Seismc Analysis

There is no uniform seismc activity in the study
area. Although there are events scattered throughout nost
of the Southern Appal achian Tectonic Study area, there are
only two areas of persistently significant seismc activity.
One area includes part of southwestern Virginia and nay
extend into central Virginia; the second area includes parts
of eastern Tennessee, western North Carolina, and western
South Caiolina. The localization of historical seismc
activity inthese two areas is further confirmed by those
events which have been instrunentally recorded and |ocated
and which are also confined to these two areas.

Seisnmic activity inthe contiguous area made up of
the southwestern and central Virginia zones is aligned east
west, representing the only significant alignnment of historica
epicenters presently identifiable in the Southern Appalachian
Tectonic Study area. This east-west trend is also very
evident in the instrunental epicenters located by J. W Dewey
(witten communi cation, 1979) who used a joint-epicenter
determination method. The strikingly linear alignnent of
epicenters in this area isinterpreted to be the expression
of an active east-west structure.

Further confirmation of an east-west structure can
be found in the strong east-west orientation of the neizo
seismal regions plotted for the larger historical events in

this area. Although it is acknow edged that orientations
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of nei zoseismal regions can be controlled by anonal ous

geol ogic conditions, it should be noted that in southwestern
Virginia those orientations cut across structure. Simlar
trends are observed for central Virginia earthquake.. This
suggests that the east-west orientation of the neizosei smal
regions for these events is controlled by an east-west
striking fault plane.

Anal ysis of the long-period Love and Ral ei gh waves
for one of these events, the 1969 El good, Wst Virginia
earthquake, indicates a strike-slip mechanism for a fault
plane striking nomnally east-west. Gven the present day
stress reginme as defined by Sbar and Sykes (1977) an east
west trending fault is interpreted to be a preferred nechani sm
Recorded first notion of P-wave arrivals for this event,
al though not numerous, tend to agree with this interpretation.

Al of this evidence taken together strongly
infers the existence of an active east-west structure with
which the 1897 G les County earthquake, as well as present
seismc activity inthat area, can be associated.

Epi centers |ocated in Tectonic Subdivision 4 (see
TECTONIC SUBDI VI SIONS map) are nore diffuse; that is#they
are not cllLarly represented by linear trends. However,
there is some suggest~on of an ecst-west alignnment of
instrumental |y |ocated epicenters (J. W Dewey, witten
communi cation, 1979) and some of the larqger historical epi

centers (equal to or greater than intensity VI), although one
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focal nechanism available for this area, the 1973 Maryville,
Tennessee earthquake, w's deternmned to have a northwest
striking fault plane solution.

Wien the EARTHQUAKE EPI CENTER MIAP i s superi nposed
on the TECTONIC SUBDIVISIONS map, it is evident that certain
areas have a higher frequency of events. These seismically
active areas are bounded inpart by rectilinear features.

One such fe-ature, the New York-Al abama |ineanent (NY-A),
restricts a vast majority of events, equal to or greater
than Intensity VI, to the southeast. A second set of
boundaries oriented northwest-southeast (Boundaries A, B,
and C, on the TECTONIC SUBDI VI SIONS nap) are also seismrally
significant. Events inthe area of Tennessee-North Carolina
South Carolina (Tectonic Subdivision 4) appear to be well
constrained by Boundaries A and B, and seismic activity in
the contiguous area made up of the southwestern and central
Virginia zones (Tectonic Subdivision 8) occurs northeast of
Boundary C.

During the study, additional analyses were made
of the data, because hiany researchers have recently indicated
strong correlations between ma! i c intrusions and earthquakes.
The best interpretation at this time suggests that no such

correlation exists inthe southern Appal achi ans.
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REG ONAL PHOTO- | MAGERY LI NEAMENT ANALYSI S

This section presents pertinent information on
data acquisition, analysis, and interpretation contained in
a report prepared for TVA by Texas Instruments, Inc.
Editorial nodifications have been nmade where necessary to
correctly represent presentation scale, terninology, and
consi stency of format.

Al t hough the contractor furnished TVA with map
data at scales of 1:250,000 and 1:2,000,000, Ce final

presentation scale for the TVA report is 1:1, 000, 000.

I ntroduction

General .--This report summarizes the nethods and
prelimnary results of a lineament analysis utilizing LANDSAT
i magery and SKYLAB phot ography and covering approxi mately
79,500 sqg~lare mles in the southern Appalac.iian Muntains
region. The study wai conducted by the Geol ogi cal Services
Section of Texas Instrunents, Incorporated for the GCeologic
Services Branch of the Tennessee Valley Authority (TVA)
during the period from May through Decenber, 1978, under
contract No. TV-45399A. The work was done primarily by
A. B. Zuzek and A. P. Johnson with contributions by
J. Sakhovene B. H. Kelty,, D. H Burkhouse, and D. F. Saunders.
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The purpose of the study was to map geonorphic
linear elements' and curvilinear features? discernible on
satellite inmagery and/or photographs.

LcWation and Extent of Study Area.--The project
area is |ocated between 33*0003 and 38%°451N. |atitude and
bet ween 790156 and 880001W | ongit ude. It covers the main
structural elenments of the southern Appal achi an Mountai ns
Regi on and conprises an area of approximtely 79,500 square
mles. Large portions of the surrounding area covering the
Appal achi an Pl ateau and Pi ednont Provinces have been included
in the study, as many |ineaments extend outside the study
area. The total area evaluated by LANDSAT inagery analysis
including the project area is approximtely 170,000 square
mles covering the southern and central portions of West
Virginia, the western portion of Virginia, the eastern
portions of Kentucky and Tennessee, the western portion of
North Carolina, the northern portions of Al abama and Ceorgi a,

and the northwestern portion of South Carolina.

Renot e-sensing Materials.--This study involved the
anal ysis of both IJANDSAT imagery &nd SKYLAB phot ogr aphy

supplied by TVA and including the follow ng itens:

"I nthis report, "linear elements’ are those linear or gently curved
alignments of topographic features or tones identified on LANDSAT Imagery,
and "lineamenui' are* those llinear elements or gro~ups of aligned linear

ulemrnts which are Itetrpreted to have geologic stru'-tural significance
(see O Leary -td otheis, 1976, for a discussion of these ternms).

2Circuiar or subcircular curved features are termed "curvilinear elements"
or "curvilinear geomorpnic anomalies."
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*LANDSAT MULTI-SPECTRAL SCANNER (MSS) imagery in
spectral bands 4, 5, 6v and 7 at a scale of
1: 500, 000.

LANDSAT MSS imagery as FALSE- COLOR COMPOSITES
(FCC) of spectral bands 4 5, and 7 at a scale
of 1:500,000.

~skyLAB €Ol or photographic prints and transparencies
at a scale of 1:500,000 (partial coverage only).

Data Annotation, Presentation and Anal ysis

Data Annotation.--Al spectral bands and the false
color conposites of LANDSAT imagery were examined for |inear
and curvilinear features. The stronger features were
annotated directly on the LANDSAT prints. During the
interpretation phase, each feature was assigned a relative
discernibility value ranging froma high of 1to a |low of 4.
The following were intentionally not annotated:

*The large nunber of short linear elenents
present on all prints

~Linear elements having a relative discernibility
of less than 4

*Li nearents appearing to be strike ridges

*curvilinear elenments coincident with the
curvature of folded strata

*scan |ines on LANDSAT prints

*Cul t ur al patternS

Nonconti guous images were interpreted without regard to

position within the project area or north orientation to
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provi de objective lineanent data during print annotation.
The higher resolution SKYLAB photographs were used to help
injudging the validi-ty of questionable LANDSAT |inear

el ements and |ineanments.

Data Conpilation and Anal ysis.--The annot at ed
linear and curvilinear features on LAIIGCSAT prints were
conmpiled and the data transferred to 1:500,000 scale clear
film base maps -of the project: area. Each band was cc-npiled
separately on a filmbase, one of a set which was supplied
by TVA. These filmcopies were conpared to maps of known
faults within the project area, also provided by TVA and
| ineanent-fault relationghips were analyzed. Lineanents and
curvilinear elements coinciding with known faults were
| abel ed as such and separated from the |ineament data.

Li nearments of high tectonic significance, such as the
Brevard fault zone, were |abeled as such on the final map.

The lineanent data taken from band 6 inmagery was
anal yzed for frequency of lineanents in 100 increnments of
strike in an eastward direction fromthe north-south line
for each of the four physiographic provinces within the
study area. Lineanents with an orientation of 00 to 900 were
desi gnated as striking E of N, and those with an orientation
of 900 to 1800 were presented as striking Wof N The four
regions r.sanpled over approximtely equal areas to

provide a base for frequency conparison. These data are
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presented on Figures la through Id as histograms which show
the distribution of linep:..ent strikes in all of the sanpled
areas.

All linear and curvilinear features annotated on
LANOSAT imagery were analyzed In ternms of the follow ng

characteristics:

~pi scernibility and repetition of |ineaments on
di fferent bands of LANDSAT imagery

~cuality Of inmnge (strong east-west oriented
scan lines on some inmges; heavy red color on
FCC due to large anounts of vegetation, produced
poor image y:zality whic~h affected interpretation
by reducing the anmount of |ineanent data
observabl e on the inmagery)

~Coi nci dence Of linear features with known
faults, and other curvilinear elenents wth
folded strata

«~type Of lineament (drainage, tonal, topographic,
etc.)

~Length, Orientation and nunmber of aligned
linear features

The clear filmoverlays were spliced together to
make a single map for each of the five bands. The data from
these maps were later conpiled to make separate naster
| .ineament and curvilinear overlay maps. The naster |ineanent
overlay identifies the individual |ineaments as mgjor or
subordi nate, shows their orientation, and classifies them
into seven strike sets or trends: "A" through "F' and "X"'.
The average directive.. of strike for the A through F |ineanments

Wwas: "A" = N55*E, "B" = N85*E, "C' = M5*W "D' = N20*W
3w 168
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FI GURE 1
H STOGRAMS OF LANDSAT BAND 6
LI NEAMENT FREQUENCY VERSUS ORI ENTATI ON
v..'r mHE FOUR~PHYSI OGRAPHI C PROVI NCES
WTH N THE SOUTHERN APPALACHI AN AREA
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Valley and Ridge Province.

43

30

172



O  Oowo w

Fiuel.Cmeln Ita rvne



""=N3*W and "F" =N350E. Trenid "X" was defined later
and consisted of easily discernible and continuouis |ineaments
with no apparent preferred direction of strike; this trend
i s shown on the map entitled LINEAVENT MAP--TREND X.

Li neanents with a scale length of 30 miles or nmorp
were |abeled with a geographic name; shorter |ineaments were
nunbered.  Published nanes of |ineanents were also adopted
from Heyl (1972), Saunders and Hicks (1976), and Drahovza]
(1976) where there was apparent coincidence of strike and
geographic |ocation.

The master lineament overlay finally was enlarged
to a 1:250,000 presentation scale and retaped on clear film
at that scale. Each lineanent strike set (trend) was assigned
a separate tape pattern, with major and mnor |ineanents
differentiated by tape width. A sinilar procedure was used
to produce the 1:250,000 scale map of curvilinear features,
except that individual curvilinear elenents were |[abeled
with a nunber corresponding to the band of LANDSAT inmagery
on which the feature appeared, i.e.,: (1--band 7, 2--band
5, 3--FCC, 4--band 4, and 5--band 6). Map registration was
checked, and all data were edited at each step of the
procedure to insure ihigh standard of accuracy and conpl eteness.
Five 1:250,000 scale sheets, each covering approximately
one-fifth of the study area, were submtted previously as

lineament aind curvilinear maps.



A 1:2,000,000 scale reduction was made of the
final overlay and, using this map, separate overlay maps
were prepared for each strike trend. Thege nmaps were used
to establish offsetting (cross-cutting) age relationships
between the lineament trends. The principle of ~ffsetting
rel ationships as applied to this project states that if two
| i neament trends intersect, the one that is offset or nodified
must have existed prior to the other feature and in therefore
the older of the two trends. This principle does not apply
to termnations of one trend against another, because the
possibility exists that |ineanents may be present across the
| i neanment s agai nst which they ternminate, but they are not
expressed surficially. It should be stressed also that the
observed rel ationships may be produced by reactivation that
obliterates the original relationships. Cear filns of the
1: 2,000,000 scale conposite lineanment nmap and overlays of
each strike trend were presented previously. Table |

summari zes the age relationships.

Description of Major Lineament Trends.--The
characteristics of the six lineament strike trends (A

through F) are summarized inthe follow ng paragraphs:

Li neament Trend "A" extends the length of the
study area at an orientation of about t4550E. This trend
consists of several linear driinage, tonal and topographic

features with some curvature, a variable length and a high
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discernibility factor. Lineaments of this trend roughly
paral l el the regional trend of the Appalachian system and
appear to be confined to the physiographic region in wh~ich
they occur. "A"trend lineanents include the Brevard fault
zone, which forns the boundary between the Blue Ridge and
Pi edmont physi ographi ¢ provinces of the Appal achian system
The Brevard lineament iswell illustrated on the COVPCSI TE
LI NEAVENT MAP. Segnents 53 and 142 are short segnents
related to the Brevard zone. "Splaying" of the Brevard zone
into the Mount Airy, Gladehill and Rocky Mount lineaments
c3r. be seen at it~s northeastern point of termnation, which
i s probably the result of the dying out of the fault zone at
this point. The Warrior River lineament (Saunders and
Hicks, 1976) has been included inthis trend, but deflection
at its northeastern end also parallels the "F" trend (N350E).
The Warrior River lineament is shown on the COWPCSI TE
LI NEAMAENT MAP.

Table | illustrates the physical and tinme relationships
of "A" 14.neanents with the other five |ineament trends.

"A" |ineaments are shown on LI NEAMENT MAP--TREND A.

Li neament Trend "B" crosses the project area at an
orientation of about N856E. This trend consists of drainage,
tonal and topographic linear elenents that are easily discernible
on all bands of LANDSAT imagery and SKYLAB phot ographs.

These |ineaments are of various lengths and exhibit little

curvature or deflection as they cross all physiographic
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PHYSICAL AN' TIME RELATIONSHIPS OF LINEAMEN4T STRIKE SETS - SOUTHERN APPALACIAAN AREA

A CFFSETS §8'
LEFT-LATERAL
B TEoIMINATES A

C OFFSETS A*

INCONCLUSIVE
RIGHIT-LATERAL EV IDENCGE
C TERMINATES A

9 9 4

D TERMINATES A S OFFSETS e O OFFSETS C"
ILEFT- LATERAL LEFT- LATERAL.

E OFFSETS A | INCCAICLUSIVE E OFFSETS C* 0 OFFSETS E*
LEFT-LATERAL | EVOEPACE LEFT-LATERAL | LEFT-LATERAL

A - FFCETS F*  INACONCLUSIVE C AFFECTS F 0 OFFSETS F* E OFFSETS t
RIC.IT-L AtE AL EV'OE raCE BE NDING LEFT- LATERAL LEFT-LATERAL

STRIKE A B C E E

*OLCER SET AS ESTABLIS4EO BY OFFSE~TING 41LATIONSHIPS



provinces of the Appal achian system Lineanents of this
orientation occur ineight zones from8to 40 mles in
width. Some exanples of these are the Cinch River-Princeton
zone and the Tall adega-Atl anta zone.

"B" lineaments described by other authors include
the Pittsboro and Cinch River lineaments (Saunders and
H cks, 1976), and tne Suxnmerson and Warfield |ineanents
(Heyl, 1972). The Pittsboro lineament was found by the
authors to be divided into tw scgnents: the Pittsboro
| ineamment and Aegnment 407, as shown on the COWVPOSI TE LI LNEAVENT
MAP. The Summerson |ineanent (Ivydale |ineanent) i s believed
by Heyl to be a Precanbrian basenent fault that has right
2ateral d.45placenment and is upthrown to the northwest.
Southward and parallel to the Suninerson |ineament is the
Warfield |ineanent (segnents 323 and 324), which Heyl describes
as aright-lateral wench fault.

Table | illustrates the~Lu .tin' nships of "B"
| ineanents to the othe~r |ineanent trends.

"B" orie~itation |ineaments are shown~on LI NEAVENT

MAP- - TREND B.

L,.neament Trend "C' crosses the Appal achi an
systemwith a strike of about NAS5OW as illustrated on
LI NEAMK. NT MAP-- TREND C. Lineanents of this orientation tend
to occur ina fairly uniformdistribution throughout the
project area, although two zones can be seen to have a w dth

of over 60 mlus. The zones include the Liberty-Sumerville
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zone, and the Sugar Hill-Twin Caks zone. These |ineanents
cross all physiographic provinces of the project nrea with a
gentle curvature that seems to be npst pronounced in th'e
Val | ey and Ridge province. "C'lineanents consist of topo
graphic, tonal and drainage alignnents of various |engths
and discernibility.

Li neanments of this orientation eibufizsM by other
lithors include the Boone Reservoir |ineament (segment
nunbers 42b, 427, Cl8, and 397) and the Anniston |ineanent
|~rindl ey Mountain |lineament), as described by Saunders and
flicks (1976), and the Farpersville |ineament, as describe--d
by Drahovzal (1976). Extensions of t*hp R~'-c¢'zzirille '.inea
ment southward are |abeled nunber 22 and Addi son; pnxisible
southward extensions of the Anniston |ineanent are |abeled
nunber 156 and Riverside. "C' lineanents are coincident
with Late Triassic diabase dikes described by Icing (1961),
and Lester and Allen (1950).

Rel ationships of "C' lineanents to the other

strike trends are illugtrated in Tab]-- 1.

Li neament Trend " D' has an orientation of
about N20*W as shown on LINEAMENT MAP--TREND D. This set
consists of drainage, tonal and topographic lineié&rs of
various lengths and discernibility. The nmajoJAty of "D
| i neanents occur inthe Blue Ridge and Valle-'and Ridge

provinces, as was confirmed by histogram anal-'sis.
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"D' lineanent relationships with the other strike

trends are summmrized in Table 1I.

Li neament Trp-,. "E" has an orientation of
about N3CWL. "E" lineanments, as shown on LINEAL4ENT NAP-
TREND E, appeaL to have a nore uniformdistribution in the
southern half of the study area. |Inthe northern portion,
lineamments of this trend occur as isolated segnents as
illustrated by the Abingdon lineament. Lineaments in the
southern part of the study area exhibit nmore deflection and
curvature than the other strike trends as illustrated by the
Waynesville and Wol f Mountain |ineaments. The Berryton
| i neament can al so be observed to be "splaying" outward at
its southern end into lineanents 137, 405, and 457,

"E" lineaments include tonal, topographic and
drai nage el ements of various l|lengths and discernibility.
They occur in zones as nuch as 16 mles w de.

Table | illustrates the relationships between the

"E" trend and the other established strike trends.

Li neament Trend "F" is actually conposed of
three separate subsets (F, F, and F,) with an average
strike of about N35*E. These |ineament sets vary markedly
I nstrike, curvature, deflection, length, and discernibility,
as seen on LINEAMENT MAP--TREND F. Subset "F" (N350E) shows
the 1r-ast deflection or curvature of the three subsets, as

illustrated by the N35CE orientation of the Tazewel|-252
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Ri chwood |ineanent segnents. A lineament consisting of
segments 381-382- 383- 384- 385- 200- 400- 402- 403-459-342 illustrates
the outstanding curvature that is characteristic of subset
"Fi". This subset F has a strike of about N250E.  Subset
"K" has a strike of about NAOOE. This subset F has some
curvature as is illustrated by segnents 126-111-463-464.
Segnments 463 and 464 were named previously by Saunders and
H cks (1976) as the Fort Payne |ineanent.
Table | sunmarizes the relatiinship of the "F"

trends to the other strike trends.

Description of Curvilinear Features.--Curvilinear

features on LANDSAT inmagery consist of circular to subcircul ar
drai nage patterns, and tonal or topographic features.
Buried features such as intrusives, volcanic centers, cores
of gneissic and mgmatitic rock, and folds of metanorphic
and sedimentary rocks can be expressed at the surface as
curvilinear features. Curvilinear elenents were mapped
using the sanme procedures and recognition criteria enployed
I n mapping linear features. Features intentionally not
mapped included curvilinear elenents coincident with fol ded
strata or with the sinuous traces of thrust faults. Each'
feature i s indexed with a nunber or sequence of nunbers
corresponding to the band or bands of LA JDSAT imagery from
which the feature was interpreted (1--band 7, 2--band 5, 3-
FCC, 4--band 4, and 5--band 6).

Curvilinear elen8nt population can be seen to vary

from one ge~ologic province to another. Curvb'|ORLar fY.ttl are
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sonewhat scarce inthe Valley and Ridge Province, and nore
abundant in the Piedmont, Blue Ridge and Cunberland Pl ateau
Provinces. The scarcity of curvilinear data in the Valley
and Ridge is due to the fact that no surface folds or
thrust traces were annotated as curvilinear elements, and
only the very conspicuou~s basement features would "show
through" the folded, over thrusted sedimentary sequence.
The higher incidence of data in the Cummberland Plateau is
thought to be due to the relatively gentle structure, which
does allow the curvilinears to "show through." The large
nunber of curvilinear and tonal anonalies occurring in the
Pi edmont and Blue Ridge Provinces probably is due to the

hi gh incidence of gneissic and exfoliation domes. These
dones are typical of crystalline terrain and appear on
LANDSAT imagery as circular shaped tonal and curvilinear

drai nage anomalijes.
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| NTERPRETATI ON

Anal ysis of the data derived fromthe aeromagnetic,
gravity, historical seismicity, and photo-imagery investigations
described previously under METHODOLOGY was prinarily conducted
by sinultaneously exanining registered overlays of the
vari ous com ~nations of maps. The follow ng outline describes
the significant features that evolved from this conbined map
anal ysis and indicates how they are manifested inthe various
sources of data. Manifestations indata other than that
descri bed under METHODOLOGY, and general observations and
conments are also noted. Al though many mnor coincidences
of data were seen, the features described i nthe follow ng
outline are considered by the TVA staff and its consultants
to be the nost significant. They are either visible on

mul tiple sources of data or are profoundly visible on fewer

Sour ces.

EAST- VEST TRENDI NG TECTONI C STRUCTURtAL ZONE  (Nominal 370201N

Magneti ¢ Expression

1. This tons is aseries of disruptive
anomal i es extendi ng westward from Gles
Count y.

300 186



Seismc

This zone intersects and disrupts a
prominent linear magnetic gradient referred
to as the New York-Alabama lineament (King
and Zietzo 1978).

Extension of this sone to the west of the
New York-Alabama lineament tends to
trunﬁate magnetic highs lying to the
soutn.

Expressi on

This zone appears to be associated with an
east-vest disruption of gravity anomalies.

This zone intersects and disrupts a prom nent
| i near (R]rawty gradient referred to as the
New Yor k- Al abama |ineanent.

Extension of this zone to the vest tends
to truncate positive gravity anotualios
lying to the south.

Expressi on

The Gles County event islocated ina
romnent zone of seismc instrumental and
Istorical epicenters that trends east
west al ong the southernnost portion of the
VirginiaeWest Virginia border (J. W. Dewey,
written communications 1979).

This east-west zone may be traced into the
central Virginia seismc zone.

The nei zoseismal regions of this zone are
oriented east-west# which would infer an
east-west-striking fault plane.

Phot o- | msagery Lineanuent Expression

1.

The east-west zone is coincident with the
Hinton# 323, and 324 |ineanents showni on
the COVPCSI TE LI NEMKENT MAP.
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Gener al
1.

bservati ons

This east-vest zone lies within the 38th
Parallel |ineament zone (Heyle 1972)o

which is recognized on a continental scale
on the basis of geology, gravity, magnetics,
and seismcity.

The Bane Done and the re-entrant of the
Valley and Ridge near Roanoke# Virgini a#
lie wthin this zone. These abnormal
structures possibly are the result of a
Precanbrian topographic high that existed
prior to Late Pal eozoic overthrusting and
may, as a result of variations in friction,
have served to atypically alter the style
of deformation of tlbe overthrusting strata.

BOUNDARI ES FORM NG Ei t HT TECTONI C SUBDI VI S| ONS

New Yor k- Al abama Li nearment ( NY-A)

Magnetic Expression

1.

The New York- Al abama |ineanment in easily
identified inthe study area as a series
of prominent linear total magnetic field
gradients that trend about N450E through
Knoxville, Tennessee and forns a more or
less continuous zone through the study
area. The trend is not generally parallel
to Appal achian structure (King and Zietz,
1978) .

Along this |ineament# basement rock unit
trends with both high and |ow cal cul at ed
susceptibility contrasts appear to have
been abruptly truncated.

Generally, nore matic lithol ogies exist on
the northwest side of tho |ineanent.

Sout heast of the Iineament* susceptibility
contrasts are generally low (.001-.004

cgs) and the magnetic gradients i.idicate
few shal | ow anomaly sources. Northwest of
the lineament, susce~ptibility contrasts
are general ly higher (.002-.007 c?s) and
magnetic grajients show both shal l'ow and
deep anonaly sources.
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4. Magnetic anomalies tend to be deflected
toward parallelismwth the [ineament in
the vicinity of the |ineament.

5. Mgnetic trends shift froma northeast
orientation on the southeast side of the
lineanent to a rmore random pattern in detail
and a more' northerly strike on the north
west side.

Gavity Expression

1. Gavity lows are folund southeast of the
lineanoent, and relatively higher gravity
values occur to the northwest.

2. Strike of anomalies isnortheastward on~
the southeast side of the |ineanentt
changing to |i)reva| ling north on the northwest
side of the lineAnent.

Sei sm ¢ Expression
1. The lineament appears to formthe northwest
boindary arating a seismically active
recion to .he southeast from a region of
low seismicity to the northwest.
Phot o- | magery Li neament Expression
1. .o regional scale photo-imgery |ineanment
i scoincidtnt with the New York-Al abama
lineament. Several short segments are
coi nci dent .
2. The northwest extent of Trend 1 |ineament*
i stermnated by the New York-Al abama
| i neament .
General Observations

1. The New York-Al abama |ineanent i s not
seismcally active.

2. The Gles County earthquake occurred 100

mles east of the |ineanment, " O 1)'D

-000.



Nor t hwest - Trendi gg Structural Boundaries

GAWNERAL COMMVENTS

a. These boundaries are s.um as a series of
nort hwest-trendi ng anomalies and/or term nations
of anomalies that extend into the m dcontinent
regi on.

b. These boundaries are not observed to be seis
mcally active.

c. These boundaries represent structural and
petrol ogi ¢ changes I n the basement rocks.

d. The southeastern extensions of these discontinuities

are conplicated by the effect of Appal achian
lithologic and structural features.

BOUNDARY A
Magnetic Expression

1. This boundary truncates the southwest
extent of the major magnetic highs in
Tectoni ¢ Subdivision 3 (see TECTONIC
SUBDI VI SI ONS  nap) .

2. This boundary crosses the New York-Al abama
| i neament as a mag~netic |ineanent.

3. This boundary is the southwest termration
of a zone of the greatest depth to nmagnetic
basement, as seeit on the CONPUDEPTII NAP.

Gravity Expression

1. This boundary is the southwest ternination
of a major gravity low in Tectonic Suh
division 4.

2. This boundary crosses the New York-Al abana
lineanent as a gravity |ineanent.

Seism ¢ Expression
1. Astatisulcally significant portion of

earthquakes in the southern Appal achi an
region occur northeast of this boundary.
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Photo-Imagery Lineament Expression

1.
2. *
Seismc¢
1.
BOUNDARY B

Boundary A represents the northeast limit
of agroup of Trend C (NA5*W Iineaments
that occur in Tectonic Subdivisions 1 and
2. Tectonic Subdivisions 3 and 4 have
significantly fever Trend C lineaments.

No regional scale photo-imagery lineament
is coincident with Boundary A. Severdl
short segments are coincident.

Refraction Expression

A seismic refraction profile striking
northeastward crosses Boundary A at

ap roximately 35 9*N. latitude and 85. 2*W
lont~i tude and indicates a near-vertical 8
km of f set (northeast side up) inthe

Conrad discontinuity (Borchardt and Roller#
1966) .

Magneti ¢ Expression

1.

Gavity

Seismc

This boursdary truncates the northeast
extent of mjor naoinetic highs 1 nTectonic

Subdi vi sion 3

Expression

This boundary crosses the Now York- Al abama
| ineanent as a gravity |ineament.
Expressi on

This is the northeast boundary of an aiea

of significant seismic activity occurring
i n Tectoni ¢ Subdivision 4.
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Photo-Imagery Lineament Expression

1. Trend C l|ineaments,, which are generally
absent throughout much of Tectonic Sub
divisions 3 and 4, increase to the north
east in the vicinity of Boundary 8.

2. No regional scale photo-inmagery |ineanent

i s coincident with Boundary B. Several
short segnents are coincident.

BOUNDARY C

Magneti c Expression

1. This boundary crosses the New York-Al abana
| i neament as a magnetic |ineament.

2. This boundary is the northeast termnation
of a zone of the greatest depth to magnetic
basement, as seen on the COVPUDEPTH MAP.

Gravity Expression
1. This boundary is the northeast termnation
of a mpjor gravity low in Tectonic Sub
division 6.
2. This boundary crosses the New York-Alabama
| ineanent as a gravity |ineament.
Seism ¢ Expression
1. This is the southwest boundary of an area
of significant activity occurring in
Tectoni ¢ Subdivision 8, which includes the
G les County earthquake.
Phot o- | magery Lineament Expression
1. No regional scale photo-imgery |ineanent

I s coincident with Boundary C. Several
short segnents are coincident.
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OTHER FEATURES

Qh~er features on the various data sets that are seen
to be parallel or subparallel,to the tectonic subdivision
bourdaries are interpreted as b)eing less significant in

establ i shing these boundari es.

SUMI4AR  OF | NTERPRETATI ON

It is the opinion of TVA and its consultants that the
results of this study strongly suggest the existence of an
east-west trending tectonic structural zone (tectonic
structure as defined by Appendix A) with which the 1897
G les County, Virginia earthquake was associated and to
which a recurrence of an event of this magnitude would be
restricted.

It is furthermore felt that the existence of a |ong
northeast-trezrding |ineament transected by three northwest
trending |ineaments* as defined by nultiple sources of data,
serves to develop eight tectonic subdivisions (tectonic
provinces as defined by Appendix A) having different [ithol ogic,
structural, or seisnic characteristics. As such, the previously
i mposed “classical” interpretation that Gles County, Virginia,
and the Sequoyah, Watts Bar, and Bellefonte nuclear plants
all lie within the same Southern Valley and Ridge Tectonic

Province i s not warranted.
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REPO'r  SUMVARY

This report-presents the results and interpretation
of data gathered to date that may assist in the assessnent
of the TVA seismic issue. Inlight of past practices regarding
the applications of "classical" tectonic provinces defined
by structures that are seemingly unrelated to the present
seismcity, TVA believes that this study has utilized the
best, state-of-the-art nmeans to define structures and
provinces that serve to |ocate andl enconpass present -day
sources of seismcity within the study area. W further
believe that the conclusions reached in this report do rft;
indicate any structural continuity inthe southern Appal achian
region that would warrant migration of the 1897 Gles County,
Virginia earthquake to the Sequoyah, Watts Bar, or Bellefonte

nucl ear plants.
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