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PART ONE
FOCAL MECHANISM ANALYSES FOR VIRGINIA EARTHQUAKES (1978-1984)

ABSTRACT

Focal mechanisms are presented for 11 earthquakes from the Giles
County, Virginia seismic zone and its vicinity and for 12 earthquakes
from the Central Virginia seismic zone. These earthquakes (0:M<4)
were monitored by local networks between January, 1978 and October,
1984, 1In Giles County, the data base consists of 43 P-wave polarities
and 50 SV to P amplitude ratios (SV/P) that yielded six single event
focal mechanisms (SEFM's) and five composite event focal mechanisms
(CFM's). In Central Virginia 79 P-wave polarities and 51 SV/P ratios
are used to determine 11 SEFM's and 4 CFM's. A computer program
FOCMEC, which systematically searches the focal sphere for valid
mechanism solutions based on pre-defined data error limits, was used
to determine the focal mechanism solutions.

The results for the Giles County seismic zone show mainly strike-
slip mechanisms on steeply dipping (73°#16°) NNE (right lateral
motion) and ESE (left lateral motion) trending nodal planes. However,
some (4/11) of the solutions show similar movement on nodal planes
rotated 45° counterclockwise. The means and standard deviations for
the trends and plunges of the P axes are NU6°Es24° and 13.5°420°,
respectively, as computed from the six SEFM's and two CFM's.

Focal mechanisms from Central Virginia exhibit much more scatter
in mechanism types and nodal plane orientations than in Giles County.
The P axes in Central Virginia are generally northeast trending for
shallow earthquakes (8 km) and northwest trending for deeper ones (8
km), The focal mechanisms exhibit a mixture of reverse and strike
slip faulting on planes that dip 62°+16°,

In Giles County, where the seismic activity is occurring beneath
the Appalachian decollement, faulting and inferred stress orientations
are more uniform than in Central Virginia, some 200 km away, where the
seismicity is occurring near and above the decollement.



INTRODUCTION

The southeastern United States exhibits a low level of seismic
energy release, typical of most intraplate tectonic settings.
However, clusters or zones of sporadic seismic activity within the
region have been delineated on the basis of the historical record
(Bollinger, 1973; Figure 1). Recent seismicity patterns monitored by
networks in the southeastern U.S. are very similar to the historical
distribution of events (SEUSSN Bulletin 14, 1984, Figure 2). The
intensity X, Charleston, Soutn Carolina earthquake of 1886 is the
strongest earthquake known to have shaken the region. In addition,
approximately a dozen earthquakes of intensity VII or greater have
occurred in the southeastern U.S., two of which were located 1in
Virginia (Bollinger, 1973).

T™he 1875 Goochland County, Virginia (Oaks, 1985) and the 1897
Giles County, Virginia earthquakes (intensities VII and VIII,
respectively) are the two largest Virginia earthquakes (Bollinger,
1978). The 1875 earthquake occurred within an area that Bollinger
(1973) described as the Central Virginia seismic zone and the 1897
Giles County event took place in the Giles County seismic zone
(Bollinger and Wheeler, 1983). These two zones are separated by only
200 km, yet the results reported herein demonstrate that their
seismogenic characteristics are gquite different,

Emplacement of seismograph networks in the late 1970's, within
and around these two zones, has allowed detalled studies of their
seismic characteristics. The purpose of this investigation is the
determination of focal mechanisms for Virginia earthquakes that
occurred during network operation between 1978 and 1984, The data
base consists of Pewave polarities and SV to P amplitude ratios
(SV/P); the FORTRAN program, FOCMEC (Snoke and others, 1984) i{s used
to analyze the data. The two study areas, Giles County, Virginia and
Central Virginia, are first discussed separately and then subsequently
compared and contrasted.

DATA COLLECTION

Installation of what is now a 20 station network of vertical,
short-period seismographs began in the latter part of 1977 (Figure 3).
The seven station Giles County sub-network in southwestern Virginia
and the nine station Central Virginia sub-network were positioned to
moni tor seismic activity in those two areas of the state possessing a
record of historical earthquakes.

The Bath County sub-network in the northwestern part of the state
occupies what has been a virtually aseismic area (Bollinger and
Gilbert, 1974). However, construction of a large pumped-storage
reservoir project there has required that a seismic monitoring program
be conducted to determine the background, pre-reservoir filling
seismicity characteristica., The seismicity of the Bath County area
was described by Todd (1982),

In Giles County, the data base consists of 43 P.wave polarities
and S50 SV/P amplitude ratios from 1) earthquakes. Those earthquakes
had duration magnitudes of 2.2 or less and their focal depths ranged
from 7 to 20 km. In Central Virginia, 79 polarities and 51 SV/P
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Seismic stations from the three sub-networks in Virginia are indicated by
solid triangles. The Clles County network occupies southwestern Virginia
and northwestern Virginia is the site of the Bath County network. The

remaining statioms at North Anna and in Central Virginia comstitute the
Central Virginia seismic network.



ratios from 12 earthquakes were used in the analysis. The Central
Virginia events ranged in magnitude from 0.3 to 4.0 and had depths
fram 3 to 15 km, Pre-network events were also considered for focal
mechanism analysis but because of one or both of the following
shortcomings they are not considered herein: (1) a poorly constrained
hypocenter, usually in depth; (2) lack of good quality polarity and,
more often, amplitude ratio data.

Only impulsive P.wave polarities and the ratio of the vertical
components of the maximum SV to P amplitudes (SV/P) within the first
1} eycles of each phase are employed to determine focal mechanises.
Quality control for the input data included the reading of all
polarity and amplitude ratio data by two or more independent
observers, usually on more than one type of recording medium. The
fidelity of P-wave polarities for the study earthquakes was assured bdy
comparing the polarities of teleseismic P waves at the WWSSN station
BLA with those at each network station for impulsive P.wavea from
teleseismic shocks that occurred both before and during the study
period., SV/P amplitude ratios were measured only for stations with
epicentral distances of 100 km or less for two reasons. Firast,
restricting the distance range minimizes the effect that potential
differences in P and S wave anelastic attenuation would have on the
amplitude ratio. Secondly, the distance restriction eliminates the
posaibility of interference from Pg-Pn or 5g-Sn oroasover amplitudes.
Qual ity control measures relating directly to event location accuracy
are discussed in the following seotion.

DATA PROCESSING
Velocity Models and Earthquake Locstion Procedures

The earthquake location program HYPOELLIPSE (Lahr, 1980) was used
to locate all events., The use of locale-specific crustal velocity
models significantly upgraded the precision and reliability of
hypocenter estimates (Table 1), Such local velocity models had
previously been developed for Giles County and Central Virginia
(Moore, 1979 and Chapman, 1979). Also, Joint relocation studies of
Virginia earthquakes (Viret and others, 1984) have shown that the
individual hypocenter estimates obtained by HYPOELLIPSE for Central
and Southwestern Virginia earthquakes are reliable and have no
significant biases resulting from the Aifferent network configurations
employed in their locations.

Revisions of earlier looations (SEUSSN Bulletin 12A, 1983) were
conducted beoause accurate ray take-off angles and azimuths are
easential to achieve reliable fooal mechanisms (see Appendix A),
These revised loocations incorporated the two layered, looale-spenific
velooity modela, After reloocation, only those earthquakes with
vertioal and horizontal errors (948 confidence level) of S km or less
were retained for amlysis. Looation revision efforts inoluded
rereading of soma arrival timea, employing comalatent arrival time
residual and distance weighting schemes, and, in some cases, the
incorporation of new arrival time data., Finally, the coordinates of
two Central Virginia stations were found to be alightly in error, am
the ocorrect coordinates were inocluded in the relocation runa.



GCOl

Table 1
Velocity Models

P WAVE VELOCITY DEPTH THICKNESS GRADIENT
(KM/SEC) (KM) (KM) (KM/SEC/KM)

5.63 0.0 5.7 Constant
6.05 S.7 9.0 Constant
6.5) 14.7 36.0 Constant
8.18 50.7 Constant
5.63 0.0 50.7 0.035
7.40 50.7
8.18 50.7 Constant
6.09 0.0 15.0 Constant
6.50 15.0 21.0 Constant
8.18 36.0 Constant
6.09 0.0 36.0 0.016
6.67 3.0
.18 36.0 Constant



The use of layered velocity models in focal mechanism
determinations results in only direct arrival take-off angles and one
possible (critical refraction) take-off a..''~ for each layer houndary
below the earthquake hypocenter. This artifact of layered models will
result in a plot of rings of focal mechanism data when stations are
distant enough fram the source to record critical refractions as first
arrivals, To alleviate this problem, postulated gradient velocity
models were applied to the data in both study areas. However, our
selection of focal mechanism solutions are derived from the layered
velocity model results and all subsequent interpretations wi'l he
based upon these )avered model findings,

In Giles County, the postulated eradient veleoclty model 13
characterized by a surface P wave velocity of 5.63 km/sec, a gradient
of 0,035 km/sec/km to a depth of 50,7 km, and a sub-MOHO P-wave
velocity of 8,18 km/sec (Table 1), The S wave velocity model was
identical except that it was divided by the Vp/Vs ratios of 1.70 or
1.72 depending on the layer in which the seismic event was located
using the discrete layer model. The gradient velocity model 1in Giles
County was used to relocate the seismic events and 1t was chosen to
minimize differences in the event locations produced by i1t and the
layered model. Thua, while the hypocenters found by both Giles County
layered and gradient velocity models are similar, and differences in
take-of f angles are primarily a function of the nature of the models
and not of small differences in focal depth,

T™he gradient velocity model in Central Virginia was chosen in a
manner somewhat different from the one for Giles County., In Central
Virginia, the gradient model hypocenters were fixed to remaln the same
As the layered model ones. The gradient that produced the lowest
total arrival time RMS error for the five events analyzed was chosen
As the Central Virginia gradient model., The mode! selected had a
surface P wave velocity of 6,05 km/sec with a 0,06 km/sec/km gradient
to the MOMO at 6 km depth. The sub-MOND P wave velooity is P 18
km/sec, The Central Virginia gradient velocity model employs a 1,71
W/Vs ratio for all locations.

It must he emphasized that these gradient velooity models were
subjectively and NOT rigorously developed, They were employed to
illustrate the possible variation in focal mechaniams that is ohtained
fram ONE possible gradient velooity model in comparison to a layered
ane.

The Giles County locations are generally more reliable than the
Central Virginia ones., This 18 the result of the tighter and more
evenly distributed Giles County network stations than are present in
Central Virginia. Also, the distance between the earthquake and
closeat recording seismograph station is generally smaller in Giles
County than in Central Virginia,

foga) Mechanise Date Reduotion

The Pewave polarity ia a disorete-valued parameter, It I8 #&ither
A compression or & dilatation, MHowever, the observed SV/P amplitude
rations produce a continuum of values between zerc and infinity, Body
wave amplitudes potentially require application of three types of
corrections to recover their value at the source: (1) Roundary



transmission effects (free surface and internal), (2) Geametrical
spreading and (3) Anelastic attenuation. The differences in body wave
amplitudes between the source and station depend on the radiatior
pattern, the velocity structure and the density and anelastic
attenuation (Q) values of the medium.

Free surface effect corrections were applied to all SV/P data.
SV/P amplitude ratios with emergence angles of 30° to 37° were deleted
hecause the free surface effects change very rapidly in that range.
Transmission coefficients are virtually the same for P and S across a
velocity boundary for any angle of incidence, except when the density
and/or Poisson's (W/Vs) ratio are significantly different across the
boundary., The difference in the Vp/Vas ratio for the Giles County
layered velocity model causes transmission differences of more than
108 between P and S rays that are incident upon the bottom of the top
layer at angles of less than 20°, Thus, for that velocity model,
transmission corrections were applied to the SV/P ratios.

Geametrical spreading affects P and S waves differently only when
the Vp/Vs ratio ohanges along a raypath, Otherwise, the geometrical
attenuation is exactly the same for bhoth waves, Additionally, when
variable Vp/Vs ratios are assumed, amplitude ratios from raypaths with
take-of f angles within approximately +2° of horizontal were not
utilized because the differences in raypath lemgth for P and S waves
become too sensitive to the take-off angle in that range.

As mentioned earlier, anelastic attenuation is ASSUMED to create
negligible differences between P and S amplitudes at epicentral
distances of 100 km or less. No effort was made to correct the SV/P
amplitude ratios for this effect and the validity of this assumption
was not tested,

Several other assumptions about the data processing and amalysis
should be noted explicitly: (1) the velocity model employed for event
locations 1s an adequate approximation of the actual velocity
structure, and the take-off angles and azimuths as well as surface
emergence argles, derived from the velocity model are correct, (2)
when velocity models with variable Vp/Vs ratios are used, the
auplitude ratio corrections used different P and S take-off angles at
the source for a given epicentral distance are correct, However,
theoretical amp!itude ratios at the source are calculated with the
same take-off angle for P and 5. This inconsistency 1is assumed to be
negligible when comparing the corrected observed amplitude ratio and
the theoretical value because differences in P and S wave take-off
argles were almost always less than two degrees. (3) Finally, the
wave frequenoy at which both P and S amplitudes were read is assumed
to be virtually the same., In practice, the P wave frequency
(approximately 5 MHz) is usually slightly higher than the 5 wave
frequency, Without this assumption, however, the frequency response
of seismographs would have to be conaidered to obtain the correct
relative amplitude,

POCAL MECHANISM ANALYSIS

Stauder (1962) gave an exoellent review of the historioal
devel opment of double<couple fooal mechanism theory, More recently,
Herrmann (1975) presented a atraightforward discussion of the use of



P-wave polarity and S-wave polarization angles to determine focal
mechanisms, Kiss inger (1980; and others, 1981; and others, 1082)
developed the theory and use of SV/P amplitude ratios to obtain a
focal mechanism solution by non-linear least squares jterations,

Focal Mechanism inalysis by FOCMEC

The computer program, FOCMFC, (Snoke and others, 1985) was used
in this atudy t- determine focal mechanism solutions. This program 1is
a refinement and extension of the a'gorithm written by Tzeng and Long
(1982). FOCMEC tincorporates P-wave polarities and/or SV/P amp!itude
ratios and 4iffers from Kisslinger's approach in that it uses the SV/P
data to constrain possible solutions, not to converge to a single one,
FOCMEC systematically searches the focal sphere to find mechanism
solutions consistent with pre-specified numbers of polarity and/or
amplitude ratio errors. Acceptable ratios are those which fall within
A pre-defined error allowance range. FOCMEC can search over any
desired interval or increment of the focal sphere, but in this study a
5° search grid is used which generates more than 25,000 possible
solutions., The set of solutions that satisfies the data within the
pre-defined error allowances is called the family of solutions.

Some experience factors gained from this study's application of
FOCMEC should be mentioned. In general, polarity data were judged to
be more reliable than amplitude ratios. Too, any raypath errors
present in polarity data muat also be present for amplitude ratios.
Mislocating station data on the focal sphere will thereby affeut both
types of data. Moreover, such mislocation is potentially more serious
for amplitude ratios than polarities because of the raypath-dependent
corrections to which ratios are subject, Finally, pleking the S-wave
onset time is in general lesa certain than the P-wave arrival time.
T™is implies that the S wave amplitude, and hence the SV/P amplitude
ratio, probably tendas to be suspect more often than the P.wave
polarity.

The above considerations pertain to any data set, However,
composite focal mechanism (CFM) solutions are observed to generally
have a higher percentage of agreement with polarity than amplitude
ratio data., That tendency is not as strong for single event
solutions. This may bde due in part to the subjective compositing
schame that usually groups events on the basis of spatial association,
similarity of stress axes, and/or similarity of polarity
distributions, but generally on the basis of amplitude ratio
patterna. Nonetheless, some the poorer 3V/P agreement observed for
composite solutions is likely related to the continuous, as opposed to
discrete, nature of the amplitude ratio distributions.

large disparities bhetween the percentage of polarity and
amplitude ratic errors indicates that some aspect of the resulting
fooal mechanise solution set {s suspect, For example, when no
polarity errors are found but 9 out of 10 ratios must be declared in
error to obtain solutions, then the polarity data which may have
errors present, is probably over-reatricting the set of solutioms, In
casea such as this, allowing one polarity error will usually increase
greatly the percentage of amplitude ratio data found to be 1in
Agreement., Bxoept in rare cases when all the polarity and SV/P data
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are acceptable, two or more sets of error specifications should be
applied in an attempt to assess the data quality and mechanism
solution stability.

The primary criteria for selection of a single preferred
mechanism from a family of possible mechanisms is the root mean square
(RMS) error for those ratios that fit the solutions, in combination
with the RMS error for all ratios. The RMS error is defined as the
square root of the squared differences between the theoretical and
observed loq' SV/P amplitude ratios. Usually, greater emphasis 1s
placed on chodsing the lowest RMS error for the acceptable ratios than
for all ratios because one or two ratios could be grossly in error and
thereby make the overall RMS error misleading. However, when half or
fewer of the ratios are acceptable, then the total ratio RMS error has
been given more weight. In all cases, both types of AMS error are
considered in choosing the preferred solution. The number of ratio
errors for each solution within a family of solutions and the
agreement in type of ary one solution with all others from that family
were judged to be secondary considerations in the choice of a
preferred mechanism,

The data and solutions for each focal mechanism family are
presented in the following on equal area, lower focal hemisphere
projections. FExcept where noted specifically to the contrary, the
figure format will be as follows: (1) nodal planes from the family of
solutions on the left, (2) polarity and amplitude ratio data with the
preferred solution in the center, and (3) the family of P (maximum
compressive stress), T (minimum compressive stress) and B (null) axes
corresponding to the nodal planes in (1) on the right., The convention
for slip angles in Tables 4 and 8 18 0° = left-lateral, 90° = reverse,
180° or -180° = right-lateral, and -90° = normal slip.

THE GILES COUNTY, VIRGINIA SEISMIC ZONE

Geology and Seismicity

Moat of Giles County lies within the Valley and Ridge
physiographie province. The extreme northwest part of the County
extends into the Cumberland plateau. Sedimentary rocks rarging in age
fram Early Cambrian (Rome Formation) to Mississippian (Pennington
Group) crop out at the surface (Geologic Map of Virginia, 1963).
Igneous and metamorphic rooks underlie the sedimentary cover at depths
fram about 3 to 7 km with the contact being deeper to the southeast
(Bollinger and Wheeler, 1982), The strike of the sedimentary units i{s
generally N60°-65°E, With the exception of that small portion of the
county in the Cumberland Plateau, where flat-lying unfaulted rocks are
the rule, these Paleozoic roocks have been folded and thrust-faulted
northwestward to form several long, sub-parallel, linear ridges., The
New River flows through the center of the County and cuts directly
across these long, east-northeasterly trending ridges.

Bollinger and Wwheeler (1983) have described the characteristicr
of the Giles County seismic zone, A summary of their results,
modified somewhat by additional data and reevaluations of the complete
data base follows, Seismicity in Giles County is concentrated at
depths of 7 to 20 km (Figure §), This placea the seismic activity in
the basement and below the overthrust sedimentary rocks. Fpilcenters
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Figure 4: Upper left (4a): Network located and pre-network Dewey and

Gordon relocated events in Giles County and vicinity are shown
with horizontal error axes. Dark circles are study events and
stations are represented by oper triangles. Upper right (4b):
The events in cross section A=A' of Figure 4a are shown with
their vertical and horizontal error axes, The larger circles

are study events, This cross-section {s oriented perpendicular
to a strike of M20°E which is the trend of one of the nodal planes
for CPM A in Figure 6. Lower left (4c): Same map as Flgure 4a
except that events are scaled to magnicude. Again, darkened
circles are study events. Lower right (4d): The events in cross
section B-B' from Figure 4c are shown. This cross section s
included because it is perpendicular to a trend of N25"W which is
the trend of one of the nodal planes for CFM C in Figure §.
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from the main zone as defined by Bollinger and Wheeler, form an
alignment striking N4S°E. In section, these events form a near
vertical plane. An important subset of earthquakes in the main zone
consists of events from the southwestern and central portiona of the
zone. This sub-portion of the zone strikes N30°E and its significance
will be discussed later in the conte¥i of composite focal mechanisms.

Since 1959, nine felt events have been recorded in the Giles
County area. Dewey and Gordon (1982) relocated several of these
earthquakes and they are included with the network located seismicity
in Figure 4, Unfortunately, the local network was not yet in
operation for any of these events. Thirty-five seismic events have,
however, been detected by network monitoring in the last seven years
with the larpest event having a duration magnitude of 2.2.

Previous Focal Mechanism Studies

Herrmann (1979) computed a focal mechanism for the 1969 Elgood,
West Virginia earthquake based primarily on surface wave data. That
event occurred about 15 km northwest of the Giles County seismic zone.
His mechanism indicated primarily strike-slip motion on near-vertical
northeast and northwest trending noda! planes with left-lateral motion
on the northeast striking plane. Conversely, Wheeler and Bollinger
(1682) nad projected right-lateral reverse motion on a near vertical,
northeast trending plane on the basis of a few ‘mpulsive P-wave first
motions and in-situ stress estimates from core data., The mechanism
proposed by those two workers 1s consistent with the east-northeast
maximum compressive stress typical of the midcontinent stress regime
of Zoback and Zoback (1980),

Focal mechanisms results from the Bath County, Virginia area
northeast of Giles County exhibited both atrike-slip and reverse
motions (Todd, 1982). However, the orientation of the maximum
compressive stress (P) axes from that Central Appalachian setting was
unlike that proposed for the Southern Appalachian Giles County.
Generally, focal mechanism results from Bath County shoved P axes with
west to northweat trending, moderately plunging orientationa,

Teague (1984) obtained focal mechanisms for eacthquakes from
mastern Tenneassee using the same amalysis method as n this study,
Teague's study area is roughly alomg strike with and some 325 km
southwest of the Gilea County seismic zone, and his focal mechaniams
showed mainly strike slip motion on north-south (right ..teral) and
east-weat (left lateral) trending nodal planes, The mean P axis trend
ro: Teague's composite focal mechanisms was NSU°E with a plunge of
129,

Focal Mechanism Results and Interpretations

A total of six single event focal mechanisms (SEFM's) and five
composite event focal mechanisms (CFM's) solutions were obtained from
earthquakes occurring along and in the near vieinity of the Giles
County seismic zone., In addition to the primary family of foeal
mechanism solutions found using the layered Giles County velocity
model (Figure 5; Table 2), focal mechanisms for some of the data sets
include alternative solution families for the layered model and/or

3
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EVT DATE

33
34
35
38
63
75
90
94

97

M/D/Y)
5/10/78
5/25/78
6/01/78
8/30/78
12/02/80
12/04/81
1/25/83
5/26/83
7/10/83

104 12/9/83

110 7/02/84

*GCOl velocity model

TIME
(ueT)

04:19
08:30
01:33
02:19
07:47
02:35
20:38
01:04
14:05
00:11

19:51

EVT - event number
MAG -« duration magnitude
GAP - greatest azimuthal separation of stations relative to epicenter
DMIN - distance of closest station from epicenter

ERH,ER2 = horizontal and vertical error estimates, respectively, at

Table 2

GCiles County Hypocenters®

(n
37
36
37
37
37
36
37

37.
37.
37.

7.

LAT
FG N)

3112
.9903
.3360
L3472
4275
.9980
.3863
5060

LONG

(DEC W)

80.7072
80.7677
80.6593
80.6812
80.5427
80.7743
80.5137
80.3152
80.7558
80.7857

80.7180

the 94% confidence level
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DEPTH MAG
(KM)

17.2 0.3
12.1 1.5
9.5 «0.2
11.2 0.5
18.0 0.4
8.2 2.0
15.8 1.8
9.0 2.2
7.1 1.0
12.2 1.1

10.8 1.4

GAP

(DEG) (KM) (SEC) (KM)

160
259
153
151
113
136
81
103
89
98
89

DMIN RMS ERH

8
6
12
11
23
5

14

13

0.18
0.28
0.16
0.18
0.16
0.2

0.24
0.24
0.26
0.22

0.19

0.8
0.8
1.1
0.7

1.0

ERZ
(KM)

4.5

4.6
3.5
3.8
1.6
1.5
1.4
2.9
1.1

2.0



solutions found dy using a gradient velocity model. Alternative

solution families for the layered veloclty model are also shown when
the choice of a preferred family of solutions is not clear, or when
the secondary solution family more closely resembles solutions from
other nearby events than does the primary family. Gradient velocity
model mechanisms were obtained as an aid in the assessment of the

stability of the layered model results. Appendices C and D present
the complete set of focal mechanism results for both velocity models,

The character and distribution of the focal mechanism data
indicates that four sudb-groupings to form CFM's are appropriate (Table
3) for the Giles County events. Data from events 33, 35, 38, 97, 104
and 110 combined to form CFM A. Earthquakes 97, 104 and 110 also
yielded SEFM. CFM group A occupies the southwestern and central
portions of Bollinger and Wheeler's (1983) original seismic zone.
Results for this CFM are shown in Figure 6. A group B CFM 1s derived
fram earthquakes 63 and 90. These two events lie at the northeastern
end of the Giles County zone., Both events gave SFEFM's and Figure 7
portrays the results for CFM B, To the south of and apart from the
main zone, seismic events 34 and 75 were composited as Group C to give
the results shown in Figure 8. BEvent 94 occurred 25 km northeast of
the zone, and because it is spatially isolated and exhibits a somewhat
different type of mechanism from the other events, it will not be
discussed in detail. The preferred solutions for all of the SEFM and
CFM are shown in Figures 9 and 10, respectively (also see Table 4).

The results from CFM's A and B attest to the complexity of
faulting within the zone. The trend of the noda! planes and the
spatial relationship of events in the northeastern and southwestern
parts of the zone for these two sets of soluticns make {t unlikely
that the seismicity results from a single, 40 km long northeasterly
trending fault. Two hypotheses may be postulated from consideration
of these differing mechanisms. First, seismicity on the southwestern
and central parts of the zone is occurring on one or several very
closely spaced, north-northeasterly striking, near vertical faults,
The trend of epicenters in the southwestern and central portion of the
zone is approximately N28°E which differs by only 8° from the N20°E
nodal plane trend obtained from the CFM of these events., Motion on
these faults is primarily right-lateral strike slip with a small
reverse component. The activity at the northeastern end of the zone
can be interpreted to result from a north-northw2sterly trending,
vertical fault with motion divided evenly hetweer right-lateral and
reverse slips. The spatial pattern of seismicity .n the northeastern
end of the zcne, especially the alignment of epicenters, woula support
but not require this interpretation (Figure 5).

A second explanation for seismic source mechanisms within the
zone would propose that the southwestern and northeastern ends of the
zone lie on distinct, bul sub-parallel faults., CFM D, whieh includes
all eight events on the zone (Figure 11), satisfies all input data
well, especially the polarities. Motion on faults in the northeastern
end of the zone would be very similar to motion on faults in the
southwestern portion of the zone.

The focal mechanisms will allow for either hypothesis. Analysis
of future additional events, especially those with larger magnitudes,
will be required to better define the nature of faulting within the
zone,

16



Table 3

Giles County Composites

COMPOSITE EVENTS AVE DEPTH MAX MAG
(KM)

A 33,35,38,97,1064,110 11.3 1.4

B 63,90 16.9 1.8

C 34,75 10.2 2.0

D 33,35,38,97,104,110, 12.7 1.8
63,90

E 33,35,38,97,104,110, 11.9 2.2
63,90,34,75,94

17



]

—

Figure 6: Top row, from left to right: (1) The family of nodal
plane solutions, (2) the preferred nodal planes with polaricy
and SV/P amplitude data, and (3) the family of maximum (P)
and minimum (T) compressive stress axes and the null (B) axes
are shown on equal area, lower hemisphere projections. These
solutions for CFM A were obtained using the Ciles County lavered
velocity model. Second row: The solutions are presented in
same order as above. These solutions are obtained bv using
the Giles County gradient velocity model as applied to CFM A.
For the middle diagrams in both rows, circles represent com=
pressions, triangles are dilatations and the size of the X's

are proportional to the log of the SV/P corrected amplitude
ratios,
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Figure 7: CFM B is analyzed using the Giles Countv layered
(top row) and gradient velocitv models (bottom row).
Symbols and intra~row order are the same as in Figure 6.



gure 8 M € is analvzed by the Ciles Countvy lavered (top row)
i gradient velocity models (bottom row). symbols and
intra-row order are the same as in Figure 6.
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Figure 9: The six SEFM preferred nodal planes for Giles County
obtained by the lavered velocity model are presented. The
shaded areas are compressional quadrants and the white areas
are dilatational quadrants.

21



38.0 1 ! | I 3
/
Q.
£
378t iR
© ¢
5 :
S 37ef 9 - -
4
o - . MAGNITUDE
E 3ra} Pyt B B
e I, Uy N g ® .
= ol Vet p 5 3
> a3r2} .’ -
- € = L 2
- . . ' 4 @ '
< 370 s B y 5
4
s § / B e SOKM |
36.6 —

~-81.4 -81.0 '8l0.6 “8!0.2
LONGITUDE (degree)

Figure 10: The preferred nodal planes from the five Giles County
CFM using the lavered velocity model are shown. Quadrant
shading is the same as in Figure 9. The HEAVY arrows
correspond to the trend of the P axes for each CFM. See
Table 3 for the earthquakes that are included in each CFM.
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EVT

63

90

94

97

104

110

STRIKE

N20°W
S70°W

N20°W
N70°E
N82°E

N20°E
NTOW

$26°W
NS7°W

S27°W
S78°E

N20°E
S69°E

N20°W
N70°E

N25°W
N65°E

S29°wW
NS9°W

S30°W
S70°E

Table 4

Giles County Preferred Solutions

DIP

85°E
88°N

SLIP

-178°
-5

145°

P(TREND,PLUNGE) T(TREND,PLUNGE)

$25°w,5°

N31°E,24°

N21°E,42°

$65°W,10°

N73°E,7°

N67°E,40°

N66°E,7°

N35°E,30°

N20°E,3°

N71°E,19°

N67°E,34°

23

N65°W,2°

N71°W,24°

S33°E,34°

N25°W,1°

$13°E,29°

N26°W,3°

N26°W,13°

N75°W,30°

N70°w,9°

$11°€,23°

S17°E,9°

B(TREND, PLUNGE)

N45°E,85°

S20°E,55°

s80°w,30°

N70°E,80°

N30°w,60°

$60°w,50°

$5°wW,75°

S20°E,45°

S50°E,80°

N55°W, 60°

S85°wW,55°
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Figure 11: Upper row: Preferred solution set for CFM D using the
layered velocity model is shown. Middle row: The alternative
solution set for CFM using the layered vel:icity model is
shown. Bottom row: The soluticns set for CFM D using the
gradient velocity model is shown. All symbols and intra-row
order are the same as in Figure 6.
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Interestingly, CFM C, which consists of two events about 35 km
south of the zone, produced a preferred solution whose fault geometry
strongly resembles that of the preferred solution for CFM B. Thus,
seismicity at the ends of the zone may be occurring on nearly
identical fault planes with the trend of fault planes in the center of
the.:m.e differing from those at the ends by 40°-45° (N20°E versus
N25°% ).

For the Giles County analysis, the percentage of acceptable
amplitude ratios was usually higher for the gradient velocity model
solutions than the layered velocity model (Table 5 and Appendix 34)
This is probably a consequence of the inclusion of amplitude ratio
corrections, namely, geometrical spreading and transmission
coefficient corrections, in the layered velocity model data. The
Giles County layered velocity model includes variable Vp/Vs ratios
that 4iffer enough between layers to imply significant geometrical
spreading and transmission coefficient corrections. The gradient
model assumes a constant Vp/Vs ratio, hence, these two corrections are
not necessary. In this case, a literal application of ratio
corrections implied by the layered velocity model seems to be
inappropriate.

One of the most interesting results of this study was the
consistency in the orientation of the stress and null axes throughout
the entire Giles County area (Figure 12). The preferred P axis from
CFM £ (all events, Figure 13) has a trend of NA5°E and plunge of 33°.
The T axis trend was S17°E with a plunge of 9°. The mean and standard
deviation for the trend and<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>