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ATTENUATION OF SEISMIC WAVES IN THE LITHOSPHERE OF THE
NORTHERN PART OF THE BASIN AND RANGE PROVINCE

A. A. Dobrynina
Institute of the Earth’s Crust, SB RAS, Irkutsk, Russia

Abstract: This paper presents results of the study of attenuation of seismic waves in the lithosphere and upper mantle of the
northern part of the Basin and Range Province (BRP) (Fig. 1). In this study, the coda-wave method [Aki, Chouet, 1975] is
applied to process data collected in the seismic experiment conducted in 1988-1989, PASSCAL Basin and Range Passive
Seismic Experiment [Owens, Randall, 1989], including records of 66 earthquakes and explosions (M,=1.1-5.0) which oc-
curred in BRP (Fig. 2).

The effective seismic quality factor by the coda is calculated using the single-backscattering model [Aki, Chouet, 1975].
The Q¢ values are calculated for 18 values of the lapse time window W from 10 to 95 sec with the step of 5 sec at six (6)
central frequencies (0.3, 0.75, 1.5, 3.0, 6.0, and 12.0 Hz). In total, 7776 individual measurements of Q¢ were done. It is ob-
served that the quality factor Qc is strongly dependent on the frequency and the lapse time window W: Qc increases from
1246 to 359+17 for the central frequencies of 0.3 and 12.0 Hz when the lapse time window is W=10 sec and from
8716 to 1177+87 for the same frequencies when W=95 sec (Fig. 6). On the basis of the Q¢ values obtained for all the lapse
time windows W empirical relationships of quality factors and frequencies are calculated according to [Mitchell, 1981], and
values of quality factor Q, at reference frequency f, (fy=1 Hz) and frequency parameter n (which is close to 1 and varies de-
pending on the heterogeneity of the medium [Aki, 1981]) are obtained. In this study, Q, varies from 60+8 to 222+17, the
frequency parameter ranges from 0.57+0.04 to 0.84+0.05, and the attenuation coefficient  varies from 0.015 to 0.004 km™,
depending on W (Fig. 8); similar values of attenuation parameters are typical of regions with high tectonic activity [Mak et
al., 2004].

In the single-backscattering model, the dependence of the attenuation parameters from the lapse time window can be ex-
plained in terms of the depth of formation of the coda [Pulli, 1984]: a larger value of W corresponds to a greater depth
through which the coda-waves go. As shown by the analysis of variations of attenuation coefficient § and frequency parame-
ter n for the Basin and Range Province, both parameters decrease irregularly with depth — the slope of the curve showing
variations of § is considerably changed at the depth of 150 km. At the top of the graph (to the depth of 150 km), an abrupt
change of 6 with depth is observed; it is clearly seen in the graph of gradient § (Fig. 9 and Fig. 10); such behaviour is also
characteristic of n. At the depth of 140 km, parameter n is increased. In the middle section (at depths of 150-200 km), the
slope of the § curve increases, and gradients of § and the frequency parameter are significantly reduced. At the bottom of the
profile (> 200 km), the value of § is almost constant, and an abrupt increase of n is observed (Fig. 9 and Fig. 10). Figure 10
shows the high-speed profile of the area under study, which is published in [Wagner et al., 2012]. The profile shows the low
velocity mantle under the Basin and Range Province, actually starting underneath the Moho (at the depth of 50-60 km). The
lower boundary of the low-velocity mantle is located at the depth of 130-160 km. Thus, there are grounds to conclude
that the change in the slope of the curve showing dependence of § from the depth is related to the deep structure of the me-
dium. The abrupt changes of § and n are associated with the velocity discontinuities of the medium. The high values of § and
n, which are characteristic of the upper part of the profile, indicate the high degree of heterogeneity of the medium, which is
also confirmed by the low velocities of seismic waves in the area under study [Wagner et al., 2012]. The reduction of pa-
rameters § and n in the middle and lower parts of the profile suggests a more homogeneous structure of the medium at larger
depths.

As a result of the study of the characteristics of seismic wave’s attenuation in the lithosphere and the upper mantle
of the northern part of the Basin and Range Province, it is established that the effective seismic quality factor Q¢ is highly
dependent on the frequency in the range of 0.5-16.0 Hz. The empirical relationships of Q(f) for various lapse time windows
are obtained; it is shown that increasing the lapse time window causes the values of the effective seismic quality factor
to increase, which may be interpreted as reduction of attenuation with depth. By comparing the depth variations of the
attenuation coefficient and the frequency parameter against the velocity structure, it is shown that there is a distinct
change in attenuation of seismic waves at the velocity discontinuities in the northern part of the Basin and Range
Province.
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3ATYXAHME CEICMUYECKKMX BOJIH B IMTOCPEPE CEBEPHOI
YACTU ITPOBUHLINY BACCEMHOB 11 XPEFTOB

A. A. o6pemuHa

HMucmumym 3emnotl kopst CO PAH, Upkymck, Poccus

AmnnHotarms: B HacToseld paboTe npezcTaB/ieHbl Pe3y/bTaThl UCCIe/0BaHUS 3aTyXaHUs CeMCMUUECKUX BOJIH METOZIOM KOJja-
BosiH [Aki, Chouet, 1975] B nutocthepe v BepxHel MaHTHM ceBepHOM uact ITpoeuHiuKM BacceiiHoB u Xpe6Tor (ITBX)
(puc. 1). B paboTe MCroMb30BaKCh JaHHbIe, TOJyUeHHbIe B paMKax ceficMuueckoro skcriepumenTta 1988-1989 PASSCAL
Basin and Range Passive Seismic Experiment [Owens, Randall, 1989], — 3anucu 66 3eM/eTpsiceHUi 1 B3pBIBOB C MarHUTY-
Jamu My=1.1-5.0, npousomeanmx Ha Teppuropun I[IBX (puc. 2).

s pacueta 3¢ddhekTHBHOM ceficMuuecKol AOOPOTHOCTH TIO KOJe MCII0/Ib30BasiaCh MO/e/ib OFHOKPATHOTO PaCCesHHUs
[Aki, Chouet, 1975]. PacueT 3HaueHu# Q¢ BBITOHSICS [yisi 18 3HaueHuit [yiHbI OKHa 06paboTku Kozel W — ot 10 10 95 ¢ ¢
maroM 5 ¢ Ha 6 1ieHTpanbHbIX yactorax f: 0.3, 0.75, 1.5, 3.0, 6.0 u 12.0 I'y. Bcero BeInoHeHO 7776 UHAUBUYATbHBIX U3Me-
peHnit Qc. Habmogaercs cuibHask 3aBUCMMOCTb JOOPOTHOCTH OT YacTOThI U A/IMHBI OKHa 00paboTKH Kozbl: Q¢ BO3pacTaeT
ot 1246 go 359+17 pns uentpanbHbIX yactoT 0.3 u 12.0 Ty mpu aymHe okHa 06pabotku kozael W=10 ¢ u ot 8716 mo
1177487 Ha Tex ke yactoTtax npu W=95 c (puc. 6). Ha 6a3e monyuyeHHbIX 3HaueHUH Qc AJ1s1 BCeX 3HAUeHUH [IUHbI OKHa W
OB pacCUMTaHbl SMITUPUYECKHE 3aBUCHMOCTH J0OPOTHOCTH OT 4acToThl corsiacHo [Mitchell, 1981] v nosyueHsbl 3HaYeHHs:
Qo — no6poTHOCTE Ha pedepenTHOM uactorTe fy (fy=1 I'1]) U n — yacToTHLIN mapameTp (n 630K K 1 U MEHsIeTCsI B 3aBUCUMO-
CTH OT HeoZjHOpPoJHOCTH cpefibl [Aki, 1981]). [TonyyeHHbIe B HacTosiIel paboTe 3HaueHus1 Qy MeHstOTCs OT 6018 10 222417,
3HaYeHUs YaCTOTHOTO TlapaMmeTpa Bapbupytotcst ot 0.57+0.04 no 0.84+0.05, 1 kKoadduimeHT 3aTyxaHus § MeHsIeTCs B TIpe-
Jenax 0.015-0.004 kv B 3aBucuMocTH ot W (puc. 8), of06HbIe 3HaUeHHs NapaMeTPOB 3aTyXaHUs XapaKTepHbI I paii-
OHOB C BBICOKOH TEKTOHHMYECKOHW akKTUBHOCTRIO [Mak et al., 2004].

B pamkax Mozie/y OJHOKPaTHOTO paccestHHsl 3aBUCHMOCTb T1apaMeTPOB 3aTyXaHUs OT AIMHbI OKHa 00pabOTKH KOJAbI MO-
KeT ObITb 00BsICHEHA € TO3ULIMI TyOuHbl popmupoBanus Koael [Pulli, 1984]: 6onbiiee 3HaueHue W COOTBETCTBYeT 00JIb-
el riyOuHe TIPOXOXK/eHUs KOJa-BOJMH. AHaiv3 Bapuauuid Ko3dduipeHnTa 3aTyxaHus § W 4aCTOTHOIO MapameTpa n Jyist
IMpoBuHuMK bacceliHoB 1 XpeOTOB 1oKa3sas, uyTo oba napamerpa HepaBHOMEPHO YMEHBILAIOTCS C YBeIUUeHHeM IIyOHuHbI —
Ha riybuHe 150 KM Hak/1oH rpaduka u3MeHeHHs § 3aMeTHO MeHsieTcsl. B BepxHei uactu rpaduka (rmy6unsl 1o 150 kM) Ha-
6/1r0/1aeTCs pe3Koe M3MeHeHUe § ¢ rIyOuHOM, 0COOEHHO XOPOIIIO 3TO BUAHO Ha rpaduke rpaguenTa § (puc. 9, 10), nogo6Hoe
TOBe/ieHre XapakTepHo U s . Takke Ha raybuHe okoso 140 KM OTMeuaeTcsl CKauoK rapametpa n. B cpezHeii uactu (Ha
riybuHax 150-200 kM) Hak/IoH rpaduka 6 yBenuuuBaeTcs, rpajieHThl § U YaCTOTHOrO NapamMeTpa 3HauYMTe/bHO yMeHblIla-
1oTcs. U B HIDKHel yacTu paspesa (>200 KM) 3HaueHHe § CTaHOBUTCS NIPAKTUYECKH MTOCTOSHHBIM, TAK)Ke OTMeYaeTcst pe3Koe
CKaukooOpa3Hoe yBennueHre 3HaueHus n (puc. 9, 10). Ha pucyHKe rpuBefieH CKOPOCTHOI pa3spe3 MCC/eflyeMOro peruoHa,
MoJTyueHHbIN B pabote [Wagner et al., 2012]. Ha pa3pe3e BuaHo, uto nof I1poBuHIuei BacceiiHoB u XpeOToB pacrosioxeHa
HHM3KOCKOPOCTHAsl MaHTHsl, HAUMHAIOIL|AsICsl IPAKTUYECKH T0Z rpaHuiieii Moxo (Ha riybune 50-60 km). HipkHss rpaHuia
HHM3KOCKOPOCTHOM MaHTHU HaxoAuTcs Ha riyouHe 130-160 kM. TakuM 06pa3oM, MOXKHO 3aK/IHOUHTB, UTO U3MeHEeHHe yIiia
HAKJ/IOHa rpadMika 3aBUCUMOCTH § OT IIyOMHBI CBS3aHO C ITyOMHHBIM CTpOeHHeM cpeZbl. IIpH 3TOM pe3kue u3MeHeHHs & U n
MIPUYPOUYeHBI K CKOPOCTHBIM I'PaHMIIaM cpefbl. BrICOKMe 3HaueHHs § 1 n, XapakTepHbIe /I BeDXHeH yacTH pa3pesa, CBUZe-
TEeJILCTBYIOT O BBICOKOW CTeTleHW HeOJHOPOAHOCTH CPeZbl, UTO ITOATBEPIK/JAeTCs TaKKe HU3KMMH CKOPOCTSIMH CeHCMUYeCKUX
BOJIH B JJaHHOH obmnactu [Wagner et al., 2012]. YMeHbllleHre TTapaMeTpoB § U n B CpeJiHEH U HIDKHEH yacTsx pa3pe3a roBo-
puT 0 Gosiee 0{HOPOZHOM CTPYKTYpe cpefbl Ha GosbLINX r1yOrHax.

B pe3ysbTaTe NpoBefeHHOTO WUCCAe[0BAHUS XapaKTepUCTHK 3aTyXaHUsl CeCMUYecKHUX BOJIH B JuTocdepe U BepxHeit
MaHTUM ceBepHOM uyacTu ITpoBuHIMK BacceiiHoB 1 XpeOTOB ycTaHOB/IEHA BbICOKast 3aBUCUMOCTh 3 (heKTHBHOW celicMuye-
CKoM 106poTHOCTH Q¢ OT yacToThl B AuanazoHe 0.5-16.0 T'y. IlomyueHbl smMrupuueckue cooTHoweHUs Q(f) AJisi pa3HoOit
[UTUHBI OKHA 00pabOTKM KOJIbI; TT0KA3aHo, UTo 3HaueHue 3QdeKTUBHOM celicMUuecKol JOOPOTHOCTH YBEJTUUUBALTCS C yBe-
JIMYEHHEM [JTUHBI OKHA 00pabOTKH KO/bI, UTO MOXKET ObITh MHTEPIIPETUPOBAHO KAK YMEHBIIIEHHE 3aTyXaHHus C T1yOHHOM.
CorocTaB/ieHle TIyOWHHBIX BapHalyii Ko3(GHLeHTa 3aTyxXaHusl U YaCTOTHOTO TMapamMeTpa CO CKOPOCTHBIM CTPOEHHEM
TI0Ka3aso, uTo A/ ceBepHOH yactu IIpoBuHIMY bacceiiHOB 1 XpeOTOB Ha CKOPOCTHBIX I'PaHMIIaX HaO/M0aeTcsl OTYET/IMBOe
M3MeHeHHe 3aTyXaHusl CeliCMUYeCKUX BOJIH.

Knouesbie cn06a: [oOPOTHOCTD, 3aTyxaHue, Koja, [IpoBuHIUs BacceiiHoB u XpeOToB.




1. BBEJIEHUE

B pabote mpencTaBieHbl pe3y/bTaThl MCC/AeOBaHUS
3aTyXaHusi CeliCMUYeCKUX BOJIH B JiuTochepe U BepxHei
MaHTUU ceBepHOU uacTtu [IpoBuHIMK BacceliHoB u Xpeb-
TOB. 3aTyXaHWeM CelCMHUYEeCKUX BOJIH Ha3bIBAalOT YMeHb-
IIIeHre aMIUTUTYABI (WU SHePTHUH) BOJIHBI TIPU TTPOXOXKe-
HUU ee B Te0JIOTHYeCKOW cpejie BCJe/ICTBHE TeoMeTpuye-
CKOTO DacXOKJeHHsl, paccesHHs Ha HeOJHOPOJHOCTSX,
roTeps Ha Teruio u Ap. [Aki, Chouet, 1975]. nsa onvicanus
3aTyxaHusi OOBIYHO HCTONB3yeTcss OGe3pa3MepHBIN Mapa-
mMeTp Q (ZOOpPOTHOCTB), KOTOPBIN OMpezenseTcs Kak OT-
HOLIeHVe SHePTUU BOJTHBI K SJHEPTUH, TIOTePSIHHOM 3a OAUH
MK/ KosebOanus. K HacrosirieMy BpeMeHH pa3paboTaH
PsiZi MeTO/ZIOB OLIeHKU 3aTyXaHHUsl celiCMUUeCKHX BOJIH, TIPH
3TOM celicMUYecKasi JOOPDOTHOCTh MOXKET OBbITh OlieHeHa
Kak 10 TIpsIMbIM BoJiHaM (P- U S-BO/IHBI), Tak U 1o Kofe. B
Mpe/iCTaB/IeHHON paboTe TIpHBe/IeHBI Pe3y/IbTaThl pacyera
3¢ heKTHBHONM CeMCMHUUecKol OOPOTHOCTH IO KO/a-BOJI-
HaMm (Qc) peruoHanbHBIX 3eMJIETPSICEHUM U B3DBLIBOB Ce-
BepHOU uyactu TIpoBuHIMU baccelinoB u Xpebtos. K Ha-
CTOSIILIEMY BpeMeHH OmyOJMKOBaH psif paboT, MOCBsIIeH-
HBIX UCC/IeJOBAaHUI0 CeMCMUUeCKOW ZOOPOTHOCTU B JIUTO-
cdepe TpoeuniuKu bacceliHoB 1 XpeOTOB Ha OCHOBe aHa-
NM3a TIOBEPXHOCTHBIX Lg-BomH (Qp,) ¥ ux kompl (Q%.,)
[Singh, Herrmann, 1983; Chavez, Priestley, 1986; Xie,
Mitchell, 1990; Benz et al., 1997; Bager, Mitchell, 1998;
Erickson et al., 2004; Alegabi, Wysession, 2006]. Ho uc-
M0/Ib30BaHUe pa3/UYHbIX TOJAXOJ0B TIPU OTpejeneHrun
XapaKTePUCTHK 3aTyXaHUs JeaeT COIMOCTaB/ieHWe MOJIy-
YeHHBIX JJaHHBIX C aHAJIOTUYHBIMU TlapaMeTpaMu AJis Ipy-
TUX PeruoHOB 3aTpyJHUTeNbHbIM. PaHee aBTOpOM C KOJI-
JleraMy TI0 KO/|a-BOJIHAM MECTHBIX 3eMJIeTPSICeHU ObuTn
c/leniaHbl OIleHKU 3(hGheKTUBHOM celicMUUeCcKOU 1006pOTHO-
cTi Qc, YaCTOTHOTO TIapameTpa n, Ko3gduireHra 3aryxa-
HUs1 § W UX BapualyM c riybuHoM a1 BalikanbCcKoro u
Kenwiickoro pudto [Dobrynina, 2011; Dobrynina et al.,
2011, 2012]. Llenbto HACTOSILIETO UCCIEJOBAHUS SIB/ISIETCS
rosiyueHue WHGOpPMalMM O TapameTpax 3aTyxaHUsl Ceiic-
MUUYeCKMX BOJIH B KOpe W BepxHell MaHTHM [IpoBUMHLIMK
BaccelinoB u XpeOTOB /i [ja/JIbHEHITIEr0 COMOCTABIEHUS
C aHaJIOTUYHBIMU [TapaMeTpaMu JPYTUX PUGTOBBIX CUCTEM
Mupa.

2. PETHOH UCC/IEAOBAHUI

IMpoeuHius BacceitHoB u XpeOTOB pacrojioxkeHa B
npegenax CeBepo-AMepUKaHCKOM JUTOC(EPHOU IJIUThI U
SIBJISIETCSL TUITUYHBIM TIPeACTaBUTeIeM KOHTHHEHTabHBIX
pudroBbix cuctem (puc. 1). OHa COCTOMT W3 CHUCTEMbI
MOJHATUN U BIAJWH U OTJIMYAeTCsl BBICOKOM CTeleHbH
pacTspkeHust nutocdeprl. Viccnenyemasi B HacTosied pa-
60Te 006/1aCTh BK/IIOUAET B Cebsl CeBepo-3amaJjHyI0 4acThb
IMTpoeuHIuK BaccelfiHoB u XpeOTOB U I|eHTPabHYI0 YacTh
Coeppa-Heazp! (puc. 1). [laHHbiY paitoH HaXOAUTCS B aK-
TUBHOM TEeKTOHUYEeCKOM OKPY)KeHHH: C fora-3amajia pac-
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rnosiokeH pasnoM CaH-AHZpeac, Ha BOCTOKe W Ha 3amnaje
MIPOXOZST IPAHMULbI CeHICMUUECKUX T0sICOB — MeKropHOTo
1 Bonkep JleiiH, yepe3 1jeHTp mpoxoguT LleHTpanbHO-
HeBagckuii ceiicmuueckuii mosic [Lee et al., 2009]. I1po-
BUHIUSA bacceiiHoB 1 XpeOTOB XapaKTepu3yeTcsi BLICOKUM
YpOBHEM TeruioBoro motoka [Lay, Wallace, 1988]. Pe-
3y/bTaThl reor3nyeckKux ucciefoBaHuil [Bensen et al.,
2009; Wagner et al., 2012; Shen et al., 2013] noka3zanu,
uyto nof, ITpoeuHieli Baccetinoe u XpeOToB Hab/IOgaeT-
Cs YTOHEHUe KOHTHHeHTarbHOW Kopbl 0 30-35 KM, a
TaK)Ke BBISIBU/IN Ha/lulie HU3KOCKOPOCTHOM BepXHel MaH-
T (Vp~7.8 KM/C).

3. JAHHEIE

[ns olLleHKY TMapaMeTpoB 3aTyXaHHUsl HCII0Jb30Ba/MCh
JaHHbIe, TTO/TyUeHHbIe B paMKaX CeHCMUYeCKOro SKCIepU-
meHta 1988-1989 PASSCAL Basin and Range Passive
Seismic Experiment [Owens, Randall, 1989]. B xome 3kc-
repuMeHTa Ha Tepputopuu Ctunearep PannHmk (mrat He-
Baga, CIHIA) c 17 aprycra 1988 r. no 29 anpens 1989 r.
JleficTBOBaza CeTb U3 CEMM TPEXKOMITOHEHTHBIX CpefHe-
TePUO/IHBIX celicMUUecKUX cTaHLuM (puc. 2). i pacuera
3¢ heKTUBHOM CelCcMHUeCKOW JO0OPOTHOCTH U3 KaTajora
celicMUUecKuX COOBITHH ObUTH 0TOOpaHBI 66 3emieTpsce-
HUM U B3PLIBOB C MarHurygamu M,=1.1-5.0 (M, — Mmarau-
TyJa M0 OOBEMHBIM BOJIHaM), TPOMW3OIIEAINX Ha Tep-
putopun IlpoBunHuMM BacceiinoB u XpeOGToB (puc. 2).
OnuiieHTpa/lbHble PacCTOSIHUS BapbHpoBanuch oT 10 o
385 KM, TJIyOMHBI 3€MJIETPSICEHUI B CpejHEM OL|eHUBaIOT-
ca B 3 KM [Owens, Randall, 1989]. Vcnonb3oBaHHbIE B
paboTe faHHbBIe (3aMUCH U KaTa/lOTH 3eMJIETPSICEHUI) Tpe-
nmoctapienbl IRIS Data Management System (Seattle,
Washington, CIIIA).

4. METO/IbI ¥ OBPABOTKA JTAHHBIX

PacueT Q¢ v uHTEpIIpeTaLys TIOMy4YeHHBIX Pe3y/IbTaToB
OCYIIIeCTB/ISTICH COTJIACHO MOJe/IM OJHOKPAaTHOTO pac-
cesinus K. Axu [Aki, Chouet, 1975]. OTa Mofiesb paccMmart-
pUBaeT KOAY Kak CyIeprio3uLyio 00beMHBbIX BOJIH, OTpa-
JKeHHBIX OT CJIy4aliHO pacripefle/ieHHbIX B CpeJie HeOZHO-
POZHOCTeH. YMeHbIlIeHe aMIUTATYAbI KOJbl CO BpeMeHeM
NIPOMCXOJUT BC/IE/ICTBUE 3aTyXaHUsl SHEPTUU U TeoMeTpu-
YeCKOTO DPaCXOKIEeHUs] U He 3aBUCUT OT XapaKTePUCTHK
ouara 3emsieTpsiceHusi, 3¢GdeKTOB TyTH W YCUIEHUS Ha
ceticmocranuu [Aki, 1969].

AMIuUTyZa KoApl Ac B MOMEHT BpeMeHH t OT BpeMeH!
B Quare /il CeMCMOTpamMMbl, OT(HUILTPOBAHHOW Ha IIeH-
TpasbHOM uacToTe f, CBA3aHa C /OOPOTHOCTHIO CleNyro-
M cooTtHotieHueM [Aki, Chouet, 1975]:

aclr, o)=s(r)7 ~exp{ Q_c ’{;)} )
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Puc. 1. CxemaTuueckasi TeKTOHUYecKasi KapTa 3anagHoi yactu Kopauneep (CIIIA), nmokasbiBaroliasi I/laBHble FeOTeKTOHUUECKHe MPOBUHLIUM 1
COBpeMEeHHbIe TPAaHUIIbI TUTMT (KapTa 3aMMCTBOBaHa u3 pabotkl [Lee et al., 2009]). TemMHO-cepbIM 1IBeTOM I0Ka3aHa IIpoBuHIMs BacceliHOB u
XpebToB; cBetno-cepbiM — LTHCIT (LentpansHo-HeBagckuii ceficmuueckuii nosic), BKC3 (Bocrouno-KanmudopHuiickas casuroBast 3oHa), MCIT
(MexxropHbIi celicMuueckuii nosic) u [TBJI (rosic Bosikep sieliH). VicciienyeMblii B paboTe pervioH BblziesieH MPsIMOYTOJIbHUKOM.

Fig. 1. The schematic tectonic map of the Western Cordillera, USA, showing the main geotectonic provinces and current plate boundaries (from
[Lee et al., 2009]). The Basin and Range Province is shown in dark grey; the Central Nevada seismic belt (ITHCIT), the Eastern California Shear
Zone (BKC3), the Intermountain Seismic Zone (MCII), and the Walker Lane Belt (ITBJI) are shown in light grey. The area under study is marked

out by the rectangle.

r/le y — XapaKTepUCTHKa reOMeTPUYeCKOT0 PacXoKeHusl,
S(f) — BpemenHas yHKOMs ucTOUHHKA. [Iposiorapudmu-
poBas (1), momyuum:

In(AC(f, t)-tV):In(S(f))— Q_c%t‘ 7 )

l'eoMeTpuUeckoe pacxoXkK[eHHe 3a/jaBasoCh TpeXxcer-
MeHTHOU dyHKIMel Buza (puc. 3):

lj —ROll

Ro1 <Rjj < Rpp; (3)

3aeck Rjj<Ry; — A5 IPAMBIX BOJH, Ry <Ry<Rg; — /i1 BOJIH,
OTPaKeHHLIX OT Moxo, U R;;>Rj; — moc/ie MHOTOKPATHEIX
oTpakeHui#t u rnipesiomsienut [Burger et al., 1987]. 3Haue-
HUST Ry; ¥ Ryp, Kak mpaBuio, bepyTcs paBHbBIMM 1.5 U 2.5
ot rnybuHel Moxo, kosdduruenter b: bl=1, b2=0 u
b3=0.5. Tlo manueiM [Bensen et al., 2009; Shen et al.,
2013; and others], rpanuiia Moxo mog [TpoBunieit bac-
ceiiHOB M XpeOTOB mpoxoauT Ha riybuHe 30-35 KM, Ta-
KM o0pasom, Ry;=45-52.5 u Ry,=75-87.5. Jns ypobcTBa
3HaueHust Ry; ¥ Ry, Opamuck paBHbiMu 50 u 90 KM, COOT-
BETCTBEHHO.

Hakon rpaduka 3aBucumoctu In(Ac(f, t)-t') ot Bpeme-
HU t oripefiefisieT 3HaueHue Q AJisi pacCMaTpHUBaeMoM Yac-
toThl f. CormacHo [Rautian, Khalturin, 1978], npuBeaen-
Hble BBIIIIe COOTHOIIEHUSI JeMCTBUTENLHBI /JIi BPEMEHH,
OosibIliero, YeM yZIBOEHHOe BpeMsi pobera S-BOJTHBI (pUC.
4), Tak Kak /i1 3TOTO BpPeMeHW OuaroBbIM IIPOLIECCOM
MO>XHO TIpeHeOpeyb.
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Puc. 2. [TonoxkeHue celicMMUeCKUX CTaHLMI U SMULIEHTPOB 3emeTpsiceHuit [IpoBuHIMK BacceiiHoB n Xpe6TOB, HCIO/b30BaHHBIX B pabore. [1ps-
MBIMH JIMHUSIMH TI0Ka3aHbl CeliCMHUUeCKHe TPacChl «MCTOYHUK — PHeMHHK». 1TudpoBoii penved 1o ganHeM [Ryan et al., 2009].

Fig. 2. Positions of seismic stations and earthquake epicentres in the Basin and Range Province which are considered in this study. Straight lines
show seismic source-receiver traces. The digital terrain is given according to the data published in [Ryan et al., 2009].

Pacuer 3HaueHMii Q¢ BBITIOJHSICS A7 18 3HaueHWM
JUTUHBI OKHa 00paboTku Kogel W — oT 10 zo 95 c ¢ marom
5 ¢ Ha 6 meHTpanbHbBIX yactoTax f: 0.3+0.1, 0.7540.25,
1.540.5, 3.0£1.0, 6.0£2.0 u 12.0+4.0 I'u. Ha puc. 5 npu-
BeJleH TIpUMep pacueTa A0OpoTHOCTU Q¢ AJIST OFHOTO U3
3emeTpsiceHuii ITpoBuniu baccetiHoB U XpeOTOB.

5. PE3YJIbTATEI 1 OBCYKJEHVE

OddekTrBHas ceficMuyeckasi 06pOTHOCTh Qg JTUTO-
cepsl ceBepa IIpoBuHiMK BacceiliHoB 1 XpeOGTOB paccuu-

TaHa M0 3aMycsiM 66 peruoHaNbHBIX 3eMJIeTPSICeHUN U
B3pBIBOB, 3aperMCTPUPOBAHHBIX Ha CeMU CpeJHernepuoji-
HBIX BPeMEHHBIX CeMICMUUeCKMX CTaHLUSIX, Ha ILIeCTH LieH-
TpPa/JbHBIX YacTOTaX W [jis BOCEMHA/LIATH BpeMeHHBIX
OKOH. Bcero ObUIO BBINOMHEHO 7776 WMHAWBHIYaJIbHBIX
n3MepeHUd Qc, TIpU 3TOM B pacyeTax HCII0J/Ib30BalINCh
3aIMCH, [/ KOTOPBIX OTHOILIEHWe T0JIe3HOr0 CUrHana K
romexe ObuT0 He MeHee 3. [l pacyerta gobpoTHOCTH Qc
UCIoJb30Baiack nporpamma CodaQ, Bxopsiljasi B COCTaB
maketa nporpamm SEISAN [Havskov, Ottemoller, 2003].
AHanu3 mosyueHHBIX pe3yJibTaTOB [TOKa3aa YeTKYo 3a-
BUCUMOCTb JJOOPOTHOCTH OT YacCTOTHI U [I/TUHBI OKHA 06pa-
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Puc. 3. Bug TpexcerMeHTHOH GyHKIWHM reomMerpuueckoro pacxoxzeHuss G(A) ans IIposunnym BaccefiHoB 1 XpeGTOB (CcerMeHTHI paszeseHsbl
TIYHKTHUPHBIMH JIMHUSIMY, 7151 K&K/I0T0 CerMeHTa rokasaHa popMyJia pacyeTa MorpaBKH Ha reOMeTPHUeCKOe PAaCXOyK/eHHe).

Fig. 3. The three-segment function of geometrical spreading G(A) for the Basin and Range Province. The segments are separated by dashed lines;
equations for calculating the geometrical spreading correction factors are given for every segment under study.

60TKM KOAbI: Q¢ Bo3pacTaet ot 12+6 no 359+17 ans mieH-
TpasbHbIX yacToT 0.3 1 12.0 I'y pu A/MHe oKHA 06paboT-
k1 Kozl W=10 c u oT 8716 go 1177+87 Ha Tex ke 4acTo-
tax ipu W=95 c (puc. 6). Ha 0a3e paccunMTaHHBIX 3Haye-
HUM Q¢ 4715 Bcex AyiMH OKHa W GBI orpe[iesieHbl SMIIH-
pUYecKre 3aBUCHMOCTH ZOOPOTHOCTH OT YaCTOTHI COTJIac-
HO 3akoHy [Mitchell, 1981]:

Jo
rae Qc(f) — ceficMuueckasi 0OPOTHOCTB MO Kozie, Qp —
IOOPOTHOCTh Ha HEKOTOPOM pedepeHTHOM yacToTe fy (Kak

nipaBuio, fo=1 I'0) U n — yacToTHBIN napametp. YacToT-
HBI rapameTp 030K K 1 ¥ MeHsIeTCsl OT peruoHa K pe-

Qc(f)=Qo-[ fjn’ )

Pg | Sgi 26.08.1988 1,-21-53-23.1

138.5 — t : : koopuHarel: 38.81 -118.07 — 138.5
o 0 | | maruurtyna Mb=3.2
= | | cranmmst SHP, kommonenta N-S
° ! ! A=156 kv
=
g |
= | |
= I [
S ! I Kooa

2 i W= KYH,
< 1385 - | : ,  Gma W=20 ceynn) 1385
1 Il 1 | I I |
21:53:20 21:53:40 21:54:00 21:54:20 21:54:40 21:55:00

BpeMsI (T9:MM:CC)

Puc. 4. TIpumep TUIIUUHOY ceiicMorpamMMel 3emreTpsiceHyst [TpoBuHLMK BacceiiHoB u XpebToB (3emsieTpsicenue 26 aprycra 1988 r., Bpems B oua-
re t,=21-53-23.1, marauryga M,=3.2). Celicmorpamma 3anvicatda Ha craniuu SHP (Shiprock), srunenTpansHoe paccrostaue A=156 KM, KOMITO-
HeHra N-S. 3anch oT(MUIBTPOBAHA MPOITY CKAIOIUM (IIBTPOM € 110710c0i 1-5 I'y. CTpenkoii oKa3aHo BpeMs B ouare, IyHKTUPHBIMU JIMTHUSIMU
— BCTyIuieHus: P- u S-BosiH cootBeTcTBeHHO. CKOOKOI 1MOKa3aH y4acTOK KOZbl OT MOMEHTa BPeMEeHH, PaBHOI0 YZBOEHHOMY BpeMeHHM mnpobera S-

BOJIHBI.

Fig. 4. A typical seismogram of an earthquake in the Basin and Range Province (26 August 1988 earthquake — focal time t,=21-53-23.1, magni-
tude M,=3.2). The seismogram was recorded at Shiprock Station (SHP), epicentral distance A=156 km, N-S component. The record was processed
by the bandpass filter for the band of 1-5 Hz. The arrow indicates the focal time. Dashed lines mark the arrivals of P- and S-waves, respectively.
The bracket shows the coda’s segment from the time equal to two travel times of S-wave.
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Puc. 5. TTpumep 06paboTKu KOIBI /It pacueta ceiicMuueckoi fo6potHocTr Qc. BBepxy mokas3aHa ncxozHast (HehuIbTpOBaHHAs) celicMOorpaMmMa
3emstetpsicenus 26 aBrycra 1988 r. (Bpems B ouare t,=21-53-23.1, marauryza M,=3.2), nonyuennast Ha ctaniiyu NYC (New York Canyon), arm-
LieHTpa/ibHoe paccTtosiHue A=138 kM, komrioHeHTa N-S. CTpenkamy MoKa3aHO BpeMsi B ouare M aHa/lM3UpyeMbli yuacToK Kozbl. BHU3y creBa mo-
Ka3aHbl (PHUIBTPOBAHHBIE celicMOrpaMMe! (YacToThl niporyckanus 0.5-1.0, 1.0-2.0, 2.0-4.0 u 4.0-8.0 'y cootBeTcTBeHHO). [TocepeauHe npuBee-
HbI (PUIBTPOBAHHbIE YUaCTKU KOZbI, BbIOpaHHBIEe 1151 pacueta Qc (a/MHa okHa 20 C), cepbIM IIBETOM I0Ka3aHa OT(U/IbTPOBaHHas celicMorpamma,
YyepHbIM — orubarolrjast, IOCTPOEHHas! 110 MMKOBLIM aMIuITyAaM. CripaBa Npe/icTaB/eHbl rpadyKy 3aBUCMIMOCTH aMIUIUTY bl KOZa-BoJHbI A(f, t) OT
BpeMeHHU {, COOTBETCTBYIOLI1e PerpeCcCHOHHbIe NPsMBble, IoTy4eHHble ¢ nomolsto MHK, 1 paccunrannsle 3HaueHus Qc.

Fig. 5. An example of coda processing for Qc calculations. Top — the original (non-filtered) seismogram of 26 August 1988 earthquake (focal time
ty=21-53-23.1, magnitude M,=3.2); it was recorded at the New York Canyon Station (NYC); epicentral distance A=138 km, N-S component. Ar-
rows show the time in the focus and the analyzed segment of the coda. Bottom left — filtered seismograms (band frequency — 0.5-1.0, 1.0-2.0,
2.0-4.0, and 4.0-8.0 Hz, respectively). Middle — filtered coda’s segments selected to calculate Qc (lapse time window of 20 sec); the filtered seis-
mogram is shown in grey, the envelope based on peak amplitudes is shown in black. Right — amplitudes of coda-wave A(f, t) versus time, t, corre-
sponding regression lines obtained by Ordinary Least Squares (OLS), and calculated values of Qc.
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I Puc. 6. 3aBUCHUMOCTb ,ElOGpOTHOCTI/I OT YaCTOThI /I Pa3HbIX 3HaYeHUH AJIMHBI OKHa 06pa6OTKI/I KOJbI.

| Fig. 6. The dependence of the quality factor from the frequency for different lapse time windows.

TMOHY B 3aBUCHUMOCTH OT HEOJHOPOJHOCTH cpenbl [AKi,
1981]. 3Hauenusi Qq ¥ n TIpUBEZIEHBI B TaO/I. 1.

IIpu corocTaBnieHUM XapaKTePUCTUK 3aTyXaHUs celic-
MUYEeCKMX BOJH JJI Pa3/MYHbIX DETMOHOB aBTOPAMU pa-
6otel [Mak et al., 2004] cienaH BBEIBOZ O TOM, UTO HU3KUE
3HaueHust fobpotHOCcTH (Q<200) Hab/MOAAIOTCS /IS TeK-
TOHMYECKU aKTUBHBIX PErMOHOB MMpa, BbiCOKHe (Q>600)
— AJ1s1 CTabU/BbHBIX 00J1acTeli U MPOMEXKYTOUHBIE 3HAUEHHUS
(Q=200-600) — mnsi palioHOB C yMepeHHOW TeKTOHhUe-
CKOW aKTHBHOCTHIO. [Toka3arenb 3aBUCUMOCTH AOOPOTHO-
CTH OT YacTOThI n (WIM YaCTOTHBIN TlapaMeTp) B ypaBHe-
HUU (4) TakKe XapaKTepu3yeT Cpely U YBeTMUUBAETCS C
WHTEHCUBHOCTBbIO TEKTOHWYECKON aKTMBHOCTH peruoHa
[Aki, 1980]. Tlpu 3TOoM 3HaueHHs YaCTOTHOTO MapamMeTpa
BapeupytoTcs OT n<0.5 71 CTaOWIBHBIX DPETHOHOB [0
n~0.3-0.8 nya obmacteli ¢ yMepeHHOW TEKTOHUYECKOU
aKTUBHOCTBIO U n>0.8 1/ TeKTOHUUYECKH aKTHMBHBIX pe-
ruoHoB [Mak et al., 2004].

[MonyyeHHbIe B HacTosIIel paboTe 3HaueHus Qy MeHs-
TCcs oT 6048 mo 222+17, a 4aCTOTHOTrO TMapameTrpa — OT
0.57£0.04 no 0.84+0.05 B 3aBUCMMOCTHU OT AJIMHBI OKHA W
(tabm. 1). Takue BemMYMHBI TapaMeTPOB Qo U N Xapakrep-
HBI /17151 PAOHOB C BBICOKOM TEKTOHUUECKOW aKTUBHOCTHIO
[Mak et al., 2004]. PaccunTaHHble 3HAUEHHS JOOPOTHOCTU
M YaCTOTHOTO mapaMeTpa /s OOJbIINX 3HAUeHUH [JTHHBI

OKHa XOpOILO COTJIACYIOTCSI C JAaHHBIMH, TOJyYeHHBIMHU
apyrumMu aBtopamu s IIpoBuHimy bacceitHoB u Xpeb-
TOB TIO TIOBepXHOCTHbIM Lg-BomHam (Qp,) U uUX Koje
(Q°L,) [Singh, Herrmann, 1983; Chavez, Priestley, 1986;
Xie, Mitchell, 1990; Benz et al., 1997; Bager, Mitchell,
1998, Erickson et al., 2004; Aleqabi, Wysession, 2006]
(puc. 7, Tabn. 2). Takxke Xopoiiiee corjiacie HabMOAaeTCsI
MeXX/ly JAHHBIMH, TTOJTyYeHHbIMU B HacTosiiel paboTe a/ist
[TpoBuHUMM BacceiinoB u XpeOTOB U oOIpefieleHHBIMU
aBTOpOM paHee 17151 batikanbckoii v KeHuiickoi puchTOBBIX
cucrem: s Baiikansckoro pudta Qp MeHsieTcs B Tipefie-
jax ot 103+9 pgo 325+25, napametp n — ot 0.89+0.06 mo
0.81+0.06 u pns Kenwiickoro pudra Qp — or 7413 mo
278148, n — or 1.12+0.02 go 0.93+0.11 (W paBHa 20 u
80 c cootBerctBeHHO) [Dobrynina, 2011; Dobrynina et
al., 2011, 2012].

ITomumo pacueta 3¢ddeKkTUBHON celicMUuecKkon a00-
POTHOCTHU Y ee YaCTOTHOM 3aBUCHMOCTH [i/IsI K&XKAOTO 3Ha-
yeHuss W ObUT TIO/TyueHbl KO3(GHULIMEHTH 3aTyXaHUs §
(cm. Tabm. 1):

7 f

Vo )

37echk V — CKOpOCTh KOZIa-BOJIH, OepeTcsi paBHOW CKOPOCTH
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Tab6bnuia 1.3HaueHHs CeHCMUYECKOR Z06POTHOCTH Qp, YACTOTHOrO IIapamMerpa n U Koddduupenra 3aTyxaHus § [is pasHbIX 3HAYEHHH JJIMHEI
OKHa

Table 1. Values of seismic quality factor Q,, frequency parameter n and attenuation coefficient § for various lapse time windows

W, c Qo 0Qq n on N 8, kvt
1 2 3 4 5 6 7

10 60 8 0.65 0.12 668 0.014
15 67 3 0.84 0.05 654 0.012
20 88 6 0.78 0.06 725 0.009
25 100 8 0.83 0.06 727 0.008
30 115 9 0.83 0.06 781 0.007
35 134 5 0.8 0.03 756 0.006
40 144 6 0.79 0.03 721 0.006
45 154 6 0.77 0.03 664 0.006
50 163 9 0.73 0.05 486 0.005
55 181 9 0.66 0.04 391 0.005
60 181 9 0.67 0.04 328 0.005
65 192 9 0.65 0.04 274 0.005
70 198 9 0.63 0.04 209 0.004
75 211 5 0.59 0.02 157 0.004
80 235 9 0.57 0.04 94 0.004
85 220 6 0.65 0.03 63 0.004
90 227 5 0.68 0.02 39 0.004
95 222 17 0.67 0.08 39 0.004

IMIpumeuadnue. Brpabde 1 gaHa anvHa okHa 06paboTku Koael W, ¢; 2, 3 — 3HaueHue Jo6poTHOCTH Q) Ha yactoTte 1 I'i 1 ero cpegHeKkBapa-
TUYHOE OTK/IOHeHUe; 4, 5 — 3HaueHHe YaCTOTHOTO IapaMeTpa N U ero cpeiHeKBaipaTUUHOe OTK/IOHeHHe; 6 — KOJIMUeCTBO UHAUBUYa/IbHBIX U3Me-
peHuit Q¢ 711 JAHHOM [IMHBI OKHA; 7 — KO3QULIMEeHT 3aTyXaHus §, KM .

N o t e. Column 1 shows the lapse time window W (sec); 2, 3 — values of quality factor Q, at the frequency of 1 Hz, and its root mean-square devia-
tion; 4, 5 — values of frequency parameter n and its root mean-square deviation; 6 — the number of individual measurements of Q¢ for the given lapse
time window; 7 — attenuation coefficient § (km™).
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Puc. 7. 3aBucMMOCTH A0OPOTHOCTH OT YacToThl A5 [IpoBuHLMM BacceiiHoB u XpeOToB, nosyueHHble B HacTosiuell paborte 1 B paboTax mpea-

11eCTBE€HHHKOB.

Fig. 7. The dependence of the quality factor from the frequency for the Basin and Range Province, according to calculations in this study and those
published earlier by other authors.
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Tabnuima 2.3Hauenus Qg u n A Ilpoeunimu Bacceiinos u Xpe6GTOB 110 pe3y/bTaTaM pasHbIX aBTOPOB

Table 2. Values of Qg and n for the Basin and Range Province, according to results published by other authors

JluTepaTypHBI UCTOUHUK Qrg QCLg Qo n

1 2 3 4 5

Singh, Herrmann, 1983 200-300 0.40-0.60
Chavez, Priestley, 1986 214415 0.54

Xie, Mitchell, 1990 26756 27526

Benz et al., 1997 235+11 0.56+0.04
Bager, Mitchell, 1998 250-300 0.40-0.60
Erickson et al., 2004 234-312 0.40-0.80
Aleqabi, Wysession, 2006 200+77 0.69+0.16

IIpumMeuaHue. Brpade 1 gana ccpliKa Ha TUTePaTyPHBIN UCTOYHUK; 2, 3 — 3HaUeHHUs 3G (eKTUBHON celicMUYecKoi J0OPOTHOCTY 110 MOBepX-
HOCTHBIM Lg Bo/HaM U Kojie; 4 — 3HaueHue [o6poTHOCTH Ha yactoTe 1 'y 5 — uacTOTHBIN mapameTp.

N o t e. Column 1 gives references to publications; 2, 3 — values of the effective seismic quality factor for surface Lg waves and the coda; 4 — the

quality factor at the frequency of 1 Hz; 5 — frequency parameter.

TIPSIMBIX TIOTIEPEYHBIX BOJIH; CKOPOCTH MOTEepPeUHbIX BOJIH B
Kope paBHa 3.4 KMm/c, B nuTocdepe — 4.2 KM/C COracHO
[Bensen et al., 2009; Shen et al., 2013].

Ha puc. 8 npuBezeHs! Bapyalium 3HaueHuil Qp 1 n B 3a-
BHUCHMOCTH OT JI/TUHBI OKHa 00paboTKu Kozbl. BuaHo, uto
32 HCK/IIOUeHHEeM HeOOJbIIMX KOojaebaHWil [y MaibiX U
GosbLIMX 3HaYeHUH W BeMuMHa JOOPOTHOCTH Ha YacToTe

1 I' Bo3pacTaeT, a YaCTOTHOrO Tapamerpa yObIBaeT C
yBe/IMueHWeM [JIMHBI OKHA. B paMkax Mozien OfiHOKpaT-
HOTO paccesiHUs TaKoOe TOBe/[eHHe MapaMeTpPOB 3aTyXaHUs
MOYKeT ObITh 0OBSCHEHO C TO3ULMI ITyOHUHBI (HOPMHPOBa-
HUS KOJIBI.

CornacHo [Pulli, 1984], 3HaueHre 706POTHOCTH, TIOY-
YeHHOE /JI1 TPACChl «HUCTOYHHMK — TPUEMHUK», XapakKTe-
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TIOKa3aHO CpeAHeKBaJpaTHUYHOe OTK/IOHEHUE.

I Fig. 8. The dependence of quality factor Q, at the frequency of 1 Hz and frequency parameter n on lapse time window W. Root mean-square devia-

tions are given for each value.
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Tabnwuia 3./ByxcioiHas MOAeb uTocdeps! ceBepHoii yactu ITpoeurimu Bacceiinoe u Xpe6toB cornacHo [Bensen et al., 2009; Shen et al.,

2013]
T able 3. The double-layered model of the lithosphere of the northern part of the Basin and Range Province, according to [Bensen et al., 2009; Shen
etal., 2013]
Ob6omnouka C'nybuna, KM CKOpOCTb NonepeyHbIX BOJH, KM/C
Kopa 0-35 3.4
ymTocdepHast MaHTHS > 35 4.2

pU3yeT HEeKOTOphI 0OBeM cpesbl (TpeArooXKUTENBHO,
/IMMICcous), B (OKycax KOTOPOTO paclioyioyKeHbl odvar
3eMJIeTpsICEHUs] U celicMuueckast craHuusi. Pasmepsl 37-
nuriconga (a, b — gnvHa monyocel naUICoua, ¢ — Ty-
OvHa HYKHEN TPaHMUI[bl IIUTICOWIA) OTIPe/IesIIFOTCSA Cie-
JYIOLUMMY COOTHOLIEHUSIMU:

2 2 2 2
a:ﬁ;b: 1 —r—;c=h+ n —r—, (6)
2 2 4 2 4

rae V — ckopocTb 00BeMHBIX BOJIH, I' — PACCTOSIHUE «HC-
TOYHUK — ITPUEMHHUK», h — TiyOuHa ouara 3eM/IeTpsiCeHUs],
t — cpefHss [/IMHA BpeMEHHOr0 OKHa, KOTopasi Orpejiesisi-
eTCs Kak:

w
=1t +7 s (7)

Ife ty.e — Haua7bHOE BpeMs [l OKHa 00pabOTKU KO[bI.
CnenoBaTe/ibHO, pa3Mepbl UCCIeAyeMoi 06/1acT 3aBUCHT,

BO-TIEPBBIX, OT [JIMHBI OKHa 00pabOTKM KOZABI H, BO-
BTOPBIX, OT PAaCCTOSIHUSI «UCTOUHUK — MPUEMHUK». Takum
obpa3om, MeHsisl yIMHY OKHa W, MOXKHO TPOC/Ie/IUTh Xa-
paktep usmeHenus Q(f) c rybuHoi. [pyrumu ciioBamu,
yBeJIHUeHHe 0OPOTHOCTU Q¢ C YBETMUEHHEM [TUHBI OKHA
MOyKeT ObITh MHTEPIIPETUPOBAHO KaK yBe/JuueHue Jo0poT-
HOCTH C TJyOWHOW, TaK Kak BOJIHBI, NMPUOBIBAIOIIHE Ha
ceicMorpaMme TO3Ke, MOTYT OBITh OTpa)ke€HBI OT Oosiee
rybOKUX YacTel UTOCGhEphI, YeM BOJIHBI, IPHUOBIBAIOIIIHE
paHblile.

[l paccMaTpUBaeMbIX COOBITHH CpefiHee PacCTOSIHHE
r pasHo 140 xm, cpefHee 3HaueHHe ty, =50 C, a 3HaUEHUA
ryOUH 3eM/IeTpsiICeHUI Opaiuch paBHBIMH 3 KM COTJIAaCHO
[Owens, Randall, 1989]. Tlpu pacuete oObeMa 3JI/TUIICOU-
[la WCTIONb30Ba/IMCh /IBe MOJeNH: OJHOCTONWHas MO/Jellb
cpefibl C TIOCTOSIHHOM CKOPOCTBIO CeHCMUUeCKUX BOJIH
(V=3.8 km/c) u aByxCoiiHast Mozenb (TabJ. 3).

B Tabn. 4 npuBeeHbl 3HaUEHUS OCeH 3/TUIICOUA AJIsk
0b6enx paccMaTpuBaeMbIX MoJiesied. BUJHO, UTO pa3Mepbl
3/IJIUTICOM/IAa MEHSIIOTCS He3HAuuTe/lbHO — B CpeJHEM Ha

Tab6anuia 4. Pasmepsl 061acTi popMHUpPOBaHKS KOABL JI/is PasHBIX 3HAUEHMH JTMHEI OKHa 06pabOTKH KO/BI [l OFHOC/IOWHOM 1 JBYXC/IOMHOM

Mogetei

T able 4. Dimensions of the area, wherein the coda is formed, for different lapse time windows for the single- and double-layered models

W, c OpHocoiiHas Mofienb [ByxcioliHas Mofienb
a, KM b, km C, KM a, KM b, xm C, KM

1 2 3 4 5 6 7
10 115 134 118 102 124 105
15 121 140 124 108 128 111
20 127 145 130 113 133 116
25 133 150 136 119 138 122
30 139 155 142 124 143 127
35 145 161 148 130 147 133
40 151 166 154 135 152 138
45 156 171 159 140 157 143
50 162 176 165 146 162 149
55 168 182 171 151 166 154
60 173 187 176 156 171 159
65 179 192 182 161 176 164
70 185 197 188 167 181 170
75 190 203 193 172 185 175
80 196 208 199 177 190 180
85 201 213 204 182 195 185
90 207 218 210 187 200 190
95 213 224 216 192 204 195

IIpumeuanuwue. Brpade 1 gana anmHa okHa 06pabOTKU Ko/bl; B Tpadax 2—4 — COOTBETCTBYIOIIVE JJIMHBI MOTyOCeil /UTUIICOMAA AJIsk OfIHO-
CJIOMHOW MOAeny; 5—7 — I/IMHBI TI01yOCeH 3JIIUIICOU/A [i/1s1 ABYXCIOMHON MOJe/H.

N o t e: Column 1 — lapse time window; 2—4 — corresponding lengths of semi-axes of the ellipsoid for the single-layered model; 5-7 — lengths of

semi-axes of the ellipsoid for the double-layered model.
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YacTOTHBIH MapameTp

I Puc. 9. 3aBucumocTb Ko3dduimeHTa 3aTyxanus § (BBepXy) U UaCTOTHOTO MapaMeTpa n (BHU3Y) oT rny6uHbl. OOBesieHb! onpefiesieHust § U n s

AmuHbl okHa W=10 c.

I Fig. 9. The dependence of attenuation coefficient § (top) and frequency parameter n (bottom) from the depth. Circles — values of § and n for the

given lapse time window, W=10 sec.

16 kM. Ha puc. 9 noka3aHbl 3aBUCMMOCTH KO3¢duLierTa
3aTyXaHus § U YaCTOTHOTO TapaMmeTpa n OT TJIyOWHBI Jjist
obenx HCIo/b3yeMbIX Mogenaer cpeabl. O6a mapamerpa
HEpaBHOMEDHO YMEHBIIAITCS C yBelWYeHHeM TTyOWHBI.
BuaHo, uto Ha riaybuHax ot 130 KM ([ OJHOC/IOWHOM
Mozienu) o 150 kM (Asst [BYyXCIOWHOW MOe/u) HaKIoH
rpadvika usmeHeHus: Ko3dduliveHTa 3aTyXaHUsI MeHSIeTCs.
B panbHedieM s UHTepIipeTauyy OyZeT WCIoIb30BaTh-
cs1 IBYXC/I0iHast Mozienb. B BepxHeit uactu rpaduka (riy-
6ounbl 10 150 kM) HabromaeTcss pe3koe uU3MeHeHHe § C

riayouHo# (puc. 9, 10), ocobeHHO XOpOIIO 3TO BUAHO Ha
rpacduke rpagrieHTa Ko3ddunyeHTa 3aTyxaHusi, MogoOHoe
NOBeJleHHe XapaKTepHO M [ijIs 4acTOTHOIO IapaMeTpa.
Taxoke Ha riybuHe okosio 140 KM OTMeYaeTcst CKayoK Jac-
TOTHOTO TIapameTpa n. B cpepHell yactu (Ha riyOuHax
150-200 kM) yron HaknoHa rpaduka &(c) yBenuuruBaeTcs
(cm. puc. 9), rpagveHThl Ko3dduileHTa 3aTyXaHus U uac-
TOTHOTO TIapaMeTpa 3HAYMTeNbHO YMEHbBLIAITCS (pHC.
10). U B HwkHel yacty paspe3a (>200 kM) 3HaueHHe KO-
3¢ duLiMenTa 3aTyxXaHUsl CTAHOBUTCS NPAKTUYeCKH II0CTO-
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Puc. 10. ConoctaBneHre CKopocTHOro ctpoeHusi IIpoBuHImK BacceliHoB 1 XpeOTOB U rpaJjieHTOB KO3(hdULIMeHTa 3aTyXaHHs U YaCTOTHOTO Ma-
pametpa. BBepxy mokasaHbl KapTa palioHa U GJIOK-[jMarpaMmMa CKOPOCTHBIX aHOMaJIuli ceBepo-3arafHoro nobepexxbss TUXOro okeaHa (PUCYHOK
3aMMCTBOBaH u3 pabotsl [Wagner et al., 2012]), KpacHbIM TPSIMOYTO/ILHUKOM TIOKAa3aH MCC/IeAyeMblii perroH. BHU3y — cormocTaB/ieHre rpajyeH-
TOB K03(dHIFieHTa 3aTyXaHUs ¥ YaCTOTHOTO T1lapameTpa ¥ riy6uHHoro crpoenust IIposunHryy BacceiiHoB 1 XpebToB. UepHoii imHKelN TTOKa3aHa

rpanuia Moxo.

Fig. 10. Comparison of the velocity structure of the Basin and Range Province and gradients of the attenuation coefficient and the frequency pa-
rameter. Top — the map of the area under study and the block diagram of velocity anomalies of the north-western coast of the Pacific Ocean (the
figure is taken from [Wagner et al., 2012]); the red rectangle shows the area under study. Bottom — comparison of gradients of the attenuation co-
efficient and the frequency parameter and the deep structure of the Basin and Range Province. The black line shows the Moho.

SIHHBIM, TaK)Ke OTMeuaeTcsl pe3Koe CKaukooOpasHoe yBe-
JIMyeHWe 3HaueHWsl YaCTOTHOTO MapameTpa (cM. puc. 9).
Ha puc. 10 npuBeieH CKOPOCTHOW pa3pe3 UCCIeAyeMOro
pervoHa, rnoy4yeHHblli B pabote [Wagner et al., 2012]. Ha
paspe3e BUAHO, uTO 1o/ [TpoBuHIMel bacceiiHoB 1 Xpeb-
TOB PacIojioXkKeHa HW3KOCKOPOCTHasi MaHTHMHasi aHOMa-
JUsi, HauWHAIOIIAsACs MPaKTHUUeCKUd oA TpaHulieldi Moxo
(Ha rayboune 50-60 kM). HwkHsA rpaHuila aHOMaabHOMH
MaHTWMU HaxoguTcs Ha riayomne 130-160 kM. ITomobHoe
noBefeHre Ko3¢¢uIreHTa 3aTyXxaHus U 4aCTOTHOTO Ia-
pameTpa C riyOMHOI paHee ObLIO OTMEUEHO aBTOPOM IIPH
WCC/IeIOBAHMM XapaKTePUCTUK 3aTyXaHus B juTocdepe U
BepxHeli MaHTuM batikambckoro u Kenutickoro pudToB
[Dobrynina, 2011; Dobrynina et al., 2011, 2012].

Takum 00pa3oM, MOXKHO 3aK/TFOUWTh, YTO W3MeHeHUe
yr7a Hak/ioHa rpaduka 3aBUCHUMOCTH Ko3¢d¢urmeHTa 3a-
TyxaHus oT ryounsl Ay1s [IpoBuHIMEM BacceliHoB 11 Xpeb-
TOB CB$I3aHO CO CKOPOCTHBIM CTpOeHueM cpefbl. [1pu sTom
pe3kre u3MeHeHUs1 KO3(duijeHTa 3aTyxaHUsi M UYacTOT-
HOr0 TlapaMeTpa MpPUYyPOYeHbl K IPaHULAaM aHOMaIbHOU U
HOpMa/lbHOM MaHTUW. BBICOKMe 3HaueHusi 3aTyXaHus U
YaCTOTHOTO TMapaMeTpa, XapaKTepHble //is1 BepxHel 4acTu

paspesa, CBHZIETENbCTBYIOT O BBICOKOM CTereHH HEOIHO-
POZIHOCTU CpeJibl, UTO TOATBEPKJAETCS TakKKe HU3KUMU
CKOPOCTSIMU CeliCMHUUeCKHX BOJIH B JJaHHOW obsiactu (puc.
10) [Wagner et al., 2012]. YMeHbllleHye TapaMeTpoB § U n
B Cpe/iHell M HIDKHelM yacTsix pas3pe3a roBOpPUT O Ooree
OJJHOPOJIHOM CTPYKTYp€ Cpe/ibl Ha OO/BbIINX TTyOHUHaX.

6. 3AK/TIOUYEHUE

B Hacrosieli paboTe Oblaa celaHa MOIbITKA OLIEHUTh
3aTyXaHue CeCMHUYeCKUX BOJH B JIMTOCepe U BepxXHEH
MaHTHU ceBepHOM 4acTu IIpoBuHIM BacceiiHoB u Xpeo-
TOB Ha OCHOBE aHa/IW3a KOJAA-BOJH 66 JIOKanbHBIX 3eMJe-
TpsiceHH# U B3pbIBOB. B pesynbraTe Assi [IpoBuHLuu bac-
celiHOB M XpeOTOB TMojy4eHbl 3HaueHus 3(heKTUBHON
CcercMUUecKol ZI0OPOTHOCTU Qc, YaCTOTHOTO MapameTpa n
1 Ko3bduienTa 3atyxanusa 6. 3HaueHus 3¢ddekTUBHON
cericMuuecko 100poTHOCTH Q¢ TOKAa3bIBAIOT BBLICOKYIO
3aBUCMMOCTh OT 4acTOThI B Auana3zoHe 0.5-16.0 I'u. Pac-
CUMTaHbl SMITUpUYeCKUe cooTHoieHus: Q(f) Ans pasHoi
JUTMHBI OKHa 00paboTku Kogel — oT 10 g0 95 c. ITokasaHo,
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yTo 3HaueHue 3(pdekTUBHON celicMrueckol 10OpPOTHOCTH
Qc Ha JAHHOW YacTOTe YBETWYMBAETCS C YBeJUYeHHEM
JJIMHBI OKHa 0OpabOTKH KO[bI, UTO MOKET ObITb HUHTEp-
MPETUPOBAHO KakK TPOSIB/IEHWE YMEHBIIIEHUS 3aTyXaHus C
rinyouHou. CoriocTaB/ieHHe TyOMHHBIX BapHarvii Ko3¢-
(duiedTa 3aryxaHuss § ¥ YACTOTHOTO TlapameTpa N CO
CKOPOCTHBIM CTPOEHHEM PervoHa Mokasaso, uto s I1po-
BUHIMM baccelinoB u XpeOTOB HaO/OZAETCS OTUETIUBOE
V3MeHeHHe TIOBeJIeHHsT 3aTyXaHusl CeCMUUYeCcKUX BOJTH Ha
CKOPOCTHBbIX rpaHuriax. CpaBHEHHEe TMOMyUYeHHbIX Xapak-
TEPUCTHK 3aTyXaHWsl C aHAJIOTUYHBIMU TIapaMeTpaMH, pac-
CUMTAHHBIMU aBTOPOM paHee 1is balikanbckoro u Kenuii-
CKoro pu()ToB, MOKa3ano XOPOIIYIO COTJIaCOBAHHOCTh pe-

3y/IbTaTOB, UTO MOJKET CBHU/IETEHCTBOBATH O COTOCTABU-
MBIX 110 YPOBHIO TIpolieccax MoAuGUKanuy IuTochepsl B
pa3HbIX pPUGMTOBBIX 30HAX.
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