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Abstract: Relevance. When studying the seismic effect of the occurred earthquake, the collected macro-
seismic data are of great importance. To design the most reliable map of the macroseismic field, it’s necessary
to have the sufficient number of such data, which descript accurately, how and under what circumstances the
earthquake was felt. However, in sparsely populated regions, collecting such information is often impossible. In
similar situations, the lack of near-field data is particularly sensitive. This is the case of the Monte Cristo Range
earthquake, 15.05.2020, M,, = 6.5, which occurred in Western Nevada. The nearest settlement from the epicenter
was at a distance of» 59 km. In addition, there were not only strong ground motion instruments, but also regional
seismic stations near the epicenter. The nearest seismic station that recorded the event was at a distance of» 39
km. In the absence of information or their extremely small number, the construction of isoseists near the epi-
center can be made only by theoretical calculations. Global or regional empirical attenuation curve is used. Usu-
ally, the attenuation law is described by single curve. The accuracy of such constructions is low. The separation of
several zones in the earthquake wave field with their individual attenuation laws and the correlations between the
vibration parameters and the parameters of the earthquake source and ground conditions significantly improves
the accuracy of calculations. The article proposes a methodology for calculating accelerations and intensities
based on empirical data. The aim of the work is study of the macroseismic field of the Monte Cristo Range earth-
quake, 15.05.2020, M, = 6.5: assessment of peak accelerations and intensity in the near-field of this earthquake.
Research methods - analysis of available data on the earthquake, and development of attenuation curves for this
seismic event, calculation of peak ground accelerations, duration of oscillations and assessing intensity. Results
of the work — for Monte Cristo Range earthquake, 15.05.2020, PGA attenuation equations were proposed and the
seismic effect in the near-field was estimated.

Keywords: seismic effect, epicenter, magnitude, peak ground acceleration, peak ground velocity, duration,
intensity, macroseismic field.
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Pestome: AKTyanbHOCTb paboTbl. pu nccneaoBaHUM CEACMUYECKOro dhdheKTa NpPonCLLeLLero 3emne-
TPACEHNS 6ONbLUOE 3HAYEHNE UMEKOT COOPaHHble MAKPOCEACMUYECKIUE faHHbIe. X OCTaTO4HOE KONMYECTBO U
TOYHOCTb OMWUCAHMSA TOrO, KaK M NPU Kakux 06CTOATENbCTBAX OLLYLIANOCh 3EMNETPACEeHNe, Cnoco6CTBYIOT Mo-
CTPOEHUIO Hanbonee AOCTOBEPHON KapTbl Makpoceiicmuyeckoro nons. OQHAKo B ManOHACENEHHbIX PernoHax
c60p TaKo MHEopPMALMK 3a4aCTYI0 HEBO3MOXXEH. B N0J06GHBIX CUTYaLMAX 0COOEHHO YyBCTBUTENEH HEOCTATOK
JaHHbIX B GNIMXKHER 30He 3emyieTpsceHnid. VIMeHHO Takoi cryyan npefcraBnser coboi 3emnetpsaceHne Mon-
Te Kpucto Panmuax, 15.05.2020 r., My, = 6,5, npousoLleallee B 3anagHon Hesane. bawxaiilunii HaceneHHbIN
MYHKT OT 3NULEHTPA HAXOANNCS Ha paccTosHMM» 59 KM. K TOMY e, BOMN3M SNIULIEHTPA HE 0Ka3anoCh He TONbKO
npu60POB CUMbHBIX OBUXEHWIA, HO U PErynapHbiX ceilcMocTaHumid. brnxanwan c/ctaHuns, 3adukcuposasiuas
c0o6bITWe, HAaXo4UNach Ha pacctosHUM» 39KM. IMpn OTCYTCTBUW CBELEHUA WM UX KPalHeil Manio4yMCieHHOCTU
MOCTPOEHNE N30CEICT BOU3N SNNLIEHTPA MOXXET ObiTb NPOM3BEAEHO TONIbKO TEOPETUYECKMMI pacyeTamu. Vc-
NONb3YHTCA CPEAHEMUPOBLIE N PETMOHANbHbIE AMMUPUYECKNE 3aBUCUMOCTY 3aTyXaHUs NapameTpoB koneba-
HUIA. T1pK 3TOM 3aKOH 3aTyXaHWA 00bIYHO OMUCLIBAETCA OAHON KPUBOW. TOYHOCTb TaKMX MOCTPOEHNIA HEBbICOKA.
BblgeneHune B BONHOBOM NOJie 3eMNETPACEHNS HECKONTbKNUX 30H CO CBOUMM 3aKOHAMI 3aTyXaHus 1 3aBUCUMOCTS-
MM NapameTpoB KonebaHnii 0T napameTpoB 04ara u Cpefbl 3Ha4UTENbHO NOBbILAET TOYHOCTb PAcHeTOoB. B cTaThe
npennaraeTcs METOANKA PacHeTOB YCKOPEHUIA U NHTEHCUBHOCTEN, OCHOBAHHAS HA AMNMPUYECKNX faHHbIX. Lienb
pa6oTbl — uccnenoBaHne MakpoceiicMmyeckoro nons 3emnetpsiceHns Moute Kpucto Painmk, 15.05.2020 r.,
My, = 6,5 oLeHKA NUKOBbIX YCKOPEHWIA 1 UHTEHCUBHOCTW BOMIN3W 04ara aToro semnetpscenuns. Metoabl uccne-
[I0BaHUA — aHANM3 UMEIOLLIMXCA AAHHbIX O 3eMNETPACEHMM, Pa3paboTKa KPMBBIX 3aTyXaHWs NPUMEHUTENBHO K
3TOMY CEACMUYECKOMY COBLITUIO, PACHET MUKOBbIX YCKOPEHWIA FPYHTA, NPOAOHKUTENBHOCTM KONE6AHNIA 1 OLIeH-
Ka WHTEHCMBHOCTW. PesynbTatbl pabotbl — ans 3emnetpsaceHns Monte Kpucto PaitHmx, 15.05.2020 r., npea-
NOXEHbl YPaBHEHMS 3aTyXaHMs NMUKOBbIX YCKOPEHWUIA, U OLLEHEH CENCMMNYECKNIA a¢DeKT.

KnioyeBble cnoBa: ceiicMU4eckue BO3AENCTBISA, 04ar, MarHuTyaa, niuKoBoe YCKOPeHMe, NMKOBas CKOPOCTb,
NPOAOMKNTENbHOCTb KONEe6aHWA, UHTEHCUBHOCTb, MAKPOCEICMMYECKOe nofe.

bnaropapHocTb: [JaHHas paboTta 4acTuyHo ouHaHCUpyeTcs [lenapTaMeHToM Hayku v TEXHONOMMY npasu-
TenbeTBa VHgmn, INT/RUS/RFBR/P-335 n Munuctepcteom Hayk 0 3emne MoES/PO (Seismo)/1 (304)/2016, a
Takxe Obl/1a BbIMOSIHEHA 110 rOCY[APCTBEHHOMY 3afannio VHctutyta comsuku 3emmn um. 0.10. LLimngra PAH
n nogpepxanda Poccuickum OOHAOM DyHAAMEHTaNbHbIX uccnegoBaHni (rpant Nei8-55-45010). Perno-
HanbHas ceiicmMuyeckas cetb Hesagbl (NN) Beger HabmogeHns no Bced Hesage n Bo MHorux pasioHax Boc-
TOYHON KarnnghopHun. OHA BKIHOYAET B ce051 0K00 450 KaHanoB npubopoB PasinyHoro tuna, perunctTpupy-
HOLYNX CeNICMUYECKNE CUTHANbI B PEXUME PeanbHOro Bpemenn. [anHeie cetn NN goctynHbi 4epe3 IRISDMC
(IRISData Management Centre). LleHTp faHHbiX 0 3emneTpsacernsx FOxHon KanugpopHun (Southern California
Earthquake Data Center, SCEDC), couHaHcnpyembiii LeHTpoM 3emneTpsacerni fOxHon KannghopHun (Southern
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California Earthquake Center, SCEC) n Apyrumu ucToYHUKaMu, COLEPXUT MOJIHbIE apxuBbi JaHHbIX cetn SCSN/
CISN (Southern California Seismic Network/California Integrated Seismic Network) ¢ 1932 roga no HacrosLee
Bpems. [octyn k cetn SCSN, ynpasnsemoit KanugopHUicKUM TeEXHOSIOrMYECKUM UHCTUTYTOM 1 [€0/10rnyeckoi
cnyxooin CLUA, ocyiectsnsncs yepes SCEDC. CevicmMorpammsl, METaflaHHbIe W pYrne [aHHble AN 3T0ro uc-
CNIeZI0BaHNSA ObLN M0J1y4EHbI YEPE3 LIeHTP faHHbIX 0 3emneTpsiceHnsx B CesepHov KanugpopHmm (NCEDC), kyaa
OHY ObIN IPEAOCTaBEHb!I KanughopHUACKUM yHUBEPCUTETOM bepKiu.

IOnsa uutuposanus: Iptenesa 0.0., Antukaes ®. ., Peaan Kaptuk K. C. K., Hanga C., Comana C.H. 3em-
netpsceHne Monte Kpucto PaiHmx, 15 masa 2020 r.: pac4yeTHas UHTEHCUBHOCTb U MaKPOCECMUYECKOe Mone.
Teonorua n reogpmanka Hra Pocenn. 2022. 12 (1): 62-74. DOI: 10.46698/VNC.2022.92.93.005.

Infroduction

On 15" May 2020 at 19 h 03 min 27 sec (GMT) (11 h 03 min 27 sec UTC) a rela-
tively strong earthquake occurred in Monte Cristo Range, western Nevada. The source
was located about 55 km west-north-west of Tonopah city (sometimes this event named
Tonopah earthquake). The coordinates of epicentre are 38.163°N, 117.859°W. It was lo-
cated between Candeleria fault and Eastern Columbus Salt Marsh fault type of faulting is
a combination of normal and strike-slip (fig. 1).

Magnitude of the event is M,, = 6.5. For this level M,, = M. Depth by USGS estima-
tion is 2 = 11 km, but Nevada seismological laboratory evaluated # = 2.7 km (https://
earthquake. usgs. gov/earthquakes/eventpage/nn00725272/executive). Maybe, these es-
timates are corresponding to lower and upper boundaries of rupture surface. At the same
time according to [Wells et al., 1994] width of rupture surface is 10.7 km. Therefore,
value of 42 =11 km is used for the further calculations.

Within 12 hours after the main shock 7 aftershocks of magnitude higher than 4.5
were recorded. The very next day there were two aftershocks with M,, > 4.5, followed by
one each subsequent couple of days. Four days past the main shock, still aftershocks of
magnitude higher than 4 are observed (fig. 2). Aftershocks are concentrated in an ellipti-

y Fl
A
/ (73,78, -24)
f ___-’.“'l.
| __..f"-" II
| S !
| - |
| |
| |
T/
y
.-'/
4 ]
Wer
o
(168, 67, -167)

Fig. 1. Moment tensor of Monte Cristo Range earthquake 15.05.2020
(https://earthquake. usgs. gov/earthquakes/eventpage/nn00725272/executive)
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Fig. 2. Esmeralda County Sheriff’s Office photo of cracks across Highway 95
(http://www. nbmg. unr. edu/Geohazards/Earthquakes/MonteCristoRangeEQ. html)

cal region with major axis roughly oriented NE-SW, except for a few scattered ones SE
of the epicentre. There are 2 aftershock zones. One was located at the extending of Can-
delaria fault; another was at the eastern edge and extended towards Petrified Springs Fault
System. The length of mainshock rupture is about 28-35 km long a previously unknown
eastward extension of Candelaria fault [Morton et al., 2020; Bormann et al., 2021; Dee
et al., 2021; Koehler et al., 2021]. Maximal coseismic slip is 0.8 m [Zheng et al., 2020].

The earthquake occurred in a sparsely populated area, so there were no casualties.
But shakings were felt across a large area up to San Francisco, Salt Lake City and Los
Angeles. No major damage was reported. This seismic event only damaged U.S. Route
95 between Reno city and Las Vegas: there are cracks (fig. 2).

The purpose of this work

The estimated maximum intensity is VIII (https://earthquake. usgs. gov/earthquakes/
eventpage/nn00725272/executive). The nearest seismic station was located at about 39
km. The seismic records and the macroseismic data were absent in the near-field zone.
Therefore, it was possible to define the intensity in the far-field only. In proposed research
we investigated the seismic effects of the Monte Cristo Range earthquake: we assessed
the peak ground accelerations (PGA), duration of oscillation (t) and intensity (/) in the
near-field of this earthquake.

Research methods

In the absence of information or their extremely small number, the construction of
isoseists near the epicenter can be made only by theoretical calculations. For this target
the global or regional empirical attenuation curves are used. As the rule, the attenuation
law is described by single curve. The accuracy of such constructions is low. The separa-
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tion of several zones in the earthquake wave field with their individual attenuation laws
significantly improves the accuracy of calculations.

For studying the near-field of Monte Cristo Range (Tonopah) earthquake, 15.05.2020,
we used the system of PGA empirical attenuation curves developed on the basis of the
world-wide strong ground motions database [Aptikaev, 2009; Erteleva et al., 2020]. Ana-
lyzing the available data on the Monte Cristo Range earthquake, we developed the empir-
ical attenuation curves for this seismic event. Then, for the sites, where the strong ground
motions seismic stations were located, PGA and t were calculated.

The intensity in the near-field zone were estimated using the PGA attenuation equa-
tions and correlation relation, which connects / at the sites with PGA’ and t values there.

Table 1
Western Nevada historic significant earthquakes
Year | Date Time Location | Maximal Reference
(GMT) intensity
h min Lo
1868 | 30.05 | 0510 |Virginia City VII [Slemmons et al., 1965; Toppozado et al., 1981;
Area 2000; de Polo et al., 2003; 2006]
1869 | 27.12 | 0155 |Virginia City VIII [Slemmons et al., 1965; Toppozado et al., 1981;
Area 2000; de Polo et al., 2003; 2006]
1869 | 27.12 1000 | Virginia City VII [Slemmons et al., 1965; Toppozado et al., 1981;
Area 2000; de Polo et al., 2003; 2006]

1887 | 03.06 1050 |Carson Valley VIII [Slemmons et al., 1965; Toppozado et al., 1981;
2000; de Polo et al., 2003; 2006]

1910 | 21.11 2323 | Tonopah VIII [Slemmons et al., 1965; Toppozado et al., 2000;
Junction de Polo et al., 2006]
1914 | 18.02 1817 |Reno region VII [Slemmons et al., 1965; Toppozado et al., 2000;
de Polo et al., 2006]
1914 | 24.04 | 0834 |Reno region VII [Slemmons et al., 1965; Toppozado et al., 2000;
de Polo et al., 2006]
1915 | 03.10 | 0653 |Pleasant VIII-X |[Slemmons et al., 1965; Toppozado et al., 2000;
Valley de Polo et al., 2006]
1932 | 20.12 1010 |Cedar VIII-X |[Gianella et al., 1934; Slemmons et al., 1965;
Mountain Toppozado et al., 2000; de Polo et al., 2003;
2006]

1933 | 25.06 | 2045 |near Wabuska VII [Neumann, 1935; Slemmons et al., 1965;
Toppozado et al., 2000; de Polo et al., 2006]

1934 | 30.01 2016 |Excelsior VIII [Callaghan et al., 1935; Neumann, 1936;
Mountains Slemmons et al., 1965; Toppozado et al., 2000; de
Polo et al., 2006]
1948 | 29.12 1253 |near Verdi VII [Murphy et al., 1951; Slemmons et al., 1965;
Toppozado et al., 2000; de Polo et al., 2006]
1954 | 06.07 1113 |Rainbow IX [Murphy et al., 1956; Doser, 1986; Slemmons et
Mountain al., 1965; Toppozado et al., 2000; de Polo et al.,
2003]
1954 | 24.08 0551 |Stillwater IX [Murphy et al., 1956; Doser, 1986; Slemmons et
Range al., 1965; Toppozado et al, 2000; de Polo et al.,
2003]
1954 | 16.12 1107 |Dixie Valley X [Murphy et al., 1956; Slemmons, 1957; Doser,
-Fairview 1986; Slemmons et al., 1965; Toppozado et al.,
Valley 2000; de Polo et al., 2003; Caskey et al., 1996;
1997]

2008 | 21.02 1442 |near Wells VIII [Smith et al., 2011; de Polo, 2014]
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Fig. 3: More intensive accelerograms of Monte Cristo Range (Tonopah) earthquake,
E-W horizontal component

The calculated intensities and intensities obtained from strong ground motion records
were compared. Using such results, the seismic effect of the Monte Cristo Range earth-
quake, was estimated.

Tectonics and seismicity of the Monte Cristo Range
earthquake region

The region, where source of Monte Cristo Range earthquake, 15.05.2020, is located,
1s the northeast of the Mina deflection, western Nevada, the central Walker Lane. The
Walker Lane is a zone of wide 100-300 km with many active faults [Stewart, 1988; Ben-
nett et al., 2003]. There is complicated tectonics with the thrusts, folds here. A feature of
the seismicity of the Walker Lane is the simultaneous existence and interaction of mul-
tiple faults with different types of faulting. The strike-slip (left-lateral and right-lateral)
and normal faults are characterized for the Mina deflection [Wesnousky, 2012; Lee et al.,
2009; Nagorsen-Rinke et al., 2013; Bormann et al., 2016].

Historical seismicity documented in Western Nevada is very reach of the numerous
felt and damage seismic events (Table 1). Most earthquakes of this region had a pro-
longed aftershock process. The same peculiar feature is characteristic of Monte Cristo
earthquake.

Strong Motion Data

The Monte Cristo Range (Tonopah) earthquake was recorded by many s/stations. But
unfortunately, the epicentral distances were large. We used the accelerograms of 41 sta-
tions. The examples of records with maximal PGA are shown in fig. 3.

The stations with codes LHV, DSP, QNBC and KVN are within 100 km from epicen-
tre. All these stations are within couple of degrees distance from epicentre with limited
coverage in first quadrant. The strong motion data has been corrected for DC shift scaled
based on the sensitivity. The closest station to the hypocentre is LHV, which is about 58
km from the epicentre, and the shortest distance from the rupture surface for this station
is 35 km. PGA value recorded at this station is close to 0.3 m/sec? in both the horizontal
components, while the THV 1 station which is 85 km from the earthquake location record-
ed PGA of 2.18 m/sec? along EW direction. This is also the highest PGA among all the
stations shown in fig. 4, followed by QNBC station recording about 1.5 m/sec? on both
the horizontal components. All the SCEDC stations had PGA within 0.1 to 0.2 m/sec?.
Shaking lasted approximately from 35 sec to 75 sec at the stations considered (fig. 3).

The Fourier amplitude spectra of accelerations for the horizontal and vertical compo-
nents are also computed. Most of the energy is concentrated around 0.8-2 Hz band. The
high frequency decay of these spectra is used to compute kappa factor. Kappa for vertical
components hardly has any variation with distance kK = 0.0001R + 0.0320. The asymptotic



68 Geology and Geophysics of Russian South 12(1) 2022 T'eonorvs n reogmanka Kora Poccim

limit as R tends to zero is k0 = 0.032. Kappa for horizontal components is found to follow
Kk = 0.0059R + 0.0279 (with k0 = 0.0279).

Empirical attenuation law for Monte Cristo
Range earthquake

Because the area near the epicenter of the Monte Cristo Range earthquake is sparsely
populated, it is difficult to design shake maps of ground accelerations and isoseists. There-
fore, average world empirical dependences of the attenuation of these parameters are used
in such cases. There are two intensity maps for this earthquake (https://earthquake. usgs.
gov/earthquakes/eventpage/nn00725272/executive): Community Internet Intensity Map
(by the USGS DFYI web site) with maximal intensity MM VII and Estimated intensity
map with maximal intensity MM VIII. The accuracy of such constructions is not high.
The main reason for the errors is the assumption that the attenuation of seismic effects can
be described by a single equation.

It turned out [Aptikaev, 2009; Aptikaev, Erteleva., 2021], that in the engineering
range (6-9 points of seismic intensities):

the mean values of accelerations in narrow distance intervals can be approximated
by three straight line segments with different attenuations of accelerations and intensi-
ties, and different dependencies on earthquake magnitude, focal mechanism, and ground
conditions (fig. 4);.

the acceleration attenuation curves for different magnitudes are muted by shifting
not along the amplitude axis, but along the distance axis;

in the immediate vicinity of the fault a zone is separated, where the amplitude in-
crease with distance. It was called a fault-field zone in [Aptikaev, Erteleva, 2021];

in the far-field zone the PGA attenuation becomes very dramatically, because the
boundary of the near-field and far-field zones is the border of the earthquake source.

PGA, em/sec’

o
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Fig. 4. Attenuation of PGA from empirical data (by Erteleva). Zones: fault-field; Il — near-field;
1l — far-field. Focal mechanism: 1 — thrust; 2 — strike-ship,; 3 — normal. Ground category: 4-hard;
5 — intermediate; 6 — sofft.
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At some distance from the fault, the accelerations depend on magnitude. On the con-
trary, at the fault surface, many researchers consider acceleration amplitudes to be inde-
pendent of magnitude [Campbell, 1981; Trifunac, 1976; Bommer et al., 2000; Yamada
et al., 2009; Aptikaev, 2009]. Therefore, if we normalize distances according to the law

lg R* = Ig R — 0.33 M, (1)

where R is the shortest distance from the fault surface; R* is the distance normalized
by M, Ss

then the problem of finding the amplitude attenuation law is greatly simplified, since
the magnitude dependence disappears; the accuracy of the estimates is significantly in-
creased: the standard deviation for the worldwide data sample is 0.17 for the fault-field
and near — field zones and 0.20 for the far-field zone.

In the fault-field zone, accelerations obey the law:

IgPGA (R*) = IgPGA,+ C/lg (1+ R*) = 0.17, )

where PGA,is the acceleration at the rupture surface, C,is a coefficient depending on
the focal mechanism (Table 2).

Table 2
Values of PGA;and coefficient C.
Focal mechanism PGAj, cm/sec? C, PGA,,,.
Thrust 435 52.5 870
Strike-slip 310 38 660
Normal 220 28 535

The maximum values of accelerations are observed at the boundary of the fault-field
and near-field zones.

For the Monte Cristo earthquake PGA,= 260 cm/sec’. Maximal acceleration
PGA,,,. = 590 cm/sec? is expected on shortest distance from rupture surface R = 3.2 km.
According to model the depth of lower boundary of rupture surface is 11 km, maximal
acceleration must be observed on distance about 3 km. For the model of upper boundary
of rupture surface is 2.7 km, maximal acceleration must be observed just above rupture
surface. For the strong motion stations both models give practically the same results.

For the Monte Cristo earthquake, we have in the fault-field zone

IgPGA (R*) = 2.415 + 32.7 g (1+ R*) £ 0.17, (3)

In the near-field zone the acceleration amplitudes begin to reduce (see fig. 4), no sig-
nificant effects of the focal mechanism and ground conditions on the PG4 amplitude were
found. The equation for this zone is:

lg (PGA, cm/sec?) = 1.75-0.63 lg R* £ 0.15. (4)

In the far-field zone, the influence of ground properties on the vibration level is sig-
nificant: for rock the amplitude level should be reduced and for soft ground to increase.
All given estimates refer to the largest amplitude on the horizontal component.

For the far-field zone, an empirical equation is obtained

Ig PGA = C,,— (2.76-0.17 M) Ig R*+ 0.2, (5)
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where C,, = 0.9 for rock, 1.1 for intermediate ground and 1.3 for soft ground.
For the Monte Cristo earthquake ground conditions are unknown, we are used C,, = 1.1:

lg PGA =1.1-1.655 Ig R* + (.25, (6)

There is a sharp increase in the attenuation in the far-field zone. This can only be
explained by the fact that the boundary of the near-field and far-field zones is the border
of the earthquake source.

Seismic effect of Monte Cristo Range
earthquake in the near-field

Rupture length was 28 km [Morton et al., 2020]. The position of the rupture surface
is taken as single plane according to the cloud of aftershocks from [Ruhl et al., 2021].
Therefore, our distance estimations are somewhat different from those, given in the pub-
lications. The distances were taken by us from the line of the fault.

The seismic effect can be estimated using vibration level value [Aptikaev, 2009; Apti-
kaev, Erteleva, 2021; Chernov, 2021]. To assess the seismic effect the empirical formulas
that describe the relationship between / and PGA (or PGV)) value at the observation point
[Aptikaev, 2009; Aptikaev, Erteleva, 2021] are used:

[=2.51gPGA + 1.25 lgz + 1.05, (7)

[=(Ig PGV + 0.5 lgr, + 1.8)/0.47, (8)

where 1 is the duration of oscillation when the acceleration is considered as the ground
motion parameter; 1, 1s the duration of oscillation when the velocity is considered as the
ground motion parameter.

Duration affects the seismic intensity [Aptikaev, 2009; Zaalishvili et al., 2020]. t is
defined as the time interval during which the level of the oscillation envelope exceeds half
the maximum value (it was called the pulse width)-[Aptikaev, 2009].

The empirical dependence of the pulse width in the fault-field and near-field zones on
the magnitude has the form [Aptikaev, Erteleva, 2021]:

lgt = 0.33 Ms— 1.63. (9)

The pulse width in these zones does not depend on distance and ground conditions.
In the far-field zone the empirical equation is:

lot = 0.17 My + 0.5 lgR* + C, (10)

where C = 0.1 for rock, 0.25 for intermediate ground and 0.65 for soft ground.

Using the strong ground motion records (the velocities records during the main shock
of Monte Cristo Range earthquake) [Crowell, 2021], we estimated the duration of veloc-
ity oscillations at the locations of the s/stations. Then the observed intensities in these
points were calculated by equation (8).

Using the developed attenuation law for Monte Cristo Range earthquake, (see equa-
tions (3), (4) and (6)), we computed the intensities expected at the registration sites by
equations (7). The corresponding pulse widths were calculated using equations (9) — (10).

At last, to show applicability of the proposed methodology, we compared the com-
puted values of intensities with the values of intensities obtained from strong ground mo-
tion records (Table 3). Both values are in good agreement.
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Table 3
The recorded and calculated effects of the Monte Cristo Range earthquake,
15.05.2020, intermediate ground

Stations | R,km | PGV pepeq Tobserved Lopservea | PGAcatcutatea Tealculated L eatcuiated
P627 35 4.72 22 6.7 109 5.0 7.0
LHV 43 441 19.2 6.6 88 5.5 6.8
P650 52 7.37 25 7.0 65 6.0 6.5
TONO 48 3.41 16.5 6.4 53 5.8 6.3
P132 60 4.15 8.7 6.4 51 6.5 6.3
P649 67 3.44 14.7 6.5 43 6.9 6.2
P133 74 1.85 11,3 5.8 36 7.2 6.0
TVHI1 75 2.06 21 59 33 7.3 59

On the station LHV were recorded velocity and acceleration. To the recorded PGA at
station LHV and related 7 (fig. 3) 7 is 6.2 points. The accuracy of intensity estimations for
velocity and acceleration are equal. The differences between estimations are depended on
frequency content. Therefore, for station LHV mean value / = 6.4 is used.

The standard deviation is 0.3 points only, although all estimates were made without
taking into account ground conditions unknown to us.

Now, estimating the PGA, T and corresponding / values, we can describe the mac-
roseismic field of the considering seismic event. The intensity above fault is 7.7 points.
Then, with distance the intensity is increasing and on distance 3 km it reaches the max-
imal value 7 = 8.6. Further, the intensity begins to decay and decreases to values of
1= 8.0 on distance 10 km, / = 7.0 on distance 35 km and / = 6.0 on distance 73 km.

Discussion of results

Usually, when the classic methodic for assessing intensity by the instrumental data
are used, only PGA attenuation equation is applied. As a consequence, the resulting eval-
uations include the great errors, especially for the isoseists close in distance to epicenter.

For the Monte Cristo Range earthquake we obtained 7, = 7.7. Let’s note, such val-
ue is close to USGS’ estimation (https://earthquake. usgs. gov/earthquakes/eventpage/
nn00725272/executive).

We are proposing to consider whole earthquake wave field as 3 zones: fault-, near-
and far-field ones. Each zone is characterized by the own PGA attenuation equation, and
dependence on source mechanism and ground conditions. The influence of T duration is
taken into account also. Such approach allows describing a macroseismic field in detailed.

So, using this method, we have obtained that directly near the fault the Monte Cristo
Range earthquake intensity can be estimated as 7.7 points. But up to 3 km the intensity
value grows and reaches 8.6 point. Then it decreases to the value of /= 8.0 on distance 10
km. Isoseists radiuses of the intensity of 7.0 points and 6.0 points are 35 km and 73 km.

Nevertheless, when intensity is estimated, it must be taken into account, that in the
far-field zone seismic intensity on the soft grounds increases due to increase in the ampli-
tude and duration of the oscillations. For rock — intensity reduces.

Conclusions

Analysis of available data on the Monte Cristo Range earthquake, 15.05.2020, al-
lowed developing the attenuation curves for this seismic event. They are:
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1gPGA = 2.415 +32.7 Ig (1+ R*) £ 0.17 for the fault-field zone,
1gPGA = 1.75-0.63 1g R* £ 0.17. for the near-field zone,
1gPGA =1.1-1.655 Ig R* + 0.25, for the far-field zone.

The peak ground accelerations, durations and intensities were calculated. The inten-
sity above fault is 7.7 points. The maximal intensity / = 8.6 is expected on distance 3 km.
The intensity of /= 8.0, 7.0 and 6.0 points are expected on distances 10 km, 35 km and
73 km correspondingly.

By the classic model the maximal intensity near the fault may be estimated by value
8.0 on average.

As the result, the seismic effect near the Monte Cristo Range earthquake epicenter,
15.05.2020, was estimated in detailed.
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