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sUﬁMARY

A 1ocal seismic velocity model was develbped for the
Clark Hill Reservoir Area using refraction data. This area
has been the site of 3 large number of earthguakes.

The shallow Pewave velocity 1ls a continuous function
conslsting 6? three zones, The veloclty In each zone was
mode!ed as a contlnuous llnzar Ilncrease In veloclity with
depth. The first zone extends from the surface (eleuaflbn
0ol3 Km)'to Del? kms the second from (.17 to 0.57 km and the
third from .57 to 5.0 kme Depths are ma2asured from sea
level. The velocity at the surface is 4.55 km/secs at 0.17
km it lIs 5:80 km/sSecs at L«57 km it 1Is 6,10 km/sec and at 5.0
km it Is 6,42 kn/sec. Raypaths for fhg mddel penetrate to a
depth of 3.37 xm for the most ‘distant arrivals. Awhen this
mode!l ls combinad wlth the reglonél valoclty modeil, the
‘near=-surface model represents a highevelocity selsmic
channel. Further evidence for such a channel is provided by
the comp!ex;natgre of selsnlc arrltals in tne Ciark'Hlll
aress | |

'The Georgialrech earthquake locatlan program; Doall,
has'been modifled to use this velacity models An unexpected
heguif of this nodel. is that. the travei.flne curve for a
%é554§urface‘f0cus crosses fhé,éﬁrveg for other depthses

This 1eads to stabillty problemé In'the_lbcation of shallonw
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earthquakes,

Eighfy-ode ear?hduakes wefe relocaféd. A planar
structure was found with a strike of N 53 £ and a dip of &7
NW, Approximately fifty per cent of the relocafed events are

found within 207 meters of'fhls structures,



CHAPTEZR 1~

Introduction

The Clar< Hill Reservoir Area (CHRA) (s In the
Piedmont Crystalline Province and s locafed on the Georgla-
South Carolina border approximately 55 km northwest of
Augustas Georglas Figure 1 Is a reglonal map showlng fthe
location of‘the CHRA, The rocks of the CHRA are of
metamorphic and lgneous origln and of Precambrian to
Paleozolc_age. The most prominent rock types In the
nerthwestern hatf of the area~ére granltes and gnelsses. In
fﬁe southeastarn halfs the rocks are mostiy volcanic in
origln (see Figure 2Ys Denman (1974} gives a good
description of the rock units and additional references.

The purpose of this study has been to measure.selsmlc
travel times in the CHRA and to develop a velocity model to
fit the travel time data. A secondary objective was to
detect differences in selsnmic VeIOCiTies.among the different
rgck unlts present In the field area. The weloclty modei ls
to be usedtfﬁ:iobéfe the position of earthqguake foci in the

CHRA

Previous Slgdles- 

Previdds work concerning regional welocity

measurements has been donerby Dorman (19723 and Guinn (1976) 5
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Thé.fravel time curve that Dorman determlned vields a two
lavyer velocity mﬁde!o The top layer extends to a depth of
k3 km and has a veloclty of 6.2 km/sece The second laver,
which represents the Moho, has a velocity of 8.2 km/sec. The
data for thils mnodel were obtalned from the ATL Selismle
Dbservatory records of several quarry plastse

Guinn (1376) determined a travel time curve for the
piedmont using data from fhe Prellminary Determination of
gEpicenters (Ue 3o Geological survey) and the ATL recordse.
MHis curve yields a three layver modets Th2 top layer extends
to a depth of 12.9 km and has a veloclty 6f 5.57 km/Sece
The second layer extends from 12.9 to 35.6 xm and has a
veloclty of 6433 km/sece The third layer; which reoresen?s-
the Mohoy, starts at 35.6 km and has a velocity of B.15
km/sece

Previous work concerning local velocity measurements
in the CHRA has been done by Denman (1974) and Leary g1 2al,
(1975), Denman‘s mgdé! was obtalned from tne S=P times of
ﬁqéﬁry é;p%ogiQ5§'fgéorded=in:the southern part of the CHRA,
ifher;ppa}enf=$-9-veloclty obtalned Was B.20 km/sece It was
‘assgmed fha} fne §?wave ve!oclf} To-S-wéﬁe veloclty ratio is
the square rp}ffbf,%hreeo This yieldgé Pewave veloclty of
5,80 km/sec and”éﬁ's-waue velocity of 3.55 xm/sece This
 @odelL§oh;f§fS of ajuni}ofm;haI} SpJICe.

Leary 2t al, (1975) arrived at two pﬁsslble modelse.

The first mode! consists of three layers, The top laver is



a8 33 meter thicxk weathering zZone wlith 3 P=wave velocity of
1.14 km/secs The middle iéyer is SOO‘meférs thick and has a
P velocity of 5,92 km/séce The bottom layer is a half space
with a P velocity of 6.15 km/secs The second modet! calils for

a continuous small 11lnear Incraase in velocity with depthe

Seismic History of the Ciark Hill| Reservoijir Area

‘The only éarThQJake kﬁowh to have occurred In the CHIA
prior t0 1963 was the November i1y 1875 event of Modified
Mercalli Intensity V. Intenslty data indicated an eplcenter
between Lincointon and Washingtons Georgia (Denmans 1974),
Due to sbarse population in the area, minor events probably
Wwouid not have bpeen reported.t.

In 1363 the ATL Seismic Obsérvafory #as Installed near
Lovejoy, Georgis. Between 1963 and 1975, over 50 events that
are believed to have originated in the CHXA, with magnitudes
of 1.8 or above, were recorded at ATL {Denman, 1974} Long,
ié?gwo o |
" on August 2,1974 an earthquake of magnitude n=a.3
(EarThquakéggéfa Reports No,62-?;;eb; SJ?Géologlcal Survey)
occured lﬁ;jhg'northern part of the éﬁkd. This was followed
by an earthgquake swarm that tasted for several months
(Bridgesy*r975).  There.is, as.vets, no clearly defined,
Qeneréllvmagreéd upéﬁ; {auff o;‘set of faults responsible
for this activity. The possibltity of multiple noneparallel

fauits is Indicated by the earthquake locatlions



(Brldges, 197%} and speactral dafé (Marfong 1977} which are
Inconsistent with a élngleﬁfault sgurca,

The minimum detectable local magnitude was reduced to
Ded+lie2 In December 1975 wlthfhe Instaflation of sfafions
CH5 and CH5 near Douole_Bbanches and Goshen, Georgia., Since
then several additional stations have been instalied.
Slanals from these stations are recorded in Atlanta.

In addition to the aftershocks of the August 2 event
west=-southiest of Willington, recent activity has been
observed In the southern part of the lake 3along Georgia®s
Little River (Benman, 1974), in the western Darf of Fishing
Creek (1975), north of Hickory Knob State Park (1977) and
southeast of Piam Branch, South Carolina {i9?6} {see Figure

3)e
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CHAPTER 2

Methods and Data

The seismi¢ sources used were explosions set off for
the consfr&cflon of the diversion channef for the Richard B.
Russell Dan. The size of the explosions ranged from several
hundred to several thousand pounds of 2xptosivess

The explosions were recorded by flxed and portable
instrumentss The fixed Insiruments were stations CHS5, CHE
énd RFis. These éfatIOns are part of the felemetefed seismic
moniforiﬁg system operated by the School of Geophysical
Sclences, 3eorgia Institute of Technology, In the CHRA.
Their signals nere-recorded In Aflanta. Events of sufficient
amp}ifudé‘;efe aisg-recorded on magnetic tape for later use.
ﬁaté from fhese_s?afions wéré}dEed to defermiwe a relative
fraﬁe! time'fhdmetﬁe shotsa |

The po?fablé instruments used'wé;e high freguency tare
récorders and a éﬁrengnefher MEQ=800s, The characferlsfics'
;Bf‘fhe tape fecérderﬁ aﬁemdé36rlbed by Harion (1977).

. The locatlens for the instruments were determined from

7 172" quad sheets, The error in the tocatlons was of the
order of'slx meters, Table 1 Is a 1ist ot atl éfaflons {see
Appendix A){ Flgure 4 is a.map showing the locations ot
these statlons. The stations form two refractlon lines.

The short tine npetween the refractlon {lnes did not yield
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enough data to be used as a fhird refraction llnee The éhort
line does serve to cbnnec? the two refractlon tines.

The locations of the exploslons ara known only to
within a rectangufar area fhat‘is.d.B km 1ong b? Boel km wiae.
Howeuef, most of th2 expiosions took place in an area that
is 0625 km Jong by 0.1 km—wldég Tha centar of_This area ls
taken to be the locatlon of the exolosions;

In order to combine the data froﬁ separate exploslons,
the explosions had to be recorded by both fhe.porfabie
statlons and at least one of the permanent stations. Timing
accuracy associated with the measurements was +5 msec for fhe
permanent stafions;,provided_fhe explosion waé recorded on
magnetlc tape In Aflan?a and the clbck correcfion Was Knowne
Dtheﬁwlsé,'éﬁ acéufacv offiﬂ@3 Sec was assuned. The timing
aEchacy ofrfﬁe tape units wé§l£5f55éc if the WWV radio
recepflon ~as good. The record was not usesd for first arrival
times if the WWY reception was poor or nonexistente The
.accgra¢y¥pf.theA;prengnethernrecorder was no better than +{.62
‘sec for absolute flﬁe;‘ﬁéelaflvé times, such as S=P tlme,
coutd be measuréd to +0.01 sece Elevatlon differences befweén
stations coutld cause arrival time deviatiens on the order of
+0.005 Sec; This number was computed by uslng the maglmum
‘etevation difference betweem a station with apsotute time
data and the average elevation of the statlons. A near-
surface velocity of 4.55 km/Sec was alsce wsed, Errors due

to the uncertalnty In the blast poslition were on the order



of +0.02 sec. This was calcutated by using the uncertalnty
In the blast position and a Véloclfy of 6¢1 km/Sec. Thls
veloclty ls approximately the slope of the travel time curve
beyond 10 %m.

Traueg.times ﬁere computed using an origin time_e,as.
sec earlier than the first arrival at station CHS. Thils
number was compdted using. CHS and & station close to the
blast sitee The timing accuracy of the station was +0.025
sece Its distance from the exploslon was estimated to be 250
meters, No ajlowance -was made for a surface 1ayer so the
be83 sec value 1Is arbitrary. Table 2 is a 1ist of travel
timess, reduged.tfqvéf‘%lmés and shot-station distances (see
Appendix ar’. . | |

| Figare 5 IS a reduced:%r-;'z;.\ig-lj"?i‘me;f: plot for first
arrivals at ali'sta?lons with absé]u}e”fime data. The
reduced Veroctf;‘used on all figures Is 6.5 kn/sec. The

squares in the fljures reprasent the permanent stations.
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CHAPTER 3

Velocity Modal

The new velocity mode]l w3as developed by using a
.ray?raclng methods The travel time curves compufedlby the
raytracing me?hod_were compared with the acfuaj data and the
model was modified to produce a better fit, gppendlx 3
describes fhé computer pEogram used for the computation,

The P-wave "‘vélioi‘:ny model that pest satisfled the data
is !isfedtln'faqlé 3; The velocity between the polnts |lsted
'Is;één?inuous_éqd 1inear.”-Dépth is measured from seaa level.
The'raypafh~fﬁoﬁ-fhe source to the mbsf disTanT statlon used
in this studx pene?raTes to a depth of 3.37 km according to
the modele. _ée!bw fh@s depth, the mode! comes from other
Hsd;rcés (Dorﬁawplig?é:”Suinﬂ;‘1976) and is currentiy under
revisicns Figure & presents the model graohically.

The layver from =0.13 to (.17 km represents the
weathering zone. The velocity at the surface is poorly
consftralneds The lavers from 0.17 to 5.0 km may represent a
fa;rly normal increase In valoclty with Increasling pressure
{Stewart and Peselnlck, 1977)s The reversal in the OQIOCITV
af 5.0 km is partially an arfifact of compining the Clark Hill
model wlth Guinn®s reglona! model for the Piedﬁonfo' HoWwevers
the reﬁersal doas have some physlical baslis. There does appear

to be a high=velocity near=surface channel., Arrivals at
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stations more than a few kliomefers ffom an event are qulte
complicateds A high«veloclfy-channel explains this quifte
well as thers woﬁld be many reflections wifhin the channel,
The depth of 5,3 km Is arbitrary, but is of the proper
order of magnltude to producé the observed effects. Laterat
Inhomogenieties would also_confrioufe-To the complexity of
arrivalss

%}édﬁe,ﬁ 15 fhe theoretical reduced travel time curve
.for the reglon of lnfere o' Conpdrlson of Flgures 5 and 7
| Indicates a. good flT If the orlgln fimﬂ:used for the data
reduction is shxffed 0.08 sec earller. Thls is not an
unreasonabila correctlon since no allowance was made for a
'i§UEface:laYeral< J A

The fit of the model with the travel time curve Is
surprisingly good c0nsidering the mix of Edck types involved.
At pressures exoerienced near the surface, granites have
Pewave veloclties of 5.441.7 km/secs gnelsses have velocitlies
of u.3t1.4 km/secy Schisfs have veloclities of 5.,721.1 Km/secs
and gabbros have velocities of 6.3%0.6 km/sec (8irch, 1960)e
The seismlc veblocity of a rock increases wlth pfessure. At
a pressdre of one kilobars, granltes have Qeloclfles of 6e2+l ot
km/sec, gneisses have veloclties of 6.0£0.3 km/sec, schists
héve velocities of Bbo&+dol km/Sec, and gabbros have |
veloclities of T.0#0e2 km/sec (Birchs 13603). The other rock
types in the CHRA are expected to exhlblt slmllar.

variabllitye The increase In veloclty with pressure is
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generally the ﬁost rapld as fhe pressure iacreases fto one or
two kilobars (Stewart and Peselnlcks 1977) .

| Figdres 8 and 9 are reduced travel time pilots for
statlons on the Georgia aﬁd South Caroiina refractflon lines
respectivelys. The geologic units the 1ines cross are
iﬁdfcaféd b?-fhééegpfofs.;-Yhe symbols for the rock fybes are
fhe-same as QSed.on the ggb18§y mam1jFigure 2)s Comparison
of Flgures é;and §H§ndicafes fhétTfhé véloclty structure on
each side of }he‘iake ls.essentléllyuidénficai} The lack of
effect due to Ebék type 1s readliy saens

A'Sepéhafé S“ﬁaVS %odélfhas not been de?edbuéd, The

reason behiﬁd this Is fthe rather severa misnéfch between the
fbeduency content of the shear waves produced by the.
exploslons and the frequency'response of the }ape unifs
(Marion, 1977)s Also the tape unit®s records are generally
charagcterized by multlpte arritvalss As 38 result of thiss It
is almost impossible to distinguish 3 shear wave [In the tape
‘unlt®s records. Several stations dld record clea} shear wave
"arrivals. These indlcate that the generally used

approxlmation
Vs=Vp/sart (3)
Is good to within a few percent In this areae This

approximation 1s based on a value of 0.25 for Polsson®s

ratio. This value Is found to be applicable In most casess
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The reduced velocity used is 6.5 km/sec.
See Figure 2 for the geologic units.
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The reduced velocity used is 6.5 %:m/sec.'
See Figure 2 for thegeologie units.
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Several stations ali=zo recorded Ravyleigh wavese The velocity
of these waves Is 3.010.3 km/sec. Using the same value of
Polsson‘g_ratlo;and }hé 6a.1 km/éec D—wave'ue!oclfy used
éahllerﬁ_théfsu;féce-wave‘véﬁp¢1ty is computed to be 3,2
km/sec (Gariand, 1971). |

Flguféiid isla c0m§arlson dftfhgiﬁen models Oenman®s
moda! and fheﬂf}nsfgmode! of Leary et ale AS can be seens
the most signi?iqant d;jfgrénces betwean the models occur at
“shallow dépfﬁé.- The ﬁéw'ﬁodtlfélves longer travel times
for the range of depfﬁs In which earthauakes havea beeén

recorded (see Appendlx D).

Relation to Geolagy

The only sliagnificant deviations from the veloclty
mode] cccu~ in fhe vicinity of sStations CH&,-RFi and HKP.
The deviation near CHG oécurs In the middie ot 3 rock unift
identified on the Geologic Map of Georgla as an epidote
quartzite/granite gnaiss, The stations in thls unit are 3STi,
STB,.ST3 and CH6s There are no signiflicant devliatlons aft
stations ST2 and ST3. Arrlvals at stafions ST1i and CHb‘are-
defayed oy 04023 to 8.025 sec c0mpared_f0 the travel time
curve. These statlons were_occupied at the same time S0
differences in shot locatlons Is not a factor. Elevation
differences between the sfafions_ahe.sllghf and can not
explaln the. del3ave. Tha apparent Pewave veloclty In the

unit Is 4.1+#0.5 km/sece.
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Some structure within the unlt is Indicated, The unlt
:i5 §ppaﬁeany féirly’Thinmﬁﬁdéﬁmstz_and ST33 on the order of
;1Bﬂ meters or lééés It fhické&%ﬁﬁdfkdmgfhlng on the order of
300 meters Q;de&fSTi and CHb. Thélfhickening t3kes place
fairty abrdbfTw'SEhce ST4 and ST2 are less than 0.5 km apart.
These .thicknesses were calculated by assuming that the delay
‘I's due 16 matsrial %hé;-hés ;“beloclfy of 4e1 km/Sec. The
10D meter thickness would produce a deaaQ of tess than (.01
sec, which Is the limit of defectlon. The 300 meter
thickness would produce the observed delays The nature of
the thickening is not readily apparaent. It could be due to
a fault or folding of fhe un;fn In el?her_caseg the unit does
not extend to great depths since the next statlion on the
refraction {ine, G32, does not show a significant delay.

| The Danburg granltfe slso has a velocity anomaly. The
oniy station in this units RFi, has a first arrlival that Is
delayvyed by 0.017 sece This vields an apparznt veloclty of
ba0k km/secs This number may be subject to revislion since
there were no other sfatlons In this unit and RFL is off the
refraction tines. The apparent vetoclty w3as calculated by
assuming that the travei tlme curve ls unaffected until the
selsmic ray enféré fhe:Danburg granite. The delav Was
asslgned.forthe portion of the réypafh that passes through
the granites

Anofhef veloclty anomaly is reported In the

prelimlinary report by Leary ef als (1975)e The study shows
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]a}high qefQCitVanl?fiﬁ?f;éiﬁlbinlfv of Hickory Xnob State
rPark. The rock In and around the park Is a gabbro. .The
veloclty was found to be .21 Kms/sec in this area.

The apparent veloclty for some of the rock units has
been calculaftad by taking the differences in travel time fto
different stations In fne unifs. On the Georglia slde of the
lakey, the granite unit has an.apparenf vetoclty of 6.08%1,04
km/sece The biotite granite gneiss, labeted "o™ on the
geology maps has an apparent velocity of 61140060 kKm/s5ecC

on the South Carolina sldes no singte unlt has enough
stations with ansolute time to determine the veloclty through
the unlt. The sequence of rock units from the phyllite
through the adameliite gnelss has an apparent velocity ot
6.06+0.51 km/sece The Segquance from Thé adamellilte gnelss
throuah the granite gneiss/granite has an apparent veioclity
of 6¢3120.64 k1/Seca

The combination of the regiOnal veloclity modeil with
the revised near=surface model suggests that fhe structure
of the CHRA coudld be described as a high-veioolfy fayer with
pods of lower veloclty material In [t These.pods may be
shaflow br_they may exfend to conslderanie depthse. The rock
un1f reSpons1bie for the anomaly at staf101 CHS is apparentiy
quite shallow. The vertical extent of the roék units
responsible for the other twd anomalles cah not be delimlted
by the data.

The veloclty structure In the northwestern half of



the CHRA 15 remarkally th!orm 1aféra§{?. The anoﬁalous
rbck units that are present are falrly timited In extent,
other anomalies may be ptésenf,‘ since the current study
is not sensitive enoush to_dlsflnguish anomalies that

produce travej time varlations of l1ess than C.01 sec.
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CHAPTER &

Qonparison_pf farthauaka Locaflans

Appendix D glves a 1isting of locatlons of earthquake
fociy as determined by poth Denman®s modei and the revised
modefas These show slgniflcant differences In latitudas and
tongifudess Thz relocated ebicenfers are an average of 106%
meters fron fhe old epicenterss The depths of focus also
differ, thz revised model generally givés shallower
ocations, by an averajze of 140 mefers. An unaxpected resulit
of the new velocity model is that fhé earthquake location
program wll! nof converge for véry shallow eQenfs. The
reason for thils is showﬁ in Flaure 1i, which is a plot of
travel tlmes at short distances for events occurring at
different depthse. As the figure shows the curve for a
near=-sur face focus crossss ¥vhe curves for other depths. The
effect Is of tha most Importance for shallow events. The
result of this zondition is that In order to determlne a
shallow event®s depthy, 3 statlon that is quite close to the
eplcenter Is reguired, Otheruwlse the»depfh sequence option
ot the Locate program must be useds. The Loca}e.program is a
modificatlon of the Doall program (Brldges, 1375) and is used
for earthquake {ocation (see¢ Appendix C).

Flgure 12 1s a plot of the relocaféd evenfs listed In

Appendix 0. Tha origin of this plot iIs 33 degrees 57.5 min

LI
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north and 82'degrees'30e0 min weste The ditferent symbols

correspond to events dccurrlng on diffarent dates. As can

be seens the events are not randomely distributed. Several

features are visliple In the plot. Possibie faults are
indicated by finear featurese.

In an effort to determine a quantfitative measure of

the randomness of the apicenters, the plot was confoured‘for

the numper of events In a 2.54 ¢cm square (2.54 cm corresponds

to 0«8 km)se There is an average of 3.9 events per sguare.

The resulting distribution of events per sguare was compared

with poth the normal and Polsson distributions by the use of

the chle=squéared Test.' For the normal.dlsfribuflon, the value

for the test is 98, FfFor the Poisson distributions the test

diverged. Both results indicate that the distribution of
earthguakes 1Is not randome. -

Flgure 13 1s a plot of epicenters as determined by
.Denman°s models The sy@bols are the samé as in Flgure 12,
On the scale of the plotfs, comparatliviy little can be said
about the retative merifs of the two velocity models.
Figure 13 does show more scatter In the epicenters than
Figure 12 doese

The eartnguake focl were prolected onto Qarlous
vertical pténes orientated about the vertical axiss. The
prb}ecflqns were gxaﬁlned_tor linaar trendse.

Flgdré iavis'broyegtiqn A‘~A. In this figure, the

earthquakes have been Dro]ecfedhéhté]a plane striking N 78
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The flgurersuggesfgutyo shallow zoneg‘qﬁ acflv;fy that strike
approximateiy N 20 W and dip approximately 50 SW, There is
a Joint system ~oughly paraliel to Thése zones (Gulinne 19771,
The connection between the ]blnf system and the zones,_lf
anyYe is not cléarc Joint systems are abundant In thls area.

Figure 15'is pro]ecinn B*-Be In this figure, the
earthauakes have been profec?ed onto a-plane_sfriklng N &0 W
The flgure suggests a planar strucfﬁre whose orientation s
N 50 E¢ 57 NWse There is sonme topographic.expresslon of this
feature. It 15 approximately paralieled by tWO‘SmaIL
valleys; An extension of the plane across the lake
approximately colncide§ with the northeast trending part of
"Flishing Creek {(see fhe Cheénault and Willington guadrangle
sheets), No actlvity has been located In thls part of
Fishing Creeke

Of the Bl relocated earthquakes (see Appendix D)s 29

afe Wlthin 200 meters of.fhe médian plane.of-the B* =B
structures The 39 events ware removed trom the défa and the
remalnder wWere orolected onto varlious planes In 3 search for
ofher.llnear trends, No such trends couid defini?elv be
identifled; howevers fhere are Indications of several iinear
tr .e-n:'d:rs_ . | |

+

goncluslonss Comments and Recommendations

It Tﬁisls}uéy ls ever expandedy, there are a number_of

recommendations. The first iIs to have better control of the
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blast locatlons and shot times. This b?oblem Is the biggesf
single source of error In the present sfudy. The pheferred
method used for refracfion work calls for fhe ability to
determine shot and arrivat times to an accuracy of ii msec

or better, weathering correctlionss and shot-geophene distances
to an accqratv of #1 meter or better. In the present study,
none of these could be done,

The easiest way to impfove the accu~acy of subseqguent
studies is to place an exbendabie geophone as close as
possible to the quarry‘b}ast to provide the origin times
There are 3 numoef of quarries in the CHRA that could be used
a8s selsmic sourcess

The second récomméndafion is to run a reverse
refractlon 1lne. The repért 5v Leary a2t al, (1975) Indicates
that the velocity layers may be dippinge.

The third recommendation ls fo add sceme sort of
Internatl clock to the tape units., A considerabie amount of
data has been lost because the WWY radio reception Aas bad,

A few cowelqslonsican be statad at thls point. The
fl?s?ﬁis tha%J?ﬁé-CHRﬁ‘has;asﬁeaéﬂsurface hlghdveloclfv
‘semeic channélf"The ouerall'dfhen$16ns qt'the channel are
UNKNOWN o The-lbg*df"dellmlfing thesa dimensions s feff to
later worker52“2}7‘ ‘

‘The second conciu$lon\1; based on the relocated

earthquake focis  The biéfs of the focl show that the

actlvity Is not due to 3 single fault, The existence of at
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{east one faulf or huiflplg fault 1s Sf%ongl§ suggested by
the tocl aafa. The allrelocated'eVenfs are only a small
fraction 6f the events available for Qseg The Herculean task
of relocating alt of the avallable events 1s t1effr to later
Workers.

It should be polnfed.ouf that the revised velocity
mode!l iIs an average reorésentaflon of the velocity structure
In the CHRA. Thé accuracy oflfhé data and.fhe Irreguiablty
of the geologic units will mask velocity awoﬁa!ies that
produce travel time variations of 0.01 sec of lesse

The desirapiiity of using a local velocity model for
ear fthquake location In reginns wifh slgnificanf veloclty
inhomogenietias has been demonstrated (Aki and Lees 1976).
The purpose of using a local model is to obtaln earthquake
foci that are as close as possible to the actual locations
of the earthquakes. If the velocity structure of an area I[s
unknown or poorly knowns almost any model can be used to
onfaiqrapproximate locdflons. A local model Is requlred if
a é?ﬁdy is undértaken to 1denf1fy‘the focatlon and orientation
_pf‘a fdulf or to declde whlch'ofyséWgna}wfaulfs are active.
iﬁ the presanf_stud}erjhe use of a |553g_m§dé1 has

signiflcantly redubed'the snaffer of the earthquake focle.



Station
CHS5
CHb
RF1
RF2
RF3
HKP
HRC
466
CFP
BMS
ST1
572

ST3

MPE
YST
PPP
Lee
MTC
ACF

PTT

APPENDIX A,

Table 1. Leocatlons of Statlons

33.733¢
33,8395
33.83220
339412
33.82830
33,8943

33,9478

33,9596

34.0206

34.0046

33.84690

33.8320

33,8355

33,9867

33.9983

33,9898

33,9746

33,9709

33,9661
33.9520

33694914

Latitude(l) Longitude(W)

82.3418
8245289
82.6111
B2s 4781
82.5107
B2.4227
B2 77D
82.5189
82:5330
8245758

82,5320

B2e5555
8245384

5265443

B2.5672
8265548

B2e 5474

820 5-5?[&

62«5318

82,5088

82,5110

Etevation(km)
De1143
0e1463
$,1509
0.1768
£41530
0,1554
01582
0e1420
Be1247
Colibl
0,1478
01372
Colblt
041524

041035
Ce1468
0s1469
0.1341
0,1082
0.1067

Gol067
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GNC
cue
SBS
TOH
MUD
NOH
HON
ALS

JPT

GBR
DRG

EOC

MGS

TIR

OTH
CHG

GSS

6Gs2

JAN

33,9452
23.9431
33.9358
33,9499
33,9216
33,9110
33,9043
33.8992
33.89?3
33.8315
33,8645
33,9119
33,9164
33.9298

33,9410

;3@§£98,
33.9341
33.5330.
33.8456“'
3308578

33.8641 .

33.8600

Table 1,

82.5106
8205100
82,5023
8245319
8245186

82,5158

B2.5072

8244975
824886
82,4307
824 4631
8205547
825556
8245643

B2+ 5696

8205694
824706
L B244250

82,5323

8205306

6265229

82.5146

Continuad

0.1128
0.1ﬁ67
0.1036
€.1539
0.1128

0.1372

J.1402

0.123%
f.1189
G.1082
ﬂeiﬁ6?

0.1035

0.1082 -

0.1021

0.1230%

0.1189

Je1561

061161

D.1585

0el1433

Gol3L7

0.12L7
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fasle 2, Reduced Cata .

Station Trave! Reduced ‘ Distance

Time(sec) Timé(seé) (km)
CFP Gel7 =047 076
MPB 067 028 4018
YsT 0093 o062 . Sebh
pPp 14197 w064 7:37
LCcC 10347 o074 8.28
MGS. 1453 095 | 5089
466 1715 v116 10041
ORG 1,829 115 1115
GBR 1.795 -e176 - 12+81
EOR 2.188 1840 13,31
HR.C 2.305 o33 14e12
RFL 2,475 169 L 14,99
SF3 . 24545 158 : ;: 15,52
TIR 2453 200 15,54
ST2 2.620 ;,_ w162 15,97
sT1 2.710h - »196 16434
CHE . 24685, .© ,188 | 16.46
BT 24865 o174  17.49
652 3.170D .20 4 1928
ROT 3.225 «195 19,70
6SS 3.230 «191 19,76

 JAN 3ok .325 19493
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«e233

e 389

Continued

20093
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APPENDIX B.

Iravel Proaram

The progrém Raypath was developed by Le To Long to
compute ftravel timessy reducad trave! times, distances and
amplltudes for phase arrivals from given flat=layered velocity
modeiss The ampilitude and reduced travel time parts.of the
program were removed when Raypath was converted to a
sunroutine for the program'TraQel.

The program Travel éompufes intervolated travel times
at 0«1 km steps fPOm.Tﬁe_inDUf veloclty modei. The model
used should have an extremely high velocity layer as the
deeoeé} layer ia fthe model so close~in arrivals wilt bé

computeds



PROGRAM MAIN(INPUT,JUTPUTTAPES=INRUT, TAPES=0UTRUT)
DIMENSION X (5003 sT{500) sTCl4D¢251)00F(L0) NALLD)
DIMENSION VM (250)Z(100) sV (LGL) ¢2ZZ(100)2ZZ(L0ED VY (100)
READ(50% ) NNA 4 M '
WRITE (54300) NNAsNM
300 FORMAT(LXs"™NHA =", The"tt =",T14)
READ{Se %) (WHLI) yI=LoNM)
C VM=-THE MAXIMJM VELOCITY ENCOUNTEREZQD ALowa A RAY
WRITE(B:301) (VHM{T),I51MNM)
301 FORMAT(1X."VHM ARan"ex.at(1x,1cFaau./)1
READ(S,*) (ZLI)oVI(I),I=1,NNA)
C Z AND V=THE DEPTH AMD VELGCITY OF POINTS IN THE MODEL
WRITE (6o134) (Z(I) oV (I),I=1,NNA)
READ(Ss*)NDIF, (DOF(I)4I%1,NDOF)
C DOF=THE DEPTHS OF FOCUS FOR THE SEISMIC SOURCES
C EACH DOF SHOJLD EQUAL SOME Z
134 FORMAT(LX," DEPTH VELOCITY"+/92(1XsF10.3)}
READ(Ss*)INPU (ZZ (1)} +I=1,NPD)
c 2Z=-THE DEPTHS COF THCL BREAKS IN THZ VELQCITY MODEL
C THE ARRAYS VHsZ,00F,AND ZZ MUST BE ARRAN3ED IN
C INCREASING D%DER
00 150 I=1,NCOF
DO 19§ J=1¢NPD
DO 191 Ii=1,iNA
O IF(Z(II)WER. ZZ(J))VV(J)‘V(II)
191 CONTINJUE '
190 2ZZ2(J4)=22(J}
' NPE=NPO
DO 20 J=14530
X(J)=0,00003C
20 T(J=0.006050
D0 200 J=1,WPD
IF(DOF(I).EQ.ZZLJI}IIGO TO 203
200 IF(DOF(INWGTeZZ(J)sAND JOF(T) LT, ZZ(J+1))GO TO 201
. GO0 .TO 203
261 NPE=NPD+1
NPF=NPE=J=1
DO 202 MM=1,NPF
ZZZ (NPE=MM+1)=2ZZ (NPE=MM}
202 VV(NPE=MM+1) =VY {NPZ=MM)
ZZZ(J+L)=Z(1)
UV (JFLY SV LD
203 CALL PAYPATH (X T sVMeZZZyVV NMNPZL00F(I))
NN=NA (1) =2%\H
J=0
31 J=J+1
IF(J.GT.NA(I})GO TO 30
IF(X(J)eGEeda00G126G0 TO 3t
IF(T(J) oGELD.C01)GO TO 31
N=NA(I)
DO 33 M=JsN



33

30

W

iD

101

105
104

102

X(M)=X(M+1)
TIMY=T(M+]1)
NACI)=NAC(I)~1

J=Jd=1

IF(J:LTL0)J=0

GO 70 31

CONTINUEL

NN=NA(I} 3J=1
HMA{I)=NN.

J=J+1

IF(J.GTNN}YGO TO 1
IF(X(J) oGTe25.0)G0 TO &
IFIX (Y =X(J=1))344,:8
JN=J=1

DO 5 M=1lsJN ‘
IF(X{J) =X (M) 194,55
CONTINUE

JMM=J=M

XA=X{J) 3TA=T(J}

DO 7 N=1i.JMM
X{J=N+1) =xX({J=N)
T(J=N+1)Y=T{J=N) C

X (M) =XA
S TCTEN SO

GO T0 8
NN=NN=1

‘DO 1D M=JeNN -

X{M}SX (M+1}
T(M)=T(M+1} .
J=Jd=1 -
IF{J.EQ.1)J=2
GO 70 8 -
CONTINUE

WHRITELB:SUIX (1) ¢X(2)4NA(I)

FORMAT (1Xs/7 91X 92F7oboiX9Ibs/)
AI=0.0
IF(X{1) e EQelel)TC(Io12=T (1)
IF(X (1) eENeGL)IGO TO 101

A (TLL=TL2) /7 (X {1Y=%X(2})
TCIIL)=T(1)=A%X (1)

J=1

" N=2

IF(X(1)46Toda1260 TO 103
AI=AI+D.1

IF(AI.GE.20.,0)60 70 130D
IF(ATeGEWX(J) e ANDATSLEX(J+1)1G0 TO 102
NENES! | :
IF(JoGE4NACINIGO TO 160

GO TO 104

ST =T(I+1)) 7 (X (I) =X (J+1))
TCCIsNYZAPAL+T () =A%X(J)
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163 A
106

100
150
i51

2ib
21t

N=N+1
GO TO 105
-(T(L)“T(Z))/(K(l)’X(a))
AI=AI+0.1
TCUI NI =A*AI+T (L) =A%*X (1)
N=N¢1
IF(X(1)aGTo(AI+G13)G60 TO 106
GO TO 105
CONTINUE
WRITE(By1SLIO0F(I)e{TC(IJ) s J=1,2(0)
FORMAT(LXs"OEPTH =" 1lX3F3alys/e20(L0{1iXsF84,3)5/))
STGP
END
SUBROUTINE {AYPATH(XC TCoVMyZe Vg NHy NNvDSF) _
DIMENSION VI100) sZ(10B)VHMI250) o XC{550)sTC(500)
WRITE(Ds134) (Z{I)4V{I)sI=13sNN)
FORMAT(1X," DEPTH VELOCITY"s/32(1%:sF1043))
DO 210 I=1eNN

- IF(DQF-= Z(;B)211,2119210

CONTINUE
VOOF=V(I)

DO 212 ‘I=iiNM,

212
213

17
18

2be
ell
206

2u7
111
112
113

IF (VOOF=VM(T)) 2435213, 21 2

CONTINUE

NHIN=TI

DO 130 It NHLV,NM PR
DESIG=1.0 5X=0.0 $T=040 $S=0.u SNA=NN=1
DO 125 J=iyNA
IFC(ZUJ4LY=Z(01)17+125,110

WRITE (6518)

FORMAT (1Xs "INPUT ;Raoa"»

'sTOP
110

IF(Z(J)*DDF)ED?;Z[E 252
SIG=2,.1
IF(DESIG=3815)2064+207,206
XCte*i=1)=X

TC(2*I-1)=T

IF(VHMI(I} eGTebs46)5G0 TO 130
DESIG=S5IG
IFTVMI(I)=V(J})3C0.300, 111
IF(VM{Ii=¥(2+1)) 126,126,112
IF(V(J)=-V{Jd+1))113,1164213
AK=(V(Jd+1)=Vv () /7 (Z20J+Lb=2(J))
AT1=ASINIVOJ)ZVYM(IY)
AIZ2=ASINIVOJ+LI/7YMII))
S=S+DESIG*VYM(I)* (AIZ2=A11)/AK
X1i=yHM(I)*CO3(AI1)}/AK

X2=YM (I *CIS(AIZ2)/AK
X=X+DESIG*(X1~X2)

43 -

DT“(ALOG((A(“X1+VH(I))/V(J)l-ALOG((AK‘K’+VM(I))/V(J+1})}

Crax



1L

125
126

T=T+DESIG®DT

GO TO 125

ATI=ASINCV(J) Z7VM(I)})
DS=(Z(J+1)=Z(J))/COS{AL}

S=S+DESIG*D3

X=X+DESIG*D3*V(JrsVHMI(I)
T=T+DESIG#*DS/VIJ)

CONTINUL

CONTINUE :

AK= (V4L =V ()3 /7{Z(J+1 =2 (J})
S=S+0ESIGH*(VMIINZAK) # (ACOS(V(JY/VM(TIE)
Xe= (VML) 78 *SQRTUL. =V IJIRVOJ)) Z (VML) *VM{T)})
X=X+DESIG*XE :

OT=ALOS ((AK*XZ+UM(I} 7V () )/ AK

C TST+DESIG*OT

3C0

130

- RETURN. -

XC(2%I)=X
TC(2*1) =T
CONTINUE

- END . .



APPENDIX Co

kggate Prodgram

The.DoaII program (Bridges, 1375) has been modlflied for
use as an interactive programe. Most of the changes were made
for ease of use, Options Include the depth sequénce which
aliows one to step the estimated focus through Increasing
dep ths 10=See“ﬁhgre;thé best fit Is. This optlon Is used
priéqufy fﬁh“evé&téffﬁat;h;ﬁgﬁgccured at shaltow deoths
where fhe fné;ei“flme cdrves éiﬁe_unétaﬁié results. COther
options are used to input, extract or modify stations phase
or arrival time Information.

,{The_01arK,Hllt traveﬂyftme curves are read in from a
filé external toAthé 5rogﬁah."rhe curves were computed for
every B+1 km increment in depth starting at the surface and
going to 3.5 kme The numbers read in are the travel tlmes
interpolated at 0.1 km increments sfar?ing at U.d km and
going to 19.9 kme Travel times needed In the program are
cohpufed from this Tabiéo Derivafives reqJired are also
détgrmlned by.taking flnite differences from the tables For
estimated foci greater than 19.9 km from the station and/or
deeper thén 3.5 Kmy a2 straight llne model [s5 used.

The traval time curvds are the PQwave travel times.
The S=Py S and P phases are 1dénf1fled In the program as

phases numbered 14, 15 and 16 respectively. The $ and S=P



- Lp -

phases are compJted by assuming
U5=Up/squ(3)p

It shoufd be noted that the fravel time curves assume’
a flat surface of the earth. Elevation corrections are
approxXlmated In the Afime subroutine, For stations with-

elevatlons abOVETB@Lsikmq‘the correction terms ELEVCs assumes

1

‘a cqnsféﬁf velozlity of hQSé kﬁ/sec for the material above
.ﬁ.13 Kme Forfs;étipns below ﬁ;i3Q5Mf ?5é.veloclfy used is
fﬁe average Bf 4;95 Km/sec and fhé uéldcify at fhé statlon
-elevatloh. The chrecTion‘Térm will have a maXimum magnijtude

-of approxlmately 0.C1 secs . .

Sample Jutput

The procedqre for hunning the Locate program is as‘
foliowss The zomputer will print part of what followse
Comments are in parentheses.

RECOVER/SYSTEMsBATCH

T

/GET s DOALL/UNS3P3DLAF (GPSUiAF IS THE ACCOUNT THAT THE
PROSRAM IS STORED UNDER.)

/GET,TAPE7/UNSGP3I01AF (TAPE7 1S THE FILE .CONTAINING THE
CLARK HILL TRAVEL TIME DATA. OTHZR MODELS CAN BE
INPUT MERE.) ' | |

/FTNsL=0+I=DOALL (L=0 PREVENTS THE PROGRAM FROM BEING

PRINTED QUT«)



/LGO
FORMATS ARE FIELD FREE
IF NN=C RETURNs =1 CONTINUE, =2 ADD STATION DATA
=3 ADD PHASE DATA, =4 LIST STATION DATA
=5 LIST PHASE DATA, =6 DEPTH SEQUENCE
=7 LIST PREVIOUS DATA, =8 RESTORE PREVIOUS DATA
=9 INTERCHANGE' ROA DATA
READ NN oo ifjl
2 (CHOOSE oéfibwa,_ |
READ HR,HIN,SEC¥§EAT,ELDNG,DAY.MONTH;YElé
? (ESTIMATED CPICENTER)
READ, LABEL ...

?

READ EZ oWZsWToHX s WYy COISToNITER, SECZRRSMINER

o L7 -

? (EZ IS THE ESTIMATED DEPTH. THE W TERMS ARE THE HWIIGHTS

ASSIGNED TO DEPTH, TIME ANDO HORIZONTAL COMPONENTS.

CDIST IS THE CONVERGEINCE DISTANCE. NIVER IS THE

NUMBER OF ITERATIONS ALLOWED. SECERI AND SMINER ARE

TIME ERROR CONTROLS.)
READ NoIPHe¢IDsSZCoSI

LAST N=NEGATIVE(NUMBER OF ENTRIES +1)

? (H IS A CONTRJL NUMBER USED TO OROER THE OATA. IPH IS THES

PHASE IDENTITY. ID IS THE STATION NUMBER.

ARRIVAL TIME OF THE PHASE., HOUR AND MINUTES

SEC IS THE

ARE TAKEN

FROM THE ESTIMATED EPICENTER INFORMATIONs SI IS THE

TIME ACCURACY OF THE PHASE.)
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SUBROUTINE ATIME(IIPHsTOsIDsELATSELONGSEZoCeRZoIXKaXYZ)
EZ POSITIVE OOWN ELEV IS POSITIVE UP
DIMENSION A(iD),B(Eu)oC(S)uD(3u)ySuAT(ZFG)oSLONG(ZGU)s
CELEV (200 s IXX{Z) o XYZ (L) oT(364200) o CCHL3LY.
STATION LATITUDESLONGITUDE AND CLEVATIONS ARE STORED AS DATA
STATEMENTS IN THIS SECTION.ADDITIONAL TEMPORARY STATIONS MAY
BE ADDED BY USING THE NN=2 OPTION IN THE MAIN PROGRAM.
VARIABLE NAMES USED ARE SLAT=STATIGN LATITUDRE
SLONG=STATION LONGITUDE:ELEV=STATION ELEVYATION.A=PHASE
VELOCITYs 3=PHASE DELAY TIME (SEC)+D=REFRACTOR BEPTH (KM},
CC=DERIVATIVE OF TRAVEL TIME WITH RESPuCT T3 TIME
FOR S=P PHASES r‘C Do,
C(1)=THEORITICAL TRAVEL TIHLgC(Z)-DC(lP/DT:C(3) DCULY /DX,
C(4)=RC(1)/DY,C(5)=0C (L) 707 - ;
DATACAL(L),I= 1,¢o)/aa355,59800 6 2y 30? Be5sbe50Be3+2¢60k4e55,
CHE7930 521'995 8e95[+980301 3509691.4/ ‘
DATA(B(I){I=1916[/ﬂoﬂiﬂ.HoUnUwZanﬁgﬁilznOsSquBaﬂvUoDvﬂoﬁg-
CO02135+0007L40e00390el22+80e055+6.333/ '
DATA(D(I) 31515160 /0e0s0 el 9060925042500 s4000+s40009000+0s0y
Clo0+0e2590c25¢0c2090c0e00CeJa0/
JOATACCC(I) sI=1916)/5i0l9100s00Cvlalslol9la091s0s1e0sleCslol
C 1e091els0eDslalsis UglaD/ ‘
. THIS SECTION DtTLFMINES WHICH OUPTION IS USEDS
IF IXX{1)=1;A TZMPORARY STATIOH IS ADDED. :
IF IXX{(i)=2,A TZMPORARY PHASE I3 LDD:zD.
IF IXX(1)=3,A STATION LOCATION IS PASSED BACK 7O THZ MAIN
PROGRAM, , '
IF IXX(1)=4,A PHASE IS PASSED 3A4CK TO THE MAIN FROGRAM.
IF IXX(1)=5.THE TRAYEL TIME CURVE IS READ FROM TARPE 7.
IF(IXX{1).cR.1)G0 TO 16
IF{IXX(1).EQ.2)G0 TO 20
IF(IXX{1}).cQ.3)G0 TO 5L
IF(IXX(1).EQ-.4)6G0 T0 6C
IF(IXX (L) 5Q.5)63 T3 70
SUBRCUTINE CAY RETURNS THC EAST@HEST DISTANCt(X) AND THE
NORTH=-SO0UTH DISTANCE (Y) FROM THE E:TIMATLD EPICENTER TO THZ
STATIONX AND Y ARE IN KILOMETERS.
CALL CXY(SLAT(IO}sSLONGCID)oELAT+ELONGeX+Y)
R=SARTIX®X+Y*Y)
RZ=R :
IPH=IIPH
CXYZU(iY=1.0
IF(IPHaGE 14 ANDoIPH.LES16)GO TO 8T
IF(IPH.GE.4) GO TO 293 .
THIS SZCTION ASSUMES THE RAYPATHS AQ’ STRAIGHT LINES.
15 RZ=SURT(R*R+{CZ+LLEVIID) I¥(EZ+ELEV(ION )
C(LY=CCUIPH}®*TQ#RZ/A(IPH)+B(IPH)
 C(2)=CCIIPH)
C{3)=X/{A{IPH}?®RZ)
Clw)=Y/(ALIPH)Y*RL)
C(SY=(ELEV(IQI +EZ) 7 (ALIPH)*RZ)
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RETURN
29 CONTINUE
IF(D(IPH) oLTe0o001)GD TO 15 ,
THIS SECTION IS FOR REFRACTED PHASES,
25 CUI)=CC{IPH)¥*TO+R/A{IPHI+B(IPH)I*(2%0{IPH) +ELEV(IDI=EZ}/
C(2#D(IPH))
Ci2)=CC(IPH} .
C(3)=X/(A(IPH)*R)
Cl4)=Y/(A(IPH)ER)
C(5)= wB(IPH)/(Z*D(IPH))*'
T RETURN .
A5 IX=IXX{(2) S
SLAT(IX) =XYZ (1)~
SLONG{IX)=XYZ(2)
ELEV(IX)‘XYZ(S)
RETURN . :
20 IX=IXX(2) _
A{IX)=XYZ (1}
BUIX)IXYZ(2)
CCOIXY=XYZ (%)
D(IX¥=XYZ(3)
RETURN
50 IX=IXX(2)
XYZ(1)=SLAT(IX)
XYZ (2)=SLONG (IX)
XYZ(3VY=ELEV(IX)
RETURN
BL IX=IXX(2)
XYZ(Ly=A(IX)
XYZ(2)=B(IX)
XYZ(3)=0{(IX)
XYZ (&} =CC(IX)
RETURN
70 CONTINUE
00 73 I=1,356
READI(7,71)DDD
73 READI(7723{T(IeJ)yJd= 1,¢Ua)
71 FORMAT(3XsF3.4)
72 FORMAT(LC (1X4F345))
‘RETURN ' , ,
. THIS 3cCTION USES THE CLARK HILL VELOCITY MIDEL,THE
DATA READ. IN THZ PRECEEDING SECTIGN IS USED HIRE.FOCAL DEPTHS
GREATER THAN 3.5 KM AND EPICENTER=STATION DISTANCES GREATER
THAN 19,9 KM ARZ SENT BACK TO THE FIKRST SECTION.
B0 IF(EZolTa~dal3)iZ==0,13
I=RI=1Ce*(cZ+5.13)+1.
IF(I.6E.35)32 TO 15
IF(R+GE19,9)G0 7O 15
J=1D.*R+1,
CDLS(TIJ#1) =T{I JM)* (10 c¥Rt1a~J}
DT (Il d¥i)=T(I+1:0))¥(L0c%R+1s=J)



CON=1.00000 w |

CIF(IPHoEQel14) CON=3.73205

IF(IPH.EQ.15) CONS1.73205
TRE(T(I+1sJ)402=T(L,J)=DL) *(RI=I)
ELEVCS(ELEV(ID) =(+13) /{4, 8208~2,0833%ELEY (ID})

IF(ELEV(ID) o5EoCo13)VELEVC=(ELEV(IDI =0 o13)%02198

- TR= com*tr(I,J)+Di+ELFvc+rP)
C(1)=TR+TO*CZ (IPH) S
-C{ZI—CC(IPH) s
L DI=(T(I, J+1)-T(I,J))/O.1UDG
02-(T(I+1,J+1) T(I+1 V) /001 GO0
DTDR=CON# (014 (0D2=DL) ¥ (RI=I))
C(3)=X*DTDR/{R+D. 00001
Cl4)=Y*DTDR/{+5.,C03001)
DL=(T{I+19J)=TCIsJ1I/ 0100
D2=(T(I+1eJ+ L) =T(IsJ+1})/0.10C
C(5)=CON®*(0D1+(D2~ o;)*(LUQ*R+¢s—J))
RETURN .
END

BT
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APPENDIX D.

“Qé;dérféén bféé;;fhauake tocatlons
This section compares eéﬁfhdugke“locatlons obtalned
from the new model ﬁlfh the locafion#aoﬁfalned from Oenman®s.
model, The:{aﬁle‘énTriés are arranged by the results of
Denmanfs~@odel“and the ﬁ@sQﬂts of the new model for the samne
éuenf; The Symbol D§ Bﬁlfhé depth Indicates depth sejuence.
A time of 0.00 seconds indlcates that the origin time was

not computed.



Dafte

9/18/74

1/25/75

1/25/75

1725775

2723775

ereL/75

2/24/75

er24/75

2/24/475

2r24/75

er2G/75

2reu/75

Table G4,
Time:

3:12152.86

3112152.88
G04t3he2h;

b304e34s26

4224351593
4124151677
LiZ2bi115.64
4126315067
4304334,1k
L104134.26
1349225.,48
1349125050
4309:13.02
420911304
17:35155,79
17335255482
1713812154
1713812157
18:11:33»32
18111133435
18130119011
18130319.14
18331102,34

18131802037

33,9463 .

33,9664

55.94 83

33,9433

3 3 o g 6 Bih,'

33,9536

33.9671
33,9665
33,9507
33,9487
33,9554
3309545
33,9676
33,9653
33,9637
33,9624
33.9651
33,9633
33,9377
33,9371
33,9663
3349665
33,9677

3Xe9661

Latitude Longitude
82,4958
8244963

82.5011

805021

B2.4919

"82. 4911

82.4978

24985
82.4954
52,5013
82,4823
8204843
82,4891
8204914

82.43885

82.4911

8244847

82,4876

82.4931

82.5014

82,4915

8244933

82 ¢ 48938

824927

Comparison of 01d and Nea Modelss

Qepth

1685

1468

Ua84

05008

2.5{0S
0.0008
0.000S
0.0C05
01005
0.,100S
0.0C0S

0.0C003

0.400S.

0.0605
02505
d.ZSDS
0.000S

0.0003

52



2/24/75 20125152.67

‘éIZQ/75
?fZS/?S
2725775
L/23/75
L/2h/75
Lrs24s75
b/24/75
LI24/T75
GL/24775

Lkr2u/75

L724/75

20325152.7%
23535:101.77

23135801,79

5112805, 60

0112105,63

G:h5=24°38'

D345320.b35

238551530,13
23855358.15

2308815.26

2338115,26
L4143155,99
4243150,
58188 G.U0
51182 J.00
5150817 :48
5150317,49
51528 000
58528 0406
5152822.35
5152t122,36
5:53813b.11

5853836.12

fa@fé 4¢ Continued

33,9674

33,9657

- 3309692

33.956706

339763

;53;97%&
33.9697
33,9673
33,9507

33.9508

33.9573°

33,9575

33,9593
33,9594
3349665
33,9649
33,9588
33.9583
33.959¢
33.9587
33,9580
33,9575
33,9579

330.957¢

8244654
8234913

82,4953

824977

32049‘33

‘82,5606

32.4989
8244939
8204853
82.4863
8244963
82,4961
824980
824971
8205030
82.5066
824933
8244935
824 %949
8244947
8204915
82.4922
8244908

8249237

0.000S

" 0.000S

D.250S

1.2508

8.2508
0.500S

§ab2

53



/24075

4r24/75
W/24/75
4/24/75
L/24/75
4725775
4/25/75
4/25/75
4/25/75
42575

L/25/75

bs25/75

__:thple ;fiquflnued

6127853,35

6127353,36

6328854 1iT

6328254%.18

151334 3437

158331 3,38

1783115260
17831352.61
18853827453

18350127.54

0155124631
0155124.,32
BE143 GO0
Lt1%t 3400
4259120415
4359823.16
5310120774

5801807.75

58121 0400

58128 UL.00
5146856690

C146855.91

17150343,79

1725084 3,80

33,9591

33649585

339579

33.9575

335957y -

33.9565
33. 9595
339591
33,9594
33.9589
33,9553
33.9556
3349545
3359544
33,9533
33,9583
33,9493
3349497

33,9596

33.9585

3309564
33,9560
33,9637

33,9631

82,4919
'82.&@23_ -

82,4961

agoégai
8244632
8204905
82 4952
82,4951
8244937
8244933
82 4945

82.4969

8245019

82.5036

8204943

B2 04942
8245032
82.5025
824839
8244913

8224929

82.4937

82+ 5059

82.5049

0.71

0453

091
3.78
0.C505

2.2508

- S5 -
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;/25/?5
;9125/75
4/25/75
L2675
4/26/75
426775
4/26/75
4/26/75
4/26/75
4/26/75
4/26/75

L/26/75

 Table 4, Continued
18810804023

18:10:01;2%-

18112114495
18852(1#&96
18120143.59
18120543460
0111t 0.00
0311 0.00
0325134521
0125134,22
0836155,95
0236155,97
51364121411
5134122.12
6154857, 91
631564357 ,91
6156128452
6256828453
7124131,33
T124131,39
7825112400
7525112401
713613377

73136339.78

e
t
)

33,9592

33,9589

33,9572
V33,9567
33,9591

33,9586

33,9417
33,9627
3309584
330958

33.9580b

33,9572

33.9604
33,9599
33.9597
33,9593

33,9571

33,9565

33,9583
33,9580
33,9620
33,9608
3349595

33.9591

82,4933

§2 44935

82,5051

8245041

82,4940

82,4941

824879

82,4889

82,4958

82,4957

" 82.4922

8244944

82,4967

82.4965

82,4967

824965
824301
82,4914
82.4952

B2.4952

824913

82.4923

8264943

82,4946

{.21

1.13

=0, L5035
0.20608
D694

J.81

’-55-



4/26/75
fﬁkésfrs
4/26/75
4/26/75
4/26/75
5/21/75
5/21/75
5/21/75
5/21/75
5/21/75
5/22/75

5722775

8117313.27

‘f'?fable'k. Continued.

8117113.28

B125815.58 °

8125813459

BEu0130,.36

814033].37

178136805413

17336805012

18812331687,

18112831 .86

64T
beh?e
8:0ot
81061
8i0ot
gtlot
91;23

-7 5 -

221561

22156%

11341

11343 |

8i159¢

8¢0391

s 00

Je00

3000

Jdef0

Jo00

33,9601

133.95.87

33,9597

33,9576
33,9573
33,9574
33,9510
33,9510
3349513
33.9511
33,9491
3349434
35,9573
33,9576
3349562
339564
33,9515
33,9516

3349537

33.9536

33.9601
33.9597
33,9629

33,9623

82.4892

824913

8244908

324931
BZ o 14932
82,4934
824974
82.49738
3244966
8244973
8244957
32;4957
82+ 4980
324973
8244915
824646916
8245043
82+5041
8245693
82.5086
8245132
82.5121
8245093

82.5083

56



5722775

5722775

5/23/75.

5/23/75

C 6/23/75

3/26/77
3/26/77
3/26/77
3/26/77
3/26/77
3126077

3726777

103533 0.60

108538 3.060
201261 Go00
202268 000
_?xigs_s,;c
7;19{
73198 0460
73131 000

83013 J.0C

8101% .00

230433.49

2:0433,23
3143157.61
3843157,.64
53828125,81
5128125, 85
51488k, 81
5343344, 81
6150155,95
6:501554.99
784312300
7t433120.08
18112113.08

18112t13.11

Tabte 4k, - Confinued

33.9560
33,9557

33,9625

23,9613

33,9565

33,9564

3309544

33,9604

33,9598

33,9610

33.9609
33.9628
33,9535
339634
33,9684
33,9674
33,9599

33,9646

33,9595

33.9631

33.90612

33,9654 -

;33596Q2'

82.5017

82.5012
8244984
82,4981
.52?9992_
82,4989

82,4993

82 .4990

82.5068.

82,5065

824967

82,4964

82.5009
82,5014
82.5063
B2.5075
82.5037

32.5073

82,5076 .

- 8245089

82.%05%

82.5065"

82.5078

93.5082
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3/26/77
3/26/77
3726777
3/25)??
3/26)7?
u(13/77
#/15/??
' h/14/7}

Wr14/77

19104157.66
19304157 .71
19117120,72
19817223 ,76
1914316, 40
1984316, 42

19348333.62

19:48213 .64

208423041042

2083472861 .66
1805829481
" 1505129.79
12154133410
123541833.11
16822162444
16122142.50
16845146,0C

1684540 .01

33,9584

33.9631

3359535

33.9527'

33+9533

33.9624

33,9587
53,9613
53,9535
33.9653"
33,9645
33,9633
1339530
33,9532
 33.9616

33.9609

339674

33,9669

Table 4. Contlnued

82.4937

82.4982

8205045

82,5054

82,5064

 82.5078

82¢5023

8245040
!ééfsoAz'
‘VSZ;SUS?
8205040
8245639

‘B2.5124

82.5122
82,4982
82 4972
82,5070

82.5068

58 =
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