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FOCAL MECHANISMS FOR EASTERN TENNESSEE EARTHQUAKES, 1981-1983
by
Alan Gaither Teague

(ABSTRACT)

To understand better the faulting process in the Southern Appalachi-
ans, eleven single event focal mechanisms (SEFM) and seven composite focal
mechanisms (CFM) are determined from 37 events that occurred in.eastern
Tennessee between September 1981 and July 1983. Both P-wave polarties and
(Sv/P)z amplitude ratios are input to a computer program that systemat-
ically searches the focal sphere for solutions acceptable within pre-set
error limits. Hypocenter locations, azimuth and departure angles are tak-
en from locations obtained by the Tennessee Earthquake Information Center
(TEIC) with a four layer velocity model (GCOl). A second velocity model
(STEP2), developed to improve focal depth estimates and to acquire contin-
uvously varying departure angles, is used to relocate events for which SEFM
and CFM solutions are obtained. The two different velocity models ﬁro-
duced focal mechanisms with similar nodal plane and P-axis orientationms,
indicating stable and reliable results; the differences between average
strike, dip, and rake angles of the two data sets range from 2° to 11°

Both SEFM and CFM solutions exhibit predominantly strike-slip motion
along nearly vertical north-south (right-lateral) or east-west (left-
lateral) oriented nodal planes. Standard deviations for average strike,

dip, and rake angles are generally less than 20°. P-axis trends average



about N5S0°E, with a nearly horizontal average plunge, and both have stand-
ard deviations of 25° or less. Except for three events in the northern-
most region, all earthquakes in the study area result from a maximum com-
pressive stress trending between N40°E and N70°E and plunging between 10°

and -30°.



ACKNOWLEDGMENTS

I would like to gratefully acknowledge the many people to whom I owe
much gratitude. Dr. G. A. Bollinger proved to be both a skilled diplomat
and an artful adviser as he tactfully, yet relentlessly, guided me through
this project. I benefited as much from his character and wit as from his
intellect and experience. Dr. Bollinger also provided me with imperative
financial support.

Dr. J. A. Snoke contributed numerous computer programs without which
this project would have been impossible. I thank him for this and for his
many invaluable insights and discussions into the analysis and interpre-
tation of the results. Further discussions and advice were presented to
me by Mr. Jeff Munsey, Mr. Matthew Sibol, Mr. Martin Chapman, and Mr.
Rick Davison. To these people I am grateful. I also thank Dr. E. S.
Robinson for his critical review of this thesis.

I would like to thank Dr. Arch Johnston and Mr. William Seay, direc~-
tors of the Tennessee Earthquake Information Center and Tennegsee Valley
Authority Seismological Data Centers, from which all the data for my the-
sis was collected. The Tennessee Valley Autﬁority provided personal
financial support throughout the project, for which I am grateful. I am
indebted to Dr. Arch Johnston who offered many suggestions and recommen-
dations.

Finally, I would like to thank my family for their broad and generous

ACKNOWLEDGMENTS ' iv



contributions to my life. Especially to my wife, Karla, who continually
supported me, and who repeatedly proofread and typed this manuscript, I am
endeared and very appreciative.

This research was supported in part by the Office of Nuclear Regula-

tory Research under Contract NRC-04-77-134.

ACKNOWLEDGMENTS v



CONTENTS

INTRODUCTION
Regional Geology

Seismicity

DATA ACQUISITION

DATA PROCESSING
Testing of Velocity Models R
Computer Focal Mechanism Determinations

Solution Selection

DISCUSSION OF RESULTS

Hypocentral Locations

Effect of Amplitude Ratios on Focal Mechanisms
Nodal Plane Orientations

In-situ Stresses

Geologic Model - Comparison to Giles County, Virginia

CONCLUSIONS

REFERENCES

Contents

10

13
16

20

21

23

23

24

32

36

39

42

vi



APPENDIX A. FAMILIES OF SOLUTIONS AND PREFERRED SOLUTIONS P 19

APPENDIX B. TESTING OF VELOCITY MODELS O < &)
APPENDIX C. SOLUTION SELECTION O A
APPENDIX D. INPUT DATA AND CALCULATIONS 24
Computer Input Data O £ 1
STEP2 Event Relocations O -1
Computer Output for Focal Mechanism Solutions T B
VITA O N <X &

Contents vii



LIST OF

ILLUSTRATIONS

Figure
Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure

List of Illustrations

[o BEN RN NV ] S LN+

O

. Eastern Te
. Seismicity and Generalized Geology
. Location of Seismic Stations

. Depth Distribution of Events Located w1th GCOl and STEP2

Models

nnessee Seismicity

. Velocity Models
. SEFM Soluti
. CFM Soluti

ions for GCOl and STEPZ Data
ons for GCOl and STEP2 Data

P-axis Versus Depth .
Limits for the Maximum Compre551ve Stress

. Event #2:
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24,
25.
26.
27.

Event #13:
Event #14:

Event # 22:

Event #23:
Event #28:
Event #29:
Event #30:
Event #31:
Event #34:
Event #36:
Composite
Composite
Composite
Composite
Composite
Composite
Composite

25 November 1981

24 September 1982

24 September 1982
18 January 1983

27 January 1983

5 April 1983

16 May 1983

25 May 1983

26 May 1983

8 July 1983

15 July 1983

#1 e e

#2

##3

4

#5

#6

#7

o U W

15

25
26
30
35
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64

viii



LIST OF TABLES

Table 1. SEFM and CFM P-axis and Nodal Plane Orientations
Table 2. Percent of Nodal Planes within 30 Degrees of Vertical,

N-S or E-W Strike-slip Solution

List of Tables

27

28

ix



INTRODUCTION

The record of historic seismicity for the southeastern United States
depicts a diffuse regional distribution of low to moderate earthquake
activity constrained roughly to zones trending both parallel and trans-
verse to the regional Appalachian structure (Bollinger, 1973). Some clus-
tering of events exists within these zones, most notably in the vicinity
of Giles County, Virginia, and near Charleston, South Carolina, locus of
the largest shock to occur in the region (MMI = X) in 1886. Recent seismic
network monitoring has revealed seismicity patterns similar to those
expressed in the historic record, except for the eastern Tennessee region,
where the current level of seismicity is apparently higher. For the last
three years, over one-third of all earthquakes recorded, and about
one-third of all felt events in the Southern Appalachian region have
occurred in eastern Tennessee. Unlike the Giles County Seismic Zone (Bol-
linger and Wheeler, 1982; Bollinger and Wheeler, 1983) 300.km to the nor-
theast, hypocenters in eastern Tennessee exhibit no apparent lineations.

The purpose of this study is to obtain earthquake focal mechanism
solutions for earthquakes in the eastern Tennessee region. Input data are
P-wave polarities and (Sv/P)z ~“amplitude ratios as recorded by
short-period vertical (SPZ) seismometers. Thirty-seven events that
occurred between September 1981 and July 1983 in the region extending from

35.5° to 36.5° north latitude and from 83° to 85° west longitude are con-

Introduction 1



sidered (Figure 1). HYPO71 Horizontal and vertical error estimates for
the foci of these earthquakes are less than 2 km. Duration magnitudes
range from 0.8 to 3.5, and focal depths range from 3 to 23 km, averaging 13
km (Sibol and Bollinger, 1984; Nava and Everett, 1984).

The computer program, FOCMEC (Snoke and others, 1984), is used to
determine families of permissible focal mechanism solutions that are con-
sistent, within pre-defined error allowances, with the P-wave polarities
and the (Sv/P)z amplitude ratios. FOCMEC is a refinement of the FOCALSR
program written by Tzeng and Long (1982), and features a more efficient
and systematic searching algorithm, and a more complete and detailed out-
put listing.

Twenty-eight of the original 37 events are used to determine 11 sin-
gle event focal mechanisms (SEFM) and 7 composite focal mechanisms (CFM)
using locations determined by a layered velocity model. The effects of
various velocity model parameters on hypocentral locations, and ultimate-
ly on the resulting focal mechanism selutions, are evaluated. A gradient
velocity model, approximated by 12-layers with variable Vp/Vs ratios, is
also used to relocate earthquakes from which focal mechanisms are
obtained. The resulting focal mechanism solutions are then compared to
those solutions determined by using the original locations found by the
Tennessee Earthquake Information Center (TEIC) employing the layered
velocity model. Multiple solutions are obtained and collectively they
place strong constraints on the possible orientations of the regional

in-situ stresses.
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Figure 1: Eastern Tennessee Seismicity.
Left: Total seismicity in eastern Tennessee region between
1981 and 1983. Study area shown by inset (shaded) map. Right:
Earthquakes used to obtain focal mechanisms in this study.
Location of A-A' profile as shown in Figure 4. All epicenters

(open circles) scaled according to duration magnitudes.



REGIONAL GEOLOGY

The geology of eastern Tennessee can be generalized into 3 major geo-
logic divisions: the western portion of the Blue Ridge province, the Val-
ley and Ridge province, and the eastern portion of the Cumberland Plateau
province (Figure 2). The western portion of the Blue Ridge is character-
ized by an approximately 5 to 6 km thick allochthonous sheet of highly
metamorphosed Proterozoic and lower Paleozoic volcanic, sedimentary, ;nd
plutonic rocks with metamorphic grade increasing eastward. Large thrust
blocks have been transported tens to hundreds of kilometers westward along
low angle thrust faults. The associated thrust faults coalesce into a
single sole fault above relatively unmetamorphosed lower Paleozoic sedi-
ments (Cook and others, 1979), which are wunderlain by crystalline
basement. The Blue Ridge thrust fault separatesvthe Blue Ridge province
to the east and the Valley and Ridge province to the west.

The Valley and Ridge province consists of an approximately 5 km thick
sequence of unmetamorphosed and linearly folded sedimentary rocks. West
to east imbricated thrust faults coalesce into a decollement above crys-
talline basement rock; (Harris, 1976). Fold and fault axes trend N45°E
through most of eastern Tennessee. The intensity of folding and faulting
decreases westward toward the Cumberland Plateau. That geologic division
is composed of some 4 km of relatively flat-lying Paleozoic platform sedi-
mentary rocks that overly Grenville basement, and marks the western extent

of Appalachian style deformation.
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Figure 2: Seismicity and Generalized Geology.
Seismicity from 1981 through 1983 with general geologic prov-
inces (between the heavy solid lines) and aeromagnetic linea-
ments (dashed lines: New York-Alabama (northernmost),
Clingman (southernmost), and Ocoee (center); from Johnston

and others, 1985).



SEISMICITY

The historic seismicity of the Southern Appalachian region can be
characterized as a diffuse zone of moderate activity that extends from
central Alabama to southern West Virginia, with epicenters concentrated
in the Valley and Ridge province of Tennessee, the Blue Ridge province of
North Carolina, and the Giles County region in the Valley and Ridge prov-
ince of Virginia (Bollinger, 1973; Bollinger and Wheeler, 1983). The
largest earthquake known to have occurred in the region is the MMI VIII,
Mb 5.8 Giles County earthquake of 1897 (Bollinger and Wheeler, 1982). An
iétensity VII earthquake that occurred in 1913 is the largest known earth-
quake in the eastern Tennessee area of this study (Bollinger,1973). Dewey
and Gogdon (1984) report the occurrence of 3 earthquakes with magnitudes
greater than 4 in eastern Tennessee since 1925.

Until late-1981, most eastern Tennessee earthquakes were located
either by widely spaced regional seismograph stations and/or by isoseis-
mal maps, and thus have potentially large locational errors. (see Dewey
and Gordon, 1984). Studies by Bollinger and others (1976) and Guinn
(1980) of the 1973 eastern Tennessee earthquake sequence that was initi-
ated by a 4.6 mainshock made use of temporary, portable seismograph net-
works. They were, however, unable to obtain definitive focal mechanism
solutions. That is, the P-wave first motion data could not distinguish

between primarily strike-slip motion along northeast or northwest trend-

ing nodal planes, and dip-slip motion along northwest trending nodal
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planes for the mainshock (Bollinger and others, 1976). Aftershocks yield-
ed mechanism solutions different from those found for the main shock (Bol-
linger and others, 1976; Guinn, 1980). Herrmann (1979), using primarily
surface wave data, obtained a focal mechanism for the main shock that
exhibited primarily strike-slip motion along north or east trending nodal
planes (See Johnston and others, 1985, their Figure 8).

Installation of the Southern Appalachian Regional Seismic Network
(SARSN) in eastern Tennessee and western North Carolina was initiated by
the Tennessee Earthquake Information Center (TEIC) in early 1981, and was
completed two years later.(Figure 3). Additionally, the Tennessee Valley
Authority (TVA) has also operated from 4 to 7 auxiliary stations in the
area since the early 1980's. Good hypocenter location capability for the
region was achieved by mid-1981. Over half the earthquakes occurring from
September 1981 through 1983 are considered to be reliably located (ERH < 2
km) and to have good depth control (ERZ < 2 km; Johnston and others,
1985).

Most earthquakes that have been located thus far in eastern Tennessee
are in the crystalline basement, well beneath the Appalachian decollement
found at about 5 km depth. Focal depths range from 3 to 25 km with a mode
and mean of 13 km. Between 80% and 90% of the 101 events located by TEIC
from 1981 to 1983 lie between the northeast trending New York-Alabama
(NY-AL) aeromagnetic lineament first identified by Watkins (1964) and
later expanded by King and Zietz (1978), and the Clingman and Ocoee aero-

magnetic lineaments defined by Nelson and Zietz (1983) and Butler (per-
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Figure 3: Location of Seismic Stations.

Locations of seismic stations (open triangles with 3 or 4 let-
ter station code) from which data was derived. Stipled area
indicates general location of the epicenters for the seismic

events analyzed in this study.



sonal comm.; Johnston and others, 1985; Figure 2). According to Johnston
and others (1985), these lineaments bound the Ocoee basement block in
which a majority of earthquakes in the east Tennessee region are
generated. The number of earthquake occurrences decreases eastward
through the Blue Ridge and Piedmont provinces of North Carolina. The
neighboring Cumberland Plateau province to the west is virtually
aseismic.

Recently published focal mechanisms from the eastern Tennessee
region exhibit generally north-south (right-lateral) or east-west
(left-lateral), nearly vertical nodal planes, with predominantly
strike-slip motion (Reinbold and others,1983; Johnston and others, 1985).
From the general north-south elongation of isoseismal contours from some
felt shocks along with and the general northeast trend of epicenters,
Johnston and others (1985) conclude that fault movement is probably along

the north-south planes.
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DATA ACQUISITION

Data were collected from visual and film recorders at TEIC and TVA
data centers, telemetered from a total of 24 stations in Tennessee, North
Carolina,’ Virginia, Kentucky, Georgia, and Alabama (see Figure 3). All
TEIC polarity and amplitude ratio data were read by at least two independ-
ent observers. TVA data, which comprises less than 10% of the data base,
were unavailable for verification reading.

Hypocenters were located by TEIC using the HYPO71 program (Lee and
Lahr, 1975) and a crustal velocity model developed by Moore (1979).
Arrival time data, epicenter to station azimuths, and departure angles
(measured from downward vertical) are taken from the TEIC locations. Azi-
muths and departure angles not available in the TEIC listings were calcu-
lated by a similar ray tracing program (RAYFIND; Snoke, written comm.,
1984).

P-wave polarities are considered reliable at all epicentral dis-
tances provided the first motions are impulsive. Theoretically, first
motions are not altered by refractions, and therefore, no attempt to dis-
tinguish between direct and refracted arrivals was made.

P and S-wave amplitudes are altered in differing amounts as they pro-
pagate through the earth. Furthermore, differences in compressional and
shear motion as measured at the earth's free surface on a vertical seis-

mometer must also be taken into account. Thus, raypath (particularly
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geometrical spreading) and free surface corrections must be applied to the
recorded amplitude data to estimate the true amplitude source character-
istics.

The effect on amplitude measurements of later arriving primary phase
scatter is avoided, or at least significantly reduced, by choosing the
largest P or S amplitude within the first one-and-a-half cycles of the
respective phase. Emergent or ambiguous arrivals are eliminated. Because
free surface corrections for incident angles between 30° and 37° vary rap-
idly, amplitudes that have calculated P or S wave surface incident angles
between 27° and 40° are also not used. Arrival times are computed for
both direct waves and head waves critically refracted off the first layer
beneath the hypocenter. Possible interference of direct and refracted
waves 1is then avoided by rejecting any data with calculated head wave
arrival times within 0.2 to 0.3 seconds of the direct phase. Since there
is no conclusive evidence of a geologic structure that corresponds to the
middle velocity boundary which is capable of producing critically
refracted head waves (see GCOI, Figure 5), corrections for these head
waves are probably less important than those for critical refractions off
other boundaries, eg. Moho. According to Kisslinger (1980), refracted
waves may theoretically be used to determine valid amplitude ratios. 1In
this study, some amplitude ratios are obtained from head wave arrivals
that are calculated to arrive 0.2 to 0.3 seconds before the direct wave.
Free surface and geometrical spreading corrections are applied to the

remaining data.
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Other basic assumptions in this study are that the differences in
anelastic attenuation and, hence, frequency content of P and S waves are
negligible for epicentral distances less than 100 km (Kisslinger, 1980).
At greater epicentral distances, these differences are assumed to be sig-
nificant enough to prohibit the use of ratio data. Differences in the
transmission of P and S-wave energy across a boundary are considered neg-
ligible. Finally, although departure angles for both P and S-waves differ
slightly when variable Vp/Vs ratios are used, they are assumed the same.

This difference is considered negligible.

DATA ACQUISITION 12



DATA PROCESSING

Sets of valid focal mechanism solutions will change according to the
distribution of data points on the focal sphere. That is, as azimuths and
departure angles are changed, so too will the number and type of accepta-
ble fault plane solutions change. This is especially true when a contin-
uous type of data, such as amplitude ratios, is used to determine the
mechanism. Whereas only those polarities near nodal planes constrain cri-
tically the focal mechanism, all of the amplitude ratios contribute to
focal mechanism determinations, regardless of their location on the focal
sphere. Furthermore, the free surface and raypath corrections applied to
the amplitude ratios are path dependent, and any change in hypocenter
location will, in general, also produce a change in the amplitude ratio
value. Thus, relatively small changes in the focal sphere position of
amplitude ratios, especially in those regions of the focal sphere where
the ratios change rapidl&, can alter dramatically the resulting focal
mechanism solutions.

Departure angles depend on epicenter location and particularly on
the generally less well determined focal depth. For small epicentral dis-
tances comparable to the focal depth, a small change in focal depth can
produce a relatively large change in departure angle. This effect
decreases as epicentral distances become larger, but it continues to

influence the set of possible focal mechanisms.
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Often the simplest velocity model calculated from arrival time data
consists of only a few constant velocity layers bounded by large disconti-
nuities, and may not adequately represent the true geologic structure.
The data may collectively be "averaging over'", and hence be insensitive to
(with respect to time) these large velocity discontinuities. Thus,
locations which are statistically good may, in fact, have large errors
associated with them.

Nicholson and Simpson (1984) showed that for computer located earth-
quakes in California, the hypocenters were clustered distinctly above
discontinuities in the velocity model. Conversely, velocity
model-independent hypocenters computed from Wadati and Riznichenko plots
were scattered more uniformly with depth. A model-dependent clustering of
seismic events may be seen in eastern Tennessee where both the mode and
mean depth of hypocenters are 13 km, near the 14.7 km velocity discontinu-
ity (see Figure 4; Johnston and others, 1985). Nicholson and Simpson
(1984) also found that, while P and S velocities tend to increase or
decrease at the same depths, they do not do so proportionally. Closing of
saturated microcracks due to increased lithostatic loading with depth,
and changes in lithology both produce different rates of change in P and S
velocities. Hence, to accurately model the local velocity structure, sep-
arate P and S velocities must be used (Nicholson and Simpson, 1984;
Nicholson and others, 1984). This usually involves Vp/Vs ratios that vary
from layer to layer.

Another potential problem with unrealistically large velocity dis-

DATA PROCESSING
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Models.
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with GCOl velocity model (see Figure 5).

is the depth distribution of events located

Note the concen-

tration of events above and the depletion of events at, and

just below, the 14.7 km discontinuity. A-A' corresponds to

profile lines in Figures 1 and 6.

Crossection B-B' is the

depth distribution of events located with STEP2 velocity mod-

el (see Figure 3).

events near 15 km depth.

Note the more continuous distribution of

The orientation of B-B'

to A-A', and is shown in Figure 6.
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continuities is that critical refractions from such boundaries have the
same departure angle regardless of epicentral distance. At epicentral
distances found in eastern Tennessee, these refractions exert a strong
control on the angles at which rays arrive at a distant station. This
effect increases as hypocentral depth approaches the velocity discontinu-

ities. Thus, a simple velocity model that is adequate for time-dependent

locations may be inappropriate for raypath-dependent focal mechanism

determinations.

In summary, focal mechanisms that utlize amplitude ratios are espe-
cially sensitive to hypocentral locations and thus are velocity model
dependent. To obtain accurate focal mechanisms, independent P and S
velocity models are often required (variable Vp/Vs ratios) and the effects
of velocity layering on focal depth and raypath projections must be

reduced.

TESTING OF VELOCITY MODELS

As previously mentioned, all SARSN events are located with the HYPO71
locating program (Lee and Lahr, 1975) and the Moore (1979)'crusta1 veloci-
ty model (GCOl in Figure 5). Three potential problems arise from the use
of the Moore model to locate eastern Tennessee events: 1) the model was
determined primarily in the Valley and Ridge province of southwestern Vir-
ginia while SARSN stations are located in the Blue Ridge province of North

Carolina and the Valley and Ridge and Cumberland Plateau provinces of Ten-
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nessee, 2) HYPO71 uses a single Vp/Vs ratio for the entire velocity model
rather than the layered Vp/Vs ratios defined by the Moore model, and 3)
the middle boundary (14.7 km depth) influences hypocentral locations,
especially the focal depth. However, TEIC conducted locational stability
tests using the GCOl model, and determined that it performs reasonably
well in eastern Tennessee (Brewer and others, 1982; see Appendix B).

The following summary of velocity model testing is dicussed in more
detail in Appendix B. The HYPOELLIPSE locating program (Lahr, 1984) was
employed to locate 5 well recorded events utizing the GCOl velocity model
with variable Vp/Vs ratios and with a single Vp/Vs ratio. The constant
Vp/Vs ratio appears to locate epicenters with error statistics comparable
to those for variable Vp/Vs ratios. The variable Vp/Vs ratios, however,
obtained generally deeper and statistically better depth estimates. Sim-
ilar results were found by Nicholson and Simpson (1984).and Nicholson and
others (1984) who relocated earthquakes in California and the New Madrid
Seismic Zone using independent P and S velocity models. They found that
epicentral locations were not significantly affected, but that focal
depths increased noticeably and systematically.

The hypocentral control of the middle velocity boundary could be
effectively eliminated with a gradient velocity increase between the
upper and lower boundaries (see GRAD1 in Figure 5). Unfortunately,
HYPOELLIPSE cannot simultaneously apply both a gradient velocity model
and variable Vp/Vs ratios to locate events. It can, however, employ a

12-step velocity model with variable Vp/Vs ratios. Retaining the decolle-
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ment and Moho velocity boundaries allows a gradient model to be approxi-
mated by 10 steps (see STEP1 in Figure 5). The accuracy of this approxi-
mation was tested by locating 5 well recorded events with both GRAD1 and
STEP1 velocity models, and comparing the results. STEP1l was found to ade-
quately substitute for GRAD1.

Two 12-layer velocity models were postulated (STEP1 and STEP2 in Fig-
ure 5) and used to locate 7 well recorded and 1 poorly recorded earth-
quakes. The STEP2 model was judged to be superior since it obtained
horizontal (11 of 16) and vertical (6 of 8) error estimates that were
smaller and quality evaluations, especially those for focal depth (6 of 7)
that were con;istently better.

STEP2 was then selected as a test velocity model for the study area.
Its advantages inélude the use of variable Vp/Vs ratios and the elimi-
nation of the strong locational control of the middle velocity boundary.
Earthquakes for which focal mechanisms had been previously obtained were
relocated using the arrival time data from the original TEIC locations and
the STEP2 velocity model. The new azimuths and departure angles were then
used to obtain focal mechanisms. All polarity and amplitude data were
processed in the same manner as was previously done, except that only head
waves off the decollement or Moho layers were considered capable of inter-
ferring with direct arrivals. New amplitude ratio corrections consistent

with the new hypocentral locations and velocity model were applied.
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COMPUTER FOCAL MECHANISM DETERMINATIONS

FOCMEC (Snoke and others, 1984) is a computer program that systemat-
ically searches the focal sphere for focal mechanisms consistent, within
prescribed error limits, with the input polarity and amplitude ratio data.
It is used to determine families of valid solutions. Input and output
files for FOCMEC are presented in Appendix D. A searching algorithm exam-
ines the focal sphere for acceptable focal mechanism solutions by relating
the observed data to a rotating set of orthogonal B, A, and N axes, where B
is the null axis, and A and N are the normals to the nodal planes. The
density of focal sphere coverage is controlled by a preset increment of
axes rotation. The 5° increment of focal sphere coverage used for all
events herein tests more than 25,000 possible nodal plane orientations
within the focal sphere.

Polarity data are analyzed first to determine if they are consistent
with each pair of nodal plane orientations. -If the number of polarity
errors is within a pre-specified number of allowable errors, then the dif-
ference between theoretical amplitude ratios and the corresponding
observed ratios is compared to the preset error allowance. All ratios and
ratio error allowances are represented as logarithms to insure linearity
of the differences. If the number of ratio differences greater than the
preset error allowance (number of ratio errors) is within a specified num-
ber of allowed ratio errors, a valid solution is declared. The B,A, and N

axes are then incremented for the next iteration.
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SOLUTION SELECTION

A complete search of the focal sphere generally results in a family
of solutions. From this family of solutions, a preferred solution is
selected by analyzing the root mean square (RMS) error for the ratios cal-
culated by FOCMEC. This family, however, is nonunique, and is dependent
primarily upon the polarity and amplitude ratio error limits. Varying
these error limits can be expected to produce a different family of sol-
utions. The problem would then arise of selecting the overall preferred
solution for an event for which there were more than one family of sol-
utions. The solution selection process is summarized below, and is
explained in detail in Appendix C.

In general, the family of solutions with the least number of polarity
errors is selected as the preferred family of solutions, from which the
overall preferred solution is to be chosen. This is because polarities
are a discrete type of data which are generally more easily determined,
and hence, more objective than amplitude ratios, which depend upon 2 con-
tinuously varying observations (P and S-wave amplitudes) subject to coda
interference and a number of velocity model dependent corrections. If,
however, the family of solutions with an increased polarity error also has
a reduction of two or more ratios and/or substantial improvement in the
RMS statistics, then it would become the preferred family. The overall
preferred solutions, plotted with the polarity and ratio data, are pre-

sented with their respective family of solutions in Figures 10 through 27.
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DISCUSSION OF RESULTS

In this study, focal mechanisms have been obtained from two different
earthquake location data sets, each generated with a different velocity
model (GCOl and STEP2). The GCOl model was developed from a large crustal
refraction arrival time data base, and has been stringently tested in dif-
ferent sub-regions of the Southern Appalachian region (Moofe, 1979; Bol-
linger and Wheeler, 1982; Brewer and others, 1984; Chapman and Bollinger,
1985). Collectively, the Virginia Tech Seismological Observatory and
TEIC have located over 150 earthquakes in the past five years with the
GCO1 model.

The STEP2 model was created to reduce certain biases in the GCOl mod-
el (single Vp/Vs ratio and hypocentral control of middle velocity
boundary) in an effort to obtain better focal depth and departure angle
estimates. The primary objective was to test the stability of the focal
mechanism solutions derived from the GCOl data set. That is, how, and to
what extent, did the assumptions used to develop the STEP2 velocity model
affect focal mechanism solutions. The STEP2 model is, however, only spec-
ulative. The GCOl data set and its resulting focal mechanisms will there-
fore be considered and discussed as the definitive solutions, with the

STEP2 set of mechanism solutions used primarily to test for stability.
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HYPOCENTRAL LOCATIONS

Events relocated with the STEP2 model have consistently deeper focal
depths and relatively unchanged epicentral locations. Both velocity mod-
els located nearly all of the eathquakes in the basement; only one of the
37 earthquakes in the study area is located in the upper sedimentary lay-
ers with the GCOl model, and none of the 28 earthquakes relocated with the
STEP2 model have focal depths less than 8 km. Thus, a great proportion of
the seismic energy in the study area is being released within the crystal-
line basement below the detached upper layers. Johnstoﬁ and others (1985)
found that most of the earthquake activity in eastern Tennessee is like-

wise occurring in the basement.

EFFECT OF AMPLITUDE RATIOS ON FOCAL MECHANISMS

In this study, amplitude ratios were of great value in determining
focal mechanism solutions in three important ways. First, over half (51%
or 153 of 311) of the data used to obtain mechanism solutions are ampli-
tude ratios. Hence, when amplitude ratios are included, more events have
acceptably constrained mechanism solutions than when only polarities are
used. For example, many events (8 of 18) have 5 or less polarities which
cannot adequately constrain the nodal plane orientations. However, well
constrained families of solutions are obtained for the same events when

amplitude ratios are included.
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Secondly, in every case, amplitude ratios constrain further the dip,
strike and rake angles of solutions obtained with the polarity data.
Since amplitude ratios become more sensitive to nodal plane orientations
with increasing dip angle, they are very useful in determining dip and
rake angles. In cases where the polarity data would allow both dip-slip
and strike-slip solutions, the amplitude ratios consistently restricted
the rake angles to those indicating predominantly strike-slip motion.

Finally, amplitude raéios provide an objective method of selecting a
preferred solution through the use of the root mean square error (RMS) of

the ratios. These statistics, discussed in Appendix C, have proved inval-

uable in accessing the fit of the solutions to the data.

NODAL PLANE ORIENTATIONS

Both SEFM and CFM solutions obtained for earthquakes located with the
GCO1 velocity model exhibit predominantly strike-slip motion along nearly
vertical north-south (right-lateral) or east-west (left-lateral) oriented
nodal planes (see Figures 6 and 7, and Table 1). Eighty-eight percent (45
of 51) of the strike, dip, and rake angles for both SEFM and CFM solutions
lie within 30° of a perfectly vertical, north-south or east-west,
strike-slip solution (see Table 2). Standard deviations for strike, dip,
and rake angles range from 8° to 23°. P-axis trend and plunge angles
average N48°E, -4° for the SEFM solutions and N54°E, -12° for the CFM sol-

utions, with standard deviations ranging from 11° to 25° (Table 1). These
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Figure 6: SEFM Solutions for GCOl and STEP2 Data.

SEFM solutions for eastern Tennessee study region (inset
map). Upper map shows GCOl solutions, lower map shows STEP2
solutions. Note the slight changes in epicenter locations.
Some events in upper map are not shown on lower map. Each
solution is labeled with a chronologic event number. All sol-
utions are equal area, lower hemisphere projections, with the
compressional quadrant shaded. Vertical section plots along

A-A' and B-B' are shown in Figure &.
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Figure 7: CFM Solutions for GCOl and STEP2 Data.

CFY solutions for the eastern Tennessee region. Events com-

posited together are grouped by dashed lines. Large mech-

anism diagrams represent velocity model GCOl solutions,
smaller

mechanism diagrams represent velocity model STEP2

solutions. Map and mechanism projections the same as in Fig-

ure 6.
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SEFM and CFM P-axis and Nodal Plane Orientations *

GCO1

P Trend 48 +-
P Plunge -4 +-

North
Strike 8 +-
Dip 65 +-
Rake 16 +-

East
Strike 97 +-
Dip 77 +-
Rake 26 +-

23
25

23
20

23

20

SEFM

STEP2 DIF/SD

49
-2

76
19

95
72
15

+-
+-

4=
+-
+a

+-
+-
+-

* P-axis and nodal plane

SEFM
tations

planes.

averages compared to the smallest standard deviation between the

two.

are divided

and CFM from GCO1l

into northernmost and easternmost trending

19
22

18
19
11

18
12
19

orientations and standard deviations for

and STEP2 data set.

5
9

11
58
33

11
63
58

TABLE 1

54
12

79
19

97
71
12

GCO1

+-
+-

+ -
+-

11
16

11
10
13

11
13
10

CFM

STEP2

52
13

75
16

98
75
16

Nodal plane orien-

+-
+-

11
11

11

O

DIF/SD

18
9

44
38

50
44

DIF/SD is the percent of difference between GCOl and STEP2
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TABLE 2

Percent of Nodal Planes within 30&deg. of Vertical, N-S or E-W

Strike-slip Solution

GCo1 STEP2
Strike Dip Rake Strike Dip  Rake
SEFM 82 86 77 91 86 86
CFM 100 100 100 100 100 100
TOTAL 88 91 85 94 91 91
OVERALL  88% 92%

ote
v

* The percentage of strike, dip, and rake angles that are within
30&deg. of a perfectly vertical, north-south or east-west,
strike-slip solution for SEFM, CFM, and a combination of both SEFM
and CFM for GCOl and STEP2 data sets. The overall percentage com-
bines all strike, dip, and rake angles for both SEFM and CFM for

GCOl1l and STEP2 data sets.
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orientations are very similar to N46°E, 13° average P-axis orientation
determined for the Giles County, Virginia region (Munsey, 1984). P-axis
orientation angles for SEFM solutions were plotted with respect to both
time and depth. Within the constraints of the data, the orientations of
P-axes cannot be shown to have a dependence with time, since all orien-
tations may be produced by the same maximum compressive stress
orientation. The orientations of P-axes do, however, have a suggestion of
depth dependence (Figure 8). As depth increases, both P-axis trend and
plunge angles appear to become systematically restricted to an apex near
N40° to 50°E, and 5° to 10°, respectively. This aspect of the P-axis ori-
entation will be discussed further in the next section. Similar plots of
T-axis orientations indicates no dependence with either time or depth.
Primary exceptions to the general orientation of nodal planes are in
the southernmost region of the study area where 2 SEFM events (#28 & 36)
have nodal planes that are oriented more than one standard deviation
clockwise of the regional average (see Figure 6), and in the northernmost
region of the study area where the sense of slip for a CFM (#1) is opposite
that of all other solutions (see Figure 7). A SEFM solution (#23) approx-
imately 15 km southeast of CFM #1 exhibits an expected slip direction,
i.e., right-lateral along north-south planes or left- 1lateral along
east-west planes. Assuming that SEFM #23 resulted from the inferred
regional stress field (approximately NSO®E), the slip direction exhibited
by CFM #1, would require a change in the orientation of the regional

stress field by 20° to 40° within a distance of 15 km. In any event, CFM
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Figure 8: P-axis Versus Depth.
P-axis orientations (plunge and trend in degrees) verses
focal depth in km for the mechanism solutions resulting from
the use of the GCOl and STEP2 velocity models. Solid and
dashed lines are empirical bounds to P-axis orientations with

depth, and are drawn by eye.
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#1 is inconsistent with the inferred regional stress field, and this mech-
anism has therefore been omitted from all calculations of averages.

Other exceptions are SEFM #23, 30 and 31, whose north-south oriented
nodal planes dip more horizontally than the regional average. This would
indicate that either strike-slip motion occurred along an inclined
north-south fault plane or that dip slip motion occurred along a vertical
east-west plane.

SEFM and CFM solutions obtained for events located with the STEP2
velocity model are remarkably similar to those obtained with the GCOl mod-
el. Nodal plane and P-axis orientations are well within one standard
deviation of those found with GCOl locations (see Figures 6 and 7, and
Table 1). Strike, dip, and rake angles between the two sets of solutions
(those obtained from GCOl and STEP2 locations) differ at most by 2°, 11°,
and 11°, respectively, and P-axis trend and plunge angles diffef by no
more than 2° each. Similar to the GCOl results, the STEP2 set of sol-
utions has exceptions in the southernmost region where one SEFM event
(#36) has nodal planes that are oriented more clockwise than the regional
average and in the northernﬁost region where the CFM solution (j#1) exhib-
its a sense of slip opposite that of all other solutions. In addition,
SEFM #30 has a near horizontal north-south trending nodal plane. Other
exceptions are the sub-vertical dips exhibited by the east-west nodal
planes of SEFM #31 and 28.

Apparently, the magnitude of change produced in event location (most

notably in focal depth) by the two different velocity models does not sig-

1
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nificantly affect the ultimate solution. This is because changes in the
departure angle, which is the principal focal mechanism parameter altered
by the relocations, produce only radial (along radii of ghe focal sphere)
changes in the location of data on the focal sphere. For this case,
polarities will only modify the dip angle and not the strike of nodal
planes. Also, for predominantly strike-slip solutions such as those
obtained for eastern Tennessee, amplitude ratios affect primarily the
location of the B-axis (null axis) and only to a minor extent the nodal
plane dip and strike. The combined effect of the polarities and ratios is
to mgve the B-axis about with relatively minor changes in the nodal plane
strike. The most notablé changes would then be in the dip and rake angles
of the nodal planes. For the solutions obtained in this study, the great-
est differences between the ;olutions obtained from GCOl and STEP2 data
sets are indeed the dip and rake angles (see Table 1, especially DIF/SD).
Crosson and Endo (1982) 1likewise showed that small changes in event
location produced by a gradient velocity model, principally those in focal
depth, influence primarily dip-slip events and the dip angle of nodal
planes. Strike-slip events with nearly vertical nodal planes remained
relatively unchanged. Nevertheless, the similarity of solutions with two

different velocity models supports stablity in the mechanisms.

IN-SITU STRESSES

A homogeneous and fracture free material subjected to a triaxial
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stress will fail along either of two planes oriented at an angle of 45° or
less to the maximum compressive stress (MCS) and parallel to the interme-
diate compressive stress (eg. Anderson, 1951). The orientation of MCS
would then correspond exactly to that of the P-axis determined from focal
mechanism solutions. However, if the earthquake is caused by slip along a
pre-existing fault, then the MCS is not simply related to the P-axis but
may, in principle, lie anywhere in the quadrant containing P (McKenzie,
1969).

Assuming that earthquakes in eastern Tennessee occur along
pre-existing fractures and that the orientation.of stresses is generally
uniform throughout the region and constant through the time frame of our
observations, then the distribution of P-axes from numerous focal mech-
anisms should define a quadrant, or sector, wherein the MCS is located.
The average P-axis orientation can further constrain the region of MCS,
but may be biased by any concentrations present in the number and/or ori-
entation of pre-existing fractures. However, because the MCS can lie any-
where in the quadrant containing the P-axis, then numerous nodal plane
orientations could, in principle, limit the region in which the MCS can
lie. The applicability of this "sector method" increases directly with
the number of different fault orientations and slip directions, and is not
biased directly by fault concentrations, since only those extreme fault
orientations that will slip in a given stress regime will form the MCS
limits.

The sector method was used to determine a region for the MCS from
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both SEFM and CFM solutions obtained with GCOl locations (Figure 9). The
CFM solutions (with only 12 nodal planes ) constrained the region of MCS
to the outer portions of the northeast and southwest quadrants. Addition
of the SEFM solutions (with 22 nodal planes) further constrained the
region of MCS to between N38°E and N63°E with plunges ranging from about
12° to -25°. Similar, but less constrained regions were found using nodal
planes from STEP2 located events. These SEFM solutions restricted the
region to between N38°E and N76°E, with plunge angles of about 15° to
-40°. Thus, all earthquakes in the region (except those in the northern-
most region, ie. CFM #1) could have been induced by a uniform MCS of nor-
theasterly orientation, and sub-horizontal plunge. This orientation is
very similar to that determined for the Giles County, Virginia region by
Munsey (1984), and is consistent with the east to northeast MCS trend
determined for the midcontinent region by Zoback and Zoback (1980).

Average P-axis orientations for SEFM and CFM from both locational
models are plotted on each focal sphere containing the MCS limits, and all
lie near the center of each region (Figure 9). This suggests that frac-
tures in the region tend to be somewhat multi-directional but rather uni-
formly distributed throughoutvthe region. That is because any nonuniform
distribution or concentrations of fault plane orientations would bias the
average P-axis orientation, and offset it from the center of the region of
MCS.

If, as Raleigh and others (1972) suggest, the region in which the MCS

is likely to be found is more reasonably restricted to near 35° about the
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Figure 9: Limits for the Maximum Compressive Stress.

Regions in which the maximum compressive stress can exist
based upon the assumptions that all fault movement in the stu-
dy area is due to the same maximum compressive stress orien-
tation, and that the maximum compressive stress can be
located anywhere in the dilatational quadrant.
Top: GCOl data; SEFM on left and CFM on right.

Bottom: STEP2 data; SEFM on left and CFM on right.
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computed P-axis, then the regional stress field would be further con-
strained to between N48°E and N53°E, with plunges ranging from about 0° to
-15° (GCO1) or between N48°E and N66°E, with plunge angles from 5° to -30°
(STEP2). The average P-axes would still be located within these further
restricted regions.

One line of evidence supporting the general N48°E to N66°E orien-
tation of the MCS indicated by the nodal planes is the systematic
restriction of the P-axis trends to near N40 to 50°E with depth (see Fig-
ure 8). For vertical, strike-slip events, the MCS and least compressive
stress are horizontal, and the intermediate compressive stress (iCS) is
vertical. Assuming that the MCS remains constant with depth and the ICS
increases with depth, then the possible orientations for which fault slip
will occur will decrease with depth toward an angle of 30° from the MCS.
The value at which the P-axis trend is restricted toward with depth (apex)
should be 45° from this fault orientation, or 15° from the MCS. The apex
values for the GCOl and STEP2 data sets are N40°E and N50°E, respectively.
Within the constraints of these data sets, which are in themselves biased
with depth, the inferred MCS is consistent with the aforementioned N48°E

to N53 (GCO01) to 66° (STEP2) E defined by the nodal planes.

GEOLOGIC MODEL - COMPARISON TO GILES COUNTY, VIRGINIA

The Giles County Seismic Zone, 300 km to the northeast, has been the

subject of recent papers (Bollinger and Wheeler, 1982; Munsey, 1984; Mun-
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sey and Bollinger, 1984) and is one of the better understood seismically
active sub-regions in the Southern Appalachians. Bollinger and Wheeler
(1982) suggested that seismicity in Giles County is occurring along com-
pressionally reactivated normal faults restricted to a sub-vertical, tab-
ular 2zone striking northeast. These faults probably formed during the
Iapetan (Late Precambrian or Early Paleozoic) opening of the
Proto-Atlantic. Munsey (1984) and Munsey and Bollinger (1984) have since
proposed additional fault orientation; and slip motion to the northeast
and southwest of the zone. These new fault orientations (vertical,
north-northwest trending faults with both right-lateral and reverse slip)
are consistent with the stress regime inferred for the main
north-northeast striking zone.

Wheeler and Bollinger (1984) have suggested that the current seism-
icity in the eastern Tennessee-North Carolina border area may also be
occurring along compressionally reactivated extensional fractures that
formed during the rifting of the Proto-Atlantic. By analogy with the
North American Mesozoic and other passive margin normal faults, Bollinger
and Wheeler (1982) established that Iapetan normal faults should strike
northeast to north-northeast, dip steeply, and may be formed as far inland
as 250 to about 450 km from the continental edge. Eastern Tennessee focal
mechanisms exhibit generally northerly, steeply dipping nodal planes.
Furthermore, the band of eastern Tennessee seismicity is located from 250
to 350 km cratonwards (westward), and trends approximately parallel to,

the Piedmont gravity and magnetic lineaments, which have been interpreted
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to mark the eastern edge of the North American craton (Rankin, 1975;
Hatcher and Zietz, 1980).

A major distinction between the two sub-regions is the linear trend
of hypocenters in Giles County, and the diffuse distribution of hypocen-
ters in eastern Tennessee. Other dissimilarities are the underlying base-
ment rock types and the proximity of each sub-region to the Precambrian
continental margin. Giles County is underlain by granitic Grenville base-
ment, and is located about 100 km nearer the Piedmont gravity and magnetic
lineaments than the eastern Tennessee sub-region, which is underlain by
Ocoee basement rocks which are separated from Grenville basement by £he
New York-Alabama and Clingman lineaments (see Johnston and others, 1985).
These dissimilarities, however, may be interrelated. That is, the grani-
tic Grenville rocks may have undergone a different magnitude of extension
and may havé reacted differently to such a stress than the probably petro-
logically different Ocoee rocks. Such differences may be reflected in the
patterns of seismicity observed in each area.

In short, the seismicity of eastern Tennessee may be due to compres-
sionally reactivated Iapetan normal faults similar to those proposed for
the Giles County Seismic Zone, but the evidence is inconclusive. Future
delineation of northerly striking faults from reflection profiles or

hypocenter lineations would support this view.
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CONCLUSIONS

Eleven SEFM and 7 CFM were obtained from 2 different data sets that
were determined with a 4 layer velocity model (GCOl) using a constant
Vp/Vs ratio and with a 12-layer velocity model (STEP2) using variable
Vp/Vs ratios. STEP2 was defined in an effort to obtain better depth esti-
mates and a more uniform distribution of ra§ departure angles. The indi-
vidual earthquakes analyzed were the same for each set of solutions.

On the average, the resulting focal mechanisms for individual events
are quite similar between the GCOl and STEP2 data sets. While a few
events may show significant differences, a majority (29 of 36) of the
focal mechanism solutions have strike, dip, and rake angles that differ by
less than one standard deviation between themselves.

The (Sv/P)z amplitude ratios significantly improved the determi-
nation of focal mechanism solutions in three important ways. First, the
addition of amplitude ratio data allows more eQents to have acceptably
constrained solutions than when only polarity data are used. Secondly,
ratios restrict, at least to some extent, the strike, dip, and rake angles
determined by polarities, producing better constrained results. In this
study, amplitude ratios were often necessary to distinguish between pri-
marily strike-slip and dip-slip events. Thirdly, the RMS and other sta-
tistics generated from the amplitude ratio data provide an objective

method in selecting a preferred solution from the family of solutions gen-
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erally obtained.

The detailed geologic structures involved in the earthquake process
remain unresolved. The general orientation of fault planes and some
insights into the faulting process, however, have been described. Below,

in summary form, are the basic conclusions of this study.

1) A large proportion of the seismic energy release in the study area
has occurred in the basement, below the detached upper sedimenta-

ry layers. Both GCOl and STEP2 locations confirm this.

2) Fault motion for SEFM and CFM solutions is predominantly
strike-slip along nearly vertical north-south (right-lateral) or
east-west (left-lateral) nodal planes. The average P-axis trend
is about N50°E, with a nearly horizontal plunge. This orientation
is consistent with both the P-axis orientation determined for the
nearby Giles County, Virginia region (Munsey, 1984) 300 km to the
northeast and the inferred trend of the MCS for the midcontinent

region (Zoback and Zoback, 1980).

3) Limits placed by the GCOl focal mechanism results on the region in
which the maximum compressive stress can exist, based on the
assumption that it may lie anywhere in the quadrant containing the
P-axis, were about N38°E to N63°E, with plunges ranging from about

12° to -30°. The STEP2 data set constrained the region from about

CONCLUSIONS 40



N38°E to N76°E, with plunge angles of about 15° to -40°. The
average P-axis orientation for SEFM and CFM solutions from both
locational models each lie near the center of these regions of
maximum compressive stress. That the average P-axis, which may be
biased by concentrations in fault plane orientations, is so
located suggests that fractures in the region are rather uniform-

ly distributed throughout the region.

4) Two sub-regions of the study area have exceptions to the preceding
general orientation of nodal planes and/or P-axes. First, nodal
planes for some events in the southernmost region are oriented
more clockwise than the regional average. These focal mechanisms
are, nevertheless, consistent with the inferred regional stress
regime. Secondly, the CFM in the northernmost study area exhibits
a sense of slip that is opposite that of all other solutions and
is thereby inconsistent with the inferred regional stress field.
We have no explanation for the source of the apparent local vari-

ation in the regional stress field.
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APPENDIX A. FAMILIES OF SOLUTIONS AND PREFERRED SOLUTIONS

Figures 16 through 27 exhibit the nodal plane and P, T, and B axis
orientations for the family of solutions and the preferred solution and
data for each event for both velocity model data sets (GCOl and STEP2).
Each figure is identically formatted, and they will therefore be discussed
here as a group.

All solutions are equal area, lower hemisphere projections. GCOl
located mechanism solutions are shown above the STEP2 located mechanism
solutions. The preferred family of nodal planes and P, T, and B axes are
shown to the left and to the right, respectively, and the preferred sol-
ution with its corresponding data are shown in the center for both veloci-
ty model data sets. Circles are compressions, triangles are dilatations,
and the crosses indicate the relative values of the amplitude ratios. For
events with two families of solutions from which a single preferred sol-
ution could not be readily distiguished, eg. Figures 14, 15, 22, 23, Both
families of solutions are shown. The preferred solution from each of
these families are include in the center. The solution that was subjec-
tively judged to be the beﬁter of the two is shown as a solid line, and the
other solution is shown as a dashed line. Only the better solution is

used in calculating averages (see Discussion of Results).
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Figure 10. Event #2: 25 November 1981
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Event 13: 24 September 1982

Figure 11.

48



Figure 12..

Event #14: 24 September 1982
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Figure 13.

Event #22:

18 January 1983
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Figure 14.

Event #23: 27 January 1983
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Event #28: 5 April 1983

Figure 15.
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Event #29: 16 May 1983

Figure 16.
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Event #30: 25 May 1983

Figure 17.
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Figure 18. Event #31: 26 May 1983
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Event #34: 8 July 1983

Figure 19.
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Event #36: 15 July 1983

Figure 20.
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Composite #1

Figure 21.
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Figure 22.

Composite #2
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Composite #3

Figure 23.
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Figure 24.

Composite #4
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Figure 25. Composite {5
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Figure 26. Composite #6
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Figure 27. Composite #7
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APPENDIX B. TESTING OF VELOCITY MODELS

The Moore crustal velocity model (GCOl in Figure 5) used to locate
SARSN events consists of three layers over a half space, with P velocities
and Vp/Vs ratios that are constant for each layer but variable for differ-
ent layers. The uppermost and lowermost boundaries are interpreted to be
due probably to the Appalachian decollement and the Moho, respectively.
The middle velocity boundary has not yet been correlated with any specific
geologic feature, but may represent layering associated with the
brittle-ductile crustal transition.

Three potential problems arise from the use of the Moore model to
locate eastern Tennessee events: 1) the model was determined in the Val-=
ley and Ridge and Cumberland Plateau provinces of southwestern Virginia
and West Virginia, while SARSN stations are located in the Blue Ridge pro-
vince of North Carolina and the Valley and Ridge and Cumberland Plateau
provinces of Tennessee, 2) TEIC locates events with the HYPO71 program
which uses a single Vp/Vs ratio for the entire velocity model rather than
the layered Vp/Vs ratios defined by the Moore model, and 3) the middle
boundary (14.7 km depth) influences hypocentral locations, especially the
focal depth. However, TEIC conducted locational stability tests using the
Moore model (Brewer and others , 1983). RMS residuals were plotted
against fixed depth and final depths were plotted against variable start-

ing depths. Known quarry blasts were located consistently within HYPO71's
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horizontal and vertical error estimates. For most earthquakes, consist-
ent final depths were found for all starting depths and RMS residuals
showed clear minima at these final depths. Thus, the Moore model performs
reasonably well in eastern Tennessee.

A constant Vp/Vs ratio appears to locate epicenters as well as, or
better than variable Vp/Vs ratios for the TEIC network in eastern Tennes-
see. The velocity model with a constant Vp/Vs ratio produced consistently
smaller RMS residuals, generally smaller horizontal error estimates (8 of
10), roughly similar HYPOELLIPSE horizontal and DRMS quality evaluations
(the differences in the RMS values at the hypocenter and points on a
sphere centered about the hypocenter), and generally required fewer iter-
ations to arrive at a solution. However, most vertical error estimates (4
of 5) and all HYPOELLIPSE vertical quality evaluations (5 of 5) indicate
that variable Vp/Vs ratios obtained better depth estimates. Differences
in epicentral locations between the two models ranged from only 0.02 to
0.25 km, but variable Vp/Vs ratios model located 4 of 5 events from 0.23
to 1.80 km deeper (averaging 0.67 km or 11%) than the constant Vp/Vs ratio
model. Similar results were found by Nicholson and Simpson (1984) and
Nicholson and others (1984) who relocated earthquakes in California and
New Madrid Seismic Zone using independent P and S veiocity models. They
found that epicentral locations were not significantly affected, but that
focal depths increased noticeably and systematically.

The hypocentral control of the middle velocity boundary remains to be

resolved. A gradient velocity increase between the upper and lower bound-
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aries would effectively eliminate the middle boundary, yet retain a veloc-
ity increase. Unfortunately, HYPOELLIPSE cannot simultaneously apply
both a gradient velocity model and variable Vp/Vs ratios to locate events.
It can, however, simultaneously employ a 12-step velocity model with vari-
able Vp/Vs ratios. Retaining the decollement and Moho velocity boundaries
allows a gradient model to be approximated by 10 steps.

The accuracy of such an approximation was tested by locating three
well recorded events using a simple gradient velocity increase model and a
10-layer approximation of the gradient model, both utilizing a constant
Vp/Vs ratio. Hypocenter locations and origin times were fixed. Departure
angles obtained with both models were in agreement (within 3°) except for
those angles between 95° and 70°, which differed by as much as 12°.
Departure angles found using the gradient model were more continuous
through 95° and 70°, whereas those found using the multi-layer model were
concentrated between 95° and 90° and between 75° and 70°, with few or none
between 90° and 75°. Apparently, velocity dicontinuities control more
strongly the departure angles of near horizontal travelling rays.

A similar test was conducted using a realistic velocity model (GRAD1
in Figure 5) that consists of a constanﬁ velocity layer (upper sedimentary'
layer) above a gradient velocity' increase (basement) above a constant
velocity half- space (mantle). HYPOELLIPSE can employ a gradient over a
constant half-space velocity model, but cannot apply an additional con-
stant velocity upper layer. However, topographic elevations are cor-

rected for by using a constant velocity. Thus, a constant velocity upper
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layer can be devised by increasing station elevations by the upper layer
thickness (5.7 km). An analogous 12-layer velocity model (STEP1 in Figure
5) was developed which approximated the gradient velocity increase with 10
steps.

Five well recorded events were then located using each model. The
hypocentral locations differed slightly, and depths acquired with the
gradient model were somewhat deeper. Hypocenters appear to be better
located by the multi-layer model; RMS residuals (5 of 5) and horizontal
(10 of 10) and vertical (4 of 5) error estimates from the multi-layer mod-
el were smaller than those found with the gradient model. Furthermore,
quality evaluations were consistently better with the multi-layer model,
especially for focal depth (5 of 5). Departure angles differed by less
than in the previous test, especially for those angles between 70° and
90°. One advantage of the multi-layer model is that it can include vari-
able Vp/Vs ratios whereas the gradient model cannot. Furthermore, the
gradient velocity model considers the upper 5.7 km layer as topographic
elevation above sea level, and as such, cannot locate hypocenters above
this depth. Thus, although a gradient velocity model might intuitively
seem the preferable model, a multi-layer model appears to be the better
choice.

Two such 12-layer velocity models were devised and used to locate 8
well recorded earthquakes. One model is the same model used in the previ-
ously discussed test, but with variable Vp/Vs ratios (STEP1). The second

model is slightly different, and it also uses variable Vp/Vs ratios (STEP2

Appendix B. Testing of velocity models 68



in Figure 5). The second model was judged to better locate hypocenters
since horizontal (11 of 16) and vertical (6 of 8) error estimates were
smaller and quality evaluations, especially those for focal depth (6 of 7)
were consistently better. STEP2 was then selected as the preferred veloc-

ity model for the study area.
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APPENDIX C. SOLUTION SELECTION

A complete search of the focal sphere results generally in a family
of valid solutions from which a preferred solution may be selected. This
family of solutions is obviously not unique, as it depends upon the focal
sphere coverage density and the polarity and amplitude ratio error limits.
Because the systematic search of the focal sphere for valid solutions is
kept constant in all cases, it has no effect on the selection of a pre-
ferred solution. The allowable error limits and the number of allowed
errors for amplitude ratios also have relatively minor effects on the
choice of a preferred solution. If the number of polarity errors is held
constant and if there is a moderate to large family of solutions (20 to 50
solutions), then those solutions with the lowest RMS statistics generally
are included in all other families of solutions for which the allowable
error limits have been adjusted. That is, the solution which would be
chosen as the preferred solution would probably be found in each family of
solutions regardless of the allowable error in the number and magnitude of
the amplitude ratios. To produce more objective results, the allowable
error limit for amplitude ratios is held constant (0.23 for SEFM and 0.30
for CFM) unless the family of solutions thus obtained is too small (<10)
or too large (>50)). For most cases, however, only the number (and not
the magnitude) of allowed errors is varied.

Unlike focal sphere coverage density and the amplitude ratio error
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limits, changes in the number of allowable polarity errors can produce
major changes in both the family of solutions and the subsequent choice of
a preferred solution. The problem then arises of selecting the overall
preferred solution for each event, given more than one family of
solutions, each with a different set of error limits. Thus, a procedure
had to be developed to choose, as objectively as possible, a preferred
solution within and between families of solutions.

With respect to the density of focal sphere coverage used in this
study (5° increments), a convenient number of solutions for each family
turns out to be between 15 and 50, with the optimum being about 30. This
results in a moderate amount of data to review, and still gives confidence
that the best solutions are probabaly included. A search for solutions is
made by first using the smallest number of polarity errors possible, and
then adjusting the number of ratio errors to obtain.approximately the
desired number of solutions. The smallest number of polarity errors pos-
sible is usually determined by an examination of the polarity data plotted
on the focal sphere. Zero polarity errors are usually allowed on the
first run. The next step is to add a polarity error and again adjust the
number of ratio errors to obtain the desired number of solutions. This
process 1is repeated until the number of ratio errors cannot be further
reduced. In many cases (10 of 36), the first run used zero polarity
errors and zero ratio errors, and no further runs were necessary.

When a solution is accepted, the square root of the sum of the

squared log ratio differences, divided by the number of ratios (RMS) is
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calculated both for the set of ratios within the preset error allowance
(RMSA) and for the set of all ratios (RMSB). This data is written into an
output file that includes the theoretical and observed ratio data, and the
list of stations for which polarity and ratio data were in error. A pre-
ferred solution is chosen from each family of solutions by consideration
of these RMS statistics and the general consistency of all solutions. If
the ratio(s) found to be in error are consistently at the same station(s)
for all or most of the solutions, then only the RMSA statistics (those
using only ratios not in error) are used to determine a preferred
solution. If the ratio(s) in error are not consistently at the same sta-
tion(s), the; both types of RMS statistics are used, with the RSMB statis-
tics (those using all ratios) given priority. The solution with the
smallest RMS valués is chosen as the preferred solution. If two or more
solutions have similar RMS statistics, then the Kisslinger statistics
(19??) calculated by FOCMEC may aid in choosing a preferred solution.
Finally, the preferred solution is compared to the entire family of sol-
utions. If it is reasonably similar to a majority of other solutions
within the set, it is accepted. Instances of dissimilarity between the
preferred solution and the majority of the family of solutions are handled
on a case by case basis. This procedure has been used for each family of
solutions.

If only one family of solutions is being considered, then its pre-

ferred solution becomes the preferred solution for the event. If two or

more families of solutions exist from which preferred solutions have been
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picked, a single, overall preferred solution must be chosen. Generally,
the solution with the least polarity errors is designated as the overall
preferred solution unless one or both of the following conditions exists.
First, if the family of solutions with an increased polarity error has a
reduction of 2 or more ratio errors, then the polarity(s) is probably,
indeed in error. Secondly, if the family of solutions with an increased
polarity error exhibits a substantial improvement in the RMS statistics,
then again, the polarity(s) is probably, indeed in error. If either of
these two cases exist, then the overall preferred solution is chosen by
RMS statistics. This selection is fufther strengthened if the polarity(s)
in error is consistently at the same station(s) for most solutions in the
set. If two families of solutions have preferred solutions with very
close RMS statistics, then the slightly better solution is designated as
the overall preferred solution (shown as solid line in Figures 10 through
27) and the other solution is designated as the auxiliary preferred sol-
ution (shown as a dashed line in the figures).' Only the overall preferred

solutions are used in determining nodal plane orientation and P-axis sta-

tistics.
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APPENDIX D. INPUT DATA AND CALCULATIONS

COMPUTER INPUT DATA

This part of Appendix D contains the GCOl located data input to FOC-
MEC to determine the focal mechanism solutions. Each set of data is
labeled at the top with the chronologic event number, date, time, north
latitude, west longitude, focal depth, and duration magnitude for the
event. The data include the 3 or 4 letter station code (STA), the epicen-
ter to station azimuth (AZM), the depature angle measured from the down-
ward vertical (DEP), the type of data (SYM), and the individual P and S
amplitudes read from visual (VIS) and/or develocorder (DEV) recorders.
The data type is either a polarity (C = compression, D = dilatation, + and
- represent ambiguous compressions and dilatations, respectively, and e =
emergent) or aﬁ (Sv/P)z amplitude ratio (R). An asterisk (*) indicates
the amplitude ratios that were used to determine solutions. The other
amplitudes were read, but because of certain restrictions placed on their
ratios, were not used to determine the solutions. The original locations
determined by TEIC using HYPO71 (Lee and Lahr, 1975) and the GCOl velocity
model with a constant Vp/Vs (1.73) are in the Southeastern U. S. Seismic

Network (SEUSS) Bulletin 12A (see Sibol and Bollinger, 1984).
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2) 25 NOV 81 35.647 84. 642 D=12.67 M=2. 9
STA AZM DEP SYM P S

BHT 309. 000 106. 000 C
BHT 309. 000 106. 000 R* 28.3 46.8
ORT 46.000 103.000 D
RCG 221. 000 68.000 D
RCG 221. 000 &8.000 R* 6.7 17.6
CGTN 39. 000 68.000 D
HWR 78.900 93.400 C
HWR 78.900 93.400 R* 1.3 29.8
TKL 89. 000 68.000 +
TKL 89.000 68.000 R+ 2.6 19.8
AVNC 91. 000 68.000 e

3) 30 JAN 82 35.796 -83. 964 D=20.40 M=2.8
VIS DEV

STA AZM DEP SYM P S P

HWR 151. 000 166.000 C

HWR 151. 000 166. 000 R#* 13. 8.

HPK 28. 000 138. 000 D

TKL 132. 000 127.000 C

TKL 132. 000 127. 000 R* 165. 186. &9.

ORT 292. 000 115. 000 C

ORT 292. 000 115. 000 R#» 11. 32.

ETT 220. 000 98.000 D

ETT 220. 000 98. 000 R#* 17. 10. 22.

BBG 172. 000 95.000 C

BBG 172. 000 95.000 R 34.

RCG 234. 000 <93.000 C

RCG 234. 000 93.000 R 16.

BHT 274. 000 96. 000 -

BHT 274. 000 96. 000 R# 2.

BENN 97. 000 <92.000 e

BENN 97. 000 92.000 R 0. 8. 3.

CGTN 14. 500 93.000 e

CGTN 14. 500 93.000 R 7.

70.

16.

36.

43.

29.

28.

33.
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5) 24 FEB 82 12:10Z 35. 733 —-84.304 D=20.46 M=1.5

VIS DEV
STA AZM DEP SYM P S P S

BBG 155. 000 94.000 C

BBG 155. 000 94.000 R# 2.2 2.1

ORT 360. 000 132. 000 e

ORT 360. 000 132. 000 R# 2.2 20.6

ETT 197. 000 105.000 e

ETT 197.000 105. 000 R=* 0.3 7.6 1.5 6.5
TKL 100. 000 105. 000 e

TKL 100. 000 1053. 000 R+ 0.2 13.3 0.3 30.8
BHT 282. 000 101. 00Q e
BHT 282. 000 101. 000 R# 1.5 9.9

7) 15 MAY 82 3:54Z 35.679 -84.345 D=21.23 M=1.0

VIS DEV
STA  AIM DEP SYM P S P s

ETT 194.000 111.000 +

ETT 194. 000 111. 000 R* 0.8 1.7 2.5 17.0
ORT 8. 000 124.000 e

ORT 8. 000 124. 000 R+ 0.5 3.3

BHT 289. 000 103. 000 e '

BHT 289. 000 103. 000 R# 0.2 2.8 1.5 9.0

8) 30 MAY 82 7:11Z 35.702 -84.135 D=11.59 M=1.4

VIS DEV
STA AZM DEP SYM P S P S
TKL 99.000 105.000 C
TKL 99.000 105. 000 R# 2.8 11.3 5.5 21.0
HPK 43. 000 105.000 D
HPK 43. 000 105. 000 R# 0.8 3.1
ETT 215.000 99.000 D
ETT 215. 000 99.000 R 2.5 4.0
BBG 162. 000 68. 000 +
BBG 162. 000 68. 000 R# 1.0 2.5



35. 738

10) 19 JUL B2 4:342
STA AZM DEP SYM
TKL 116.000 119.000 D
TKL 116. 000 119. 000 R#»
HPK 23. 000 116.000 e
HPK 23. 000 114. 000 R#»
BBG 171. 000 68. 000 +
BBG 171. 000 68.000 R#
12) 21 SEP 82 1:07Z
STA AZM DEP SYM
HPK 209. 000 114. 000 C
HPK 209. 000 114. 000 R#
TKL 182. 000 93.000 C
TKL 182. 000 93.000 R#*
ETT 216. 000 90.000 e
. ETT 216. 000 <90.000 R
BHT 255. 000 <90.000 e
BHT 255. 000 90. 000 R
BBG 182. 000 <90. 000 +
BBG 182. 000 90. 000 R
BRBC107. 000 <90. 000 +
BRBC107. 000 <90. 000 R
GFM 0. 000 <90.000 e
GFM 90. 000 <90.000 R

36. 1134

-83. 978

-83. 750

D=12.55 ™M=0.9

DEV
P S

8.0 14.

0

D=15.65 M=1.4

DEV
P S
?.5 26.
.0 4
] 2.
.0 1
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13) 24 SEPT 82 (A) 21:57Z 35.680 -84.238 D=13. 13 M=3.4

VIS DEV
STA AZM DEP SYM P S P S

TKL 93.000 104.000 D

TKL 93.000 104.000 R* 33.0 <90.0
BBG 157. 000 48. 000
BRBC 88. 000 68. 000
BRBC 88. 000 8. 000
ORT 347.000 114. 000
ETT 207. 000 103. 000
ETT 207. 000 103. 000
HPK 50. 000 104. 000
HPK 50. 000 104. 000
HWR 72. 000 112. 000
HWR 72.000 112. 000
BHT 286. 000 68.000 e

RBNC107. 000 68.000 e

RBNC107. 000 68. 000 R 8.0 35.5

27.0 ©50.0

# 103.0 112.0

" VDODVDODOIDOO

22.8 23.3

pol
*

14) 24 SEP 82 (B) 22:19Z 35.684 -84.251 D=8.12 M=3.5

VIS DEV

STA  AZM DEP SYM P s P s
HWR 74.0 99.0 D

HWR 74.0 99.0 R* 23.8 25.8

HPK 51.0 95.0 D

HPK 51.0 95.0 R# 23.8 27.8

TKL 94.0 5.0 D

TKL  94.0 95.0 R* 850 92.0

ETT 205.0 95.0 D

ETT 205.0 95.0 R%* 106.0 110.0

BHT 286.0 93.0 C

BBG 156. 0 8.0 C

RBNC108. 0 8.0 C

RBNC108. O 8.0 R 150 65.0

BRBC 88. 0 8.0 D

BRBC 88.0 8.0 R 84.0 105.0

-@R¥ 348. 7T 100.75 C
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TUHPK  S0.844 91.930 R*

15) 24 SEP 82 (C) 22:54Z 35.68 84.25 D=6.65 M=1.5

VIS DEV
STA AZM DEP SYM P S P S

ETT 205.399 21.920 +
ETT 205. 399 91.920 R# 1.
TKL 93.103 91.940 e

3 8.5 2.2 ?.0
TKL 93.103 91.940 R» 0.2 153.:-1:.0"19. 0
0.9

17) 2 NOV B2 B:44Z 35.766 -83.970 D=13.61 M=1.2

VIS DEV

STA AZM DEP SYM P S P S
TKL 124. 000 120. 000 C
TKL 124. 000 120. 000 R=* 11.5 6.5
HPK 25. 000 123. 000 -
HPK 25. 000 123. 000 R#% 1.3 4.8
BHT 2746. 000 68.000 e
BHT 274. 000 68. 000 R# 0.1 1.2
BBG 172. 000 68.000 e
BBG 172. 000 68. 000 R#» 0.1 0.9

1.1 3.3

ORT 297.845 108. 470 R#»

20) & DEC 82 10:527 36.136 -83.747 D=8.96 M=1.7

==

VIS DEV

STA AZM DEP SYM P S P S
SMTN 62. 000 94. 000 +

SMTN 62. 000 94. 000 R=* 0.3 0.9

BHT 253. 000 68.000 C

BHT 253. 000 &8.000 R 2.8 1.9

HPK 207. 000 103. 000 +

HPK 207. 000 103. 000 R 1.0 3.3

TKL 183. 000 <95.000 -

TKL 183. 000 95. 000 R# 0.2 6.0

ORT 330. 700 95.300 e



21) 15 DEC 82 3S.749 84.220 13.13
VIS
STA  AZIM DEP SYM ) S
TKL 104. 000 104.000 C
TKL 104. 000 104. 000 R# 4.4 15.4
ETT 204. 000 101. 000 -
ETT 204. 000 101.000 R
BBG 159. 000 94.000 D
BBG 159. 000 9%4.000 R 1.0 1.4
SMTN S3. 000 94.000 -
SMTN 53. 000 94.000 R 0.6 4.4
ORT 337. 000 122.000 C
ORT 337.000 122. 000 R# 9.1 250
RBNC111. 000 94.000 e
RBNC111. 000 %4.000 R
HWR B87.676 114.270 e
HWR B87.676 114.270 R* 0.3 15.4
HPK 57.498 106.270 R 4.9 11.4
'BHT 279.000 98.000 R 2.5 6.0
22) 18 JAN 83 S5:09Z 35.589
VIS
STA  AZM DEP SYM P
ETT 208. 000 97.000 D
TKL 81.000 94.000 C
TKL 81.000 94.000 R# 2.0
BBG 151. 000 68. 000 C
BBG 151. 000 68. 000 R# 1.9
RBNC102. 000 &8. 000 C
RBNC102. 000 8. 000 R
BRBC 85. 000 8. 000 D
BRBC 85. 000 6&8. 000 R 0.6
BHT 296. 000 93. 000 C
BHT 296.000  93.000 R# 3.5
HPK 45 000 94 000 D
HPK 45 000 94 000 R# 0.9
ORT 357. 000 97.000 D
ORT 357 000 97.000 R#* 3.6
CCVA 26. 000 8. 000 C
CCVA 26. 000 68. 000 R 1.8

S

19.

¥

19.

11.

14,

DEV

S
0 39.0
0 17.5
S 5.5
0o 3.0

-84. 287 D=8.22

DEV

P

13.0

M=2. 3

S

61.

13.

11.

14,
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23) 27 JAN 83 22: 092 34.059 -83. 631 D=12.76 M=3.1

VIS DEV
STA AZM DEP SYM P S P S

TKL 196. 000 102.000 D
TKL 196. 000 102. 000 R# 27.0 45.0
SMTN 48. 000 100. 000 D
SMTN 48. 000 100. 000 R=* 54. 0 59.0
CCVA357.000 99.000 D
CCVA357. 000 99. 000 R# 3.5 46.0

RBNC143. 000 68.000 C

RBNC143. 000 &8. 000 R=* 5.0 27.0 21.0 31.0
BRBC106. 000 68.000 C

BRBC104. 000 68.000 R 30. 0 41.5

BBG 187. 000 &8.000 D

BBG 187. 000 68.000 R 4.0 17.0

GFM 88. 000 68.000 D

GFM 88.000 68.000 R 2.5 51.0

BENN107. 000 92.000 C

BENN107. 000 92.000 R 9.0 10.0
HPK 236.400 118.000 D

HPK 236. 400 118. 000 R# 17. 3 21.9

HWR 219.700 106.000 D

HWR 219. 700 10&6. 000 R# 11.1 16.7

ORT 255. 000 &8.000 e

ORT 255. 000 68.000 R 5.8 47.0

BHT 259. 000 94. 000 +

BHT 259. 000 94.000 R 4.5 23. 5

PLVA 73. 000 68.000 e

PLVA 73. 000 68.000 R 0.6 5.3

24) 29 JUAN 83 18:08Z 36.125 -83.737 D=15.93 M=2.1

_ VIS DEV
STA  AIM DEP SYM P s P S
TKL 184.000 106.000 C

TKL 184.000 106. 000 R# 5.3 14.3 19.0 44.0
BRBC108. 000 &7.000 +

BRBC108. 000 67.000 R# 0.8 1.2 4.5 5.0
HPK 210.000 121.000 C

HPK 210. 000 121.000 R#* 2.7 9.8

CCVA 7.000 106.000 -

CCVA 7.000 106.000 R 0.7 4.6 6.0 34.0
SMTN &0. 000 10S. 000 R# 2.8 10.8

ETT 216.000 &7.000 e

ETT 216.000 67.000 R# 1.5 6.0
BBG 183.000 &7.000 e

BBG 183. 000 &7.000 R+ 04 1.3 2.0 50
GFM 90.000 49.000 e

GFM 90 000 49.000 R 06 1.3 4.5 8.0
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25) 4 MARCH 83 14:03Z 35.599 ~-84.354 D=12 87
VIS DEV
STA  AZM DEP SYM = P s
TKL 83.000 102.000 +
TKL 83.000 102.000 R* .3 8. 1.5 25.0
HPK S0. 000 102.000 C
HPK 50.000 102.000 R* -2
ORT  7.000 109.000 +
ORT  7.000 109.000 R# .7 49.
SMTN 51.000 67.000 e
SMTN S1.000 &7.000 R# 0.8 4.
26) 13 MAR 83 3:53Z 35.508 -84.356 D=10.3 M=1.3
vIS DEV
STA  AZM DEP SYM P S P s
ETT 205. 000 108.000 D
ETT 205. 000 108. 000 R# 4.8 9.8 9.0 25.0
TKL 72.000 95.000 e
TKL 72.000 95.000 R* 0.4 1.8 1.0 6.0
BBG 145. 000 68.000 - .
BBG 145. 000 &8.000 R# 0.4 0.2

STA

TKL
TKL
ETT
ETT

13 MAR 83 B 14:21Z

AZM

127. 000
127. 000
217. 000
217. 000

DEP

SYM

110. 000 C
110. 000 R=#
?6. 000 e
96. 000 R+#

DEV

M=2. 5

82



28) 5 APRIL 83 3:17Z 35 542 -8B4.166 D=12.89 M=2.0

VIS DEV

STA AZM DEP SYM P S P S
ETT 228. 000 106. 000 D

ETT 228. 000 10&. 000 R» 6.3 10.7 19.0 33.0
TKL 70. 000 105. 000 D

TKL  70. 000 10S. 000 R#* 2.4 11.3 7.0 35.0
BBG 156. 000 &8.000 -

BBG 156. 000 48. 000 R# 5.0 15.0

GBTN344. 000 130.000 C
GBTN344. 000 130. 000 R# 100.0 93.0
ORT 343. 000 103. 000 +

ORT 343. 000 103. 000 R=* 3.2 5.6
HPK 31. 000 101. 000 C
HPK  31. 000 101. 000 R# 1.0 1.9

29) 16 MAY 83 6:50Z 35-54. 70 84-18. 40 D=16.36 M=1.9

VIS DEV
STA AZM DEP SYM P S P S
TKL 65.000 109.000 D
TKL 65. 000 109. 000 R#* 3.0 18.8 2.0 37.0
ETT 235. 000 97.000 D
ETT 235. 000 97.000 R* 4.5 6.3 13.0 12.0
ORT 331. 000 96.000 C
ORT 331. 000 96.000 R# 2.1 2.1
HPK 22.000 97.000 e
BBG 1463. 000 92.000 e
BBG 163. 000 92. 000 R#* 0.2 2.8 1.5 9.0
RBNC101. 900 <94. 400 -
RBNC101. 900 <94. 000 R# - 1.5 2.0
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30) 25 MAY 83 10:46Z 35. 741 B84. 441

STA AZ
ETT
ETT
TKL
TKL
ORT 33.
ORT 33.
BHT 285.
BHT 285.
ANTN304.
ANTN304.
HPK  &7.
HPK  67.

182.
182.
99.
99.

31)

STA A
ETT
ETT
RCG
RCG

GFM
GFM
HPK
HPK
HWR
HWR

91

91
288
=88
BBG 155
BBG 155
SMTN 51

TKL
TKL
BHT
BHT

205.
205.
232.
232.
TRYN10O4.
ORT 352.
ORT 352.
ANTN303.
77.
77.
50.
50.
70.
70.
RBNC106.
RBNC106.
BRBC 87.
BRBC 87.

M

000
000
000
000
000
000
000
000
000
000
200
00

MAY

M

000
(oe]0)
000
000
000
000
000
000
000
000
400
400
870
870
000
000
000
000
. 000

. 000"

. 000
. 000
. 000
. 000
. 000

DEP SYM

100.
100.
6.
Q6.
122.
122.
100.
100.
Q6.
6.
101.
101.

000
000
000
000
000
000
000
000
500
000
400
400

P

n

83 12:30Z 38. 666

D

69.
69.
60.
60.
60.
7.
7.
69.
60.
60.
4.
?4.
84.
84.
60.
60.
60.
&0.
69.
69.
69.
69.
69.
69.
&60.

EP

000
000
000
000
000
000
000
000
000
000
200
200
Q00
000
000
000
000
000
000
000
000
000
000
000
000

SYM

D
R#*

*

*

*

miJIIJmm+23IZJOZUOODﬁm;UO

P
™

R
R

P

18.

2.

13.

rn

VIS DEV
s P S
3 8.8 5.0 18.0
4 3.8 2.0 14.0
0 4.0
2 2.8
3.5 2.5
4 20
-84.264 3.3 2.5
VIS DEV
s P S
0 45.0
9 3.7 7.5 9.
& 28.6
& 3.5 12.0 22
8 10.8
4 9.4
3.5 11.
3.0 11.
8 38.8
8 8.8
0 6.3 4.5 12
8 3.3

17.8 1.6
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33) 2 JUL 83 6:46Z 35 690 -84.191 D=12.84 M=1.8

VIS DEV
STA AZM DEP SYM P S P S
BBG 159. 000 &48.000 +
BBG 15%9. 000 68. 000 R#» 0.8 1.5
BHT 284. 000 68.000 e
BHT 284. 000 68.000 R 0.2 0.3
TKL 96.000 105.000 e
TKL 96. 000 105. 000 R#* 0.3 7.3 1.0 29.0
ETT 211. 000 102. 000 -
ETT 211. 000 102. 000 R 4.1 4.4 9.5 17.0
HPK 47.000 105. 000 C
HPK 47. 000 105. 000 R# 0.7 2.0
GBTN213. 000 1465. 000 D
GBTN213. 000 165. 000 R#* 14. 0 30.0

34) 8 JULY 83 19:29Z 35.548 84.154 D=9.25 M=3. 4

VIS DEV
STA AIM DEP SYM P S P S
GBTN338. 000 121. 000 C
GBTN338. 000 121. 000 R* 100.0 100.0
TKL 70. 000 100. 000 D
TKL 70.000 100.000 R# &60.0 60.0
ETT 228. 000 100. 000 D
ETT 228. 000 100. 000 R# 80.0 106.0
BBG 157. 000 93.000 C
BBG 157. 000 93.000 R 6.0 64.0
RBNC101. 000 48. 000 +
RBNC101. 000 68. 000 R 5.1 &60.0
BRBC 83. 000 68.000 D
BRBC 83. 000 &8.000 R 32.0 45.0
GFM 74.000 68.000 D
GFM 74. 000 68.000 R 6.8 288
ORT 341.000 98.000 C
HPK 31.000 97.000 D
HPK 31.000 97.000 R# 13.0 &0.0
ANTN3053. 000 68.000 C
LCAL230. 000 68.000 D
SSKY313. 000 68. 000 C
BENN 90. 000 68.000 e
BENN 90. 000 68. 000 R 1.0 23. 5 5.0 31.0
BHT 295. 000 94.000 +
BHT 295. 000 94.000 R 6.5 446. 8
COTN276. 000 48. 000 e



35.0) 9 JUL 83 3:28Z 35.545 -84.142 D=9.76 M=1.0

VIS DEV
STA AZM DEP SYM P S P S

ETT 229. 000 100. 000 e

ETT 229. 000 100. 000 R* 0.8 1.4 3.5 4.5
TKL 69.000 100.000 e

TKL &69. 000 100. Q00 R#* 0.1 2.9

GBTN335. 000 120. 000 e '

GBTN335. 000 120. 000 R#* 22.8 54.8

35.5) 9 JULY 83 9:57Z 35.535 -84.135 D=4.93 M=1. 6

VIS - DEL
STA AZM DEP SYM P S P S

GBTN335. 000 107.000 C

GBTN335. 000 107.000 R®# 39.0 56.0

ETT 232. 000 49.000 e

ETT 232. 000 69. 000 R# 1.7 1.3 3.5 3.5
TKL 6&7.000 &69.000 C

TRL 67.000 &6&9.000 R# 0.7 2.8 1.7 9.5
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36) 15 JULY 83 19:32Z 35.548 -84.164 D=6.98 M=2.7

VIS DEV

STA AZM DEP SYM P S P S
HPK 32. 000 92.000 C

HPK 32. 000 92.000 R#* 1.3 7.3
GBTN342. 000 110.000 C

GBTN342. 000 110. 000 R=* 45.0 40.0
HWR 41. 000 94.000 e

HWR 41. 000 94. 000 R+ 0.4 3.0
ETT 227. 000 93.000 -

ETT 227. 000 93. 000 R+ 2.8 25.3
BRBC 83. 000 68. 000 -

BRBC 83. 000 68. 000 R 2.0 4.0
GFM 74.000 68.000 e

GFM 74. 000 48.000 R 0.7 2.2
RBNC101. 000 &68. 000 +

RBNC101. 000 68. 000 R 0.6 4.3
BHT 295. 000 91.000 e

BHT 295. 000 91.000 R 0.2 4.8
BENN 0. 000 68.000 e

BENN 90. 000 48.000 R 0.4 1.4
BBG 154. 638 <90.810 e

BBG 156. 638 90.810 R=* 6.3 10.8
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STEP2 EVENT RELOCATIONS

All events for which a preferred focal mechanism solution was
obtained from the GCOl data were relocated with HYPOELLIPSE (Lahr, 1984)
and the STEP2 velocity model (see Figure 5). These relocations are shown
below. Focal mechanism solutions were obtained by replacing the azimuth
and departure angles shown in the previous section with those determined
by the relocations herein. The same polarity and amplitude data were
used. Different velocity model dependent amplitude ratio corrections

were applied to each velocity model data set, however.

Appendix D. Input Data and Calculations 88
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____________ ARE G I N e e e e e o —— e
21

81/11/25 11/54 2) 25 NOV 81 GRTN 2i/11.25 1isS .
(m—m—m—— ADJUSTMENTS IN PRINCIPAL DIRECTIONS -------- ) ¢ _ADJUSTMENTS  (ADUST. 7 ;
I LAT LONG DEPTH RMS NQ PRMS DAMP -Al/DP~-STEP---SE =AZ/DP= STE s==GF -Al/DP--STEP---SE DLAT DLOWN DZ DLAT DLOKN z
1 50.8 56.7 10 4.43 26 . 893 . 10E-02 321/23 -23.8 6. 68 81/29 -21.2 2. 52 "61 52 21.83 2.87 -22. -26. 18.2-21.7-2¢. .2
2 39.1,39.3 28 2 0. 96 26 .368B . 10E-02 261/ 3 -1.63 1. 04 143/26 4. 1.33 332/64 -13.5 3.03 -. 86 -1. & -14._ -0.9 -1. .2
3 38.6 38.3 13.9 - 0.34 26 .308 . 10E-02 261/ 0 . 1948 .783 149/20 . 331/70 -3.38 3.33 -.71 -.17 -3.3 -0.7 -0O. .3
4 38.2 38.2 10.6 0.31 26 .304 . 10E~02 261/ 9 . 0889 . 730 148/13 -. 345/74 1,160 3.71 .240 .143 1.13 0.2 O. .1
9 38.338.3 11.7 0.31 26 .301 . 10E-02 261/ 2 0089 . 736 149/20 . 324/70 -1.3%9 3.37 ~.41 -.18 ~1.3 -0.4 -C. .S
$ 38.1 38.1 10.2 O0.31 2 000 . 10E-01 &1/ 2 149720 334770 - 04 0 -
$ 28 338.3 11 7 0 31 26 . 301  10E-01 281/, 2 0089 T%6 149/20 224,70 -1.8° 3. % - 40 - 18 -1 % -2 4 -0 & <
S 38 1 38.1 16 2 0.31 2 0006 . 10E+CO ce1s 2 145/2G 254/ 70 g 4 C 2 <
& 28 338 3 117 0 31 26 302 . 10E+00 2e17 & 00kd ©3 149/20 3134/70 -1 .20 2.11 -.29 -.12 -1 2 -2 3 -C 1 el
5 38.2 38 2 10.5 0 31 24 .000 . 1GE+O1 261 2 149/20 224/70 23 C 1 2
6 38.338.2 11 7 0 31 2¢ 306 .105-01 «&1, = 0036 391 149/2 324/70 -. 032 . 629 0O12 .013 -0 .7 7. C I
7 36.3 38 3 11.6 0.31 26, 306 . 10E+01 241 2 0022 . 1“0 149/20 734,7C -. 047 628 004 .0G? - 02 3 CcC 1
€ 38 4 38.34 11. 6 0. .31 26 .305 .10E+01 261, & . 0013 40 149/20 Z4/70 -.034L . 627 0.00 . 002 - Q5 [ 2
S 36 4382 11 & 031 24 301 106L-02 Q45 2 032 7SS 149/2¢ DG4/70 -1.9¢ 2 59 ~-..43 - 22 -1 % Tl
HOICECONTAL ¢ VERTICAL STRGLE VARInDlF 1DOLF) &% Chl SataRE CONW ITDENTE lh~EFV#LS
SE = oA SE 0. 81 SE = 1 8t GUA_ITY =
A = -117 AT = -27
CHIE HGUARE &8% aadt ) CLULESE SEMIAXE!S = O &2 kM END 1.24 P"
St OfF ORIG = G 9 T AL NUMBER OF TERATIUNG = 8 DMAX = & 00 SEQUETCE NUVﬂ?R = .
AT THE CLOCEST S1ATION "Fl TN THE S0 U TON GGTH 8 Akl 0 KERE ”‘ED THE. € MINUS t IRTERVAL EQUALS 4 69
hét OWiIGIN Lt 639 CUNG-G38 LT MAG 13 0t GAP D RMS ERH EFZ @ H6D ADJU IN NF AVR AAR NM AV St idT medn LT
111D 1154 26 01 35CNGE 35 &41328.27 11 59 J& & 74 1 031 0.E 1.BC CC 0SS 10 40 G.00 0.29 0O (O3] . Col
t— STATION DATA =) (-----—= P-WAVE TRAVEL-TIME DATA AND DELAYS -—-—-——-- VAR] (---- S-WAVE TRAVEL-TIME DATA -=-)(--- MAGNITUCE LATA --
STN DIST AZM AIN PSEC PRMK+TCOR-O=TTOB-TTCAL C-DLAY-EOLY=P-RES P- NT THIC SSEC SRMK  TTOB TTCAL S-RES S-WT AMXx PR #MAG R FMF FMAC
BH1 36.1 310 100 32 951 &£.50 6.52 % . 059 -0.09 2.373 20 11. 11.01 O. 1. 930
oRT 42.5 4 97 33 70 7 69 7 57 1 G226 0.09 2573 37. 1 13.09 12.78 G 28 1. 448
HEY. 75. & 65 79 238 8C 12 79 12. v€ 1 CR2 -0.22 2.210 48. 1 22.39 22.1 0.26 1.243
TrL 78 3 8 77 39 2t 1319 13 41 1 26 -0.29 2 175 49 1 23 29 22,&3 G 42 1.223
[0xe g8 O Z21 7O 42 R 1. 237 16. 457 1 37 -0.25 1. 916 54 1 28. &7 28 16 G 46 1.078
CRG 108 .9 177 720 &4 06 1 17 99 18. 30 1 ¢33 -0.34 1.335 7 31.19 31 10 G.C4 1.32
CeTMN 134.3 38 T8 e 3 21 60 22 25 1 G3¢ -0.90 0. 371 &3 1 37.69 37 9% -0 38 0.834
AVHC 190.8 <90 ¢0L 56 70 1 30. 69 31.03 1 G0 -0.45 0. 689 ’a 52.89 92.72 ©.03 0.689
0OCA 199.4 236 62 57.80 2 31.79 32.31 1 Q26 -0. 34 0. 423 -81 1 55.29 34.89 0.36 0.473
BEV 244.7 134 48 4 50 2 38 49 37. 89 1 620 0. 52 0.253 33 4 67.49 64.353 2 93 0.000
LEKY 234. 3 56 48 5. 70 o 3% 69 39 07 1 0 +Z2 0. 222 34 4 68 94 66934 2 00 0.000
HVA 264.& 28 48 7 00 2 47 99 40. 32 ¢ G25 O ~+4 O 193 39 4 73 .49 68 &9 4.76 0.060
TDA 265.2 .'09 48 7 50 3 41 39 40. 39 1 Ga 0 Y7 0 G9% 37 4 71.79 68 €1 2.94 0.000
EP1 269.9 133 48 € U0 4 43 29 40.97 1 G177 1.30 0 000 38 4 72.09 469 792 2.27 0.000
PRM 270.2 129 48 7 50 1 41. 49 41 01 1 (22 0.45 0 26% (3] 4 33 99 69 C7-3% 92 0. 000
REGC 271.4 154 42 7 9C 2 41 89 41 18 1 23 0 ! G. 174 3Q 4§ 72 99 70 10 2 €5 0. 000
WV 293.9 15 48 10 ¢ <! 44 &5 43.91 1 Q. "% 0. 118 43 4 77 94 74 €2 T 12 0.00C
G200 2 134 4° 11 OG i a3 97 &84 42 1 [0 S At SR e T el 4z 3 7789 784 13 1 74 9060
PWLA 220 O 758 4% 15 00 1 v /9 47 16 1 ice, 1 22 O 000 47 4 B8: =9 80 22 1 ZT7 0 QOGO
NAY  391.5 &1 4g 23 20 R DT 16 ES 4 1 ¢72 1 ) 0 00C se 4 QT &9 FY% Z2 -1 L5 0 000
(e ROR EL: 1PSE)
PATE OKIGIN LAT LONG DEF P SGAE DM ! ACTATY A AKIG MaG (Ll
B11125115824 ONRON3GE 39 H4138 2711 517 9 74 ¢ ¢ -&7 O ¢ 1.68B o G
VLY BAL e e




06

-------------- P HE G I M- e e e e - e e e e e e e ——— e e ———————
827 1/30 12739 37 30 JAH B2 GHIN 827 1/3C ke zw
—————————— ADJUSTMENTS IN PRINCIPAL DIRECTIDNS——-———-—-)( ADJUSTMENTS } (ADULT 3
I LAT LONG DEPTH RMS NO PRMS DAMP -AZ/DP—-STEP---°E ®AZ/DP==STEP=m=SE —-AZ/DP--STEP—---SE DLAT DLON DZ CLAY DLON
1 459 36.3 100 1.19 21 .263 .10E-02 143/ B 2.969 .846 261/37 5. .914 .B13 43/352 6. 013 1.64 3.48 2. 44 9.49 3.3 2.4
2 47.4 37.9 19.5 0.27 21 .241 .10E-02 193/20 . 1930 .9C4 261/3% . 7682 .B806 39748 .6B842 1.61 .373 . 409 .888 0.4 0 &
3 47.6 %8. 2 20.4 0.24 21 .242 . 10E-02 191/20 .0018 . 917 261/36 —-. 007 .809 38/47 -.030 1.62 ~.01 8 -.03 0.0 CO
3 47.6 98.2 20.4 0.24 21 .242 . 10E-02 131720 . 0018 .917 261736 -.007 .809 38/47 -.030 1.62 —. 01 .008 -.03 0.0 0.C
HORTZONTAL & VERTICAL SINGLE VARIABLE (1DOF) &8% CHI ‘-")'JARE CONPIDENCE lN’LFVALc
SE SE = Q 70 GQUALITY = A
YA —Sv., ;-z = ‘4
CHI SGUARE 687 (2D0F) ELLIFSE SEMIAXES - 0. 73 KM AND 1 03 KM
SE OF ORIG = O 09 TOTAL NUMBER OF ITERATIONS = 3 DMAX = 400. 00 SEQUENCE NUMBER
AT THE CLOSEST STATION USEDL Tt THE SOLUTION BUOTH P ANL ¢ WERE VSED THE ¢ MINUE P INTERVAL EGUALS 2. 00
LDATE ORIGIN LAT «793 LONC'q"oDD-.PTH MAG NOJ DI GAP D RMS EPP FRZI Q SGD &DJ IN NR  AVR. AAR NM AVXM SCxm N0 .00
B20130 1239 12 H1 4B 7 S8 G3WoB 17 2¢ 37 21 L 9 1 24 G S > 7 B8 BB 105 1034 CG) 0O 18 0O (o2 B o
(= STATION tATA S - WAVE TRAW (-~ [IME LhTh AND TELAYS - —=—-- ) VaAF Y ———e S-WAVE TRAVE_-TIME DATA --)(l--= MAGLIT .20 267
it DIST -~ ZH RAL] <SF(‘ F‘FMr 'TCLIR O-YNJI'-TTCM C-CLLAY-ElLY=P-F P-WT “‘EC ‘.RMP TT08B TT(‘AL S-RES S-WT &AMx PR t1MaG F o Sl
4 & 3 ¢ i 90 3 209 3 %1 4 54 0 0.913 g & 069 & 73 0.07 1 369
HF ¥ 14 € YOG 4 a9 3 a3 1 -43 0 1. 829 G739 7 S0 -G 18 1. 3569
TV 23 & 85 10 DI BN 44 G 1. E2% £ &9 B 72 -C. 11 1369
OR1 32 ¢ A3V L b e 40 -0 1.82% Sl 05 16 94 ¢ 08 1.3¢9
ETT 68 410 ! 1 77 249 -0 0o €21 CGOSC 1S 19 27 015 1 222
BHT 354 T9n 1 a0 g $73 -0 T4 1 CBS 2% &3 25 ZZ ¢ 21 1 03S
LB 108 4 U591 O 7 1e 1 120 -0 ZC 1.218 G 29 19 2 15 -0 13 0. 986
RCG 154 & 37 74 O =5 11 1 245 -0. 23 0.897 1 42 .99 42 ¢3 0 28 O 3GS
BENN 210. 9 45. 95 (o] .80 1 1173 Q.22 0.533% 4 %58.19 5% C3 2.18 0.000
Loy 217.0 47 30 3 33.60 1 G21 0.87 0.12%5 4 62.09 57.1 4.86 0.000
BEV 220.1 47. 20 1 3.9 1 G20 0.39 0.362 4 61.29 57.84 3.41 0.000
GLT 23&.3 49 &G 3 35. 94 1 G20 0.81 0.100 4 464.49 61 23 3.22 0.000
EF1 243. 8 S1 00 4 36.87 1 o017 1.3C 0. 0600 4 67 99 62 79 S5.17 0. 000
CH& 248 4 ol 2 3 37. 44 1 017 0.9% 0.08& 4 70.09 &3 76 &.30 0.000
LEKY 248 6 g. 00 4 7 4¢ 1 -50. 27 0. 000 4 &£7.79 62 79 3.99 0.000
ocA 299. 8 0 0C a 8. 82 1 ¢32-51. 68 0. 000 4 6B 39 && 14 2.20 0. 000
CHZ 274 .3 29 00 4 40. &7 1 19 % e 0. 000 4 78.49 69 16 9 30 0 000
(CRRUR ELLIPEE)
DATE ORIGIN LAT _LONG DEP P SGAP DMREGI: AY1AZ1 AX2 AXZQ MAG(L
Q20130123912 LIEN4T DL BEWSR. 1720 412 8 96 4 TBE ¢ 7 33 0.5 0. 7A C
QUALTTY EVALUATION
DIAGONALS 1IN OKDEIR OF STRENCGTH NE 7 N N E W
AVE  OF END POINIS 0O %5 €73 5 88 C 1. 03 108
NUMLEL R (1S IR DRMS AVE Lwnd QUL I TY
1 [GE ] Tt IR B

s
v
v

Lot BN

GG

L= XV I




T6

2/24 12/

82/ 2/24 12710 3) 24 FEB 82 GRTN . 2/ ER O
(m=====- —ADJUSTMENTS IN PRINCIPAL DIRECTIONS--—-—=—- ) ( ADJUSTH&NTS 1 LADJST. TAFEH:
I LAT LONG DEPTH RMS NO PRMS DAMP ~-AZ/DP--STEP---SE =AlZ/DP==STEP3==£E —~AZ/DP--STEP---SE DLAT DLON DI DLAT DLOW Co
54.6 18.3 10.0 3.40 9 .686 .10E-02 261/2% 10.28 5. 04 2/33 -10.7 11.7 133/46 20.32 4.34 -21. =-.33 13.2-21.4 -C. 5 13. 2
2 43.017.9 23.2 0.25 9 .188 .10E-02 261/ 3 -. 537 1.39 160/14 9739 1.24 2352/73 1.637 3.22 1.47 ~-. 13 1.32 1.9 -0 1 1.3
343 817.9 24.6 0.19 9 .187 . 10E-02 261/ % -. 017 1.42 153/13 0620 1.27 353/74 . 2121 5. 0% .120 .016 . 186 0.1 €. C 0.2
4 43.9 17.9 24.7 019 9 .187 .10E-02 261/ 5 -. 001 1.42 155/15 -. €02 1. 27 353/74 .0292 5.03 .007 0.00 .02E 0.0 0.CG O C
4 43 9 17 § 24 7 019 % 187 . 10€E-0Z 2617 5 - (GOt 1 42 155/15 -. 602 1.7 353774 .0292 S 63 007 0 0O .02 H OQ C.C 2O
HURTZONTAL & VERTICAL SINGLE VARIABRIE (1DOF) £8% CHI SHUARE COHF IDENCE 1MYERVALS
SE = [ SE = 1. OC SE = 2. 99 QUALITY = &
AZ = -9 AZ - -
CHI SGUARE «87% (0dF) ELLIF-E SEMIAXLS = 1 15 KM AND 1. 53 “M
SF OF ORIG = ¢ & TOUTAL KUMBER OF lT&RATIUNS = DMAX = 400. GO SEQUENCE NUMBER
AT OTHE CLOYWEST wVATION USEL IN THE S—»gllI'TlCN CUTH F :«Jr‘ »: WERE VYED THE. © MINUS F IN’ICF\VAL EQuALE 4 10
OF - GTN lATns‘ Luuojﬂ DEPTH, MAC MO GAP D RMS ERB ERFI G 0alr ADJ IN NE AVR AAR NM AV S0 i b e ol
© 12§+ & T LAY L RaWi7. 8 =4 795 Gowr 1611 219 1 G 2.64CCCDO022 10 1065 30 0.18 O Yo <
(= <AATION ATA - e F-WAVE TRAVEL =TIMY DATA ANl DELAYS -——————) VAR (—==- G-WAVE TRAVEL-TIME DATA —-)(--— NMALMITULE Ta"4
el SEC PRMESATCOR-0=TTOS-TTCAL. C-Dl.AY-ECL Y=P-Ri® P-WT TiiC SSEC ('FMMK  TTYOB TTCAL S-RES S-WT AMx PR oeMonG £ Opair &
R 0 1 a Qe S &4 1 54 -0 .-'- 1. 01¢é 15, 1¢ S 06 8 87 G .10 1 016
ET1 K s 8 0 g a1 -0 1 335 2C < 14 Ss 14 F2 -0 G7 1 016
TKI. P 8 96 B.47 1 (36 0 i 1.3%% 21 3 18 26 19 Ce 0 14 1 Q1&
CHI N < -6 04 10 i 1 ©79-16 '~ G. 000 24. &< 118 44 18 €3 0C.21 O 720
BE®. K 17.41 17. 48 1 121 -0. 20 0. 963 3¢&. 2¢ 1 30 16 29.¢7 G.31 0. %42
(ERROR ELLIPSE)
DATE (ORIGIN L AT LONG DEP P SGAP DMRSSD AX1AIl1l AX2 AXZIQ MAG (D)
B2R02241210 & 030142 8L =17 8724 7 4 5161 1° 2CC 1 C -2 0.7 2. 6B (3]
i SLITy EVALUATION
DIAGONALS IN ORDER (F STREMGIH 2 N E NE St N W
AVE OF END POIN1S 038 0% ©0&° 075 0.76 0.87 G 99

NUMER
7

«MS  MIN DRMS
V19 0 31

AVE DREMS
0 71

QUALITY
A



c6

———————————— BE G TN~ =~ = e ——

82/ 35/15 3754 7) GRTN 82
(=—-—--- ~ADJUSTMENTE IN PRINCIPAL DIRECTIONS~-—--—--=-)( ADJUSTHENTS )(AD
I LAT LONG DEPTH RMS NO PRMS -ﬁZ/DP~- TEP---SE =AZ/DP==STEP===SE ~-Al/DP--STEP---SE DLAT DLON DZ DLAT
1 94.6 18.3 10.0 4.47 . 368 ~6.12 2 92 35/33 —1 75 B8.13 261/33 28.82 2. 26 -21. =3.7 20 4-21 . C
2 43. 2 15. 30.4 O 175 ; &.908 1 €8 163/14 1 23772 -7 0G 4.03 -3.9 7.36 -3. 2 -3.9
3 41.1 20.7 25 2 O. 128 281711 -. 779 1 03 167/13 27/72 -1.Q97 2.76 - 02 -. 59 -1 2 g 0
4 41.1 20 4 24 0 O 126 DET L GU28 1 LS 1e?/ 10 SF/7Y BE9T .29 102 - 63 53¢ 2 T
4 41 1 20.3 24 9% O 200 O & 167,10 <777 Q 1
5 41.1 206.4 24 O O 128 2l B GU26e 1 05 167710 777 3 23 101 - G5 .524 C 1
4 41 1 26 = 4 G o) [zl el € 1647716 J7i77 (R
S 41 1 20 4 24 .G ¢ 129 Q&1 € 0202 1 19 1467710 Z7/77 &. 43 055 - Gt .29 9 .
& 41 1 20 4 24,7 128 261011 0 019 1 1B 167/13 28,73 2.23 -.04 .01! -.15 22
7 41 1 20 4 24 1 ias 2&1. A Q0B4 1 19 147710 a7277 .42 €44 - G2 .24r Q)
7 41 1 20 3 24 L [o2vial 261s @ 167716 <7/77 [
€ 41 1 206 & g4 . o N R e LG 17010 27,27 3¢l GO1 . O0GyY oS D
e 41 1 206 ¢ T4 1 21 B G4 1 1S 1A7/1 L7077 o84 - 02 2° Tl
RCGR) SGNTAL [N Pteei [ asIery CAaRE CO P LDENCE I
- = SE = T 7C QUALITY = {
M
Lh{ SUUAKE. f."ﬁi’. Copiab R T b t"llAAt‘ - - 109 v
SE OF ORIG SO1S UTSr WOMLER OF 1IERA IS s DMEY = 0T O CEQUENCL D
AT IHE ull.f ST LiaATINN Uil 1IN THE SOLUTION EOTH F ANL ¥ WERE 'ILED THE < ~INUE + llTERvAL B LS 4. 30
. oV .

LATE ORIGIN _LAT LUNG"BB\ DEFTH MAG NO vt GAP D RMS ERH EFL Q@ SCOD ADJY IN NR  AVR AAF MM AVIAM SDXI NI
820519 35%4 47. 03 A5N41 10 B4W20.36 24 11 2% 1451 6. 13 0 7 C BCO025 10 14 0.060 0.12 O 0.0 ¢
(- SETATION L Ppotm— == - F-WAVE TRAVEL- TIN& DATA AND DELAYS --—-=—=— ) VAPI (—-——- :.-NA‘JI’_‘ TRAVEL -TIME DATA =) (--— MAGHITUTE
STM DIST ‘EC FPMFY +TCOR-DO=TTOE-TTC C-DLAY- E[LV=P FES P- NT THIC SSEC SRMX TTCAL S-RES S-WT AMx PR XMAG T
0ORr | 25 1 7O LS 5. 67 S /ﬁ» 1 49 -0 31 ST GO o] ‘7.97 S 73 G 16 0 973
ETT 41 2 ¢ T 9z 7 u? (/aB -0 i1 297 4G 42D 2 12.37 12 23 -0.056 0 973
TL! 4z« ae d -&7 L7 a1 ; &5 19 6 COC 2% S0 4 16 47 13 7 4 &5 6 CON
BH | <o o 10 17 00 ¢ i 179 -0 1B 1.231 né 76 D 17. &7 17 41 C. 14 0. 931
BEG  10& & 22 o) 17.29 17,03 . 121 0.14 0. 941 1¢&. GO 28.97 28 70 -0.10 0.705
CRC 116 O [o7¢] 4 12 97 19.17 1 037 -6.24 0.000 1° 0 Q0 32.77 32 & G. 16 0. 641
RMG 174. ¢ 00 a 12.97 27.8% 1 035-14. 91 G. 000 3& 69 4 48.97 47 S9 1 &3 0000
HGA 209. ¢ [o7¢] 12. 97 32 32 1 CG49-19. 41 G. COC 3% 4 51.97 55 C4 -2.15 0.000

DATE  ORIGIN ILAT [ RRETE

B20S195 356447 O29NG1 1 oo
DI ACOHAL Tr:ODRLA L T T e Ty 5
ave 0w Lv,.\ Ot i H

ML vt K143 QU 77y
7 )& bt )

CSTAVTON R FORE T Y e B IO I T NS B ARy

[P g -




£6

82/ 5/30 7/11 8) 30 MAY 82 GRTN BEST g2/ 5/3G -
[ ADJUSTHENTS IN PR INCIPAL DIRECTIONS ——---—— X ADJUSTHENTS JCADST | TAnEr
I LAT LONG DEPTH _RMS NU PRMS DAMP SAZ/DP-—STER—-~SE =AZ/DP-=STEP===SE -AZ/DE--STEP-—-SE DLAT DLON DI DLAT DLON
54. 3 10.0 3.44 18 .561 . 10E-02 201 05 T304 1,95 349/58 9.6 4. 75 194/4% 29 a7 2 36 2557 PN 1 PE-BTAL-TETS 1
2 a2 O 260 0 53 18 .342 . 10£-02 201718 1101 1:78 3330799 T3.58 100 1437232310 5 37 %8s T1% 159558 kS
342. 4 7.3 20.7 0.31 18 . 265 .10E-02 140/13 7897 1.18 261/17 —-. 3242 .853 16768 -2.07 2.31 .047 .442 2.2 0 G G. 4 -2
4425 7.6 1B 5 0.28 18 .273 . 10E-02 145/ B -.052 1.19 2617/ 9 ~-. 107 .B76 13777 -1.03 3.51 .20 -.07 -1.0 -0.2 -G 1 -1
5423 74 175 057 18 273 10fF-60 145, & 0235 1 18 2617 9 - 012 B&4 15/76 - 032 2.63 .020 .005 -.08 2 ¢ G o =
2453 76 175 097 1w 275 10 -an 145 E 0235 1 B 261/ @ - 01F RAd 15,78 - (32 3 €3 C19 005 - Ga ) L & T
HONIZONTAL & VERTICAL SINGLE VARIABILL (IDOF) fuk (i SulARKE CONF IDENCE 1H1ERYALS
SE = 0 SE = 0 70 SE = 1.90 QUALITY = £
. Az = -iG: Al - -13
CHI SQUARE 687 (DOF) ELIIPSE SEMIAYLSE = 0 b0 kM AND 1,07
& 0F ORIC O70Y CTGTAL CUMBER OF V1ERATIGNS - S DMAY = 500 00  SEAUENCE MUMGER =
AT THE CLOSFST ©:ntiomn UEl IN FHE S OfLON ECTem F AND - WERE 'WED — THE € RIMUC P [NTERVAL EGUALS 3 90
(")
OF G Tis Lar108 e NV Ly, PAS D L GAP D RMS ERM EFL O 6D ADJ IN MR AR AGK NMAVXIM SD ol Sl
711 OSE 84 LHHdL Ga ST 7 sie 17 a7 1B it B9 1 227 67 122G E 1031028 GGC00 18 O 2 :
- STATION CATA - ©mWAVE ] Pl Cmm—omsy NAKD (=--- S-UAVE TRAVEL-TIME DATA —=)(=-~ MACNIT
STN DIST AIM Al Flu = TOUR =001 FeaTCe P-WT THIC SSEC SRMIA TTOR TTCAL S-RES S-WI ARMX PR AMAG
CER 1R G 711 . : 4 g " 6 006 s o1 7. 26 7 16 € GA 1119
CRT 27 € 25 11 : O T C1119 oS 9 1, 9 Iu -G o | 119
N 23 %9 11 N T 1 492 9 ad 16 %6 10 <7 G 03 1 119
- 5% 235 11, ¢l ez 1. 492 1€ 10 2 11 26 10 9% G 71 ©. 360
Pk 331 42 112 (26 6 301 1. 492 % 70 10.86 10.67 0 14 1.119
€TT  51.6 215 100 916 913 1 1. 479 14.35 O 15.51 15 47 -0.03 1.109
LHT 75 7 9B2 95 a 1 16 1292 1 0. 000 21 30 1 22.46 21 93 G. 44 0.721
OCT  77.0 1100 99 ¢ 3 14 16 13,14 1 0.318 22.50 4 23.66 22.30 1.30 0.000
TEC 96 & 63w o 16 16 16 25 1 1. 121 26 25 1 27.41 27 58 -0 32 0. 631
FHE w7 o8 o0 - o 1o & 16 a3 1,113 26 30 1 27.4& 27 SG -0 47 O 626
RBNC 110 4 116 . 16 16 44 1 G. 00G 25,20 4 30 36 31 %0 -1 18 0 000
BRI 166 & 68 7y a ic 27 0r 1 G 00C 35 55 2 26.91 8% 3 .49 0. 249
Ve 182.3 216 4O a G7 D9 Al 6. C0G 5¢ €0 4 51.95 4% 63 1 S8 O 000
GFM  214.1 77 O A 14 33 94 ) G. 600 56 B 4 59 .96 57 C? 2 52 0. 000
(CHROR ELL IPSE)
DATE ORIGIN  LAT LOMG  DEF ¢ SGAP DMRSSD AZI1AIL AXe AXZIQ  MAG(DH)
26550 PTISA vmhar ma can T serh L1308e Yo gap 6 3MA 875 Y e
GUALTTY EVALUATION
DIACONALS IN CRISF OF SikfrcTw : @ W i€ T Sw €
AVE OF END POING= G e 0 5o Yo 8o 668 1 oon
T T TR WML AE Dl GU T
: . : - Loy i

u».’)OIULJOm



76

P
[RETSN A R R TT7)
-3

82s7 7/19 4/3 10) 19 JUN 82 GRTN 82/ 7/19
(—=mmm = ADJUSTMENTS IN PRINCIPAL DIRECTIONS—-——-~--= ) ¢_ADJUSTMENTS )(I«D.‘
I LAT LONG DEPTH RMS NO PRMS DAMP -AZ/DP--8TEP--—~SE =Al/DPax=STEP===SE -Al/ D?--STEP--—SE DLAT DLON DL
1 39.9 46.4 100 2.97 6 .03%4 . 10E-02 331,23 18.13 . 684 81/23 7.904 2 12 261/57 10.10 . 846 6. 95 17.0 12. 3 4.
243 2 57.7 22 5 0.43 6 07+ 10E-02 184, 3 2.137 1.0%5 261/28 ~2.55 1.4 48/62 —5. 36 3 98 1.30 1.28 -6.0 1
3 43. 9 58 & 16 4 0.09 & Q37 10E-02 31 € ~-.137 1 C7 261720 -. 027 1 86 380/70 - 110 5 46 - 11 -. 08 -. 11 -0
4 43. 9 58 ¢ 1&£& 2 0.0% o CAT 10(-02 G - €Oz 1 C7 261/2CG 0C2E 1 S35 S1/7C 00622 € 472 0 06 0 0Q .00
4 43.9 58 9% 16 3 0.09 & 0GR . 10fR-02 C - 002 t €7 Z61/2C . 0Cae” 1 85 S1/7 0G8” 5 49 O 0G 0.00 007
HORLZONTAL & VERTICAL SIiei: vafisbie C1LCF CHi SIUARKE COMF IDENCE IHTERVALS
. 0 57 SE = 1.2 Se = 2.77 QUALITY = C
-29 AZ = -129
CHI SGQUARE &8% (& L'ul ) Bl THEE SEMIAYIIE = vo+7 kM AND 1.95 0
SE OF ORIG - v ST TOTAL MUMPER Qi LTERATIHG - 4 UmMAX = 20C CO 2EGUERCE NUMAER = )
AT THE CLOGEST SIATION USED TN THE S 3¢ 10 POANE . WERE U3ED THE € MINUS F O IMNTERVAL E&0.0 € 2 8%

LATE GG I GaP O RMS  ERE EF2 G 6D ADo 1M NR LSNP AAR N AV A SExm T
Q2NY1e 434 42 1C P - G 7 280 DO1E I im s o008 O 6.0 ¢
v= STATION ATA - S=wnavl ?P»\‘.'k{\_—"IMc DATA —=)i~== MAGRTT il
1N DIST AZM A i SEEC cRME TTOL TITAL STRES S-WT AMx PR G
HIR 45 a9 1 o C G 4-42 1o 4 £9-37 G4 O 00
THL. 20.0 114 1 1 4< 59 Q 7 4ac 7 8 -C 6S 0. 899
HPK 23 3 22 1. : IR SC 20 8 16 @ 18 -C 10 0 899
ORT 35.7 304 1Q ©34-48. 7¢ . 000 33. 40 0 11.20 11. 23 0.¢€1 0.899
BBG 96 .3 171 108 -0.10 0. 903 71.25 4 29 15 27 a8 1.%2 0. 000
, (ERROR ELLIPSE)
DATE ORTG TN AT LOMNG DEP F SGAF DMRCU AYIAZ1 AxD AXIQ Moo
FARO0719 A72442 T70hN33 8/ ¢ WD S216 2 2 32y 19 11 L 5 %1 0 - 2.8C [ele)
)
. Lo Ty EVALun LUk
DIAGONALS IN ORLER OF STRETGTH z £ NE N Sw SE N
AVE. 0OF END POIRNTE G 46 0.53 0.54 G &7 0.97 1.0 1.22
NP - R S MIN TRMS AVE IRMS QU I TY
I3 TGS TOAR CoeR A




S6

82/ 9/21 1/ 7 12) 21 SEP 82 CRTN
I LAT LONG DEPTH RMS NO PRMS DAMP -A
1 93.6 52.7 10.0 2. 52 21 .324 . 10E-02 26
2 5.3 44.3 24.2 0.42 21 .207 .10E-02 34
3 6.7 43.3 19.0 0 20 21 .188 . 10E-02 8
4 6.7 433 181 0.19 21 .187 . 10CE-02 8
3 6.7 43 3 17 9 0 19 21 186 . 10E-0Q2 €
S &7 43 4 17 2 0 19 21 000 10€-01 €
& 67 43 L 17 9 0 19 2t 186 . 10€£-01 ©
S & 7 43 4 178 019 21 [efe]e] 1GE+00 &
& 6.7 43 5 17 7 0 19 71 186 10E+00 &
7 6743 4 178 0 19 21 186 10E+0C €
7 6.7 43 4 17 8 0. 19 21 18& . 10€-02 e

HORTZONTAL & VERTICAL SINMGLE VARIABLE (1DOF w C

CHLD SGUARE &8% (SLDOF ) Bl TF-E ZEMIAXES = -3
SE (GF ORIG = D11 TGTA. NUMBER OF JllRA[li'S
AT THE CLOYFST STATTION USED IN THE SOLUTION 7

DATE ORIGIN LAT ~\\\ LONG 11’*DCPTH MAG NO D1 GAP O RMS ERH ERZ Q SGD ADJ IN NR  AVR  AAR MM AVXM SCaM N &VES oL
82092t 1 7 17 &7 36N o F B3WE3 44 17 &1 21 25194 1 © 1?7 O 7 08CG6H L 010 10 22 ¢ GO 0 18 0O [P0 B
(= STATION - -~-- - F-WAVE TRAVEL-TIMi. DATH AND DELAYS - VARI t--—- S-WAVE TRAVEL-T! l& CATA --){(--— MAGHNITULE -
SiN  DIST IN FSEC PEMA+TCOR-O=TTOE-TTCAl. C-CLAY-ECLY=P-RES P- HT THIC SSEC -RHK TTOB TTCAL S-RES S-WT AMX PR XMAG F Fia
HPK 24 . 9 21 23. 10 5.23 S5.15 1 G35 .04 1.700 2. 70 8.83 € 71 0.07 1.279%
TKL 30 S 02 26.75. 8 88 8.97 1 030 -0.12 1.695 33. 40 1 15.53 15.20 G.29 0.954
CET 87 4 94 R2.96 1503 15.11 1 G29 -0.11 1.339 42 SO 25. &3 25. &4 0. 05 1. 004
TLT 103 2 73 .4.90 1 17.03 17. 29 1 041 -0.31 0.917 47 20 29.33 29.35 -0.08 0.917
REMC 107 1 76 <6 11 18.24 17 <1 1 162 0 17 1.191 42 50 30 63 30.40 G 00 0.893
ET1 109 4 74 29 90 9 18.06 18 1 0s2 -0 24 1.172 48 €0 0 3¢ 93 31 €1 -G 15 0.879
aHU 114 O Ve 3T 2 } 16 4¢ 1€ ¢ H G7: 0.44 0.8S2 SC 49 13262 22 20 € 31 O 639
Lt 1331 F& 139 80 21.€ 21 =2 ¢4t -0.0% 0. 988 5% 30 37 .43 37 22 C 13 0. 741
BREC 136 2 76 40. 50 C 2263 22 40 1 175 0.0%5 0. %966 5¢&. 30 0 38.43 38 ¢3 © 15 0.72
BBG 137. % 76 40. 30 1 222. 43 22 40 1 120 -0. 2% 0.717 S5¢&. 60 38.73 38.27 0 19 0.717
GFM 172. 6 7C 45.75 () 27.88 27 92 1 164 -0.22 0.718 &7. 95 4 50.08 47.44 2 39 0. 000
: (ERROR EL-1PSE)
DATE QRIGIN LAT LONG DEF P Sishf weTD AX1ALL AXZ AXIG MAG D
20921 1 717 HU6N & 6f &4W43. 4417 2111C19% 21 8L G 7-10 0.4 0 BA G C
GQUAL ITY EVALUAT IO
DIAGONALS IN ORDER OF STHENCTH z ME Mid N [ SE W
AVE  OOF END POINIS O 5 C W vt Gzt 09 6 &4 T T
NUFilet K FOSOMIN DEMS AVE e, QUALLTY
21 [C O LA oS 4

/721 . ;
------ ADJUSTMENTS IN PRINCIPAL DIRECTIONS—~-----=)( ADJUSTHENTS ) (ADJST. T .
/DP--STEP~--SE -AZ/DP==STEP--=SE -AZ/DP--STEP--~SE DLAT DLON DZ DLAT DLO .2
/17 -12.7 1. 81 333/33 21. 3. 128751 7.901 2.25 18.0 -13. 14.2 18.0-1=. 7 &
/ 4 2.015 1.53 81/12 .769 809 261/77 -35.63 1.68 2.68 -1.5 -5.2 2.7 -1.5 2
/10 . 40235 . 723 345/19 -. 327 261/68 -. 750 1.47 -.11 .23% -.87 -0.1 G. @ 9
/10 .00B& . 722 346/1Q -.03€ 1.39 261/76 -. 191 1.32 .000 -.03 -. 19 0.0 CGC 2
/11 -.003 . 713 344/16 -. 009 1.36 261/70 - 114 1.61 .029 -.02 -. 11 0.0 C C 1
s11 343/1¢& 2&1/70 o 0 o S
S11 - 003 719 344/1& -. 009 1 26 261/70 - 1le 1 &1 CG29 - 02 - 11 QO Co=
/11 344716 2¢1/70 QQ oo
/11 - CO3 7G4 344/1& - COE 1 &9 261/70 - 126 1 €0 .02% - G2 - 1 & o T ¢ R
J11 - GO1 7G4 344/16 .0Gle 1. .29 261/70 - G153 1 SO 00& G G —. 01 [P R N
/11 -. 001 . 715 344/1& .0CGIE 1 36 241,70 ~-. 015 1 62 .C07 0 00 —-. Q1 O & I i N
1 SGQUAKE CONFIDENCE INTERVALS
0 a1 SE = G 74 cg = O 84 GUALITY = 4
-101 AZ = -11
-t AND 1.13 wit
7 DMAX = 400 09 SEQUENCE 1:UMltR =
AND S WERE SED THE S MINUS F IHTERVAL EG'IALS 3. 60
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82/ 9/24 21/57 13) 24 SEP 82 A GRTN 2/ 9/24 21727
L ADJUSTMENTS IN PRINCIPAL DIRECTIONS ———————— X ADJUSTHENTS ) (ADJST  TAKEL)
I LAT LONG DEPTH RMS NO PRMS DAMP -AZ/DP-~STEP—-~-SE =AZ/DP=x=STEP===SE —-AZ/DP--STEP--—-SE DLAT DL DZ DLAT ﬂnon r:
1 32.4 25.2 10.0 3.47 24 .367 . 10E-02 12774 -3.26 1 &7 36710 21.94 1 02 261780 8.593 2 44 14 & -14. 12.3 14 &-14 3
2 30 3159 223 0 445 24 . 188 . 10E-02 2617 2 -2.56 . 572 136/ 3 - 444 ©993 350/87 -4.72 1 €1 1 17 -2.2 -4.8 1 =
340.9 14.4 17 & 0 20 24 .196 10E-02 261/ 3 1870 . 5&7 137/ 7 - 189 979 341/82 294C 1 B4 -. 22 .021 . 329 -0.2
40 B8 14 4 17 9 0. 20 24 196 . 10E-02 261/ 3 0094 567 136/ 6 0OClz . 961 341/82 0?55 1. 80 0.00 . 0C 026 0.Q
4)50.8 14.4 17 9 0.20 24 .196 . 10E-02, 2617 3 0G94 567 136/ B . 0G1Z 981 3a1/82 35 1 BQ jf .on> 026 o ¢
HORIZONTAL & VERTICAL SINGLE VARIABLE (1DOF) &8%X CHI SQUARE CONFXDENCE IN*E e
SE = _31 = 4 se § 0. v3 JGUALITY = 4
AZ = -132 AZ = —42 |
CHI _SGUARE 687 (ZNOF) ELLIPSE SEMIAXES = O 47 KM aNh  © 82 ric -
SE OF ORIG = O 0& TOTAL NUMBER OF ;TERATIONG 4 DMAX = 300 GO EQUETCE NUMBER =
S AND P ARE NOT BOTH USED A1 CLOSEST STATION
K] RX - N T -
DATE ORIGIN LAT LONG DEPTH MAG NO D1 GAP D RMS ERH ERI QG SGP7 ADJ YN NR  AvR ((AAR\HM AValr SDYM 1T -~
820924 2157 42 146 35N4O. 78 84W14 44 17.88 24 23 631 G20 095 10BE K 040 40 38 ¢ CON. 14) 0 60
(- STATION DATA -) (—=—-—- P-WAVE TRAVEL-TIME DATA 4ND DELAYS --——=-=) YAF] (--—- S-WAVE TRAVEL-TIME CATA —=)(-=-— MAGMNITLITS -
STN DIST AZM AIN PSEC PRMK+TCOR-O=TTOB-TTCAl. C-DLAY-ECLY=P-REES P-WT TriiC SSEC SRMh  TTOB TTCAL S-RES S-WT Aix PR AMAG © il
CBT 22.6 226 124 47.00 484 4.85 1 ¢43 -0 05 1.455 G GO 4-42 1& &.20-5G 43 0. 0G0
ORT  26.1 347 120 47.50 5.34 5 33 1 041 -0.03 1.455 C.GO 4-42.16 9.G1-51 24 0.000
HWR - 28.7 72 117 48.00 5.84 5 68 1 033 0.12 1.455 0.00 4-42.16 9.&3-51.€5 0.000
TLT 42.2 185 106 49. 90 7.74 7.68 1 046 O0.01 1.455 33.20 O 13.04 13 02 -0.03 1.092
TKL. 42.3 93 106 49. 92 7.76 7.70 1 032 0.03 1.4553 55. 40 13.24 13.06 ©.13 1.092
HPK  42.6 950 106 49.70 © 7.%4 7.74 1 028 -0.23 1.433 33 30 13.14 13.13 -0.04 1.092
ETT- 438 206 103 50. 00 7.84 7.94 1 053 -0 16 1.435 5¢.00 1 13.84 13.45 0.32 0.819
RCT 33.2 226 101 91. 60 9 44 9. 430 1 022 0. 02 1.429 SE B0 2 16 64 15 92 0.68 0 536
BHT - &6.3 286 97 33.80 O 11 64 11,46 1 067 O.11 1.323 C GO 4-42. 16 19 44-61. 70 0. 000
RHT 88 & 221 94 56.90 1 14.74 1499 1 024 -0.28 0 B&4& G GO 4-42 16 29 434-&7. &3 0. 0GO
B¢ 97.6 156 93 58.5% 16.39 16.40 1 108 -0. 13 1.087 72.20 4 30.04 27.84 2 05 0.000
CRG '117.9 195 76 1.50 © 19.34 19 51 1 037 -0.21 G. 9486 15.10 0 32.94 33 11 -G. 23 0.711
RBENC 119.3 107 76 2. 21 20.05 19.79 1 162 0.09 0. 936 0.00 4 17.84 33..0-1& 00 0. 000
TVG 174.0 214 70 10.20 O 28 04 28.13 1 G31 -0.13 0. &07 G.GO 4 17.84 47 78-29.99 0. 0G0
BRBC¢177.0 87 70 10.92 O 28 76 28. 59 1 196 -0. 02 0. 591 31 96 3 49 74 48.55 G 91 0. 111
HGA 215 2 223 50 16.30 1 34.14 33 62 1 ¢49 0. 4& 0. 304 32 60 4 59. B4 57 23 <. 53 0.000
GFM 224.9 77 50 17.70 1 35 54 34 81 1 222 0.5G 0.273 4 30 4 63 13 59 Z&£ Z S3 0.0C0
L&KY 254. 6 348 90 22.30 4 40 14 38. 44, 1 1. 45 G. 00GC 5 GO 4 17 B4 €S 47-4T &4 G 000
PWLA 3546 .2 259 50 34 72 4 52. 54 50. 85 1 . 626 1.67 G. GO0 3. 060 4 17.84 8% T1-6E.91 0. 0G0
(EKROR ELLIPSE)
DATE ORIGIN  LAT LONG  DEP F SGAP DMRESI: Ax1AZ1 AX2 AXZQ  MAG(D)
820924215742 235N40 768 84W14. 4417 917 7 &3 22 2BF. 0 =41 O 2 1.0A € ©
QUALTTY EVALUALS ‘fuN
DIAGONALS IN ORDER OF SIRENGTH g 1 1 LY
AVE OF END FOINIS O “ub o <& /o £ oo0e ).. 51
NUMIER KiMS MIN DF- My AVE l_:hm = )u'.‘r-f Iy
It B

n 2 0 = (S AN




L6

BEGIN-

82/ /24 22/19
(——e—e—e ADJUSTHMENTS IN PRINCIPAL DIRECTXDNS -------- ) ( _ADJ
I LAT LONG DEPTH RMS NO PRMS DAMP ~Al/DP--STEP--~SE =AZ/DP==STEP===SE -AZ/DP--STEP---SE DLAT DLO
1 45 35 56.3 10.0 4.29 20 . 526 . 10E-02 129/ 4 16 28 2 36 220/23 -23 8 1_70 29/67 6 014 4. .13 -3. 9
2 42.3 141 24 4 O 53 20 211 . 10E-02 141/ 3 - 333 1 26 261/ 4 1 31 . 754 17,89 -7 8% 1 ¥4 -2 1
3 41.2 151 16 7 0 20 26 .187 10E-02 261/ 1 - 160 414 140/ 1 - 114 1 04 246/88 ~-1.91 © 19 - 02
4 41.1 15 0 152 0.18 2 177 . 10E-02 320/ 0 0249 .9€2 261/ 1 0C2% 374 £3/89 —l 17 & 73 003
4 41 2 15.0 14 0 0 18 20 . 000 .10E-01 320/ © 261/ 1 $3/8%
S 41.1 150 152 Q.18 20 .177 . 10E-01 320/ 0 0248 982 261/ 1 0625 .&74 53/B9 -1 1 2 74 00Y
4 41.2 150 14 0 0 18 20 . 000 . 10E+00 3207 O 261/ 1 $3/89
541.1 150 152 0 18 20 .178 . 10E+00 320/ O 0233 .998 2&1/ 1 0023 571 83789 - 774 2 25 . CoE
& 41.2 150 14 4 0. .18 20 .177  10E+00 319/ 0 . 0103 . 930 2&1/ 3 003¢ . S62 £7/87 1 66 C14
7 41.2 150 14 7 0.18 20 . 177 . 10E+00 2617 1 0072 545 139/ 1 - CO1 9LO 7548/8% - 77 2 42 - Oz2
74111506 141 0182 GO0  10E+01 261/ 1 139/ 1 68/ 8%
e 41. 2 150 147 0 182 179 10E+01 261/ 1 0023 222 139/ 1 ¢ COC  xel &B/8F - 1T 38T O OO
€ 41 2 150 147 0182 176 10E-02 251/ 1 0074 . S5¢8 129/ 1 - CO1 %79 .48/BS -1 T E 10 - 00
HORTZONTAL = VERTICAL SINGLE VARIARLE (1DOF; £8% CHI SQUARE CONF IDEMNCE INTEFYALS
SE = 0. SE = Q <2 €e = 1 ee
Z = -130. - AZ = -&G
CHI SQUARE oBZ (2DOF) _ELLIPSE SEMIAXES = G 47 KM AND O 80 Kn
SE OF ORIG 0.06 TOTAL NUMBER OF ITERAVIONS = 8 DMAX = 400. Q0 SEGUEMCE MNUMBER =
S AMND P ARE NOT BOTH USED AT CLOSESE STATION
DATE ORIGIN LAT*\ LONG\ DEPTH MAG NO D1 GAP D RMS ERH ERZ G SGD ADJ IN NR AVR AAR'N
820924 2219 16.71 33N41. 16 B4W14.99 14.74 20 29 123 1 .18 0.3 1.7 B B B 0.68 10 36 ©. 00 0. 14
(= STATION DATA -) (———=—— P-WAVE TRAVEL-TIME DATA AND DELAYS —------) VAR -——— S-JAVE TRAVEL TIME DATA
STN DIST AZM AIN PSEC PRMV. +TCOR-| D—TTDB TTC L C-DLAY-EDNLY=P-RES P- wT THIC SSEC SRMK TTOB TTCAL S RES S-
HWR 29.3 74 108 22 60 1 S 58 1 . 029 0.29 1.09 <. 00 4-16 71 ? 49— 20 0
TLT 42 8 184 94 24. 40 7.69 7 &8 1 G41 -0.0C 1,462 2¢ 70 < 12 99 15 €2 —O o8 1
HPK 42.8 51 94 24. 20 (o] 7.49 7.68 1 024 -0.21 1.462 2% 80 1309 13 . ¢2 ©.04 1.
L 43.2 94 94 24.45 7.74 7.74 1 028 -0.02 1.462 2¢ 90 13.19 13 12 0.03 1
ETT 44. 1 205 93 24. 53 7.82 7.88 1 047 -0.10 1.462 30. 50 1 13.79 13. 36 0.27 0
T 53.1 225 90 26. 20 9.49 9.33 1 021 0.15 1.43¢& C. 00 4-16.71 15 C1-32. 55 O
BHT 65.4 286 90 268 11 11. 40 11.27 1 065 0.0& 1.337 c. Q0 4-14.71 19 12-35 92 0
RHT 88 & 22 90 31 40 1 14. 69 14 97 1 024 -0.3C 0.868 C. GO 4-1& 71 25 41-42 14 O
210 FE S 156 9C I 20 16 49 16 55 1 107 -0.1& 1 085 4<. 00 2 29 26 ¢? G 06 O
CRG 117 9 193 9, 3¢ 20 15 49 19 62 3% -0.17 0 950 [« elg] 4-16 71 33 22-3C €¢7 O
RBNC 120.3 107 90 36 78 20 07 20.01 1 145 -0 06 0. 934 ¢ QO 4-1& 71 33 97-50.88 O
BRBC 177.8 88 70 45 50 ! 28 79 28 88 1 196 -0 27 0. 442 sL. 950 1 49 79 45 C4 G 47 O
IvA 208.4 138 50 350 10 33 39 33 12 1 22 0.2% 0 438 T& 20 4 58 09 9% 7 1.69 O
AGA 2151 223 50 51. 00 i 34 29 33. 94 1 49 0. 31 0. 3046 C CO 4-16£ 71 97 T4-T74.53 0O
OCA 231.9 240 S50 O 00 a -16.71 35 99 1 ©32-%2. 73 0. 000 21 1 4 64 329 61 3 G7 C
L6KY 253 7 349 SO 56. 80 4 40. 09 28 bhe ) 1. 42 G 00OC OO0 I-14 71 6C < %4 g
SBKY 283 2 & S50 O 79 a 44 04 42 2 1. 72 @ €00 coae 3 847 29 70 20 71T
HVA 294 9 232 O 1.90 4 45 19 43 45 1 c2% 1 4F 0 000 GO0 4 a7 29 76 31 18 3
(ERROR ELLIPSE)
DATE ORIGIN LAT LONG DEP F SGAP LMRSSL A*1AZ1 AXZ AXIG MG L
20924221916 735N41 14 B4WI4 9914 714 6125 2¢ 2BE O %-40 O 3 1. 7B G
GUAL ITY EVALUATION
. ~ L TTTN =
DILAGONALS IN Ot v OF S TkeNGTH 4 N SE T Swe [ F
AVt OF END B IRTY oG [ P C By 08?0

14) 24 SEP 82 B GRTN

82/ 9/24 22719
USTMENTS ) (ADJUST. TAvﬁh
N DZ DLATY gtDN 2

26.9 14.4 -%.9 % 12 3
1 a6 =7 7 2 1t -
- 18 -1 35 g S -. 0
OoR% -1 2 & 2 c ool 2

93 c I
03s -1 2 32 ¢ -1 2
028 - 77 b ¢ o3
0. G3 . 305 ‘. z :
062 - &5 AN -
ocz - 02 AN
ooon -1t I

GUALITY = C

" AVIM SDXH NIC AYTM Ly
.0 © [

-=)(--= MAGNITULE DAY~ ---
STOAM) PR XMAG & FM&E S- i




86

e mmmmeme o BEGIN-—-

82/ 9/24 22/34 13) 24 SEP 82 C GRTN

(m=m=———— ADJUSTHENTS IN PRINCIPAL DIRECTIONS --------
I LAT LONG DEPTH RMS NO PRMS DAMP -AZIDP~-STEP—-— E Z/DP-OSTEP---SE AZ/DP~~STEP--~SE
18.1 17.0 10 0 5. .62 11 685 10E-02 81/28 -34.1 3 51 297 28 19.30 4. 171/48 35.292 6.26
2322129 391 1.50 11 .130 10E-02 261/ 1 -6.99 1.07 332/19 11.3& 2 148/71 -20 4 3. 25
342.3 145 23 5 0 46 11 165 . 10E-02 3/ 3 -3.40 1.24 2737 & -1. 987 124/83 -10 1 & 09
4 40.8 14.5 131 0.12 11 100 ,10E-02 3957 0 . 1077 .670 265/ 3 -.050 . 544 <90s87 -3.18 3.31
5 40.8 14. 6 ? 9 0. .12 11 115 . 10E-02 3359/ 8 . 2241 .738 267/10 0787 .602 128/78 -. 089 3 06
6 41.0 14.7 9.9 0.12 11 .117 . 10E-02 359/ 8 —-. 002 . 753 268/10 . 0034 . 613 128/78 -. 018 3. 14
b 41.0 14.7 9.9 0.12 11 .117 .10E-02 3997 8 -.002 . 753 268/10 . 0034 .613 128/78 -.018 3. 14
HORIZONTAL & VERTICAL SINGLE VARIABLE (1DOF) &B% CHI SQUARE CONFIDENCE INTERVALS
SE = 0.37 SE = 0.1 SE = 1
AZ = -130 AZ = -40.
CHI SGUARE 68% (2DOF) ELLIPSE SEMIAXES = O 56 KM AND 0.78
SE OF ORIG = 0 07 TOTAL NUMBER OF ITERATIONS = DMAX = 400 00 SEQUENCE NUMBER =

AT THE CLOSEST STATION USED IN THE SQOLUTION BOTH P AND S WERE USED. THE S MINUS P

k3
DATE ORIGIN LAT * LONG DEPTH MAG NO DI GAP D RMS ERH ERZ Q SGD

820924 2254 11. 57 35N40. 95 B84W14.70 9. 88 11 42 167 1 G. 12 0.5 1.6 C B

INTERVAL EGUALS

ADJ IN NR AVR
0.25 10 12 0.00 0.09

(= STATION DATA -) (-—-—--- P-WAVE TRAVEL-TIME DATA AND DELAYS --—----- ) VARI (---- S-WAVE TRAVEL-TIME DATA --)(--— MAGNITULE DATA --.
STN DIST AZIM AIN PSEC PRNK#TCDR 0O=TT0B- TTCAL Cc- DLAY-E85¥‘P6RE§ P-WT THIC §§E205R"K

TLT 183 97 7.53 54 . . 1. 263

TKL 2.7 94 96 19 20 7.63 7.59 1 .021 0.02 1.263 24. 42

ETT 43. 9 206 96 19.20 1 7.3 7.80 1 .035 -0.21 0.947 24. 80

RCT 3.2 225 79 20 70 1 ? 13 9.33 1 . 018 -0.22 0.930 0. 00 4-
BHT 6£3.9 286 79 23 10 11. 53 11.42 1 .055 0.05 1.151 31.12

DCT 1.5 193 79 23. 90 12.33 12.35 1 .034 -0.03% 1.113 32. 80 1

(ERROR ELLIPSE)
DATE ORIGIN LAT LONG DEP P SGAP DMRSSD AX1AZ1 AX2 AXZQ MAG (D)
B820924225411. 635N40. 93 B4W14.70 9.9 &6 5167 42.1BC 0.3-39 0.4 1. 68 0.0

QUALITY EVALUATION

DIAGONALS IN ORDER QOF STRENGTH 2 NW SE E SW NE N
AVE  OF END POINTS 0.16 0.47 0 61 068 071 0.72 1.07
NUMBER RMS MIN DRMS AVE DRMS QUALITY
11 0 12 0 13 0. 66 [

22/34
)¢ ADJUSTHENTS )(ADJST TAKEN)
DLAT DL DL DLON DZ
26. 1 —6.2 29 l 26,1 -6.2 29 1
18.7 2.43 -16. 187 2 4-15.6
-2.8 .041 -10. -2.8 0:0-10 4
.111 . 134 -3.2 0.1 0.1 -3.2
.230 .098 -.04 0.2 G 1 02O
0.00 .006 -.02 0.0 G.O 0.0
0.00 .006 -.02 0.0 G. 0 0O
. 64 QUALITY = B
5. 30

AAR NM AVXM SDXH NF AVFM SCFI
o .0 © G c

TTOB TTCAL S-RES S—-WT_AMX PR XMAG R FMP FMAG
12.83 12.70 0.09 0. 7947
12.85 12.78 0.04 0. 947
13.23 13.11 0.08 0.947
11. 37 15. 76-27.35 0. 000
19.55 19.38 0.11 0.84&3
21.23 20.97 0.22 0.626




66

82711/ 2 8/4 17) 2 NOV B2 GRTN 27110 & €84
(m=——=— —~ADJUSTMENTS IN PRINCIPAL D[RECTIONS -------- ) (_ ADJUSTMENTS | (ADUST TAKEN
I LAT LONG DEPTH RMS NO PRMS DAMP —AZ/DP—"STEP‘--SE 'AZ/DP"STEP===SE AZ/DP--STEP—--~SE DLAT DLON D LAT DLON CI
1 93.6 92.7 100 3.05 183 . 10E-02 126/ 2 1.83 B1/36 4. 22& 4. 40 261/32 20.94 1.17 -193. .69 13.¢-13.0 & 7 13,
2 47.4 397.2 23. 6 0.31 9 .081 .10E-02 3167 O ‘!,87 . 832 261722 ~. 362 . 923 45/68 -7.34 2 31 -3.0 . 407 -6 ‘r' =30 C 4 &
345 8 37 4 147 011 9 107 .10€E-02 317/ 3 0572 941 261717 - 14C . 620 S&6/72 .2302 .83 . 174 - 11 1er ¢ 2-¢1 o
4 45 9 57. 4 16 2 O 11 9 105 .10€-C7 317/ 3 - 009 .98 226718 - Gl1¢ 612 83/72 0111 3 72 - 02 .002 Ci1S 2 C C G O
4 45 9 57 4 169 0.11 9 105 .10€£-02 3177 2 -.009 .98 226/18 - . C1¢ . 612 353/72 0111 2 72 -.02 .002 .01 Q. Q0 CC ¢
HOKIZONTAL & VERTICAL SINGLE VARIABLE 1DOF) &8% CHI $QGUARE CONF IDENCE INTERVALS
SE = QO 4¢ SE = Q &9 cE = 1 90 QUALITY = &
AL = -3v AZ = -1c0
CHI SQUARE 68% «"INOF) ELLIFSE SEMIAXES =~ G 7% wm AND 1. 05 vm
SE OF ORIG = ¢ 18 TOTAL NUMBER OF ITERATIONS = 4 DMAX = 400. 00 SEG (.LVJCE RUMUER =
AT THE CLOSEST SIATION USED IN THE SOLUTION BOTH P AND ¢ WERE USED. THE S MINUS P INTERVAL EG-LE 2. 80
DATE OF iGN LAT, U.,‘I‘l(}‘qsu CEFOH MAG NO L GAF L RMS ERH  FEK! o040 4DJ I NF AVvR RAR NP AV - o
B21102 BA4A 45 - UDNAE S0 BBRWLT F7 16 =7 ¢ Y1321 411 6T 18Oz 28 10 1&g T ¢& 6.0 O :
-- =TATION ATA - - -- === F-WAVE TRAVEL-TIMY DATA AND LEI AYS ------— ) VAFL (-—=- S5-yavh TRAVE_ TIHE DATA —=) (- -= 1M&5k 1A
cre DIST AZM sl PbEC FRMi-+TCOR- (J—-I’TL)B TICAL C-DLAY-CLLY= P-WT THIC SEEC <FM TT0B TT. S-RES S-WT amM: PF M~ [
HEY 19 2 21 1o, 49 7C 440" 4 1) 1 G348 1.218 2g 59 720 7 £B -0 19 0. 913
Tl 20.3 126 1. 49 20 4 60 4 4e 1 042 1.218 < 9% e 7 65 7 S5 Q 04 0. 913
JBT 49 O 239 10w 84 0C 8 70 e 4y 1 03¢ 1 218 0. 29 14.90 14 7S € 11 0.913
evy b6 5 223 9 56,90 11 60 11 46 1 c47 1.106 &4. 63 19.33 19 494 -0.17 0.829
BHT 89.8 276 92 0. 00 4 ~45 30 15 14 ¢ C6&-60. 53 0. 000 72 21 4 26 91 25.75 1.07 0.000
EBG 99.7 172 <. 0 GO 4 -45.30 16 73 1 108-62. 0. 000 73.70 2€. 40 28.42 -0.17 0. 672
(ERROR ELLIPSE)
DATE ORIGIN_ LAT LONG DEP P SGAFP DMRSSD AXLAZ1 AXZ AXIQ MAG (D!
£21102 84445 >TSMAS 90 8RWS7 3716 ¢ 4 %147 19 IBC C T &1 0.9 1.9B [ele]
QUALITY EVALUATION
DIAGONALS IN ORDER OF STRENGTH N 4 NW SE NE E €W
AVE  OF END POINTS 05 0.3 071t 072 083 1.12 1.12
NUrtRE R SMS MIN DRMS AVE DRMS QUALTTY
D ol [V Go22 A




00T

827127 &6 10/52 20 6 DEC 82 GRIN 82/12/ & 1C/32
(m—mm———-- ADJUSTMENTS IN PRINCIPAL DXRECTIONS ———————— )¢ ADJUSTMENTS ) (ADJST TAREL..
I LAT LONG DEPTH RMS NU PRMS DAMP ~AZ/DP--STEP—---SE =AZ/DP==STEP-==uE ZIDP--STEP—-—CE DLAT DLON DZ DLAT DLOK Lo
1 55. 6 52.7 10.0 3.68 14 . 575 . 10E-02 222/28 16.79 2. 34 112/33 -1 3. 82 34 22 3.93 22. &6 -13. 14.3 22.6-164 § 14. 3
2 7.8 42.8 24.3 0.76 14 .242 .10E-02 261/ 6 -1.34 1. 321737 -2.80 2. 28 128133 -11. 9 2.68 3.99 3.33 -11. 3.6 3 v 3
3 9.7 45.0 13 0 0.28 14 .202 . 10E-02 261/ 5 -.137 318717 -2.20 1. 80 122772 -2.39 2.78 -1.1 -.90 -2.9 -1.1 e
4 91 43.4 10 1 0 20 14 199 .10E-Q2 261/ 0 0209 316714 . 2205 1.78 135/76 . 230& 2.19 .102 125 .278 0.1 3
4 9 2 44 O 164 0 20 114 GO0 . 10E-01 261 € 316714 135776 -0 1 2
S 91 44 4 16 1 0.2 1 19¢ 106.-01 2Ll O 9209 316714 2220 1 78 133776 2321 19 102 .12% .277 ©C 3
4 9 2 44 8 10 a4 0O 26 ts 000  10E+0G <sl. C 316714 135776 -0 1 k
S ¢ 1 44 4 1C¢G 1 0 20 '3 199 (QF ¢ el Q0 0203 214/14 1941 1 7 12S/76 1620 1 98 .C90 . 112 .230 O 1 2
& 9 2 44 5 102 0 &0 11 200 10k+C Zedis 5 - €03 318719 013z 1% 34 121/70 - C32 2 44 G177 .01s —-.03 < @ N
& 9.2 44. 0 10.2 0 &0 18 .200 . 10e-Q& €17 5 ¢03 316719 21422 1 /9 121/70 - 044 2 B6 G21 .021 - 04 ¢
HOF { ZONTAL & VERTICAL SItect B VARIABLE c1D0r: o2 THI St <KE CCtir IDENCE IN"EP..- -<
-E - o - CE HENCH oslos i 47 GUALITY = E
o= a4 A: = sy
CHi SQUARE &B8% il Ty bl -0 SEMIANL! i Vo AN B I
SE F ORIG = 8] TOY /A JIUMBER OOF ¥t es i) s = & aMAX = 200 00 TEQUENCE NUMBEFR =
AT VTHE CLOSGESY S7ATION U‘rf}lh THE SO Uit e P O&ND - WERE .ED Ml © MINUS B O INTERVAL EGIALS 3 3%
DATE ORTGIN Lat NS Long M gy o MG fer ot CAF DORMS ERk EFI QG uGD ALY INONE AVR RAR N AV AR SDaM T Ao o
521,506 1093 34 17 GaN 9 o B3WAG SC 0 4 I T S5 B IS | 20 o 1 5 C DO 27 10 e, 7 00 O e D) (W] . )
(- STATION DATA - Cem—— s FeWAVE TRSVEL- TIMY DATA ANE DELAYS - ===-=-) VAF] 1 -=-- S-WAVE TRAVEL-TIME DATA --)o--= MAGUITCL - "7 -
STN DIST AZM Ali- PSEC PRMI+TCOR-0=T /OF-TiC., L. C-LBLAY-L. 'L\' P-Re.&s P-WIl [HIC SSEC URMK TTOB TTCAL S-RES S-WT AMx PR xMag K Tl e
HPK 28. 0 206 i 39. 90 $5.33 5 121 22 0.13 1 574 43. 25 .68 8.%9 -0 G4 1.182
THKL. 5%.0 183 ? 9. 60 1 023 0. 01 1.931 50. 80 16.23 16.27 -0. 06 1. 148
SMIN 986.4 &3 1 10 9. .84 1 (51 35 1.139 S51. 00 1 16.43 16.¢L6 -C. 28 0Q.854
CBT 91. & 222 15 15. 61 1 028 -0.20 1.223 61. 80 1 26.93 26. 3% 0©.35 0. 6€8
TLI 106 4 .08 1 17 17 <4 1 341 -0. 37 G.831 &S 0C O 30.43 30 85 -C. 17 0. 821
BH1 113 7 233 a N4 10 12 63 S % 0 000 5712 2 58 32 51 -C 02 C0 791
pCt 136 5 07 N 2278 4 -9 )% 0. 892 73 %9 38 93 38 L7 © Z! O 470
pre 142 O 183 1 L Z3 L 0T 11,75 G. 000 13.¢% 4C 48 40 15 C 17 O &a2

(LEROR ELL IPSE)
T LONG DEP P SCAP DMRESD AX1AZ1 AXZ AXZIQ MAG (D)
9 16 G:W44 5010 T & S2¢1 o EBL1 -a6 5% 1. 5B C 0

AL TTY EVAL AT Do

DATE ORIGIN A

L
206105234 4£3&N

ClacONAaLS IN l_)H"FF' OF STRYIGTH - z ret W S " NW
AVE OF END POTIH: PO T € R [ G 44 O

o
am

MNUMCE R P, [eB KU R [0S S B Ne TT
P o L.

S e ™ e



T0T

------------ B G TN === o o o o o e e s o

82/12/19 2/27 21) 15 DEC 82 GRTN 82712719 P
(m=————— - ADJUSTMENTS IN PRINCJPAL DIRECTIONS---=---- ) ( ADJUSTMENTS ) (ADJST TAvEN,
I LAT LONG DEPTH RMS NO PRMS DAMP ~-AZ/DP--STEP---SE =Al/DP==STEP===SE -AIZ/DP--STEP---SE DLAT DLON DZ DLAT DL.ON o2
54.6 18.3 10.0 2. .37 28 . 403 . 10E-02 2617/ 4 3.010 1.09 140/36 -20.4 1. 46 329754 -1.92 1.93 -16. =7.1 11.2-16.3 -7.1 11. &
2 45.7 13. 6 21. 0.27 28 .229 . 10E-02 2227/ 3 .168682 . 9588 132/10 .3232 .809 330/79 -3.02 1.93 -.14 -.17 -3.0 -0.1 -0.2 -3 Q0
3 45. 6 13.5 18.1 0. .23 28 .228 . 10E-02 43/ 2 . 1464 . 369 133/18 -_142 . 769 304/76 .7292 1.67 .114 —.03 .747 0.1 -0.1 9.7
4 457 13.4 18 9 0 23 28 .228 . 10E-02 43/ 1 -. 003 579 133713 .002& . 776 311/75 -.103 1.50 -.02 -.02 -.10 Q0 92 Q0 21
5 45 6 13 4 18 0. 223 2 228 . 10E-02 437 1 .0GO3 575 133715 0G02 . 776 311/73 .0003 1 30 .001 .000 .000 0.0 00 <9
S 45 6 13 4 18 &8 0 22 28 22 10F-02 43; 1 T0CGO3 975 123715 0COZ  7V6 311,75 00DS 1 SO GOl .0GO 00C o % € ¢ I
HUiTT ZONTAL & VERTICAL SINGLE VaARTABLD (IDGF) 8% CHI Lu\u‘apE CO::f IDENCE INTEF"AL
SE = 0 .t SE G as SE = 0 7e QUALITY = A
AZ = 4 A2 = -48
CH1 SQUARE 68% (2DUF) ELLIPSE SEMIAXES = Q ar ¥m ANC COA9 v
SE OF ORIG = 0. v TOTAL NUMBER OF i lRAlll)N"a = S DMAX = £00. 00 SEQUENCE NUMBER =
AT THE CLOSKFST SYATION USED TN THE S 10N GGk P OSND - WERE O mED THE S MINUE ¢ INTERVAL EGUmLE 3 ic
Dt f UPIGIN Lﬁlc7b\ .nuc»zln TEFIH Al 2 7L AP I RMS  ERE ERZ G -0 ADJ U IN MF AVFE AAF BN AV SDxM Wf L it ST
8211y 227 BY INNGY &4 EAUWLZ 4 l" v JE L7 771 23 0 4 082 F A I 10510 34 C C3 2 1E € Q1 uC
(= STATION DATA -) ¢ ---= = 1 ~WAVE lRﬁ~tL lmh DATA AND LELAYS - ------j) VAF] (-=-- S-UAVE TRAVEL-TIME DATA —=)(--= MAGNITULE CTeié -
STM  DIST AZM AIN FLEC PRHAKATCUR-0O= '{Jn TTCAL C-DLAY-EDLY=FP-K¥', P-WT YHIC SCEC SRME TTf‘B TTCAL S-RES S-WT AM: PR zMAG 7 L
ORI 18 1 336 133 7 10 4 21 4 38 1 ¢SeC -0 I 1.539 e 2 7.21 7 41 -C. 18 1.155
CG1 30 4 216 117 P I | S St 1 036 C 19 1 S39 S 40 S 1G. 91 10 12 © 23 0 B8&S
HP )¢ 35.1 59 112 > 680 L 91 6 G 030 O «s$ 1.539 1C 70 311 61 11 S C 22 1 155
Trl 2.3 106 108 ¢4 o0 771 7 74 1 Gz -0.9¢ 1. 539 12. 1% 13. 264 13 1 C 12 1.155
TLY 51.3 186 103 8.2 .31 9.13 1 c4y  0.14 1.52 14. 40 15.51 15 46 —-C C2 1. 146
ETT 52. 6 204 103 8.13 9.24 9.32 1 051 -0.14 1.317 14. 70 15.81 1581 -0 07 1.138
BHT .9 279 98 10 20 o) 11.31 11.40 1 chHE -0.16 1.403 18. 75 1 19.86 19.35 0 42 0.789
DCT 80.4 193 96 12 &0 13.71 13.70 1 G041 -0.03 1.284 22.10 23.21 23.23 -0.08 Q. 963
RHT 96.5 218 76 15 00 16. 11 1625 1 Ga& -0.16 1.158 2¢&. 80 1 27.91 27.57 ©0.30 0. 6351
REG 05.3 159 76 Ye 3C : 17 41 17 A0 1 120 -0. 31 0.819 2€. 40 2 29.51 29.837 -0 53 0. 409
CCVA 106. 0 2 75 0O Q0 4 1 1 17 71 3 90-16 64 0. 000 29. 1C 30.21 30 G6 € 07 Q.813
SMIN 116. 4 2 76 17 90 1 19 0 19 32 1 58 -0 138 0. 758 2. 25 1 33 36 32 79 € 47 O %68
RENC 120.8 111 & 18,93 [¢] 20 06 19 F9 1 162 -0.12 0. 979 32.1¢ 34.30 3374 C 12 0.72
BRBC 175.3 90 70 26 88 2 27 9° 28.28 1 190 -0.48 0. 317 7.82 2 48 93 48 €3 C &2 0.238
TVG 182.3 213 66 29. 00 2 30.11 29.33 1 033 0.7% 0.298 $52. 20 4 54 31 49.31 4 45 0.000
TRYN 186.5 107 66 0.00 4 1.11 29.92 1 ¢94-28. 92 0. 000 S51. 43 4 52.54 50.C 1. %6 0. 0G0
GFM 221.5 79 S0 O 00 L] 1.11 34 31 1 222-33. 4= 0. 000 59. 40 4 60.51 98.41 1.75 0. 000
iwHROR EL_:PSE!
DPATE ORIGIN LaT LUNG Ukt + SCAF DMRESD AXt1/a~Z1 AX: AXIG MAG (L
B21215 2758 ©REHAS &4 (GiNID 4218 C1e14 7T 1E OBA C 4-47 0.2 0 BA c C

GUAL LTy EVALUATION

DIACORALS Tte ORY:i e 0 ST RENCTH ; tiv! < C MY N W
AVIEE OF BN POLR o0 e el C ey e ) E. D B8 O SO
[NRIRaE MIN LFeL AVE LRMS GUaL Lty
2 [Nt G 72 B




837 1/18 37/ 22) 18 UAN 83 GRTN 83/ 1/18 Ss @
-------- ADJUSTMENTS IN PFRINCIPAL DIRECTIONc'----——-)( ADJUSTMENTS )(hDJST ThbE:
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