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Statement of the 

Chapter 1 

INTRODUCTION 

Problem. Accurate hypocentral 

locations are neccessary to relate seismicity and geology. 

Accurate epicenters give the correct spatial postioning of 

the seismici ty with respect to surficial geologic 

structures, while accurate depths put the seismicity 

within the sedimentary section, the basement, or the 

upper, or lower portions of the crust. This need is 

especially acute in the eastern United States where the 

current level of seismic energy release is low, thereby 

yielding a slow accumulation of data. Because of the 

presence of critical structures such as nuclear power 

plants and large resevoirs, and extensive land utilization 

in the region, the need to understand the seismic regime 

is urgent. Therefore, it is necessary to conduct studies 

to insure that hypocenters are as accurate as possible and 

to specify the level of that accuracy. 

The Virginia seismici ty data base may be partitioned 

into several subsets according to the seismograph stations 

in operation at the time of the event. The first data 

set, which shall be referred to as 'Modern Sei smici ty' , 

consists of earthquakes that occurred from just before the 

WWSSN station BLA began operation until the Virginia Tech 
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seismic network was installed. That time frame is roughly 

the period 1959-1977. Each event in this subset has been 

located by Dewey and Gordon (1980) using a joint location 

program. 

A second subset is composed of earthquakes recorded 

during a seismic monitoring program at the North Anna 

nuclear power plant area and covers the time period 

1974-1977 (Dames & Moore, 1977). During this interval, 17 

semi-permanenet seismic stations were installed and 

operated. Four of those stations have been made permanent 

and are still operational (NA2, NA5, NAll, NA12). This 

data set will be referred to as 'N.A. Seismicity'. 

The third subset, referred to as 'Recent Seismici ty', 

contains earthquakes which occurred after the Virginia 

Tech seismic network was installed and in operation, early 

1978 to present. Each earthquake in the second and third 

data sets has been located using available data and a 

single-event location program, HYPOELLIPSE (Lahr, 1979). 

It is also to be noted that because the Virginia Tech 

seismic network began operation in 1978, the subsets fall 

into two time frames, pre-network ( 1959-1977) and post-

network ( 1978-present). There have ·been no large felt 

earthquakes since 1977 that Dewey and Gordon (1980) could 

include in their study, and the Dames & Moore study ended 
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shortly before the Virginia Tech network began. The time 

frames are significant because they segregate a non-

uniform data base (with three or fewer recording stations 

in common) between the Modern Seismici ty and the Recent 

Seimici ty. There were no recording stations in common 

between the Modern Seismicity and the N.A. Seimicity and 

only four or fewer recording stations in common between 

the N.A. Seimicity and the Recent Seismicity. 

Many of the events from the different data sets have 

similar location. We will employ the method of joint 

hypocenter determination to relocate subsets from among 

these events in two seperate study areas in Virginia. 

The Virginia Study Area and the Data Base. The 

recording stations used in this study include stations at 

local (Okm 200km), regional (200km SOOkm), and 

teleseismic (SOOkm and greater) distances. Figure 1 is a 

map of the Southeastern United States showing seismograph 

station locations out to regional and near teleseismic 

distances. The local stations that make up the Virginia 

Tech seismic network, are shown in Figure 2a. The 

Virginia Tech 

subnetworks. 

seismic network is composed 

The Giles County subnetwork, has 

of four 

stations 

located near Blacksburg, Virginia (BLA), Hinton, West 

Virginia (HWV), Narrows, Virginia (NAV), Pulaski, Virginia 
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Figure 1 Map of the southeastern United States 
showing seismograph station locations. Small 
solid circles represent single seismograph 
stations while larger circles with numbers 
represent multiple, closely spaced seismograph 
stations. 
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Figure 2 : Virqinia maps showinq the member stations 
of the Virqinia Tech seismic network (open 
trianqles with 3 or 4 character station codes in 
(A) and open trainqles in (B)) and the Virqinia 
seismicity data base (solid circles in (B)). 
This seismicity spans a time frame from 1959 to 
1981 and represents the data base with which the 
study was performed. 
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(PUV), and Princeton, West Virginia (PWV). The Central 

Virginia subnetwork has stations located near Corbin 

(CBN), Charlottesville (CVL), Farmville (FRM), Goochland 

(GHV), and Petersburg (PBV), all in Virginia. The North 

Anna subnetwork has stations located near Brokenburg 

(NA2), Buckner (NAS), Beaver Darn (NAll), and Mineral 

~ (NA12) I all in Virginia. Finally, the Bath County 

subnetwork has stations located near Barnsville (BVl), 

Mountain Grove (BV2), Lightner (BV3), all in Virginia, and 

Dunsmore, West Virginia (BV4). 

We will consider only two specific regions in more 

detail. The first study area is in the proximity of the 

Giles County subnetwork and the second study area is in 

the proximity of the Central Virginia and North Anna 

subnetworks. 

The earthquakes included in the Virginia seismici ty 

data base are all located within, or quite near, the 

Virginia borders. Figure 2b is a map of Virginia showing 

the location of these earthquakes. Subsets of the data 

will be taken that are appropriate to the specific study 

areas; thus, not all the events in our data base will be 

relocated. However, all of the data base will be 

discussed in more detail in the next section. Finally, the 

events included in each study area will be discussed again 

in appropriate sections on each study area. 
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Previous Work. There are 9 events classified as Modern 

Sei smici ty. Dewey and Gordon ( 1980) used the JHb method 

to calculate revised hypocenters for these nine 

earthquakes along with other earthquakes that occurred in 

Virginia and the Southern Appalachians from 1928 through 

1976. The hypocentral parameters calculated by Dewey and 

Gordon for the 9 modern seismici ty events are listed in 

Table Al in Appendix A. Letter desiqnations in the table 

identify each earthquake. 

There are 11 events classified as N.A. Seismicity. All 

the available arrival time data gathered by the Dames & 

Moore study {1977) were used to locate each event 

individually using the HYPOELLIPSE program (Lahr,1979) and 

a Central Virginia velocity model developed by Chapman 

( 1979). The hypocentral parameters calculated by 

HYPOELLIPSE for the 11 N.A. seismicity events are listed 

in Table A2 in Appendix A. 

There are 48 located events classified as Recent 

Seismicity. Earthquakes monitored by the Virginia Tech 

seismic network and locateable using the HYPOELLIPSE 

program are included. As with the N.A. Seismicity each 

Recent Seismicity event is located individually using the 

Chapman (1979) velocity model for central Virginia events. 

Also, a three layer velocity model was used for 
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southwestern Virginia events, it was developed by Moore 

(1979). The hypocentral parameters calculated by 

HYPOELLIPSE for the recent seismicity events are listed in 

Table A3 in Appendix A. In both Tables A2 and A3 each 

event is given 

identification. 

a numerical designation to aid 



Chapter 2 

SINGLE-EVENT AND JOINT-EVENT LOCATION METHODS 

Introduction. Because of the divisions of the data 

base described above, a method that can composite 

effectively all the subsets is neccessary. 

joint hypocenter (or epicenter, when 

calculated) determination (abbreviated 

The method of 

employed to relocate the earthquakes. 

depth 

JHD or 

is 

JED) 

not 

is 

The advantage of 

using the JHD location method over a single-event location 

method is the increased relative accuracy between the 

hypocenters of the events in the data set and the 

hypocenter of a pre-selected 'calibration event'. In JHD, 

all hypocenters of a group of earthquakes are calculated 

simultaneously along with station adjustments for the 

stations recording the group of earthquakes. The 

calibration event hypocenter is considered to be known 

independently of the joint determination and is held fixed 

to insure stable normal equations for the remaining 

hypocenters and their station adjustments (Dewey, 1971). 

By applying this method it is expected that the effects of 

travel-time anomalies between the source of the 

earthquakes and their recording stations can be reduced. 
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Though the relative location of each earthquake to the 

calibration event is improved, 

each hypocenter depends on 

the absolute location of 

how well located the 

calibration event is. However, precision of relative 

hypocenter determination is often desirable. Accurate 

relative locations define the size and orientation of the 

source region of a group of earthquakes, if not the exact 

position of the earthquake hypocenters in the Earth 

(Dewey, 1971). 

Determination of Epicenters. 

earthquake seismology grew, 

determining earthquake epicenters 

techniques depended on having an 

As the science of 

several methods for 

were developed. Early 

accurate knowledge of 

travel-time as a function of distance for known focal 

depths. If the approximate focal depth of an earthquake is 

determined from the seismogram and accurate measurements 

of the arrival-times of two phases such as P and S at one 

station are made, then the arcual distance from that 

station to the epicenter can be found (Macelwane, 1932). 

To determine the azimuth of the epicenter with respect to 

the recording station Gali tzin' s Method as described in 

Macelwane (1932) is employed. These same techniques are 

employed when attempting to determine an epicenter using 

two or more seismograph stations, see Macelwane (1932) for 

an in-depth discussion. 
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It rarely happens that the epicentral distances 

calculated from arrival-times of successive phases at a 

large number of stations are so consistent as to determine 

even approximately a single point on the earth's surface. 

Several of the most troublesome sources of error are: (1) 

inhomogeneities in the reported or measured arrival-times; 

(2) difficulty in identifying the precise onsets of phase-

arrivals because of superposed microseismic or other 

motion; (3) lack of timing accuracy due to clock or 

recording system errors; (4) deviation of the time-

distance curves from actual values; and (5) unknown depth 

of focus resulting in the use of the wrong time-distance 

curve (Macelwane, 1932). 

Even when all systematic errors are discovered and 

removed there exists some scattering in the arrival-time 

observations. A statistical method developed by Ludwig 

Geiger (see Macelwane ( 1932)) employs the least squares 

technique to determine the most probable location for the 

earthquake. A brief discussion of the method of least-

squares determination of hypocenters follows. 

Let T = the time of origin of the earthquake, X = its 

latitude, Y = its longitude, and Z = its depth. Also let 

(To,Xo,Yo,Zo) = the coordinates of a provisional 

hypocenter. Then corrections ~T ,/::::iX.AY ,t::;z.) are calculated 
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to obtain a better estimate of the true hypocenter of the 

earthquake. The simplest form of the equations of 

c ondi ti on for (6T ,t:,.x. ,/::3 ,&. ) is 

AT + Foj (TT)~ + Goj (TT){lY + Hoj (TT)62 = Rj j = l,J. 

J = the total number of stations; Foj (TT), Goj (TT), and 

Hoj (TT) = functions of the provisional hypocenter, the 

location of the j th station, and the theoretical travel-

time TT for an assumed veloctiy model for seismic waves 

passing through the Earth; and Rj = the residual, which is 

the observed arrival-time of the earthquake waves at the 

jth station minus the theoretical arrival based on 

(To,Xo,Yo,Zo) and TT. 

The above equation is a first-order, or linear, 

approximation to a nonlinear equation. The unknowns are 

6T, 6x, AY, 6Z; the other parameters are considered known, 

although all of them depend on assuming a perfect velocity 

model for seismic waves in the Earth is known. A set of 

more than four simultaneous equations, each in the form of 

the above equation, is usually solved by the method of 

least squares so as to minimize the sum of the residuals, 

R2· J . The computed corrections <J:lT ,{lX '~ ,,6Z ) are used to 

adjust the old provisional hypocenter to obtain a new one, 

and the whole process is repeated until a convergence 
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criterion is met (e.g., Dewey, 1979). The method just 

explained is the backbone of computer programs developed 

to determine epicenters and hypocenters. Several of these 

programs will be discussed in the following sections. 

The HYP071 and HYPOELLil?SE Programs. HYP071 is a 

computer program for determining hypocenter, magnitude and 

first motion pattern of local earthquakes. It was 

primarily designed for processing large amounts of 

earthquake data recorded at close range on a dense network 

of seimographs (Lee and Lahr, 1971). 

HYP071 is used at Virginia Tech to do the bulk of the 

trial hypocenter location work. HYP071 will accept station 

coordinates and pre-determined station-adjustments 

(adjustments to the calculated arrival-times at a 

particular station). After the recording stations have 

been identified a horizontally layered velocity-depth 

model is selected. The velocities given are usually those 

for the P-wave. HYP071 calculates s-wave travel-times by 

multiplying P-wave travel-times by a Vp/Vs ratio supplied 

to the program. The calculations are performed according 

to a flat earth model. The output of a HYP071 run contains 

not only the origin time and hypocenter (latitude, 

longitude, and depth) estimates, but also a vertical and 

horizontal standard error measure for the hypocenter. 
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When an event (suspected of being an earthquake) 

occurs, all the P-wave and s-wave arrival-time information 

is put into an input file for HYP071. A velocity-depth 

model appropriate to the locale of the earthquake is 

chosen and input into HYP071. After an initial run of 

HYP071 the residuals for each station-phase f- 1i are 

examined and any station-phase with a residual of greater 

than one second is given a weight of zero, and therefore 

removed from the hypocentral estimate calculations. 

When the best hypocenter has been calculated by HYP071 

the same input data used in HYP071, with the addition of 

the station-phase wieghts, is input into the hypocenter 

location program HYPOELLIPSE. The HYPOELLIPSE program, 

written by Lahr ( 1979), is used at Virginia Tech to 

calculate 'final' hypocentral estimates. These estimates 

are final in the sense that the HYPOELLIPSE calculated 

hypocenter is used for plotting and filing purposes. Like 

HYP071, HYPOELLIPSE is a computer program for determining 

the hypocenters of local or near regional earhtquakes, as 

well as magnitudes and first motions. Unlike HYP071, 

HYPOELLIPSE also calculates for each event an ellipse 

which encloses the one standard deviation volume 

(1) A station-phase here is considered a phase arrival at 
a particular station, for example, a P-wave arrival at 
station BLA. 
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(approximately a 70% confidence region). Travel-times are 

determined from a horizontally layered crustal structure; 

P-waves and S-waves are used in the hypocenter 

calculations. In most cases HYPOELLIPSE is run once for 

each seismic event of interest. 

One of the main disadvantages with using both the 

HYP071 and HYPOELLIPSE programs is that at present only a 

single velocity model can be used in a particular run and 

the velocity model is restrained the same fixed Vp/Vs 

ratio for all layers. When a group of recording stations 

vary enough over distance, one velocity model will not 

adequately describe the velocity structure between the 

source earthquake and each station. Thus, the calculated 

arrival-time for each phase may vary considerably from the 

observed arrival-times and · 1ead to high residuals. This 

has the effect of limiting the number of stations that are 

retained in the calculations and thereby reducing the 

accuracy of the hypocentral estimate. 

The JHD, JED, and SE77 Programs. Joint, or group 

determination of epicenters or hypocenters was proposed, 

in different forms, by Freedman (1967) and Douglas (1967) 

in order to minimize the effects of travel-time anomalies 

on the determination of the earthquake locations. JHD is 

the preferred location method when the calibration event 
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does not share many common recording stations that are to 

be used in the relocation of a group of earthquakes. In 

joint hypocenter determination, one computes 

simultaneously the hypocenters of a group of earthquakes 

and travel-time adjustments for the stations used in 

locating the earthquakes. 

The joint computation of hypocenters and station-

adjustrnents enables the use of data from stations that 

recorded the calibration event to compute adjustments to 

travel-times at stations that did not record the 

calibration event; it is not neccessary that all stations 

used in the joint computation have recorded the 

calibration event. The station-adjustments are an 

estimate of the source-station anomalies which cause 

location bias and are due to regional variations of 

seismic wave velocity. The other events are located 

relative to the calibration event; if the calibration 

event is mislocated, the other events will tend to be 

mislocated in the same direction. The JHD method assumes 

that a travel-time anomaly at a station is the same for a 

particular calibration event and all earthquakes located 

with that calibration event. The greater the distance 

between hypocenters of two seismic events in the group, 

the more likely it is that this assumption will be 

violated (Dewey, 1979). 
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An important special case of JHD is joint epicenter 

determination (JED), in which the depths of the events 

being located are considered fixed, and depth is not an 

estimated variable. JHD and JED are run using the same 

computer program. JHD will be used to refer to both the 

JHD and JED capabilities of the program unless it is 

necessary to single out the JED capabilities only (in 

which case JED will be used). 

Several advantages exist in using the JHD program over 

the HYP071 or HYPOELLIPSE programs. As has been mentioned, 

JHD reduces the source-station anomalies by calculating 

station-adjustments, while HYP071 and HYPOELLIPSE can only 

use pre-determined station-adjustments, also, JHD uses 

travel-time tables for the various phases, thus, a more 

complex velocity model can be accounted for, for example, 

the Vp/Vs ratio need not be held constant. In addition, 

several velocity models may be used simultaneously in the 

same JHD run, for example, one model for close-in stations 

and another model for distant stations can be employed in 

the same run. This also allows JHD to use phases other 

than P and S in the same run, a capability that HYP071 and 

HYPOELLIPSE do not have. 

When the phase arrivals for a given event do not 

include a good depth phase such as the pP-wave arrival the 
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depth of the event is often not well constrained in the 

calculations and can become unstable. JHD is particularly 

sensitive to this. When the instability is such as to 

cause the newly calculated depth to be placed above the 

surface, instability is introduced into the remaining 

depth estimates and they become unreliable (Dewey, 

personal communication, 1981). Thus, the depths of all the 

events must be fixed (to the HYPOELLIPSE values) and JED 

used. To calculate new depths for these events. while 

still using the calculated values for the station-

adjustments, a sister program was written by Dewey called 

SE77. This program is a single-event type designed to use 

the station-adjustments calculated by JHD and thus 

minimize the effects of the source-station anomalies. SE77 

uses the same data input format as does JHD, therefore, 

the data used in the JHD input file can easily be 

transferred along with the station-adjustments into an 

SE77 input file. 

The advantages of using SE77 over HYP071 of HYPOELLIPSE 

are several. Not only can the JHD calculated station-

adjustments be easily transfered into SE77, but SE77 is 

also designed to used travel-time tables and therefore can 

handle more complex velocity structures than HYP071 or 

HYPOELLIPSE. 
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A further difference between the two sets of programs 

is that JHD, JED, and SE77 use spherical-earth distance 

calculations while HYP071 and HYPOELLIPSE use flat-earth 

distance calculations. E'or local differences, this 

difference is negligible, but for regional and teleseismic 

distances, the spherical-earth model is more valid. 

The JHD program has some computational limitations. A 

maximum of 15 hypocenters and 100 station-phase 

adjustments may be computed simultaneously due to the 

large amount of storage required to handle the matrix 

calculations. Because no more than 15 hypocenters will be 

accepted by JHD a group of earhtquakes containing more 

than 15 events must be handled using JHD in conjunction 

with SE77. The usual procedure is to choose the 15 most 

widely recorded events and relocate them with JHD. The JHD 

calculated station-phase adjustments are then transfered 

to SE77, which is used to calculate hypocenters for all 

the earthquakes in the group. Because SE77 calculates 

hypocenters individually it has no upper limit on the 

number of earthquakes it can handle, however, only up to 

200 station-phases may be used in any one SE77 run. 

Earthquake Relocation. When preparing the input data 

for JHD or SE77 the provisional hypocenter chosen was 

always that calculated by HYPOELLIPSE. When earthquakes in 
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the Giles County area were relocated several calibration 

events were chosen and used in order to determine which 

would produce the best results. and/or if there was 

anomalous variations due to calibration event choice. In 

one case it became neccessary to identify a calibration 

event by the fact that the location used was calculated by 

HYPOELLIPSE instead of the Dewey and Gordon (1980) 

location for that event. The two resulting calibration 

event locations are described in the text as follows: 

event J (HYPOELLIPSE location) and event J (Dewey and 

Gordon location). Whenever this is done the velocity model 

used in HYPOELLIPSE to obtain the HYPOELLIPSE location is 

described. How the two locations for the calibration 

event compare is also discussed. 

After employing JHD several times in the Giles County 

study it became apparent that the equations of condition 

were not well enough constrained to yield stable depths. 

Therefore, JED was employed for the remainder of the Giles 

County study (and all of the Central Virginia study) to 

calculate the station-phase adjustments. SE77 was always 

used in conjunction with JED to calculate new hypocentral 

estimates along with 70% confidence ellipsoids. The use of 

SE77 in conjunction with JED will be referred to as the 

JED/SE77 procedure. 
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At two points in this study the advantages of using the 

JED/SE77 procedure over using HYP071 and HYPOELLIPSE were 

made manifest. During the Giles County study (see Chapter 

3) only one event out of 17 (event 40) was relocated by 

the JED/SE77 procedure at a significantly different 

hypocenter. A review of the data showed inaccuracies in 

some of the original arrival-times, and a few additional 

arrivals were found. The data the HYP071 program was used 

to locate the event using the revised data set. The new 

HYP071 location matched quite well with the JED/SE77 

relocation. Assuming the revised location to be more 

accurate, we see that JED/SE77 has made a more accurate 

estimate of the hypocenter using the older (incomplete and 

inaccurate) data than have HYP071 or HYPOELLIPSE using the 

same data. 

During the study of central Virginia (see Chapter 4) 

poor arrival-time data were encountered constently at four 

stations. When these data were used to calculate HYP071 

and HYPOELLIPSE hypocenters, the poor quality of the data 

produced results indistinguishable from the good data. 

Although the poor data did not badly bias the HYP071 or 

HYPOELLIPSE hypocenters, however, the JED/SE77 calculated 

hypocenters were badly biased. After examination of 

JED/SE77 output the poor data were identified, using 
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principally residuals and 

guide. In this case we 

large station-adjusments 

see that JED/SE77 was 

as a 

more 

sensitive to poor data. As an added point, it should be 

noted that the station-adjustments played a major role in 

identifying poor data. 



Chapter 3 

GILES COUNTY SEISMICITY 

Introduction. Recent network monitoring in the Giles 

County, Virginia, area has revealed a marked lineation of 

microearthquake epicenters. In addition, four of the 

larger, pre-network, felt events (relocated by Dewey and 

Gordon (written communication, 1980)) have epicenters 

coincident with the microearthquake lineation. Figure 3 

shows the lineation, composed of twelve events, which 

defines the Giles County seismogenic zone. 

One important characteristic of this zone is that it 

does not trend with the general structure of the 

Appalachian mountains in the region, but rather has a 

trend paralleling the Central Appalachians to the north 

(Bollinger, 1981). Additionally, the depths of the events 

are greater than 5 km and therefore probably below the 

Appalachian decollement in the basement. 

To test the accuracy of the two data sets (pre-network 

and network) we apply the JHD method. Not only do we wish 

to test the validity of the lineation, but we also wish to 

test whether any 'off-zone' events should actually be 

located within the zone. 
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Figure 3 The Giles County seismogenic zone. The 
study area is shown by the shaded rectangle in 
the inset map of Virginia. Open circles 
represent larger pre-network felt events 
relocated by Dewey and Gordon (written 
communication, 1980) and solid circles represent 
more recent events monitored by the Virginia 
Tech seismic network. The events are scaled 
according to rnagni tude. The location of the 
central station of the Giles County subnetwork, 
NAV (Narrows, Va.), is shown by an open 
triangle. 
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Giles County Study Area and Data Set. The Giles County 

subnetwork is located in Southwestern yirginia and is 

shown in Figure 4. Plotted in Figure 4 are the events to 

be studied with their corresponding 70% confidence ellipse 

axes. Their hypocentral parameters (calculated by 

HYPOELLIPSE) and magnitudes are listed in Table 1. 

Note event 40. At the time this study was initiated it 

was considered a possible microearthquake. Additional 

recent monitoring results have led to reclassification as 

a probable blast. Thus, even though event 40 was included 

throughout the study, it is not included in our final 

hypocentral plots. However, particular attention will be 

paid to event 40 because it is the only one of the off-

zone events to be relocated within the zone. 

Velocity Models. Because the events in this data set 

are recorded at stations whose epicentral distances range 

from 0 km to greater than 3000 km, local, regional, and 

teleseismic velocity models are used in the travel-time 

calculations. The local velocity model, referred to as 

the Giles County velocity model, is based on studies by 

several authors. From the surface to 50. 7 km depth the 

three layer velocity model proposed by Moore ( 1979) is 

used, from 50. 7 km to 271 km depth the velocity model 

proposed by Nuttli, et. al. (1969) is used, and from 271 
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Figure 4 : The Giles County study area is shown by 
the rectangle in the inset map of Virginia. In 
the inset map R indicates the location of 
Richmond and the open triangle represents 
station NAV at Narrows. Open circles with letter 
desiqnations represent larger, pre-network, felt 
events relocated by Dewey and Gordon (written 
communication, 1980) and solid circles with 
numerical desiqnations represent more recent 
events monitored by the Virginia Tech seismic 
network (open triangles). All axes represent 
70% confidence ellipses. 
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TABLE 1 

Giles County Seismicity 
Chronological Listing of Earthquake and 

Occurring in the Giles County, Virginia area 

Origin Time Hypocenter ( 1) 
Date (UCT) Lat.N Long.W Depth Mag. 

Event (Y Mo Dy) (Hr:Mn:Sec) (Deg.) (Deg.) (KM) (2) 
----------------------------------------------------------D 59 Apr 23 20:58:40.20 37.395 80.682 5.0* 3.8 

H 68 Mar 8 5:38:15.70 37.281 80.774 7.7 4.1 
.J 69 Nov 20 l: 0: 9.30 37.394 80.834 13.7 4.6 
R 74 May 30 21:28:35.30 37.457 80.540 5.4 3.7 
s 75 Nov 11 8:10:37.60 37.217 80.892 1.0* 3.2 
x 76 .Jul 3 20:53:45.80 37.321 81.127 1.0* 
32 78 .Jan 28 23:13:23.41 37.228 80.747 4.5 1.6 
33 78 May 10 4:19: 9.62 37.213 80.830 26.2 0.3 
34 78 May 25 8:30:25.10 37.000 80.794 12.l 1.5 
35 78 .Jun 1 1:33: 1.00 37.300 80.700 17.3 -0.2 
37 78 .Jul 28 8:39:40.73 37.337 80.690 11.8 0.6 
38 78 Aug 30 2:19:38.17 37.362 80.668 8.4 0.5 
40 78 Oct 14 1:50:50.99 37.295 80.467 20.1 0.3 
46 80 Feb 18 3:58:55.31 37.430 80.592 13.0 1.1 
58 80 Oct 9 1:47: 1.08 37.217 80.822 23.5 -0.2 
60 80 Oct 14 1 :20: 4.60 37.078 80.230 11.0 1. 7 
63 80 Dec 2 7:47:38.21 37.418 80.538 12.2 0.4 

----------------------------------------------------------
(1). For lettered events: .JHD computed location (Dewey 

and Gordon, written communication, 1980). 
*: Depth fixed by geophysicist during computation. 
For numbered events: HYPOELLIPSE computed location 
(Lahr, 1979) using the three layer Southwestern 
Virginia velocity model (Moore, 1979). 

(2). For lettered events: Magnitudes according to various 
methods (Dewey and Gordon, written communication, 
1980) . 
For numbered events: Average network duration 
magnitude : Md= -3.38 + 2.74 log (D), where Dis the 
average duration in microseismic level (Viret, 1980). 
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km to 321 km depth the QM2 velocity model proposed by 

Hart, et. al. (1977) is used. The Giles County velocity 

model is used to calculate travel-times to stations in the 

Virginia Tech seismic network and is tabulated in Table A6 

in Appendix A. 

The regional velocity model is referred to as the 

southeast regional velocity model and is also deroved from 

several studies. From the surface to 50 km depth the 

regional crustal velocity model proposed by Carts (1981) 

is used, from 50 km to 271 km the Nuttli et. al. (1969) 

model is used, and from 271 km to 321 km the QM2 model 

(Hart, et. al., 1977) is used. The southeast regional 

velocity model is used to calculate travel-times to 

stations outside the Virginia Tech seismic network but 

within the study area of Carts (1981) and is also 

tabulated in Table A6. 

The teleseimic velocity model, used to calculate 

travel-times to the stations outside of the Carts study 

area, is derived from the studies of two main authors. 

From the surface to 271 km the Nuttli et.al. (1969) model 

is used and from 271 km to the center of the earth the 

Jeffreys-Bullen model is used (Jeffreys and Bullen, 1940). 

The teleseismic velocity model is used to calculate 

travel-times to stations outside of the study area of 
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Figure 5 : Velocity models used in the Giles County 
study: the local Giles County velocity model 
(solid line), the southeast regional velocity 
model (dashed line), and the velocity model for 
teleseismic distance (dotted line). 
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Figure 6 : Map of the southeastern United States sbowinq 
the qeoqrapbic· reqion to which each velocity model 
shown in Figure 5 pertains. The local Giles County 
velocity model is used. in the vertically striped area 
desiqnated as r, the reqional velocity model is used 
in the horizontally striped area desiqnated as I I, 
and the teleseimic velocity model is used in the 
unshaded portion of the map desiqnated as III. 
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Carts (1981) and is tabulated in Table A7 of Appendix A. 

The velocity-depth models are shown in Figure 5 and the 

geographic region appropriate for each model is shown in 

Figure 6. 

Hypocenter Stability Testing. Because of the 

aforementioned multiple objectives for this part of the 

study, several different data sets are used with JHD to 

produce a hypocenter stability testing scheme. This 

scheme is outlined in Table 2 and produced 8 of the 9 maps 

shown in Figure 7. 

follows. 

A discussion of the testing scheme 

In the study of the Giles County seismicity both event 

J (20 Nov. 1969, mb = 4.6) and event H (8 March 1968, mb = 
4.1) are used as calibration events (see Figure 4). 

Subsequent to the relocation of event J and event H by 

Dewey and Gordon (1980), Carts (1981) developed an 

improved regional velocity model. The same arrival-time 

data used by Dewey and Gordon ( 1980) was used again to 

relocate events J and H individually using Carts' regional 

velocity model and the HYPOELLIPSE program. Thus, both 

the Dewey and Gordon location for J and the HYPOELLIPSE 

location for J, as well as the HYPOELLIPSE location for H, 

were tested as calibration events. 
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TABLE 2 

HYPocenter Stability Testing Scheme 

1) Calibration event changes. 

a) Two locations were used for the calibration event 
(J; 20 Nov. 1969). 
Result: Epicenter relocations similar to original 

HYPOELLIPSE locations. Results were 
compared and the calibration event 
location which produced better error 
statistics (event J; HYPOELLIPSE 
location) was chosen for further 
relocation runs. 

b) A different calibration event was used (H; 8 March 
1968). 
Result: Epicenter relocations similar to (la) 

above but with reduced accuracy as judged 
by confidence ellipsoids and error 
statistics; therefore drop as calibration 
event. 

2) Different combinations of events used. 

a) Areal distribution or zonal distribution only. 
Result: Areal events that did not relocate within 

zone were deleted from data set. 

b) Events deleted due 
locations. 
Result: No significant 

locations. 

to unstable epicenter 

effect on stable epicenter 

3) Fix focal depths because free focal depths in (1) and 
(2) were unstable. 

Result: No confidence in any JHD calculated 
depth. However, no significant effect on 
epicenter locations, i.e., the epicenters 
calculated by (1) and (2) remain valid. 
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TABLE 2 (continued) 

Hypocenter Stability Testing Scheme 

4) Steps (1) through (3) produced stable epicenters with 
unstable or fixed focal depths. To study depths, 
employ the following procedure (routine to JHD in 
this situation, Dewey (personal communication, 
1981)): 

a) Fix focal depths at original HYPOELLIPSE values, 
apply JED (Joint Epicenter Determination). 

b) Use station adjustments from (4a) to determine 
singl-event epicenters and depths'using SE77. 
Result: The epicenters remain stable. The depths 

are similar to the original HYPOELLIPSE 
depths. 3-D confidence ellipsoids are 
produced for each event. 
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Event J is the largest event in our Giles County data 

base and was recorded by the most stations. When event J 

was relocated using the more recent, improved Carts 

velocity model and the HYPOELLIPSE program, the new 

location differed by about 19 km from the Dewey and Gordon 

(1980) location. The HYPOELLIPSE location for event J was 

used as the first calibration event. With this choice 15 

events (32, 33, 34, 35, 37, 38, 46, 60, 63, D, H, J, R, S, 

and X, in Figure 4), were included in the initial 

calculations. These 15 events were chosen by examining 

the number of recording stations and the size of the 

confidence ellipsoidal axes as calculated by the 

HYPOELLIPSE program. All the events we have classified as 

modern seismicity that are in the study area were 

included. This included zonal shocks as well as the off-

zone events. When the off-zone events were found to 

remain off the zone they were then deleted from subsequent 

calculations. This procedure was followed, creating four 

different data sets in all, until a data set containing 

only zonal (Giles County seismic zone) events was 

obtained. The results of the JHD runs on the four data 

sets are shown in Figure 7a-d and the earthquakes included 

in each data set are listed in Table A4 in Appendix A. 

Figure 7d represents the working data set of 14 zone 
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events (32, 33, 35, 37, 38, 40, 46, 58, 63, D, H, J, R, 

and S, in Figure 4), where event J (HYPOELLIPSE location) 

is the calibration event. Figure 7e represents the 

original HYPOELLIPSE or JHD epicenters of the events in 

the working data set. 

With· the working data set narrowed down to 14 events, 

event J (Dewey and Gordon location) was employed as a 

calibration event so the results could be compared with 

using calibration event J (HYPOELLIPSE location). The 

result of using calibration event J (Dewey and Gordon 

location) is shown in Figure 7h and the events in this 

data set are listed in Table A4. The epicenters in Figure 

7h have larger confidence ellipses (not shown) than the 

epicenters plotted in Figure 7d (same data set except 

calibration event J (HYPOELLIPSE location) used). Also 

the standard deviations of the travel time residuals were 

larger when calibration event J (Dewey and Gordon 

location) was used instead of calibration event J 

(HYPOELLIPSE location). 

Note that event J is an off-zone event. To examine the 

effects of using a calibration event located within the 

zone, event H was chosen because it is the largest of the 

zone events. By using an on-zone calibration event the 

location of event J could be examined as it was allowed to 
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Eiqure 7 Nine epicentral plots comparinq the 
oriqinal HYPOELLIPSE epicenters (marked by solid 
circles in fiqure e) to the 8 JED and JED 
relocated epicenters (marked by open circles in 
fiqures a-d and f-i) resultinq from the 
hypocenter stability testinq scheme. The solid 
stars repesent the calibration event epicenter 
for each JED or JED data set. · The events are 
scaled accordinq to magnitude, larqer magnitude 
events receivinq larqer size. The latitude and 
lonqitude covered by each map is approximately 
the same as in the map in E'iqure 4. 
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relocate freely. The result of using calibration event H 

is shown in Figure 7g. Several event epicenters became 

unstable so the events were deleted from the working data 

set (see Table A4) . Thus, there are only 11 events 

plotted in Figure 7g. Again, the confidence ellipses (not 

shown) and the standard deviations of the travel time 

residuals were larger when calibration event H was used 

instead of calibration event J (HYPOELLIPSE location). 

Note also that the location of event J was changed very 

little even though the data set was not very well 

constrained. This fact supports the choice of event J 

(HYPOELLIPSE location) as the calibration event. 

It was observed at this stage that each data set run 

with JHD contained at least one event whose depth became 

unstable. This instability was manifested when the 

hypocenter of the event moved above the surf ace in one or 

more of the program iterations. When this happens the 

calculated depth of the other events also become 

unreliable because of the nature of the corrections 

applied by the JHD program. To eliminate this 

instability, the Joint Epicenter Determination (JED) 

program was applied. The method of JED is the same as 

that of JHD except that focal depths are held fixed. JED 

was applied using both the HYPOELLIPSE location and the 
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Dewey and Qordon location for event J as the calibration 

event. Figure 7f shows the results of using event J 

(HYPOELLIPSE location) in JED, and Figure 7i shows the 

results of using event J (Dewey and Gordon location) in 

JED. 

To test the stability of the hypocenters the following 

procedure was employed (which is the conventional or 

standard JHD procedure used when focal depths become 

unstable (Dewey, personal communication, 1981)). The 

depths of all the events in the data set are fixed to the 

original HYPOELLIPSE values and JED is applied. This 

produces station adjustments and a phase weighting scheme 

which are used to calculate single-event epicenters and 

depths using the SE77 program. The results of this 

procedure were stable hypocenters for all 14 of the events 

in the data set. This aspect will be discussed in more 

detail in a later section. 

Epicenter Density Contouring. In the JHD method of 

calculating hypocenters the depth instability does not 

bias the calculated epicenters (Dewey, personal 

communication, 1981). That is, the epicenters calculated 

by JHD are reliable even though the depths are unreliable. 

This was observed to be true in this study. Comparing the 

JHD to the JED epicenters showed little disparity between 
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the two data sets. Thus, the JHD relocated epicenters 

still represent valid data that can be considered 

reliable. 

The epicenters determined in the hypocenter stability 

testing scheme are plotted in the 8 JHD and JED 

relocations shown in Figure 7. An important result is 

that in all the relocation maps the northeasterly trend of 

the epicenter lineation described by the original 

HYPOELLIPSE epicenters is preserved. The epicenters of 

the zone events from all 8 individual relocations and from 

the original HYPOELLIPSE or JHD locations were composited 

and then plotted on a single 'density' map. This density 

map is shown in Figure 8. There is some scatter present 

in the data but the northeasterly trend of the lineation 

is still apparent. 

In order to quantify any trends present in the data the 

density map was contoured. A three minute north-south, 

east-west grid was drawn over the density map. The number 

of epicenters each grid contained was counted and that 

value assigned to the grid center. An appropriate contour 

interval was chosen (2 epicenters/ grid cell). Figure 9 

shows the contoured density map that resulted. The 

northeasterly trend of the lineation is seen to be well 

documented. Another important result in our study is that 
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Figure 8 : Epicenter density map. The epicenters 
plotted are those of the zone events plotted in 
Figure 7. The latitude and longitude ranqe 
covered by this map is approximately the same as 
the area covered by each map in Figure 7. 
Seismoqraph station locations are shown by open 
circles and 3-letter codes. 
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Figure 9 : Epicenter density contour map. A three minute 
north-south, east-west grid was drawn over Figure 8. 
The number of epicenters each grid contained was 
counted and. this value is assigned to the grid center 
(marked by solid circles). The contour interval is 
every 2 epicenters per grid. 
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the point of highest density, 9 epicenters per grid area, 

falls in the center of the original HYPOELLIPSE lineation. 

Thus, both the location as well as the orientation of the 

Giles County lineation are supported by these composite 

results. 

JED/SE77 Relocations. As was previously mentioned, the 

use of the SE77 program was needed (in conjunction with 

JED) to calculate stable hypocenters. Because event J' 

(HYPOELLIPSE location) is the preferred calibration event, 

the results of the JED run using this calibration event 

were used in the SE77 program. J'ED/SE77 relocations were 

calculated for all the events in the working data set (32, 

33, 35, 37, 38, 40, 46, 58, 63, D, H, J', R, and S, in 

E'iqure 4). E'iqure 10 compares the original HYPOELLIPSE 

and Dewey and Gordon epicenters to the JED/SE77 relocated 

epicenters. Epicenters for all events except event 40 are 

included because event 40 has been reclassified as a 

probable blast. The northeasterly trend of the Giles 

County lineation is preserved. There is a relative 

shifting of the relocated epicenters of about 10 km to the 

northeast. However, this shifting is not large and is well 

within the confidence ellipses of the original epicenters. 

To compare the focal depth distributions between the 

original and relocated epicenters a vertical plane-section 
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Figure 10 : Epicentral comparison of HYPOELLIPSE and 
Dewey and Gordon locations to JED/SE77 
relocations. The oriqinal HYPOELLIPSE and Dewey 
and Gordon epicenters are shown by solid circles 
in the upper map. The relocated JED/SE77 
epicenters are shown by open circles in the 
lower map. All axes represent 70% confidence 
ellipses. 
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Fiqure 11 Hypocentral comparison of HYPOELLIPSE and 
Dewey and Gordon locations to JED/SE77 relocations. 
Solid circles in the upper plane-section represent 
the oriqinal HYPOELLIPSE and Dewey and Gordon 
hypocenters. Open circles in the lower plane-section 
represent the JED/SE77 relocated hypocenters. 
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of the zone was taken. The vertical plane-sections are 

compared in Figure 11, again event 40 :is not included. 

The depth distribution of the events of the two cross-

sections are very similar, thereby lending added 

confidence to our original focal depth determinations. 

Discussion of the Data. -- --- Al though event 40 has been 

reclassified a probable blast it is still of interest 

because it was relocated within the Giles County 

seismogenic zone. The question arises, why was event 40 

the only event in the study whose epicenter changed so 

drastically? While the average change in epicentral 

location was less than 10 km and within 70% confidence 

ellipse areas, the change in epicentral location for event 

40 was about 20 km, well outside of its 70% confidence· 

ellipse area. 

The answer to the above question lies in poor and 

incomplete arrival-time data used to initially locate 

event 40 with HYPOELLIPSE. During reclassification of 

event 40 as a probable blast the arrival-time data for 

that event was re-examined and upgraded. Using the same 

velocity model as was employed previously a new location 

was calculated using the revised arrival-time data and the 

HYP071 program. Table 3 compares the original data used 

in HYP071 and HYPOELLIPSE to the revised data used in 



- 57 -

TABLE 3 

Data Comparison for Event 40 
Comparison of Original and Revised Arrival-Time 

Data and Resulting Hypocenters 

Arrival-Times 
(min: sec) JED/SE77 

Station Phase Original Revised Sta.-Adj. 
---------------------------------------------Bla p none 50:58.8 none 

s none 51:02.5 none 

HWV p 50:59.4 50:59.3 2.19 
s 51:05.1 51:04.1 1.44 

NAV p 50:56.8 50:56.9 0.15 
s 50:58.3 50:58.6 0.33 

PWV p 51:00.0 51:02.0 0.63 
s 51:06.5 51:06.3 2.19 

---------------------------------------------

Calculated Epicentral Coordinates 

Location Program Lat. Long. Depth 

HYP071 37.290 80.460 20.87 
(original data) 

HYPOELLIPSE 37.295 80.467 20.06 
(original data) 

HYP071 37. 340 80.700 17.59 
(revised data) 

JED/SE77 37.335 80.641 17.31 
(original data) 
--------------------------------------------
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HYP071. Also compared in the table are the original 

HYP071 hypocenter, original HYPOELLIPSE hypocenter, the 

revised HYP071 hypocenter, and the relocated JED/SE77 

hypocenter. The changes in the arrival-time data were 

significant enough to produce a difference of 26 km 

between the original and revised hypocenters. 

When event 40 was relocated using the JED/SE77 

procedure the original arrival-time data was used. The 

JED/SE77 hypocenter more closely matches the revised data 

hypocenter than the original data hypocenter. The 

difference between the revised hypocenter and the JED/SE77 

hypocenter for event 40 is about 7 km. This value is less 

than the average change in hypocentral location calculated 

for the other events in this study. 

It is evident that the JHD/SE77 method was able to 

produce a better location for event 40 than HYP071 or 

HYPOELLIPSE given the same poor and incomplete data. The 

stations adjustments calculated by JED and used in SE77 

were able to average the effects of the errors and 

therefore minimize 

hypocentral estimate. 

the JED/SE77 method 

estimates. 

them to produce a more accurate 

This is evidence of the power in 

to produce accurate hypocentral 
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It is desirable to examine the station-adjustments 

calculated by JHD and JED. Because eight JHD and JED runs 

were made, an average station-adjustment for each station-

phase is appropriate. Summarized in Table A9 of Appendix A 

are these averages along with a list of the individual 

staion-adjustments calculated in each run. A discussion of 

these station-adjustments follows. 

All the station phases listed in Table A9 used the 

Giles County velocity model (see Table A6). This model 

should have been used only for the Giles County and Bath 

County subnetwork stations and not for the central 

Virginia subnetwork stations. However, in order to keep 

the few central Virginia station-phases included in the 

calculations, the Giles County velocity model was also 

used for the central Virginia stations. For this reason 

the station-adjustments for the central Virginia station-

phases are larger than those for the Giles County and Bath 

County station-phases (for central Virginia the average P 

adjustment = -1.23 seconds and the average S adjustment = 

-1.52 seconds, for Giles County and Bath County the 

average P adjustment = -0. 01 second and the average S 

adjustment= 0.30 second). Another expected trend in the 

data is station-adjustments are larger for S-phase than 

for P-phases. This is found to be true when examining the 
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values listed above and is due to the lower signal-to-

noise ratio of the secondary arrivals as compared to the 

primary arrivals. Note, however, that these adjustments 

will be useful whenever there is a need to include central 

Virginia stations into a Giles County calculation. 

Within the Giles County subnetwork a few unexpectedly 

high average station-adjustments occur (for NAV-P: 

sta.-adj. = 0.76 second, and for PWV-S: sta.-adj. = 2.49 

seconds). Part of the cause for these high adjustments, as 

well as being a contributing factor in all the Giles 

County station-adjustments, is a 10% velocity anisotropy 

observed by Moore (1979). Also, Figures 6 and 7 of Moore 

(1979) indicate that stations in the Appalachian Plateau, 

such as HWV and PWV, will have higher observed arrival-

times than calculated arrival-times. For stations within 

the Valley and Ridge province, such as BLA, NAV, and PUV, 

the opposite is true; observed arrival-times will tend to 

be less than calculated arrival-times, though not by as 

large a magnitude. These relationships are reflected in 

the station-adjustments as follows: for HWV and PWV the 

average P adjustment = 0. 36 second and the average S 

adjustment = 1. 84 seconds; for BLA, NAV, and PUV the 

average P adjustment = 0.13 second and the average S 

adjustment = 0.61 second. 
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It must be remembered that 

calibration event will effect the 

station-adjustments. The averages 

the choice of 

calculation of 

listed in Table 

the 

the 

A9 

include the effects of three calibration events: event J 

(HYPOELLIPSE location), represented by columns 7a, 7b, 7c, 

7d, and 7f; event J (Dewey and Gordon location), 

represneted by columns 7h and 7i; and event H, reprented· 

by column 7g. It was noted earlier that event J 

(HYPOELLIPSE location) produced the better results. This 

is also evidenced by examining the station-adjustments. 

Consider station-phase NAV-P. The average station-

adjustment for NAV-P considering only columns 7a through 

7f in Table A9 is 0. 29 second. This contrasts with 0. 76 

second calculated using all eight JHD and JED runs. A 

similar trend is seen in almost all the station-phases in 

Table A9. 

Thus, it is recommended that the station-adjustments 

considered in the averaging should only be those resulting 

from the use of event J {HYPOELLIPSE location), columns 7a 

through 7f in Table A9. Table 4 contains these averages 

along with the station-adjustment making up the averages. 

These station-adjustments may be of use in future studies; 

for example, they may be transferred to the HYPOELLIPSE 

program to study their effect on HYPOELLIPSE calculated 

hypocenters. 
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TABLE 4 

Giles County Study Station-Adjustments 

JHD and JED Relocation Runs 
Event J (HYPOELLIPSE location) = Calibration Event 

(corresponding to epicentral plots in Figure 7) 

STATION-PHASE 

BLA-P 
BLA-S 
HWV-P 
HWV-S 
NAV-P 
NAV-S 
PUV-P 
PUV-S 
PWV-P 
PWV-S 
CVL-P 
CVL-S 
FRV-S 
GHV-S 
BVl-P 
BVl-S 
BV2-P 
BV2-S 
BV4-S 

7a 

-0.03 
0.19 
1.00 
2.27 
o·.17 
0.36 

-0.29 
0.05 
0.60 
1. 78 

0.09 
0 .16 
1. 97 
1. 78 
1.14 
3.00 
1.35 

7b 

-0.20 
0.41 

-1.11 
-0.29 
0.33 
0.77 

-0.47 
0.71 

-0.16 
1. 79 

-2.39 
-3.31 
-1.07 
-1.94 
-2.20 
-1.19 
-4.48 

7c 

-0.16 
0.72 

-1.68 
-1.03 
0.28 
0.99 

-0.46 
0.90 

-0.61 
1.20 

-3.35 
-4.44 
-1.94 
-3.12 
-3.10 
-2.40 
-6.05 

7d 

-0.35 
-0.01 
-0.45 
0.61 
0. 36 
0.65 

-0.49 
0.38 
0.02 
1.86 

-1. 73 
-1.13 
-1.41 
-2.09 
-0.21 
-0.76 
-1.30 
0.04 

-2.71 

7f * AVG. 

-0.22 * -0.19 
-0.29 * 0.20 
0.45 * -0.36 
1.44 * 0.60 
0.33 * 0.29 
0.15 * 0.58 

-0.48 * -0.44 
0.07 * 0.42 
0.63 * 0.10 
2. 19 * 1. 76 

-0.95 * -1.34 
-0.01 * -0.57 
-o. 28 * -1. 42 
-0.80 * -2.10 
0.93 * -0.06 
0.76 * -0.62 

-0.12 * -1.12 
1.63 * 0.22 

-0.51 * -2.48 
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Summary and Conclusions. Seventeen events are located 

in the Giles County study area (see Figure 4) and are of 

interest in this relocation study of this area. The Giles 

County seismogenic zone before the relocation study was 

comprised of the 12 events D, H, R, S, 32, 33, 35, 37, 38, 

46, 58, and 63. The zone forms a lineation trending in a 

northeasterly direction. 

Because event J (Nov. 20, 1969) is the largest of the 

17 events of interest and because the HYPOELLIPSE location 

(using Carts' velocity model) for event J produced the 

best results (smallest error measures), it (the 

HYPOELLIPSE location) was chosen as the primary 

calibration event. Results of the relocation study show 

that off-zone events J, X, 34, and 60 remained off the 

zone and therefore do not form part of the lineation. 

Additionally, even though off-zone event 40 was relocated 

within the zone, additional recent monitoring results have 

shown event 40 to be a probable blast, therefore it is 

deleted from the data set. 

Thus, the Giles County seismogenic zone remains 

composed of the 12 events listed above. Comparison of the 

JED/SE77 relocated epicenters to the original epicenters 

shows a relative shifting of 10 km of the relocated 

epicenters to the northeast (see Figure 10) . But the 
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relocated epicenters lie, for the most part, within the 

original epicenters' 70% confidence ellipses. Therefore, 

the northeast shift cannot be considered significant. 

Comparison of vertical plane-sections of the lineations 

between the original and relocated hypocenters shows a 

marked similarity between the depth distrutions of the two 

groups (see Figure 11). Thus, confidence is added to the 

original focal depth distributions. The results of this 

study in Giles County colloborates the interpretation of 

the Giles County seismogenic zone as a northeast trending 

lineation. This study has also shown that the standard 

relocation procedure (Dewey and Gordon, 1980) in which the 

JED method is applied in conjunction with a single-event 

location program SE77, must be used to relocate Virginia 

seismicity. 



Chapter 4 

CENTRAL VIRGINIA SEISMICITY 

Introduction. A number of earthquakes have been 

detected and located in the central portion of Virginia. 

Since the establishment of the Virginia Tech seismic 

network in early 1978, more than 30 earthquakes have been 

monitored. Earlier, during the seismic monitoring program 

at the North Anna site by Dames & Moore (1977), more than 

100 locatable earthquakes (magnitudes less than 2 and (S-

P) times less than or equal to 5 seconds) were recorded. 

Finally, several of the Modern Seismicity earthquakes 

relocated by Dewey and Gordon (written communication, 

1980) have epicenters in the central Virginia area as 

well. 

Most, but not all, of the events in the above three 

groups have been located using the HYPOELLIPSE program. 

As part of our continuing study of Virginia seismicity an 

attempt to relocate the HYPOELLIPSE located events using 

the JED method and the single event location program SE77 

made. The new JED/SE77 location for each event will be 

compared to the original location to determine if a 

significant difference ~xists. 

- 65 -
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Central Virginia Study Area and Data Set. The central 

Virginia study area encompasses two seismographic sub-

networks, the central Virginia sub-network and the North 

Anna sub-network (see section above entitled 'The Virginia 

Study Area and The Data Base'). The 9 sub-network 

stations are shown in Figure 12, a map of the study area. 

As the data base grew, it became neccessary to classify 

the data according to certain criteria. One criterion 

selected was that an earthquake be well enough recorded to 

yield a good location (reasonable error measures, for 

example, horizontal errors of less than 20 km) when using 

the HYPOELLIPSE program. The resulting data base is a 

total of 37 earthquakes in the central Virginia study 

area. Those 37 events are a composite of the three data 

sets previously referred to as Modern Seismicity, N.A. 

Seismici ty, and Recent Seismici ty (see section entitled 

'Statement of the Problem'). Figure 12 is an epicentral 

plot of the 37 events, and represent a time period from 

May, 31 1966 through July, 30 1981. 

Of the 37 events in central Virginia, only 25 are 

eventually relocated. Relocation of the three larger pre-

( F, K, and N in Figure 12) was not 

the absence of common recording 

three pre-network events and any 

network felt events 

possible because of 

stations between the 
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Figure 12 : The central Virginia study area and data 
base. The earthquakes represent three data 
sets: 1) Pre-network events relocated by Dewey 
and Gordon (written communication, 1980), with 
letter designations, 2) Events monitored by 
Dames & Moore (1977), with numeraical 
designations followed by an R, and 3) Events 
recorded by the Virginia Tech seismic network, 
with numerical designations. All axes represent 
70% confidence ellipses. 
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other subsequent shock in central Virginia. Therefore, 

the hypocenters as calculated by Dewey and Gordon (written 

communication, 1980) will remain unchanged and will 

constitute our preferred locations. 

Seven earthquakes monitored by the Virginia Tech 

seismic network form the Scottsville sequence. The seven 

earthquakes are labeled in Figure 12 as 42A, 63A, 63B, 

64A, 64B, 64C, and 64D. In a study of network locational 

capability by Sibel (1982) the locational accuracy of the 

HYPOELLIPSE program, using the two layer velocity model 

developed by Chapman ( 1979) for central Virginia, was 

shown to be very good (confidence ellipse semi-major axis 

less than 1 km) in the Scottsville area. As a result of 

Sibel's study, improvement on the HYPOELLIPSE locations of 

the Scottsville sequence was not expected. Therefore, the 

Scottsville events are also not relocated in this study 

and the original HYPOELLIPSE locations remain the 

preferred hypocenters. 

From the Dames &: Moore ( 1977) study of North Anna 

seismici ty 11 events are plotted in Figure 12 and are 

designated by a number followed by an 'R'. Of the 11 N.A. 

Seismicity events, SR and 10~ are not relocated because of 

the absence of common recording stations in relation to 

the remaining events in the data set. The other 25 events 
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TABLE 5 

Central Virginia Seismicity 
Chronological Listing of Earthquakes Monitored by 

Dames & Moore (1977) prior to 1978 and by the Virginia 
Tech Seismic Network Subsequent to 1978 in the 

Central Virginia Study Area 

Hypocenter (1) 
Date 

Event (Y Mo Dy) 

Origin Time 
(UCT) 

(Hr: Mn: Sec) 
Lat.N Long.W Depth Mag. 
(Deg.) (Deg.) (KM) (2) 

SR 
9R 
17R 
18R 
22R 
23R 
24R 
25R 
27R 
41 
42 
43 
44 
49 
50 
51 
53 
57 
57A 
59 
65 
66 
67 
69 
71 

75 Apr 12 
75 May 10 
76 May 11 
76 May 20 
76 Oct 30 
76 Oct 30 
76 Nov 3 
76 Nov 4 
77 Jan 23 
78 Oct 29 
78 Nov 15 
79 Nov 6 
79 Nov 12 
80 Apr 26 
80 May 18 
80 May 18 
80 Aug 4 
80 Sep 26 
80 Sep 26 
80 Oct 11 
81 Mar 2 
81 Apr 9 
81 Apr 9 
81 Apr 16 
81 Jul 30 

13:30:34.07 
12:45:12.83 
1:45:41. 75 
8:12:50.76 
9:32:49:81 

10:57:19.67 
18: 4:11.06 
5:57:45.69 
7:11:23.50 

12:22:42.93 
8:33:46.85 
3: 4:51.25 
7:21:53.75 
3:59:54.77 
3:31:19.90 

22:33:55.36 
10:13:32.69 
1:31:57.80 
5: 4:15.69 

22:40:28.58 
4: 2: 2.96 
7:12:54.40 
7:34:36.01 

13:49:20.49 
11:59:48.49 

37.804 
37.718 
37.679 
37.535 
37.649 
37.657 
37.361 
37 .349 
37.686 
38.029 
37.683 
37.417 
37.722 
37.773 
37.581 
37.970 
38.066 
38.069 
38.078 
38.120 
37.520 
37.481 
37.466 
37.609 
38.194 

77.700 
77.725 
77.782 
77.448 
77.894 
77.927 
77.850 
77.892 
77.706 
78.107 
77.562 
78.231 
77.479 
77.582 
77.938 
78.068 
77.764 
77.769 
77.717 
77.811 
77.679 
77.821 
77.866 
78.215 
78.088 

7.31 
14.12 
11. 06 
5.33 

15.02 
14.99 
19.72 
16.62 

7.78 
5.5 

14.1 
4.9 
5.0 
0.7 

28.5 
5.6 
4.9 
0.4 
4.5 
2.4 
6.9 
0.8 
1.1 

15.5 
6.0 

1.2+ 
0.8+ 
1.2+ 
1.2+ 
1.0+ 
1.3+ 
2.0+ 
2.5+ 
1.1+ 
1.1 
1.0 
1.4 
1.1 
1.4 
0.9 
0.0 
0.7 
2.0 
0.1 
0.7 
0.6 
2.1 
0.4 
0.1 
3.1* 

(1). HYPOELLIPSE computed location (Lahr, 1979) using the 
Central Virginia velocity model (Chapman, 1979). 

( 2) . Average network duration magnitude : Md = -3. 38 + 
2. 74 log (D), where D is the average duration in 
microseismic level. 
*: Average network body wave magnitude : Mb (Nuttli, 
1973). +: Magnitude as given by Dames & Moore 
(1977). 
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represent earthquakes from the N.A. Seismicity and Recent 

Seismicity data sets and are relocated in this study. 

Their hypocentral parameters (calculated using 

HYPOELLIPSE) and magnitudes are listed in Table 4. 

Velocity Models. Because the events to be relocated 

are all relatively small the only stations to record them 

are the member stations of the Virginia Tech seismic 

network. Thus, only the Central Virginia velocity model 

was needed in the travel time calculations. It is 

referred to as the Central Virginia velocity model and is 

based on work by three main authors. From the surface to 

36 km depth the two layer velocity model proposed by 

Chapman ( 1979) is used, from 36 km to 271 km depth the 

velocity model proposed by Nuttli, et. al. (1969) is used, 

and from 271 km to 321 km depth the QM2 velocity model 

proposed by Hart, et. al. ( 1977) is used. The central 

Virginia velocity model is tabulated in Table AS in 

Appendix A and is graphically displayed in Figure 13. That 

figure also shows a map of the applicable geographic 

region. 

Event Relocation. The JED/SE77 procedure descibed 

previously was used to relocate the 25 central Virginia 

events. The largest number of events that can be 

relocated at one time using the JED program is 15. 
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Figure 13 The central Virginia velocity model 
shown in the lower plot and the corresponding 
geographic region to which it applies, shown in 
the upper map and labeled I. 
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Therefore, 15 of the best recorded of the 25 events were 

chosen. The best recorded were those events recorded by 

the largest number of stations and producing the smallest 

HYPOELLIPSE error measures. The five best recorded N.A. 

Seismici ty events were included in this first data set 

(termed CVA-1) so as to provide a good tie between N.A. 

Seismicity and Recent Seismicity events. The calibration 

event chosen for the CVA-1 data set is the event of August 

4, 1980 near Glenora, Virginia and is labled 53 in Figure 

12. The choice of this event as calibration event was 

neccessary in order to more effectively tie together the 

N.A. Seismicity and Recent Seismicity data sets. Event 53 

is the only Recent Seismicity event to have arrival-times 

at NA2, NA5, NAll, and NA12 (a total of 8 phases). This, 

plus the fact that event 53 was also one of the most 

widely recorded, made it an appropriate choice as 

calibration event. 

After JED was applied to obtain station adjustments and 

a phase weighting scheme, the remaining 10 central 

Virginia events were added to the CVA-1 data set and the 

25 events were relocated using the SE77 program. The 25 

events included in the revised CVA-1 data set are listed 

in Table AS in Appendix A. The SE77 relocated epicenters 

are compared to the original HYPOELLIPSE epicenters in 
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Figure 14 Epicentral maps of HYPOELLIPSE 
epicenters and SE77 relocated epicenters for 
data sets CVA-1 and NA-1. The open circles 
represent Recent Seismicity events and the open 
diamonds represent N.A. Seismicity events. 
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E'iqu_re 14a. That fiqure shows no significant change in 

the epicenters of the Recent Seismicity events 

(represented by circles in the fiqure). However, the 

relocated epicenters of the N.A. Seismicity events 

(represented by diamonds in the fiqure) form an east-west 

trendinq lineation that does not exist in the original 

HYPOELLIPSE epicenters. 

To test the reality of this lineation only the 9 member 

N.A. Seismicity events were relocated using the JED/SE77 

procedure. This special data sub-set is called NA-1 and 

event 22R (October 30, 1976) is the calibration event used 

for the JED run. Event 22R was chosen as calibration 

event because, although it is not the largest of the N.A. 

Seismicity events, it did show the greatest amount of 

depth location stability when relocated in the CVA-1 data 

set. The events included in the NA-1 data set are listed 

in Table AS and the SE77 relocated epicenters are compared 

to the original HYPOELLIPSE epicenters in Fiqure 14b. The 

SE77 relocated epicenters for the NA-1 data set still form 

an east-west trending lineation. 

At this point the output from the two SE77 runs 

described above were examined in more detail, with 

emphasis directed towards the P- and S-residuals before 

and after the relocation. It was noted that four stations 
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used in the North Anna study (Dames & Moore, 1977) were 

biasing the data by causing large station-adjustments to 

be calculated. Those stations were NA7, NA8, NA9, and 

NAlO. Now, the trial hypocenter used by SE77 for each 

event in these event relocations is the HYPOELLIPSE 

hypocenter for that event. SE77 calculates P- and s-
residuals using the JED calculated station adjustments for 

the trial hypocenter provided. In most cases the P- and 

S-residuals calculated for stations NA7, NA8, NA9, and 

NAlO were greater than one second (in one case an s-
residual was 1 7 seconds! ) . The resulting bias produced 

instability in the hypocenter relocations and caused poor 

depth control (several depths were greater than 200 km or 

going above the surface). These poor depths led in turn 

to poor residuals (often more than one second) for most of 

the station-phases, particularly the S-phases, for the 

associated event. The evidence that NA7, NA8, NA9, and 

NAlO produced poor data was supported when it was noted 

that the JED calculated station-adjustments for these 4 

stations were unusually large, averaging about 2.0 seconds 

in magnitude and ranging from -6.1 seconds to 2.9 seconds 

(see Table AlO in Appendix A). Possible reasons why the 4 

stations seem to have produced poor data will be discussed 

later. 
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Figure 15 Epicentral maps of HYPOELLIPSE 
epicenters and SE77 relocated epicenters for the 
CVA-2, NA-2, and RECENT data sets. Open circles 
represent Recent Seismicity events and open 
triangles represent N.A. Seismicity events. 
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Next, the first two data sets, CVA-1 and NA-1, were 

modified so as to leave phase arrivals at NA7, NA8, NA9, 

and NAlO out of the calculations. The two modified data 

sets are designated CVA-2 and NA-2. When the JED/SE77 

procedure was applied to CVA-2 and NA-2 the, SE77 

calculations showed improved residuals for the trial 

hypocenters which led in turn to stable depth solutions 

for all but three events; 18R, 27R, and 44. The events 

included in the CVA-2 and NA-2 data sets are listed in 

Table AS. The relocated epicenters are compared to the 

original HYPOELLIPSE epicenters in Figure lSa for CVA-2 

and in Figure lSb for NA-2. 

the apparent east-west 

As can be seen in Figure 15 

trending lineation of N. A. 

Seismici ty events is no longer so well defined. 

Furthermore, the relocated epicenters in Figure 15 are 

virtually identical ( 4 km average difference and within 

70% confidence ellipses) to the HYPOELLIPSE epicenters. 

Finally, to test further for any other biasing effects 

by the N.A. Seismicity events, only the Recent Seismicity 

events were relocated using a data set called RECENT. 

Event 53 is again the calibration event and the events 

included in the RECENT data set are listed in Table AS. 

Figure lSc is an epicentral comparison of the relocated 

and HYPOELLIPSE epicenters for the RECENT data set. The 
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relocated epicenters are again virtually identical to the 

original HYPOELLIPSE epicenters and are also quite similar 

to the relocated Recent Seismici ty epicenters from the 

CVA-2 data set (see Figure lSa). Thus, there seems to be 

no additional biasing of the Recent Seismicity epicenters 

by the N.A. Seismicity data. 

Discussion of the Data. As noted above, the first two 

data sets, CVA-1 and NA-1, may have contained poor data in 

the form of inaccurate phase arrival-times at NA7, NA8, 

NA9, and NAlO. The relocated epicenters of the events 

containing the poor station-phase arrivals were seen to 

form a pronounced east-west trending lineation in both 

data sets. When the inaccurate station-phase arrivals 

were removed from the data sets (to form CVA-2 and NA-2) 

the relocated epicenters of all the events were seen to 

closely match the original HYPOELLIPSE epicenters. 

At this stage an explanation for the apparent 

inaccuracies of the arrival-times at NA7, NA8, NA9, and 

NAlO is mostly conjecture. The four stations mentioned 

above were member of a closely spaced 17 station network 

no longer in operation and were randomly distributed with 

respect to the other 13 stations. However, all the N.A. 

Seismicity events used in this study were far outside the 

network (an average of 30 km) to the South. Thus, all 17 
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stations had virtually similar azimuths of approach and 

the average GAP (the arc of no station coverage) was about 

325 degrees. Therefore, it seems unlikely that source-

station anomalies can account for any travel-time errors 

at NA7, NA8, NA9, and NAlO while not effecting the other 

stations. A possible, but unlikely, explanation is the 

existence of reading and timing errors in the data of the 

four stations of interest. Perhaps poor signal to noise 

ratios may have existed because of geologic/cultural 

anomalies at the station locations thereby making accurate 

measurement of arrival-times routinely difficult. 

Whatever the reason for the arrival-time inaccuracies, the 

fact remains that the JED/SE77 method was able to isolate 

the poor data and thus it was possible to remove it. 

Summarized in Table AlO in Apendix A are the station-

adjustments calculated by JED for the CVA-1, CVA-2, ~A-1, 

NA-2, and RECENT data sets. An average station-adjustment 

for each station-phase is also listed. Almost all the 

station-adjustments average less than one second with a 

good many being less than half a second. This data should 

be useful in future analyses. 

Data Interpretation. The results of jointly relocating 

the CVA-2 and NA-2 data sets are preferred over the 

results of the CVA-1 and NA-1 data sets. For the purposes 
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of examining the relocated hypocenters and comparing them 

to the original HYPOELLIPSE hypocenters we will consider 

only the results of the CVA-2 data set. Figure 16 is an 

epicentral comparison of the HYPOELLIPSE locations to the 

SE77 locations including 70% confidence ellipse axes. 

Figure 17 is a depth comparison with 70% confidence 

ellipse axes, of the same two data sets showing both a 

north-south cross-section (a) and an east-west cross-

section (b). The individual hypocenters of both data sets 

are spatially diffuse and display very similar geometric 

patterns. The average differences between corresponding 

HYPOELLIPSE and SE77 epicenters were found to be 2. 7 km 

when considering only the Recent Seismicity events, 3.4 km 

when considering only the N.A. Seismicity events, and 3.2 

km when considering all the events. These values are 

slighlty larger than the average confidense ellipse semi-

axis, a value of around 2.5 km. Thus, most 

interpretations of the SE77 relocated hypocenters can also 

be applied to the original HYPOELLIPSE hypocenters. 

The principle of minimum strain energy was applied to 

interpret the SE77 relocations. This technique uses 

geometric considerations to group a maximum number of 

events onto a minimum number of planes. Obviously, using 

this technique yields a nonunique solution. Both the 
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Figure 16 : Epicentral maps of HYPOELLIPSE and SE77 
epicenters with 70% confidence ellipse axes. A, 
B, C, and D are location indices keyed to 
Figures 17 and 18. Seismic station GHV is shown 
by the open trianqle. 
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Figure 17 Hypocentral comparison of HYPOELLIPSE and 
SE77 hypocenters with 70% confidence ellipse axes. 
Both a north-south cross-section and an east-west 
cross-section are shown. A, B, C, and D are location 
indices, see Figure 16. The sections have no vertical 
exaqeration. 
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surf ace and subsurface geometries are considered to group 

the events into lineations or clusters. Finally, the 

geometric interpretations are compared with surficial 

geology to test for correspondence. 

The results of this procedure are shown in Figure 18. 

Figure 18a is a map veiw of the SE77 relocated epicenters. 

The data has been interpreted to be composed of three 

lineations and one cluster of events. The cluster ( 53, 

57, 57A, and 59 in Figure 12) occurs within the North Anna 

subnetwork and is considered to be probably resevoir 

induced (Dames & Moore, 1977). One of the lineations 

(indicated by I in Figure 18) is formed by only 3 events 

and trends NNW. When the north-south cross-section 

(Figure 18b) and the east-west cross-section (Figure 18c) 

are examined we see that those hypocenters almost form a 

one-dimensional array dipping to the SSE. i:pius, until more 

events are located in the vicinity of lineation I its 

existence as a plane or zone cannot be established. 

The majority of the events, 17 out of 25, define two 

ENE trending planes, both with a southerly dip of 

approximately 45 °. In Figure 18 these two planes are 

identified by II and III. The strike and the dip of the 

planes are documented in Figures 18a and 18b respectively. 

Figure 18c looks onto the face of plane II while Figure 
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Figure 18 Epicentral plot and vertical cross-
section of the SE77 relocated hypocenters for 
the central Virginia study. The epicentral plot 
is figure (a), the north-south cross-section is 
figure (b), and two east-west cross-section 
considering different subsets of the events in 
figure (a) are shown in figures ( c) and ( d). 
The hatchuring identifies zones of earthquakes 
grouped on the basis of geometry; the zones are 
labeled I, II, and III. A, B, C, and Dare 
location indices, see Figure 16. 
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18d looks onto the face of plane III. When planes II and 

III were compared to the surface geology no correspondence 

is seen. Further studies of the possible relationships 

between the seismicity patterns and the geology and 

tectonics of the area are being conducted by Sibol (1982). 

Summary and Conclusions. There are 37 earthquakes in 

the selected data base for the central Virginia study area 

(see Figure 12). Of the 37 events only 25 are relocated 

using the JED/SE77 procedure. Reasons why certain events 

are not relocated are: 1) an absence of common recording 

stations and 2) the hypocenters of the Scottsville 

sequence events were already very well determined (Sibel, 

1982). 

In the process of event relocation, arrival times at 

stations NA7, NA8, NA9, and NAlO (used in the Dames & 

Moore study of 1977) were found to be suspect. 

Eventually, the arrival times at these four stations were 

removed from the data and again the events were relocated. 

Three seperate JED/SE77 runs were made to test for any 

other biases within the data. None were found. 

The relocated hypocenters of the 25 events in the CVA-2 

data set (see Table AS) are used in the interpretation of 

the data. An empirical principle of minimum strain energy 

was applied, i.e. , attempting to assign a maximum number 
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of events to a minimum number of planes. This technique 

considers only geometry in the grouping of the events. It 

yields a nonunique solution. A cluster of four events are 

located within the North Anna subnetwork and are probably 

resevoir induced (Dames & Moore, 1977). The remaining 

events can be grouped into three planes (indicated by a I, 

II, and III in Figure 18). Plane I is composed of only 

three events and therefore requires more evidence of its 

actual existence before its significance can be evaluated. 

Seventeen out of the 25 relocated events define planes II 

and III which trend ENE and dip to the south at about 45°. 

When an attempt was made to match the relocated data to 

surface geology no correspondence was found. However, 

further studies of the possible relationships between 

seismicity and the local geology are in progress (Sibol, 

1982). 

The results of this study in central Virginia do not 

yield radically different hypocenters for the relocated 

data; they do, in fact, lend added confidence to the 

original hypocentral locations. Therefore, the 

HYPOELLIPSE calculated hypocenters shall constitute the 

preferred hypocenters for central Virginia. 



Chapter 5 

SUMMARY 

The method of joint epicenter determination (JED) was 

used in conjunction with a single event location program 

( SE77) to relocate earthquake hypocenters in two study 

areas in Virginia; the Giles County study area and the 

central Virginia study area. Seventeen events in the 

Giles County study area were relocated. Six of the events 

are part of the Modern Seismicity data set and represent 

earthquakes from a relocation study by Dewey and Gordon 

( 1980) . Eleven of the events are part of the Recent 

Seismicity data set and represent earthquakes monitored by 

the Virginia Tech seismic network and individually located 

using the HYPOELLIPSE program. Additional recent 

monitoring results have caused one of the events to be 

deleted from the data set as a probable blast. Of the 

remaining 16 events, 12 form a lineation of epicenters 

that has been named the Giles County seismogenic zone. 

The zone was known to exist before the event relocations 

and in fact was composed of the same events before and 

after the new epicenters were calculated. Thus, this 

portion of the study has confirmed an expected result: 
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four Modern Seismicity events and eight recent seismicty 

events in the ·Giles County seismogenic zone do form a 

northeast trending tabular distribution of earthquake 

hypocenters. 

Of 37 earthquakes in the central Virginia study area, 

25 were relocated. Seven events were not relocated 

because they form a sequence (Scottsville) that was 

already very well located (Sibel, 1982) and five events 

are not relocated because of an absence of common 

recording stations between them and the remaining events 

in the central Virginia study area. The remaining 25 

events represent earthquakes from the Recent Seismici ty 

data set and the N.A. Seismicity data set (this data set 

is composed of microearthquakes monitored during the Dames 

& Moore study ( 1977)). During event relocation arrival 

times at NA7, NA8, NA9, and NAlO were found to be suspect 

and were deleted from the data. 

The relocated hypocenters were geometrically grouped 

using an empirical principle of minimum strain energy; a 

maximum number events are grouped to form a minimum number 

of planes. This technique yielded three possible planes 

and one cluster of events. The cluster of events lie 

within the North Anna sub-network and are probably 

resevoir induced (Dames & Moore, 1977). Three events form 
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a NNW trending line to the north of station GHV at 

Goochland, Virginia. Seventeen of the 25 events form two 

planes, each with an ENE trend and each dipping to the 

south at about 45°. Both planes are located to the south 

of GHV and to the west of Richmond, Virginia. 

As a result of this study added confidence has been 

given to our HYPOELLIPSE hypocentral estimates. Previous 

studies of the location capabilities of the HYPOELLIPSE 

program in use at Virginia Tech had shown that the program 

is capable producing accurate results. In view of this it 

is evident that the JED/SE77 procedure employed in this 

study also produces accurate, but not neccessarily more 

accurate, results. Therefore, the HYPOELLIPSE calculated 

hypocenters in both Giles County and Central Virginia are 

the preferred hypocenters for those areas. Table A3 

contains a list of these hypocenters. However, the power 

of the JED/SE77 method was made evident at two points in 

this study. In the Giles County study, JED/SE77 was able 

to overcome poor data which HYPOELLIPSE could not. 

JED/SE77 yielded an accurate relocation of event 40 which 

had been mislocated by HYPOELLIPSE when the same set of 

arrival-times was used in both programs. In the central 

Virginia study poor arrival-time data were identified by 

the JED/SE77 method and removed. This ability to 
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distinguish 

procedure a 

and overcome poor data makes the 

desirable tool when relocating 

JED/SE77 

groups of 

the earthquakes from the same source zone. 

principal utility of the JED/SE77 procedure 

Thus, 

in central 

Virginia will be for the study of future earthquake swarms 

and sequences. 
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Appendix A 

Tables 

This appendix contains ten tables. The events included 

in the modern seismicity data set are listed in Table Al, 

the events included in the NA seismici ty data set are 

listed in Table A2, and the events included in the recent 

seismici ty data set are listed in Table A3. Table A4 

lists the data sets used in the Giles County, Virginia 

study while Table AS lists the data sets used in the 

central Virginia study. The velocity models used in the 

two studies are tabulated in Tables A6 through A8. 

Finally, lists of the station-adjustments calculates by 

JHD and JED in each run are in Table A9 (Giles County 

study) and Table AlO (central Virginia study). 
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TABLE Al 

Modern Seismicity 
Chronological Listing of Revised Earthquake Hypocenters 

Occuring in Virginia and the Southern Appalachians 

Date 
Event (Y Mo Dy) 

D 59 Apr 23 
F 66 May 31 
H 68 Mar 8 
J 69 Nov 20 

Origin Time 
(UCT) 

(Hr:Mn:Sec) 

20:58:40.20 
6:18:59.50 
5:38:15.70 
1: 0: 9.30 

J (HYPOELLIPSE location 
K 69 Dec 11 23:44:37.40 
N 71 Sep 12 0: 6:27.60 
R 74 May 30 21:28:35.30 
s 75 Nov 11 8:10:37.60 
x 76 Jul 3 20:53:45.80 
y 76 Sep 13 18:54:38.00 

Hypocenter (1) 
Lat.N Long.W Depth 
(Deg.) (Deg.) (KM) 

37.395 80.682 5.0* 
37.661 78.129 1. 6 
37.281 80.774 7.7 
37.449 80.932 2.5 
37.394 80.834 13.7) 
37.834 77.667 1. O* 
37.150 77.592 4.5 
37.457 80.540 5.4 
37.217 80.892 1.0* 
37.321 81.127 1.0* 
36. 624 80.768 9.3 

Mag. 
(2) 

3.8 
3.6 
4.1 
4.6 

3.4 
3.6 
3.7 
3.2 

3.3 

(1). JHD computed location (Dewey and Gordon, written 
communication, 1980}; *: Depth fixed by geophysicist 
during computation. 

(2). Magnitudes according to various methods (Dewey and 
Gordon, written communication, 1980). 
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TABLE A2 

N. A. Seismicity 
Chronological Listing of Earthquakes Monitored 

by Dames & Moore (1977) in Central Virginia 

Origin Time Hypocenter ( 1) 
Date (UCT) Lat.N Long.W Depth Mag. 

Event (Y Mo Dy) (Hr:Mn:Sec) (Deg.) (Deg. ) (KM) (2) 
----------------------------------------------------------SR 74 Aug 13 13:26:29.99 37.719 77.799 13.43 1. 5 

SR 75 Apr 12 13:30:34.07 37.804 77.700 7.31 1.2 
9R 75 May 10 12:45:12.83 37.718 77.725 14.12 0.8 
lOR 75 May 28 10:30:37.92 37.752 77.749 5.94 0.9 
17R 76 May 11 1:45:41. 75 37.679 77.782 11. 06 1.2 
18R 76 May 20 8:12:50.76 37.535 77.448 5.33 1.2 
22R 76 Oct 30 9:32:49:81 37.649 77.894 15.02 1.0 
23R 76 Oct 30 10:57:19.67 37.657 77.927 14.99 1.3 
24R 76 Nov 3 18: 4:11.06 37.361 77.850 19.72 2.0 
25R 76 Nov 4 5:57:45.69 3 7. 349 77.892 16.62 2.5 
27R 77 Jan 23 7:11:23.50 37.686 77.706 7.78 1.1 

----------------------------------------------------------
(1). Hypoellipse computed location (Lahr, 1979) using 

available data and the Central Virginia velocity 
model (Chapman, 1979). 

(2). Magnitude as given by Dames & Moore (1977). 
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TABLE A3 

Recent Seismicity 
Chronological Listing of Locatable Earthquake 

Hypocenters Monitored by the Virginia Tech Seismic Network 

Origin Time 
Date (UCT) 

Event (Y Mo Dy) (Hr:Mn:Sec) 

21 
32 
32A 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
42A 
42B 
42C 
43 
44 
45 
46 
47 
48 
49 
50 

76 Sep 13 
78 Jan 28 
78 Mar 17 
78 May 10 
78 May 25 
78 Jun 1 
78 Jun 9 
78 Jul 28 
78 Aug 30 
78 Sep 14 
78 Oct 14 
78 Oct 29 
78 Nov 15 
78 Dec 12 
79 Mar 15 
79 Oct 31 
79 Nov 6 
79 Nov 12 
80 Jan 6 
80 Feb 18 
80 Apr 10 
80 Apr 22 
80 Apr 26 
80 May 18 

continued 

18 : 5 4 : 3 8 . 48 
23:13:23.41 
18:26:34.79 
4:19: 9.62 
8:30:25.10 
1:33: 1.00 
4:42:49.36 
8:39:40.73 
2:19:38.17 

19:37: 6.60 
1:50:50.99 

12:22:42.93 
8:33:46.85 
9:15:53.97 

11: 4: 2.07 
8:32:47.75 
3: 4:51.25 
7:21:53.75 

13:50:55.67 
3:58:55.31 

22:33:15.68 
3:14: 4.55 
3:59:54.77 
3:31:19.90 

Hypocenter (1) 
Lat.N Long.W Depth Mag. 
(Deg.) (Deg.) (KM) (2) 

36.604 
37.228 
36.780 
37 .213 
37.000 
37.300 
37.789 
37.337 
37.362 
37.487 
37.295 
38.029 
37.683 
37.714 
38.188 
37.604 
37.417 
37.722 
36.632 
37.430 
37.487 
36.398 
37.773 
37.581 

80.743 
80.747 
80.737 
80.830 
80.794 
80.700 
81.154 
80.690 
80.668 
81.213 
80.467 
78.107 
77.562 
78.413 
79.742 
81.178 
78.231 
77.479 
81. 567 
80.592 
81. 086 
80.608 
77.582 
77.938 

18.5 
4.5 

15.9 
26.2 
12.1 
17.3 
14.7 
11.8 
8.4 
9.9 

20.1 
5.5 

14.1 
6.8 
6.5 
7.2 
4.9 
5.0 
3.6 

13.0 
5.0 
0.5 
0.7 

28.5 

2.9 
1. 6 
2.6 
0.3 
1. 5 

-0.2 
0.9 
0.6 
0.5 

-0.4 
0.3 
1.1 
1.0 
0.0 

-0.4 
0.7 
1.4 
1.1 
1. 6 
1.1 
0.7 
2.2 
1.4 
0.9 

(1). HYPOELLIPSE computed location {Lahr, 1979) using the 
Central Virginia velocity model {Chapman, 1979) or 
the three layer Southwestern Virginia velocity model 
(Moore, 1979). 

(2). Average network duration magnitude : Md = -3. 38 + 
2. 74 log (D), where D is the average duration in 
microseismic level. *: Average network body wave 
magnitude : Mb (Nuttli, 1973). 
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TABLE A3 (Continued) 

Recent Seismicity 
Chronological Listing of Locatable Earthquake 

Hypocenters Monitored by the Virginia Tech Seismic Network 

Origin Time 
Date (UCT) 

Event (Y Mo Dy) (Hr:Mn:Sec) 

51 
53 
SSA 
57 
57A 
58 
59 
60 
61A 
62 
63 
63A 
63B 
64A 
64B 
64C 
64D 
65 
66 
67 
68 
69 
70 
71 

80 May 18 
80 Aug 4 
80 Sep 21 
80 Sep 26 
80 Sep 26 
80 Oct 9 
80 Oct 11 
80 Oct 14 
80 Nov 5 
80 Nov 25 
80 Dec 2 
81 Jan 19 
81 Jan 21 
81 Feb 11 
81 Feb 11 
81 Feb 11 
81 Feb 12 
81 Mar 2 
81 Apr 9 
81 Apr 9 
81 Apr 11 
81 Apr 16 
81 Jun 6 
81 Jul 30 

22:33:55.36 
10:13:32.69 
10: 2:46.32 
1:31:57.80 
5: 4:15.69 
1:47: 1.08 

22:40:28.58 
1:20: 4.60 

21:48:14.70 
7:44: 3.95 
7:47:38.21 

21:54:19.26 
16:29:58.12 
13:44:16.40 
13: 50: 31. 43 
13:51:38.63 
10:41:58.99 

4: 2: 2.96 
7:12:54.40 
7:34:36.01 

15:29:25.68 
13:49:20.49 

8: 5:58.67 
11:59:48.49 

Hypocenter (1) 
Lat.N Long.W Depth Mag. 
(Deg. ) (Deg. ) (KM) ( 2 ) 

37.970 
38.066 
38.175 
38.069 
38.078 
37.217 
38 .120 
37.078 
38.178 
38.095 
37.418 
37.732 
37.768 
3 7. 720 
37.748 
37. 721 
37.734 
37.520 
37.481 
37.466 
38.226 
37.609 
38.207 
38.194 

78.068 
77.764 
80.700 
77.769 
77.717 
80.822 
77.811 
80.230 
79.902 
80.123 
80.538 
78.436 
78.416 
78.440 
78.412 
78.450 
78.420 
77.679 
77.821 
77.866 
79.837 
78.215 
79.515 
78.088 

5.6 
4.9 
3.1 
0.4 
4.5 

23.5 
2.4 

11.0 
3.8 

15.3 
12.2 
2.9 
5.8 
5.7 

10.l 
7.3 

12.5 
6.9 
0.8 
1.1 

10.2 
15.5 
14.3 
6.0 

0.0 
0.7 
1.4 
2.0 
0.1 

-0.2 
0.7 
1. 7 
2.8 
0.6 
0.4 
0.6 
0.3 
3.4* 
3.2* 
2.9* 

-0.6 
0.6 
2.1 
0.4 

-0.6 
0.1 
0.7 
3.1* 

(1). HYPOELLIPSE computed location (Lahr, 1979) using the 
Central Virginia velocity model (Chapman, 1979) or 
the three layer Southwestern Virginia velocity model 
(Moore, 1979). 

(2). Average network duration magnitude : Md = -3.38 + 
2. 74 log (D), where D is the average duration in 
microseismic level. * · Average network body wave 
magnitude : Mb (Nuttli, 1973). 
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TABLE A4 

Data Sets used with JED, JHD, and HYPOELLIPSE 
in GII"es--COUnt"Y:"" vir9iniastudy 

Epicentral 
Plot 

Figure 7a 

Figure 7b 

Figure 7c 

Figure 7d 

Figure 7e 

Figure 7f 

Figure 7g 

Figure 7h 

Figure 7i 

Calibration 
Event 

(Location) 
(1) 

J (HYPO.) 

J (HYPO.) 

J (HYPO.) 

J (HYPO. ) 

none 

J (HYPO.) 

H (HYPO.) 

J (D & G) 

J (D & G) 

(1). Location. 

Program 
(2) Events Included in Data Set 

JHD 32,33,34(3),35,37,38,46,60, 
63,D,H,J,R,S,X 

JHD 32,33,35,37,38,40,46,58,63, 
D,H,J,R,S,X 

JHD 33,35,37,38,46,58,63,D,H,J, 
R,S 

JHD 32,33,35,37,38,40,46,58,63, 
D,H,J,R,S 

HYPO. 32,33,35,37,38,40,46,58,63, 
D,H,J,R,S 

JED 32,33,35,37,38,40,46,58,63, 
D,H,J,R,S 

JHD 35,37,38,46,58,63,D,H,J,R,S 

JHD 33,35,37,38,46,58,63,D,H,J, 
R, S 

JED 32,33,35,37,38,40,46,58,63, 
D,H,J,R,S 

HYPO.: HYPOELLIPSE location used for the calibration 
event. 
D & G: Dewey and Gordon (written communication, 
1980) location used for the calibration event. 

(2). Program. 
JHD: Events jointly relocated, all depths relocated 
freely. 
JED: Events jointly relocated, all depths fixed at 
original HYPOELLIPSE depths. 

(3). Event 34 is located to the south of the map area and 
is therefore not plotted. 
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TABLE AS 

Data Sets used with SE77 in the Central Virginia Study 

Epicentral Data 
Comparison Set 

(1) Name 

Figure CVA-1 
14a 

Figure NA-1 
14b 

Figure CVA-2 
lSa 

Figure NA-2 
lSb 

Figure RECENT 
lSc 

Calibration 
Event 

(2) Events Included in Data Set 

53 8R,9R,17R,18R,22R,23R,24R, 
2SR,27R,41,42,43,44,49,50, 
51,53,57,57A,59,65,66,67, 
69,71 

22R 8R,9R,17R,18R,22R,23R,24R 
25R,27R 

53 8R,9R,17R,18R,22R,23R,24R, 
25R,27R,41,42,43,44,49,50, 
51,53,57,57A,59,65,66,67, 
69,71 

22R 8R,9R,17R,18R,22R,23R,24R, 
25R,27R 

53 41,42,43,44,49,50,Sl,53,57, 
57A,59,65,66,67,69,71 

----------------------------------------------------------
(1). Epicentral plot comparing SE77 epicenters to 

HYPOELLIPSE epicenters. 
(2). Calibration event used in corresponding JED run. 
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TABLE A6 

Giles County and Southeast Regional Velocity Models 

Giles County Model Cl) 
Depth P-vel. S-vel. 

(km) (km/sec) (km/sec) 

0.0 5.63 3.44 
5.7 5.63 3.44 
5.7 6.05 3.52 

14.7 6.05 3.52 
14.7 6.53 3.84 
50.7 6.53 3.84 
50.7 8.18 4.68 
97.0 8.18 4.68 
97.0 8.37 4.68 

246.0 8.37 4.68 
271.0 8.59 4.68 
296.0 8.63 4.60 
321.0 8.65 4.57 

Southeast Regional Model (~) 
Depth P-vel. S-vel. 

(km) (km/sec) (km/sec) 

0.0 6.25 6.25 
40.0 6.25 6.25 
40.0 8.11 4.59 
50.0 8.11 4.59 
50.0 8.18 4.68 
97.0 8.18 4.68 
97.0 8.37 4.68 

246.0 8.37 4.68 
271.0 8.59 4.68 
296.0 8.63 4.60 
321.0 8.65 4.57 

(1). P and S: Moore (1979) three layer top from surface to 
50.7 km, Nuttli, et. al. (1969) from 50.7 km to 271 
km, Hart, et. al. (1977) QM2 model from 271 km to 321 
km. 

(2). p· and S: Carts (1981) regional top from surface to 50 
km, Nuttli, et. al. ( 1969) from 50 km to 271 km, 
Hart, et. al. (1977) QM2 model from 271 km to 321 km. 
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TABLE A7 

Teleseismic Velocity Model (1) 

Depth 
(km) 

0.0 
20.0 
20.0 
40.0 
40.0 
97.0 
97.0 

246.0 
271.0 
286.5 
349.9 
413.3 
476.7 
540.1 
603.4 
666.8 
730.2 
793.6 
857.0 
920.4 

P-·vel. 
(km/sec) 

6.15 
6.15 
6.70 
6.70 
8.18 
8.18 
8.37 
8.37 
8.59 
8.54 
8.75 
8.97 
9.50 
9.91 

10.26 
10.55 
10.77 
10.99 
11.14 
11.29 

s-vel. 
(km/sec) 

3.50 
3.50 
3.67 
3.67 
4.68 
4.68 
4.68 
4.68 
4.68 
4.74 
4.85 
4.96 
5.23 
5.46 
5.67 
5.85 
6.00 
6.13 
6.22 
6.30 

(1). P and S: Nuttli, et. al. (1969) 
from surface to 271 km, Jeffries 
and Bullen (1949) from 271 km to 
center, central United States 
upper mantel. 
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TABLE AS 

Central Virginia Velocity Model (1) 

Depth 
(km) 

0.0 
15.0 
15.0 
36.0 
36.0 
97.0 
97.0 

246.0 
271.0 
296.0 
321. 0 

P-vel. 
(km/sec) 

6.09 
6.09 
6.50 
6.50 
8.18 
8.18 
8.37 
8.37 
8.59 
8.63 
8.65 

s-vel. 
(km/sec) 

3.53 
3.53 
3.79 
3.79 
4.68 
4.68 
4.68 
4.68 
4.68 
4.60 
4.57 

(1). P and S: Chapman (1979) from 
surface to 36 km, Nuttli, et. al. 
(1969) from 36 km to 271 km, 
Hart, et. al. (1977) from 271 km 
to 321 km. 
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TABLE A9 

Giles County Study Station-Adjustments 

JHD and JED Relocation Runs 
(corresponding to epicentral plots in Figure 7) 

STATION-PHASE 
7a 7b 7c 7d 7f 7g 7h 7i * AVG. 

----------------------------------------------------------BLA-P 
-0.03 -0.20 -0.16 -0.35 -0.22 0.57 -0.66 -0.65 * -0.21 

BLA-S 
0.19 0.41 0.72 -0.01 -0.29 0.91 -0.65 -1.43 * -0.02 

HWV-P 
1.00 -1.11 -1.68 -0.45 0.45 0.18 0.25 2.01 * 0.08 

HWV-S 
2.27 -0.29 -1.03 0.61 1.44 1.07 1.65 3.69 * 1.18 

NAV-P 
0.17 0.33 0.28 0.36 0.33 2.71 0.95 0.91 * 0.76 

NAV-S 
0.36 0.77 0.99 0.65 0.15 3.89 1.56 0.62 * 1.12 

PUV-P 
-0.29 -0.47 -0.46 -0.49 -0.48 1. 74 -0.43 -0.37 * -0.16 

PUV-S 
0.05 0.71 0.90 0.38 o·.01 3.68 0.38 -0.23 * 0.74 

PWV-P 
0.60 -0.16 -0.61 0.02 0.63 2.09 0.74 1. 73 * 0.63 

PWV-S 
1. 78 1. 79 1.20 1.86 2.19 4.50 2.91 3.67 * 2.49 

CVL-P 
-1. 73 -0.95 -1.01 * -1.23 

CVL-S 
-1.13 -0.01 -0.44 * -0.53 

E'RV-S 
0.09 -2.39 -3.35 -1.41 -0.28 -2.08 -2.97 -1.24 * -1. 70 

GHV-S 
0.16 -3.31 -4.44 -2.09 -0.80 -3.20 -3.59 -1.32 * -2.32 

BVl-P 
1.97 -1.07 -1.94 -0.21 0.93 -1.44 -0.46 1. 69 * -0.07 

BVl-S 
1. 78 -1.94 -3.12 -0.76 0.76 -3.26 -1.22 1. 62 * -0.77 

BV2-P 
1.14 -2.20 -3.10 -1.30 -0.12 -2.50 -1.47 0.78 * -1.10 

BV2-S 
3.00 -1.19 -2.40 0.04 1.63 -2.38 -0.26 2.73 * 0.15 

BV4-S 
1.35 -4.48 -6.05 -2.71 -0.51 -4.23 -3.76 0.24 * -2.52 

----------------------------------------------------------
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TABLE AlO 

Central Virginia Study Station-Adjustments 

JHD and JED Relocation Runs (identified by data set name) 

STATION-PHASE CVA-1 NA-1 CVA-2 NA-2 RECENT AVG. 
----------------------------------------------------------
CNV-P 0.01 0.21 0.05 * 0.12 
CNV-S -0.35 -0.22 -0.29 * -0.29 
CVL-P 0.38 0.28 0. 34 * 0.33 
CVL-S 0.66 0.39 0.48 * 0.51 
FRV-P 0.38 0. 43 0.44 * 0. 42 
E'RV-S 0.68 0.75 0.75 * 0.73 
GHV-P 0.53 0.30 0.45 * 0.43 
GHV-S 0.45 0.52 0.44 * 0.47 
PBV-P 0.25 0.52 0.43 * 0.40 
PBV-S 0.09 0.65 0.16 * 0.30 
BVl-P 1.33 1.25 1.43 * 1.34 
BVl-S 0.78 0.60 0.86 * 0.75 
BV2-P 1.26 1.15 1.22 * 1.21 
BV2-S 0.93 0.68 0.81 * 0.81 
BV3-P 1. 99 1. 93 1. 53 * 1.82 
BV3-S 0.72 0.50 0.59 * 0.60 
BV4-P 1.48 1.36 1.43 * 1.42 
BV4-S 0.95 0.76 0.81 * 0.84 
----------------------------------------------------------continued 
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TABLE AlO (continued) 

Central Virginia Study Station-Adjustments 

JHD and JED Relocation Runs (identified by data set name) 

STATION-PHASE CVA-1 NA-1 CVA-2 NA-2 RECENT * AVG. 
----------------------------------------------------------NA2-P 0.11 0.28 0.15 0.47 0.25 * 0.25 
NA2-S -0.39 0.27 -0.22 0.05 -0.05 * -0.07 
NA3-P -0.14 -0.27 0.01 0. 0.7 * -0.17 
NA3-S -0.70 -0.10 -0.24 0.08 * -0.24 
NA4-P -0.40 -0.60 -0.04 -0.08 * -0.28 
NA4-S -2.97 -1.82 -0.14 0.03 * -1.23 
NA5-P -0.27 -0.03 0.22 0.29 0.18 * 0.08 
NA5-S 0.01 0.56 0.32 0.49 -0.07 * 0.26 
NA6-P -0.03 -0.08 -0.09 -0.07 * -0.07 
NA6-S -0.83 0.71 0.00 -0.04 * -0.04 
NA7-P -1.99 -3.95 * -2.97 
NA7-S -3.74 -6.12 * -4.93 
NA8-P -0.55 -2.31 * -1.43 
NA8-S -1.31 -3.69 * -2.50 
NA9-P 2.04 0.21 * 1.13 
NA9-S 2.87 0.49 * 1. 68 
NAlO-P 0.44 -1.12 * -0.34 
NAlO-S 1.09 -1.32 * -0.12 
NAll-P -0.29 -0.44 0.02 0.29 0.15 * -0.05 
NAll-S -0.38 0.23 -0.04 0.32 0.06 * 0.04 
NA12-P 0.28 0.34 0.07 -0.08 0.12 * 0.15 
NA12-S 0.07 0.60 0.14 -0.06 0.17 * 0.18 
NA13-P 0.20 0.28 0.02 0.02 * 0.13 
NA13-S -0.15 0.32 -0.04 -0.17 * -0.01 
NA14-P 0.10 0.07 -0.09 -0.04 * 0.01 
NA14-S 0.04 0.77 -0.31 -0.32 * 0.05 
NA15-P -0.45 -0.50 0.15 0.59 * -0.05 
NA15-S -3.53 -0.91 -0.28 0.60 * -1.03 
NA16-P -0.35 -0.38 -0.12 -0.19 * -0.26 
NA16-S -1.05 -0.03 -0.19 -0.18 * -0.36 
NA17-P 0.89 0.66 -0.00 -0.22 * 0.33 
NA17-S -0.43 0.89 -0.22 -0.54 * -0.08 
----------------------------------------------------------
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RELOCATION STUDY OF VIRGINIA EARTHQUAKES (1959-1981) 

USING THE JOINT HYPOCENTER DETERMINATION AND 

JOINT EPICENTER DETERMINATION METHODS 

by 

Marc Viret 

(ABSTRACT) 

A relocation study is made for 

earthquakes ( 1959-1981) using a variation 

50 Virginia 

( JED/SE77) of 

the Joint Hypocenter Determination ( JHD) method. Joint 

Epicenter Determinations (JED) were used in conjunction 

with a companion single event location program (SE77) to 

relocate hypocenters from data sets in the Giles County 

seismic zone (GCSZ) in southwestern Virginia and the 

central Virginia seismic zone (CVSZ). 

In the GCSZ six earthquakes, recorded both regionally 

and teleseismically and previously relocated jointly by 

Dewey and Gordon (1980), and nine earthquakes, recorded by 

a local network and individually located using the 

HYPOELLIPSE program (Lahr, 1979), were relocated. The 

JED/SE77 relocated hypocenters virtually all fall within 

the 70% confidence ellipses of the corresponding original 

hypocenters. 



In the cvsz 25 events, originally located 

individually using HYPOELLIPSE, were relocated. The 

JED/SE77 relocations produce, for the most part, only 

small changes in epicenters (<5 km average displacement) 

and comparably small changes in focal depths. 

Geometrically, they can be grouped into three planes and 

one cluster of events. The majority (17/25) of the events 

are contained in two of the planes, both of which have an 

ENE trend and a 45° southerly dip. 

The JED/SE77 results: 1) indicate that the original 

HYPOELLIPSE hypocenters are quite accurate and should 

constitute the preferred hypocenters; 2) give added 

confidence to the instrumental definition of the GCSZ and 

the CVSZ; and 3) show by the depth distribution of foci 

that the entire upper portion of the crust is involved in 

the release of seismic energy. 


	0001
	0002
	0003
	0004
	0005
	0006
	0007
	0008
	0009
	0010
	0011
	0012
	0013
	0014
	0015
	0016
	0017
	0018
	0019
	0020
	0021
	0022
	0023
	0024
	0025
	0026
	0027
	0028
	0029
	0030
	0031
	0032
	0033
	0034
	0035
	0036
	0037
	0038
	0039
	0040
	0041
	0042
	0043
	0044
	0045
	0046
	0047
	0048
	0049
	0050
	0051
	0052
	0053
	0054
	0055
	0056
	0057
	0058
	0059
	0060
	0061
	0062
	0063
	0064
	0065
	0066
	0067
	0068
	0069
	0070
	0071
	0072
	0073
	0074
	0075
	0076
	0077
	0078
	0079
	0080
	0081
	0082
	0083
	0084
	0085
	0086
	0087
	0088
	0089
	0090
	0091
	0092
	0093
	0094
	0095
	0096
	0097
	0098
	0099
	0100
	0101
	0102
	0103
	0104
	0105
	0106
	0107
	0108
	0109
	0110
	0111
	0112
	0113
	0114
	0115
	0116
	0117
	0118
	0119
	0120
	0121
	0122
	0123
	0124

