounded, with

silt; less silt than in 131.5 - 136.5.

\J'

e

o
r

141.5 AS above, less silt

and, medium-grained, rarely coarse-grained, subangular t

146.5 - 151.

wn

151.5 =~ 166.5 Sand, as above, with rare coal fragments
156.5 - 161.5 Sand, medium- to coarse-grained, angular to subrounded,

with sparse pea-size pebbles

161.5 - 166.5 Sand, upper fine, lower coarse grained, angular to subrounded

166.5 - 171.5 As above

171.6 - 176.5 Sand, fine- to medium-grained, subangular to rounded, with
clay, white and red

176.5 -~ 181.5 As above

181.5 - 186.5 Sand and clay; sand, upper fine to coarse, predominantly

med ium-grained, subangular to subrounded; clay, white and
red (Driller- clay at 184' to 186.3 ft)




186.5
191.5

196.5

201.5
205.0

208.5

210.5
211.5

216.5

191.5
196.5

201.5

205.0
208.5

210.5

211.5
216.5

221.5
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NRC - Lignite Series
Drill Hole &
Sample Descriptions

Carter coordinate location 6-D-7, 650' FSL x 1390' FEL
Milburn Quad. Comm 9/8/81 Comp. 9/10/81

Carlisle Co., Ky., Elev. 460'

As above, with silt

Sand, medium-grained, subangular to rounded. Left sandy
clay at 192 ft.

Sand, fine- to medium-grained, subrounded. Iron nodules
(hard drilling), some white clay

Sand, as above, with lignitic clay, mud darker

Lignitic clay and sand, fine- to medium-grained, subangular
to subrounded

Split Spoon Sample #1

0.97' Lignitic clay, dark-brown to light-brown where clay
predominates
1.05 Clay, light-gray, darker and lignitic at top, rooted at
19p
Sand, medium- to coarse-grained, subrounded
Sand, fine- to medium-grained, subangular to rounded
T.D. As above. Clay, light-gray on bit
Logs:
Electric

Gamma tool not working. Hole bridged, could not get
density log down.
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