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Wk P OB EMA Y BT A i kN b I E X E A MERNTFELR RADRTE
Fo. Fok 2 VERTE P Yy SR BT YRR o flHRE T O A R o B DAz £ DB
BRDIENTES. ThbbRPEERREHC 2Tk S #EoRzE (MOLNAR and
OLIVER, 1969), KFH A 0TEESRICEE T % 2 7 = X &% (SOLOMON
and JULIAN, 1974) % X OB ofRkEfioR A (FRAaNCIS and PORTER, 1973)
REDBERARDOELEAHEE LA S AT bh5. R FEERC WLy —
Y — DO OMEIZ X5 KAUSEL (1972) N H 5.

WRFATFEC X » TR AHERGE 2B b5 & SHBE OBRIC X 55 e
Brich. RixELEorv—) —E2A02B50 o0 TBRETXEBRFOBES &L
HZHEOWENSER U — £ —ThH 5D TEHWHMECHHEIZNETE v, Thicx
LIBEIEE e & 5 ATECBANC X ESMIESY 1km OF — £~ L 352 LTE
% (KENNETT and ORCUTT, 1976). X b icigEHER T X b Ry e bz 2 FIH
LT oMM S 2 AR5 &b TE 3. BUMRLEOBKRILED S EOMETA
THiEED P oE I AT pI Co @i kgL X b giffoc KOk 3 28ima5 2
(SMITH, 1972) » T, ERMEkoBE o B i FIAMESEY. RED, ORCUTT and
PROTHERS (1977) (3 JRITEEIC & 0 0 o FAEO G 2 ROACF R, T4 e, 7
R R ey MBED S BoOME X AR T »7. Lo, BiifoRs L
W OE AL OESY Lkm OF — £ — o RETHRETS 2 L eIy L.

ko bR EFT (S 2~5km) kT HEAEORB O THS. = Oftlicibik
I (S 16~30km) 2k} 5 EMAEORE bRAA bR TER. LA LI DHE Il
BRI R B WA OB I AR TR & ORICAET 2 BE 2L T E WD TH
fRbe R E 5 2 ENE LRI E e b, B TOREREOBIBNEEN TFHEL LT
BMEFOhD L5l EbDdTRFDZ ETHS. FOFED 1D HAMED
TEA SO S AN MRER AR CIEERC R LCEEXA V230 THS. 20
FHIFEHEDO L 5 e BEONR Y HIEE Lis 5 2 REFEOKFEHFEOEIFC X 5
BRI L A LS T, BHSIE T ORI OF 2 N5 7o DI a2 L.
BAMEY VAL S R EHVCEHN PERFEEHCS XD EMHELEEX
SHABMMNSS. FRITHAMETIHER?D S I OKE LG =5 ¥~ kT
¥z L, BEMEOTEIEN P BORSHHREOERET 5 X b S Bo Rk
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LTR2MeRESRIEIND 52 b B4 THS. SANFORD and LONG (1965) %
X U% SANFORD, ALPTEKIN and TOPPOZADA (1973) (315 7 Jk (L1t sk STBh & 15 ok
BiiZEo»bhb Rio Grande Rift, Socorro, New Mexico JH3Iic i 5 i
Won DEHAEE T O 18 km DI SICHE R AREHTAH 5 &% S WOREFHI %
JACTHIT 22 LielmZh L, Shic SWE LOREETEICAS L S 3 e LTRE+
B SeS L, P e LTREIT 2 SoP L OIRIGLD S & O/RMRET S JskfEn 2
Wil (BRMEDETE) & & b7 5 ATREME A RE L 1e.

W E 2 AT 2 COMOTTEE LT, ALEESS OB ORERH Y A1 7
r 41 A (Vibroseis Profiling Technique) 73% 3. = DF iz X » OLIVER and KAUF-
MAN (1976) % X0 BROWN et al. (1979) 1% Rio Grande Rift THIREEL DOERS
fr7e\ iz > SANFORD, ALPTEKIN and TOPPOZADA (1973) D#SMEANIE Lo & 2
pdic. ZRIC L DENBIED S BEORARKHEY S.S kL0 S, P ik B ERAE
BEADWIN D E D TR AHETH S 2 EMTIE IR E WL 5T L

Z o Rio Grande Rift D% &I R\ T, HE THN S M FHO® R 7o iy
EE DR R NI L & A, MR IRTTC O FE R EE R OB% 25 & &5
TER. £o 1fIE UTHBIN, A REMECORMEREN S 5. = OHIRIIIER
PEHEAS B 3 LV T, RS X OVETE AT o T &k (BB, R, A, B
G 19705 857Kk, i, 19725 5K, @i, I, HEE, 1973; 3KIF, 1974). = oiblfic
B0 B BIEECIIHE SoS 3 X0 S;P B&3hTk ), ThLoWY, ik
ORfEIL 2B L Rio Grande Rift, Socorro, New Mexico JHilic 3s1F % 3a5h6 & Mot
Tékéb&fmb%ﬁﬁ# RODLND. TROLOF ~2 RN Lick 2 h, HihT 5k

ZAEBIH, B ¢ REMIBICIIMENER O S 14~1Tkm 1@ S S0 2k 7o ik %
&%E)Tﬁﬁmﬁﬁﬁ?ét £z b,

=7, FROHRE ORI R A O BRI O F IR TS b, 1965415k, &
WY B NBIREA T b h CE e, %70 2 OHIR o R O B A i N o K8
Bk LOSRSTE R A THTieh ke (MIZOUE, 1971). Z S, Fkils 0 Cid g
EHOWESH 24km D= v 5, PRGNS ORHELHGTS 2 LRTER. L
LR S.P & S;S & DRIk ic2w\wT%% &, Rio Grande Rift, Socorro, Now
Mexico Jii%s X OHLBAH, A%« REMBOM & 1257, TdiEmco S EkED
WMPERDOND &S fERE 2. CHIREITES T AR & DB 2 bhi
RO B AL VE I D HORAE & FJE L.

2. WRFEAEERSROEAG

W RIS ds 1) 2 MO ER B M RIGE T DM 2 4T 5 7o b IS HIAR BB PT D TR A B D HEFE I
DERZHAGDZ &0 5. BN ABIENBE IR TOWEEE, 202 HEDHE
T CIAE LicHiRIe X 2 AT o R BIIEE T 0 sk R O MRS 240 3 1% b F 4 e
TEDLIDEWAS. TOLEERFHNELD TNIWDT, BE»SIIFEETHIC
St S A HER IR R ORI TZ D=5 4 F — 0 LIRS CEN A~
FEEZAST S, L LRGHEORIE I AT CORMER, HEEOERE L
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5 L ORBEIEC X 5 B TOMER =5V F — O LI X 50T ORSE
Bk Eis /N THICHIETE 2 LB Sy, F o RN m < O LRSI
BRES ECEE S BoBEHo coda wave EET B S/N 2 ST
B A S EBMRMITTI G 5 2 BMRGHLE b o Thk. co Tk i) Rio
Grnde Rift, Socorro, New Mexico JAx, ii) JtBI®, HIE - JERME R Lot i) 2
GREE, FOTRILTE IR D 2 F RO\ i R s © 0 TR R4 o Bl
FREBI AT 5.

2-1. Rio Grande Rift, Socorro, New Mexico FIC& (T Bl

SANFORD and HOLMES (1962) iz Rio Grande Rift, Socorro, New Mexico /1T
SERINIESC X B b Y 28 4 P IR THAME RO RSB 2T o /2. ¥f SANFORD
and LONG (1965) 13 3~5 &b is s BEET S-P WHA 2.5 sec LT o g%
ML, FofHl/AoiRronwTinE S0 25sec 33 X UH 5.0sec BB i
o LRI Lic., SR 0 R T o R b I EH 18km o S
MCORGHHE S.P %o S:S (Fig. 1-(a), (b)) TH5 & HHlShi. SP WLV
S.S ot S Wit aIRMELL TETERER 021 LU 032 Linok. DR
TEH T EE T O MER = 3 4% — 0 —BEF RO i & ACP IR EEARSTER A~ O SV ALK
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Fig. 1. (a) Strip-chart seismhgrams (vertical component) and (b) portions of
helical seismograms (vertical component) of microearthquakes with S,P and
S.S phases from a deep crustal discontinuity at a depth of about 18 km
recorded at a station located in Rio Grande rift (after Sanford and Long,
1965).
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CXT 2 AR 608 Lic & & OB E W LRF AW L2 SR, St

) RRTOMEN =3 ¥ — ol ofgiatt, 1) FUEmo MR ¥ 7013 i) Rl
DR RICHIEME e ST X B &b 5 WHEMEVER S hie. 2o Sanford & #&LIHT
Tk, KAMITSUKI (1956) i & % 728uBapk 4.0~11.5km To S ¥ o€ wFiK4HE SyS
DB OHA B %H. SANFORD, ALPTEKIN and TOPPOZADA (1973) 1175k o )7 53
2 e U S DGR e T2 1T 70\, & ORIFEI O T CraMik: R e/ & ¢ 7
S TS E WS IR,

—H A TR A A% B HGRER oA E COCORP (the Consortium for
Continental Reflection Profiling) »%119754Eizi U T Rio Grande Rift, Socorro
J0TENE e (SCHILT eb al.,, 1979 ; OLIVER and KAUFMAN, 1976 ; BROWN et al.,
1979). < DiEJiL SANFORD O OHMUNMBFEDORSIC X 255 L X< —&K L, HEkD
FIEE COWBEHN—BREL feote. TR XD E, Z OWEMKITHRIER 2\ LiZ_-5H
TV MATER SR 7B EABIT 5 BETHCEAR L Ko TH-73 D THS
5&EZXDRTWVA.
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Lodr&n Pk. Bernardo
a @88
®
®
ozgmm

® Seismic Siation
o Town

a Peak

0 Epicenter

*45'W

b
o %wwn

Fig. 2. Map showing location of seismograph stations and epi-
centers for microearthquakes occurring in Rio Grande rift
near Socorro, New Mexico, from July 1, 1969 through June
30, 1970. The solid circles and rectangle indicate good earth-
quake locations; the open circles indicate fair locations.
Numbers are used when more than one event occurs at a
given location (after Sanford, Alptekin and Toppozada, 1973).
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DX 5T»H5. Rio Grande Rift 13 New Mexico F#2 5 Colorado Hifiic\ic 5
BOOFEEY E L5~ ths (Fig. 2). Rift o Albuquerque-Socorro [H]
TR & R o Fr i & o MR e BT AN B A BHEE Shic (JOESTING,
Cast and CORDELL, 1976 ; GEDDES, 1963; SANFORD, 1968). Socorro oD PGREd (L
BRI oM E T (DENNY, 1941), Socorro T 1~3 mm/year oithi%k o L TETD
PHIELHETHRTH B EHEE I T\ % (SANFORD et al., 1972). Rift D HEEE: I R
BCIMEE O ET % & & 78 - AR O KIS EI 235 B, dLi CrdEiic ik W ir
(15~20km) THHT 2 EE2 bR~ 7~ DFEENER IR T3 (LIPMAN, 1969).

Rift % X & 23050 F - o8 BgR 21T Rift o F TR L SV EAX R L (EDWARDS,
REITER and WEIDMAN, 1973), Socorro ®PEJ); 2~3 < 4oL T 11. 5 HFU
EWVSEER X T35, ‘

L X 5z Rio Grande Rift oMz LU EE < v b DFERMN BFECg - 72
B, ThboHFELMcd Rift ERTORIRE L BT s BEREHEOR - V-V
(WARREN et al,, 1969) = P, 3% @ 5 7a)4Zf (LEE and BORCHERDT, 1968; JORDAN
et al., 1965) 7 & DEFFTREF LN BB I TWS. Lo Socorro FUDTF 7 + =
7 ADEE L AT BT SANFORD 513 Socorro I CHiE X el R SHEILE
BARTBIC 5 D VERMA R & 3705 S WHUEAAWET ORI X % &3l L.

2-2. 4B, Bk - RR#ERCET 346

EBIR, A - R oMIHE OBEE b 0 & LT 19494 12 A4 HibERS I T
TORBEHLH B, & OMIEET Ol BT CORFMIZETI2ERM S h 5 (7
o, R, R, BEEE 1970; &5k, Qul, 1972; gk, ik, I, g, 1973).
BORINERRITOF — 205196256 A5 10 FIm @ B3R T M=3 7 5 2 DME
Y EUHEMBEERDHARD bt ¥11973FE 8 BFan b T Tk M=42 %
BURFRMEE BT E T bk, CoBoBNER (MiEs, 1970) »bH
b IEET AT T oI E T LM R AT 6 D B RHIBE T b b T b. 2D X5
TR TCoM/MBET OB O T 5 LR ARV E LTI928: 8 4251973
£ 3 B ¥ CRMMBINEC X D SREB T ibhi GREF, 1974).

Z OEEIREANC 351 5 B & Fig, 3 wiT X 5 icgfILF (GNZ), Houw (TNH)
Lol (KBH) o 3mSR 5. Lhhofilsicix i L T EbiE:
PEEE INEHR ORI BIMEE RIS hi. TR EAENEROESS 0km Xk
DEWLDOTH 7. Fh Fig. 3 12z o 348NN L 3 EREGOM/INEEDOER DS
a7, WEEFoWT, WIhofllfiicowTd S-P KA 0.9~15sec @
TR A B RS (10~20 Hz) o sk Liciiginiz bhte. HeERTREC L1
SUPPBERS ST S HEoFFERT 2.5 see~3.0 sec 3 L 0 4.5see~5.0sec [ZFHE s
AR I 2 2 & THD. BHEE 4mm/sec TO FF A itkflr S-P EERIE
Fxicd o Fig. 4-(@) THB. ThbDMWMHITERT 5 L 5 BRI OKE, Rio
Grande Rift, Socorro, New Mexico FI TEIA X Wiz S,P kL8 S, S & @
T E DA IR T Z E b o, ok Fig. 4-(b) wULSEEEA To 10 mm/sec
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DHGE DB TP LG AR T, S.P ¥ 2 EFER e, SoS Mk FRIR 2 ic s
BT AHAEAAR SN B i 2T 3 Rio Grande Rift wwksiF 26l &dbmtEr» 5. Fig.
5 kX Fig. 6 it h FhiieFEas s X O omBAR k) 5880 7R~T. &
M E BT B W CRRBUIFRA S R 5 AR SoP BRI S.S Wakmsh
7oy, MOMBRAM R WTIE S.S BoRNHEcRmIh T S,P i &by TRIE
PNZopg Ll EamEhinhn-7. Fig. 7121980 48 8 A & h E % Bt Lic it
BT v 4 — 2 U v 7B BLEMA (NIK) (Fig. 8) oL Tt X0k
BRes (NS ) o fEsfl (4625 0 s 10mm/sec) TH5. ThbORBEHIIT LA
DA & A S:P FHx X0 S.S M sh 3. EERoSHM DR
FoleonwT S;P ¥e S;S WoikiElt As,p/As,s (ARSI X 2 HIIEXTiedb e
fli) 1% 0.3~0.7 L\ 5% RT. Coffiziidfo Rio Grande Rift wkiF A E & 12F
FlLv. ZORFELSTERD EHE FTHoE o S EEOECKESKFT S
ExEZBE, JLEE, BX - RBEMEO MR IETIC s\ CIREME X EET 5 A REE 2 7R
BWTABAEEE LTHERRET 5.

< Tochigi
n
.| Network / ’

Fig. 3. Map showing location of seismograph stations (solid circles) of Ginzandara
(GNZ), Kobugahara (KBH) and Tanohata (TNH) for microearthquake observa-
tions in the Nikko-Ashio region and epicenters (open circles) of very shallow
microearthquakes determined by the network observations from August, 1972,
to March, 1973. The solid triangle indicates the telemetering Nikko station
(NIK) installed in March, 1980. The distribution of the depth of the discon-
tinuity obtained from travel time analysis is contoured with dashed lines.
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Fig. 4-(b). Strip chart seismograms
(vertical and horizontal (NS) com-
ponents at a paper speed of 10 mm/sec)
of microearthquakes with S;P and
S.S phases from a crustal discon-
tinuity at a depth of about 14.2 km
recorded at Ginzandaira (GNZ) station.

Fig. 4-(a). Portions of helical seismograms (vertical component
at a paper speed of 4 mm/sec) of microearthquakes with S,P
and S;S phases from a crustal discontinuity at a depth of
about 14.2km recorded at Ginzandaira (GNZ) station.




Fig. 5. Portions of helical seismograms
(vertical component at a paper spe-
ed of 4 mm/sec)of microearthquakes
with S,P and S;S phases from a
crustal discontinuity at a depth of
about 16.0km recorded at Kobuga-
hara (KBH) station.
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Fig. 6. Portions of helical seismograms
(vertical component at a paper spe-
ed of 4 mm/sec)of microearthquakes
with S;P and S.S phases from a
crustal discontinuity at a depth of
about 16.9 km recorded at Tanohata
(TNH) station.
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Fig. 7. Strip-chart seismograms (vertical
and horizontal (NS) components at a
paper speed of 10 mm/sec) of micro-
earthquakes with S P and S,S phases
recorded by Nikko (NIK) station.

2-3. FEILTAAMIRCES T35

FOOE I 30 TR 196D LUK B M I O B H B T lebh T 5. B (Fig. 8)
RARHRER &L Bk - T B 2%, R TR anc 348 5 5 TR E O BH5E
FHNE LTRNEABERXSLE LTHS. - TRRILM AL T bEs v
R IR A B BT NI 2 T 2 LT 5 - T b, EFEh X 3 R I0E
i > TOMBLREFNESHEN SR T Wb cnie, oS TR S/N o
VAL ME R 2SR E TS, (JIER—ALE O RIR b DI O R0 % % N E
RT3 & L X 0 IR X 5 RE OERE b ORAEE )R X HF)
THZENARTHS. BHBEINTECEYEE 4mm/sec THF T AFRK LS.

R EAL (WK) 3 lm B oI EEo 33 ducf@ L S-P i
25sec DT o/ tiE% 40008/ AL BT & 5. FMTIUERL TRENEEORR O
Tz 5~Tkm i L, HEEA 3km LliEks X0 8km LI & A SHEEA R4
ULicws @FE, =k, 1976; M1zoUE, NAKAMURA, ISHIKETA and SETO, 1978). Fiik
RSB\ T (S-P) B 0.6~2.5sec oiffific® 5 e BN 2 & KFE
WA EE S HE LD ballsee B TEEERMMEA LIZ LIERIEE s (Fig. 9).
FOFERNLHET S E ZRIEIHN 24km To RliFEmR» b ORI S.S TH b,
Z ORI TR E TR D ARG - T 6° ORBETERA > T W 5 & vk
%, o RIUm R o L S-P BT 4.5~7.5sec DER H 5 EBAEH
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Fig. 8. Map showing locations of seismograph stations of Wakayama Micro-
earthquake Observatory (1965-1978) in the Kii Peninsula.
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Fig. 9. Portions of helical seismograms (three components at a paper speed of
4 mm/sec) of microearthquakes with S;P and S.S phases from a crustal
discontinuity at a depth of about 24 km recorded at Wakaura (WK) station.
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Jigs (ST) o EFWs ToREHEER & Jﬂfﬂﬂ’](@é *ﬁ“?‘m‘of’o(_éP(gzi h 1.0~24
sec BN TIDODFEELMHIRH Ih, X Bkﬁﬁ: SHEIy 1.9~3.9 sec i <hT
HNOBELMEPEHRE IR, 2hb 2 Do MBS THRIE S hic EBE K 5
S:S wIET 2 RAHEFHTO P skt S o critical reflection P,P 3L o8 S,S
ThsEHWishs., erTHkEmcT 5 REES L0 Py Bk flokkesd 3 ot
LT Sh s 2 xR THE, Lo S.S KLU PP iivwhbdsavs
y FAIRE CORIPE TH S &2 5. & OARIMLEE O 3T O T30y e R
P¥#siot S PeowTEheh 580km/sec %X 0% 346km/sec Th b, ki
THTix 6.80km/sec kL 4.05km/sec &H{EE It (MIZOUE, 1971).

Rio Grande Rift % XOULBITE, R« BRMIE T O TS O BHREH & ks
By, MPEME O ETFERS O T S.P, S.S H XU S poEigk
EIRRBLEND L. UL LEE S izt oRENEEK LTS YhTnwsZ &03%
<, SeP $X0t S.S o S Wik TAIRIEHARD B 2 LEETHS. FHINE
TR B TUEETHRS To S8 ORIFICEIRS ToZhie ik L Tt—r &b
BDTNEWTDd §/N v~ BIEFI KL S8 ofIF B3 Lwv. LhL S,S &
coda wave & D EMHIEIALD = & LACFTIR S 6 ME I B ERE 2 STIc s W
TEFHRATO SoS ®MT 5 & % OEIEONERTIE/ B E b H5. —F S.P
LTS THHNTESGELH D, RIS S T ETHRS T S P s
F% S:S oiRiFH 25~5.0 (A4 & 2 EHIERTOM) &7 5. = offiiy Rio Grande
Rift & XOHLBI, BX - RREMEGC BT % 0.3~0.7 (A4 X 2 HIIER OfE) &3
USRS, Z ok detads, Bk - RRNIRCoEER M2 Rio Grande Rift
R D X5 IR IR SR A OFF AR X B TTEY A ookt L, ML A C 0%
LB S I v M T T I8 D ZR T 7 & b e 5 S O MR IE I AR T ORI X B & W
PR OHLRICER LTV 5 2 E2mET 5. BB Z ORI DV TIHERITbL
AT 5.

3. REtROERLTERT

BT T ~N7-&3is, 7% 1) Rio Grande Rift, Socorro, New Mexico i
Mok, ii) JeBEHE, A% - RREHN Lo ) fOgRRI AT LT g o F R E o
WG DR & BRI s X ORI OVE S & DBfRic oW TR 5. chic
X0 FHIRiz TR SRR AE S.S R Lot S, P MRS IR T o MRmE
G TH B & & & BRI BHER LA O X & % o o VB T o M IEH5E
ERskdBz L ET 5.

3-1. Rio Grande Rift, Socorro, New Mexico E:Z [=#sl+ Bl

SANFORD and LoNG (1965) % Rio Grande Rift w132 KU OEMEMNT 41770
WRD XS TR 2 de. Tl bR S.S & S,P oERE S-P ERIE 0BIF
% Fig. 10 z/R3. Socorro, New Mexico ML/ NuZEOEEOE XA 4~9km
THHZ ERFEE LTI OREREL T % & Nlifm o X134 18 km TRIFEM L%
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Fig. 10. Observed and theoretical travel times of reflected phases S;P and S,S
versus S—P time for Rio Grande Rift, near Socorro, New Mexico. Theo-
retical travel time curves are drawn for S P and S.,S from a horizontal
velocity discontinuity at a depth (H) of 18 km. Two curves for each reflected
phases are given, one for a 4km depth of focus (h), the other for a 9km
depth of focus. The left-hand ends of each curve are the theoretical limits
of observable reflections at the specified depth of focus (after Sanford and
Long, 1965).

Fig. 11-(a). Observed and theoretical travel times of reflected phases S;P and S,;S
and travel time difference of the two reflected phases versus S—P time for Gin-
zandaira (GNZ) station. Theoretical travel time and travel time difference curves
are drawn for S,P and S.S from a discontinuity at a depth of 14.2km. Two
curves of the travel time for each reflected phases and of the travel time dif-
ferences are given, one for a 4km depth of focus (h), the other for a Tkm
depth of focus. The left-hand ends of each curve are the theoretical limits of
observable reflections at the specific depth of focus. In the upper part of the
figure, the observed travel time data for S P and S.:S are shown by the solid
and open circles, respectively. In the lower part of the figure, the observed
travel time difference S;S—S.P are shown by the open circles.
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DFEF O P FH RIS 3o #iEE ik 6.0km/sec 3 L8 346km/sec & 7 - fe.
SANFORD, ALPTEKIN and ToPPOZADA (1973) (1 X Hics < D F — 21k &SV TRE
P DFEWH TN D X 5 ekl Rd 27z, Tihob bR LMo HEF0 P IO S
WOREIATHEZC X 28R LEEL, Thth 580km/sec 3 LU¥ 3.35 km/sec
Lot %7 Socorro, New Mexico 57T oMRRIENARALSTOE 2 18 km T
HOIH~H 6° THEALTWBZ &b,

3-2. JtEAE, B¥ - REHIKICHT 24

T OB TR FENE D TEFEMTE S LiE LI Fed: L OIbiEiET) % F 7 3 2 7o it iy s
BRI R E Sh SR oM MEERZRB LCw 5. R 10km o b Y221
b TR X WSS GREF, 1974) 225 Fig. 8 wRTRIIT (GNZ), #Hikk (KBH)
$ XOEOH (TNH) o 3 BHlCE W TEREh SR W Shre. SRITEIIA
LIRS W CRRSHE SoS & SoP LM Sh B 2 D0 R B S
e, Lo LH QMBI B\ TR RGHE So5 it St S.P odifli g T
T H - 7.

FRFERDOBMA DTG S:S ko S;P DERR IV S;S & S;P Lo
R RS S-P KL OBIRE L 51, REOEIN 4~Tkm THDHZ & x B
LERFR OB BT 2 RS X OEREARRCHIITED P EsIo S
Wl Z Rz, R EOWE ST ZhoBIATE TR L0 RHFTERS T
&R E LERT 21T - 2. FofERe Fig. 11-(a)~(c) it

N OFE R, TAFEHERO P FEks X0 S BoFEEiEtzhsh 580 km/
sec, 3.35km/sce TH 5 = E Db oTe. Fio Z OMMERIEE 2 RE Ly D8R ISEEISE
DU TFTORAFEMOEE % 142km &35 &, Fig. 11-(a) iwRT L 5K S.S &
S, P DERBIVThOOEREL IKHEPTH LN TES. BlHHEZIZSL 2R
SER ST F N FREFOEIN 4km BX Tkm oGt LicboThHS. [FH
Bz LT Fig. 11-(b) 1%, HIBFEENA s 588 S.S & S.P &R L UTh
LOEREYR LSO THS. ERMFEAHEELO FEXA 16.0km DAL L
72b OTH D BIMEE X <MW LT 5. Fig. 11-(c) (:H MBS TR 3 RSk
S.S DERAR LS OTH VTIEHTOGEIA 16.9km o4& oERMR E X <—3
5. WAOMBNSC B TREGHE S.P 2SI 2w THRE Shigwh o TE kR
F L0 SoS P& oEREIRD DL .

TR A R D B I N BE D& 2 T2 W T ER LR OBRS T RT3 L ERY
JAWTRKHEOESHHBET A ENTES. ThODOMELD Z Ol 17 5 R
TOEINMHHEET 2 ENTES. TOHEIRE - TRD SRR OF S 51
% Fig. 3 WHBLH TEbT. Shnb & ORI H I O J7 A AMEAHY 11° TF
o Tnd EFzbR5.

3-3. FnEIUAEDHEIKICEH T BH]
A LLTT RO A s (WK) (Fig. 8) KPS So8 dxiihT5 e
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Fig. 11-(b). Observed and theoretical travel times of reflected phases S;P and S,S
and travel time difference of the two reflected phases versus S—P time for
Kobugahara (KBH) station. Theoretical travel time and travel time difference
curves are drawn for S;P and S,S from a discontinuity at a depth of 16.0km.
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Fig. 11-(¢). Observed and theoretical travel time of reflected phase S.S versus
S—P time for Tanohata (TNH) station. Theoretical travel time curves are
drawn for S;S from a discontinuity at a depth of 16.9km.

ENTED. 0 S.S WoOER»LEINKH 24km ORI OFIEIHE ST
% (Mizoug, 1971). ¥ 7 L TFEIRS it SoP il S h 384603565, KM S.S
L S.P oREHELOERLOEREL (S-P) L oG Fig. 12 Wit Tl
MOESY 24km FREL, RNUFME D Loy o P R L SEOHE X FhL
h 5.80km/sec, 3.46km/sec LB EEFE L AARTBNMEE X< —FTH. Ik
S-P s 20sec LITFTix S.S & S.P Lozt AL —EL b 2k
1Z Socorro, New Mexico /o Rio Grande Rift i, JLBI#HE, A% - EREHIR
B L AR R AR OER & 3550 LT B, Tods 2 OARHE T FOER LT R IR
HH, PRI - TH 6° THE - TWAAMEEDD 5 & & AHPEIEOIES BLIA
(ST) 1wxiF 5 K oERHLIEMIR TS (MIZOUE, 1971). HEoEZEML I Z
T = 7o O R AL A0 % D ZERSE D Bl U TR o Nl i CoO R S P k&
O S.S WThrE s, i S.S W oW TRAKEHRS TFOERSS L ET
T Tix % OREIHHR NI Enbh o0 S8 §EM P e LTTix/i S
P& LTHUMCAS LD THSE I EORWEF2 5.

4. HhECRERORBAKE &R EE

R F MO ARIE OB 2 RAHE OB A 1T 5 221t 5 5o LBty E
DU E S X DR TO P ¥k L0 S I OEEEIEIC o\ TR - TN
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S-P

Tig. 12. Observed and theoretical travel times of reflected phases S;P and S;S and
travel time differences of the two reflected phases versus S—P time for Waka-
ura (WK) station located at Wakayama city, northwestern part of the Kii
Peninsula. Theoretical travel time and travel time difference curves are drawn
for S;P and S;S from a horizontal velocity discontinuity at a depth of 24 km
for Wakaura (WK) station. Two curves for each reflected phases and travel
time differences are given, one for a 3km depth of focus (h), the other for a
8km depth of focus. The left-hand ends of each curve are the theoretical limits
of observable reflections at the specified depth of focus.
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AT RIROERME DIEEMIE R HEE LTl S BED D 5. & OBRH O MENE
[ & BRI D FERSRNT > & 3Ro> B 2 NAUBET_E 3 o0 W BRBEA IE > B TR o0 B S 458
BADND. A So8 & S, P & ORIFL MG & A DIFTER RE L EEhE
< O HlEeh & NG T D PR ET A ERIRIEIC 5 5 0 OHEE R AT 75 5

BRI, hHE, MM (1963) RS OIE7 v ) BT A AR & L-C i iaEATE (600
~900°C) 1zl B HUEBHEE & TR IEIE 2 B aRd . R R R o Heli A
o I OB REET B MBI L RREANTROLE LIk s, HRRIEHARE (2
REMET T e b~ /) O OBEREEE O WA S ABHH 10~100 Hz oy
R R RD ZTREIKDOER D TH 2.

WEEMET (7)) BRI L LTEitie Maxwell = FAREAT 5. & ok
R O s X OB L vp BRI O vy &L, HWEFEEEY Ve IO Vs &
T Lame OREEEE 1, p & LTRBICMET 5 B, & 7 LF5. oo
T Ve IO Vs ix p REEE LT Ve=vOF2/p, Vs=vplp TH2 RS,
iz vp WIS v (X ERERRBL f OBME LT

vpt= sz(l_?;‘r?>/<l_ 27':?'1'1 ><1 2”3%2 >’

weve /(1)

THABRG. i =V =1, Vi=@+2m/o, Vs'=p/p, 11, 7o 320 v 124ER
R TH b

1 e 1 _ 2423y
T 7 T E+Q2/3)y

1 /. 21 4 1
@t2p)— ==t gu) —rgri—

THD. I=p ZTEL, 1/0:=0E=0) DEEITDONTD vp & L vg JHWIEIEI:S
HBDDIT, Ty BHWT

foms £ )

2rty 2ry
THERXDNDRAWHE fo &%, WHHEIITHHERINE ERIEZ ik LT R
ZALLIE VDT, fo 3L 7 203 & A ERHEGR OB E 3. UEns E2EET 2
ERBEAR PR EIET 5 W f 7eB vp BEO vs LI £ 2 fo X b ATt
J=o00, f 23 f5:1072 X b/ iE f=0 & Zdcs. - T,

vs=Vs=+vn/p
F<for107 o=@l p =~/ VE—GD Vs ‘l o
?}SZO
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Lheh. oo TEERTAE L £<for 107 fo B B Tk 8) TREhA X
51 vs=0 L h Wb L ERREBIEH D L VA BT ETHS.

L Eo X5kt X vigRS (1963) (% Table 1 R B IR AR R OB B
DG DTN E (Table 2) #HEE L. 7o Table 2 r ORI D E RS
FiTtH 5. BRCH (1942) 1© X iR RG 2 WE O FEOMNLHMI LT 2T
D 5 Offiz 107>7>10""* poises OIS D L F % Lhsa otk 1) 25
F<forl0® Lish, (3) RDIEEERELRD S EHTES. L Vs OMELE
DI OCEHIERIET =g R EEL TS, 0k 5 RFIMTRD 5t ERA S Rl A
rho I ERE Y Table 2-b wwind.

Table 1. Chemical composition and physical properties of glass samples
(after Kumazawa et al., 1963).

Sample No. Siggfnlfl)g:(l)tiolrilzo Melting Point | Density Elastic Wav: Velocity
1 7:3/2:3/2 690°C o d6gr/om’ | o
7:3/4:9/4 540°C 2.45¢gr/cm?® 5.27 km/sec

Table 2. (a) Ultrasonic wave velocity Vpand (b) calculated seismic wave volocity
v, and ¥, in the molten silicate at various temperatures. Extrapolated values
are represented with parentheses (after Kumazawa et al., 1963).

| Temperature °C_| 600 | 700 | 00 | 900 | 1000 | 1100 | 1200

@) ) V, (km/sec) 4.35 1 4.00 \ 3.70 \ 3.45 ﬂ(3.20) (2.95) \ (2.75)

®) v, (km/sec) 3.95 | 3.00 | 2.80 | 2.60 | (2.40) | (2.20) | (2.05)
v, (km/sec) 0 0 0 0 0 0 0

fER e (1963) 1T & 2L EDERAYEE L TREICR WTRHE SoS & SoP Loik
0 b S o ELIE & Pl 3 %

5. ERAOHEELRITEOEDE

SETE O 5 (E LR SHE O IRIR%  Zoeppritz nJifX (RICHTER, 1958) %M\
<o, B S.P & S.S L oiRiEk As,pl/Asys (SoP P oIREY As,p, S2S B
DFlEEY As,s LT L AR F P AR & OBIR D B AL T D MR Y
DERFH S ENTES. KHE SP & S:S REHTh IR GHlfA%Z L2 S
BoRHETHBDT, EOREL A p/As,s XEFETO S F=F 0 F— DA DFE
mEHc X ATt X o TR EAEBE SRRV EF LTI

SANFORD, ALPTEKIN and TOPPOZADA (1973) 1% Rio Grande Rift offlic-o\u T
RE IR As,p/As,s %3kt (Table 3). 22T ay BIWV Bi i3 E R
TR ED P #Exs X0 S BOREE, a KLV B ix TR TG T OEHE
o PPEFIOS BFOXETHS. WE ik E UC B RS 2 54
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Table 8. Observed and theoretical ratios of S;P to S.S amplitudes
(after SANFORD et al., 1973).

Observed Theoretical

@=6.00 ;=800 | a;=5.80 a;=5.80
Bi1=8.46  $=4.60 | F,=3.35  F,=0.00

Angle of Angle of Measured Corrected Reflection Reflection Ratio| Reflection Reflection Ratio
Incidence Incidence  S:P/S:S S:P/S:S Coefficient Coeflicient Coefficient Coefhicient
SzP S:S Ave.=S.D.  Ave.xS.D. P S* P S

6.0 8.9 0.11+0.023 0.0170.0035| 0.05 0.18 0.28 0.12 0.94 0.13
11.9  17.3  0.15::0.057 0.046+0.017 0.09 0.09 1.0 0.22 0.83 0.27
14.1 21.1 0.24+0.20 0.088+0..74 0.10 0.03 3.3 0.25 0.75 0.33
15.6 23.3 0.27+£0.22 0.111+0.086 0.11 0.04 2.7 0.27 0.72  0.38
20.2  30.5 0.58+0.10 3.314+0.056 0.12 0.18 0.67] 0.32 0.67  0.48

* From McCamy et al. (1962).

Z#Ex2 a;=6.00km/sec, B, =8.46km/sec ¥ L' @,=8.00km/sec, B2=4.60 km/sec
ET 5 LB EBERMEEIF LR D. T HILIERE O EIEE IR IET 5 REETo
MR E O BAL R RE Licd T & b 2 bhicixtinc ki S.S EoiEEs
BPT D ENTERCT ERRLTWS. SRt LEITINE & B2 28 i & < —%
L, LbEESENRE» 5L E LWFEokvE5 4 (Table 4. Model-B-(a)) & L
T a;=5.80km/sec, 8,=3.835km/sec X0 a,=5.80km/sec, B2:=0.00 km/sec »%
x bhie.

LB, B - BB S\ TiER 10km o b Y oz o4 b HRIC X B B R
(GREr, 1974) 3 L OY 19804 8 A2 &M/ NMURMIIE % v b v — 2 v 25 4 (FEE, &
T, 1980) @ A EENADFEEED SIRI Asap/Ases B RDDZ ENTES, KHED
RIS (GNZ), Higlt (KBH) % XovAst (NIK) B O 3 Bl 2
THr -7, Mok (TNH) BT SoS o& LB S s o TIRIGH o I ©
i, ToRIIEERRAE SV WA ET e EFHRA R G, MR
HaRD DD ARAC X 5 WEXTT -7 EREOMNEE R Fig. 13 i k5
I 30T Rio Grande Rift ik A& 3% L. JEBITE, B - BRI T
R DERS B a,=5.80km/sec, 5,=3.35km/sec LT BH I ENTEL.

AP A 3 > TR AT B (WK) T3 BBl fiisb i Tuv 5. KIS
DRI As,p/As,p ¥t Rio Grande Rift 3 X OULBI, HY - BEMIBOBE & Mk
Z ETFIRS O R bR B0 AGHE & RIE & OHEY Fig. 13 wRd
ML AL B O TULIRB O 1.0~6.0 T H vdbBdH, B %t - BRI ST 3
fEO0I~03 X H kA k& W o EEHEfids. & W3 ARkIUFEEDC R VLTIt
LTS THI SoS WOIREPHAINC/NE W S ektin T2, BRI DI
HEE a,=5.80km/sec, B,=3.46/sec, a,=6.80km/sec, ¥ L1 B,=4.05km/sec &
5.

Rio Grande Rift ic3s\C K& DR OBLERH & BIE D s 21T - 72 D & kS
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Fig. 13. Observed ratios of reflected phases of S;P and S;S amplitudes detected at

the stations of GNZ, KBH, TNH, and NIK in the Nikko-Ashio region, northern

Kwanto district (solid circles) and at WK station, Wakayama, northwestern
part of the Kii Peninsula (open circles).




Table 4. Velocity models of the crust used for the evaluation of the
reflection coefficients of S,P and S.S phases.

Model—A Model—B
a b c - a b c
@ 580 | 58 | 58 | 58 | 58 | 5.80
B 335 | 83 | 33 | 33 33 | 335
s 7.00 | 690 | 6.8 | 580 | 58 | 5.80
B 405 | 399 | 393 | 000 003 0.17
03/ 01 L1 1.10 1.09 1.00 \ 1.00 1.00
Model—C 1 Model—D
a b c a b ¢ d e
(600°C) | (700°C) | (800°C) | (900°C) | (1000°C)
a 5.8 | 58 | 58 | 58 | 58 | 58 | 58 | 580
8, 3.46 | 346 | 346 | 33 | 33 | 33 | 335 | 33
az 6.90 | 68 | 6.7 | 82 | 300 | 28 | 260 | 240
B 412 | 405 | 400 | 000 | 0.00 | 000 | 000 | 0.00
efoy | L1l | 109 | 109 | 093 | 09| 091, 091 | 0.8

ay, as; P wave velocities (km/sec) in the upper and lower layers.
Bi. Ba; S wave volocities (km/sec) in the upper and lower layers.

01, p2; Density in the upper and lower layers.
Model D; Based on the data of the molten silicate for the temperatur range of
600°C~1000°C (after Kumazawa et al., 1963).

DOIFPCILBIH, B« BRI s X ORI I o B IRIR i o\ TIRE AT
5z EFn. bW, A% BEHRB ORI EF A4 E LT, «,=b5.80 km/sec,
B1=8.35km/sec (FZHHEFERD Sz cfii), a,=6.80km/sec, B,=3.93km/sec, K=
p2/p1=1.09 D& Model-A-(¢) &, RiligEM Py wRLREBICH 261 & LT a;=5.80
km/sec, B,=8.85km/sec, a,=5.80km/sec, B,=0km/sec, K=p./p,=1.00 OHE
Model-B-(a) ki oW THIEAM A kDI & B35, 72720 pr BIY p 2TH
FRARMEETT s LOTMTOMTEETH D, Fnboffir TALWANI et al. (1959)
i (Table 2-(a), (b)) 1< X 3K HHEIRIEL OB HA Rz, Table 4 w/R3hakiilG
DEFL A B, CRIVD oW ToRHFREOMAM (SV AHY, SV KiHEks
XU P REHBEZ D WTCORGHER & ASAE 0BG * Fig. 14 i,

W ASHOBME LT 2 bt S.S ¥k X 00 SoP Bextd % R 5 S-P
W oBI & LT RHE ORI As,p/As,s DHEER{ER kDT, T ok LB, BX
c BRI > W T AR O S 142km GRIPFERIEOHE), EHOES 4km
B LU Tkm OFHF IV TRSTE B E g L. ZofRE Fig. 15-(a)
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Fig. 14. Reflection coefficient of S,P and S.S phases in relation to incident angles
calculated for veloeity models of the crust given in Table 4. Model A represents
a normal crust. Model B represents an unusual crust with a discontinuity under-
lain by molten material. Mode! C corresponds to the crust obtained by a travel
time analysis in the Wakayama region. Model D is based on the experimental
data of the molten silicate (Kumazawa et al., 1963).
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Fig. 15-(a). Comparison of the observed Fig. 15-(b). Comparison of the observed

and theoretical values of the amplitude
ratio of reflected phases of S;P and
S.S (upper figure) and the correspond-
ing reflection coefficients of the two
reflected phases (lower flgure) for the
Nikko-Ashio region, northern Kwanto
district. Theoretical curves are based
on the crustal structure of Model B-(a)
in Table 4 in case of the depth of the
discontinuity H=14.2km (for Ginzan-
daira station) in combination with the
depth of focus h=4~T7km.

and theoretical values of the amplitude
ratio of reflected phases of S,P and
S.S (upper flgure) and the correspond-
ing reflection coefficients of the two
reflected phases (lower figure) for the
Wakayama region, northwestern part
of the Kii Peninsula. Theoretical curves
are based on the crustal structure of
Model C-(b) in Table 4 in case of the
depth of the discontinuity H=24km
(for Wakaura station) in combination
with the depth of focus h=3~8km.
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Fig. 16. Volcano-tectonic environments represented by Quaternary volcanoes
(solid circle), thermal springs (open circle), sites of high heat flow values
(cross) and volcanic front (dashed line)) in the Kwanto district in connection
with the location of seismographic stations (solid triangle) of GNZ, KBH
and TNH. Note that the seismographic stations are located at the volcanic
front where the magma types fractionate at shallower depths can be

expected.
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R ZORREALRTIRBIN, A - BRI TR T P EEEO T by & b
b ¥ (a=a,=5.80km/sec), S FHEDAHNLE(T 5 Model-B-(a) (8,=3.85km/
sec, B,=0km/sec) M X <BPMEAHET 2L V2B, F e FACIIILFFE IO
B DIRIE. Aszp/Ases OHENT% S-P B0 E LTRd e, T b bRl
MDOES 24km (FFIHW L OLE), EHEOES h=5km X 8km OHE>
WK, TheBIAL it L. £ofifx Fig. 16-(b) @Rt ZoEENbER
RN ILI T A 2D 338 > BB R 1 He o LN E 1 B BT 2 5 % S huie Model C-(b) (a,=
5.80km/sec, B;=3.46km/sec, a,=6.80km/sec, B,=4.05km/sec, K=p,/p,=1.09)
DHFHHE X {—KT 5. b7 A» ) EBEOEMTc O WToEF L D 1K+ 5
B Rio Grande Rift 3 X oubBInr, B - RRMEKO BN X viE<, Fdkil
TR OMMH E 123 L R 2 (Fig. 14).

A EDHEZh b GHERIEIED B2 5 R LB, B « BRI Q3 MmFkbs
FAIHIR & B ) W IR T Bo=0 & 70 2 IEAAAMELET 5 AT b T B bW 2
B, TTTHWTWAMEEY 10~20Hz TH5 & & & #ET5E, HEMEOEX L
300~600m FEEDLDTH-Th L. - T Rio Grande Rift i\ T 31 7 r 4
A A X YR I I FERE O CITATE L AEOMED LD TH - Th S.S el
THARERRHFEE S 25 b0E#x bl ALBIH, B - BREMEI A KL
HWOKIN7 e v gL, B BEIL, BYXeAtl, FELL, ARl E g
DRIUDBHAT LTS, F Ak s (HorAL 1964) & BISRI I IEE LT D
v Fig. 16 1< B3 - RIS 5 RIF (GNZ), it (KBH), Mo (TNH)
BIOBX (NIK) oR4¥ S.8 & S.P o &h 2 Bls LOHMEILO Ko sy
MEKW7 = v bhRT. ERRATEL 20 HFU D bkofiottsmzsd. kil =
vz 7ol OBtk (R, 1965) #FET oL, KLz e v PETO LI~ v
FATERIRICEY V7 A b= 2B )0 EARE TR AT S %0 52 OlEEY
LD ED EABEMAS ELFLRITARE LTERADE Y 22 b Zh a3 RUHEIT &
DRI EhcDR2ELMRTE 2. 2 hues LRIk 2R o % v 5 AR i g i iz o
WA OFRERF 2 bhiswv. B0 H /R 5 L HEIC KT 5 MBEL O
REREDOBIFERE L LTk 7 » v MITiR » R o INBTE R T R 3 O B % 1T 5 BB
BHAHOYEZEZzBRB.

6. & E

IR B 1 B IBAMA DR 217 5 ik 1 2 & UCHRER ik o & RIFHL % 5
WHZEREZBRD. T CREEERIISEMEAOFET A E (BX) %, TERE
e EERIER BT 5 o -5 h 5. Rio Grande Rift Socorro, New Mexico
Mok, eI, B - RN X Ok F K o 3 bk i) 5 B\ K4
B O BBz D THER R 331 5 IR E O fE7E & OBz B LT, b -
o, XORRETETIERDL S THS.

i) Rio Grande Rift, Socorro, New Mexico JHI Dl \ Ty MuEOREK
g SoS kLU S P oFERLIRELOMIEL B b oKz T 3 RAFHT 0
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T EE wh B o &2V Xt (SANFORD, ALPTEKIN and TOPPOzZADA,
1973). Z OREIULF DB A4 T r A AR LB AR T RE T X YR S h
7= (SCHILT et al., 1979; OLIVER and KAUFMAN, 1976 ; BROWN et al., 1979). %
TIETIT P X 2 BRI % Halif okl Ebo T AL IETHD L\
3.

i) JEBITE, B - BRI TR e A BNbEE Y BT 5 &, TE S
EOEI 2 oDFEA MR Eh 5, hbofiLT oERs X OWE» HEIA
TTFOEER 16km ki) 2 RAHIMCTORHY S5 B3I 0 S.P ToHs & Hlirsh
%o F IR R e B T R A RS R EE R BT S &, Wik odtEd
W, B - REME BT 5 & RS S Eokic 2 oo W AHS B Sh s,
R BDRIIRE DERE X O, SBIETE TOR S 24km ki) 5 lgim T
DHHE S2S Xt S, P ThB L¥Ih 5.

iii) Rio Grande Rift Huf, 4bBAT, H¥% -« BRI X OETILTEE O 8 itfic
BT B MR AAGE RS D O KA OIRIAL As,p/As,s DOECDWTHERR L.
FOREE, AHMN0°~30° ofificowC Rio Grande Rift 3 X odbBgH, B - 2
EHIR 3Tk Ag,p/Asys 75 01~0.3 TH B Dkt L Fnde il i B Tk
As,pl/As,s 78 1.0~5.0 & 705, SR GES NG O I EED BT L 5 %
DEFZEZ LR,

iv) BRI 7 v U BRI OB o JIE S B MR ELE T 600° C~900°C
it RE 1022 <9 <10" poises DEEEHTIL 10~100 Hz ORMHIR TH B & S JHE
I vs=0 R L>3 (FEIRS, 1963). & offF 4 SFIC B\ CHURFEAHLmI X
5 REPE ORFH O TSR EL AR & AR5 BE LT 5 Thui Eic o W\ TR
JUME & bele Uie,  HIRRVESRRAUGE T © Tl 2 Bk & imRttk o & & T ik R oRIE LT
As,p/As,s 1T EL R 2 o BN D bR, —JF i) T~k o
Rio Grande Rift 3 X OUbBIHE, HX - B REMIR & MBI R0 L Tk As,p/As,s
DIEANZIE LHT B2 5. o & BN E IR sk o FERE L bl
okt L, 4EBIE, A%, EE#E ki Rio Grande Rift Mz it 3 & R
BRMA % & b 70 5 Mg B AN R T 2 A 7E T 5 WTREME 2SR & & it o .

V) ZZ TGRS 10~20Hz THBZ LA EZ L E, BRMASES 1km I
TFTOERHIHECEARE LR LTV 2854 T HEIEED &2 OFEL Bl T & 5 Tk D
»H5.
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30. Deep Crustal Discontinuity Underlatn by Molten
Material as Deduced from Reflection Phases

on Microearthquake Seismograms.

By Megumi MIZOUE,

Earthquake Research Institute, University of Tokyo.

Microearthquake seismograms recorded by stations located in or bordering 1) the
Rio Grande rift near Socorro, New Mexico, USA, 2) the Nikko-Ashio region, northern
Kwanto district, Japan and 3) the Wakayama region, northwestern part of the Kii
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Peninsula, Japan, frequently have two sharp impulsive phases following the direct S.
In each of these three regions, the two phases recorded at very small epicentral dis-
tances are identified as S,P and S;S reflections from a velocity discontinuity in the
deeper part of the earth’s crust. Travel times of the reflected phases provide a reliable
information of the depth of the discontinuity, while amplitude ratios of the reflected
phases can be used to estimate the velocity contrast across the discontinuity. The use
of the reflected phases on the microearthquake seismograms proved to be a practical
and highly promising method for the detection of unusual crustal discontinuity under-
lain by molten material with very low rigidity.

Comparative study of the characteristics of the reflected phases S;P and S;S in the
three regions clarifies the differences in the physical properties of the deep crustal dis-
- continuity as summarized in the following.

1) Microearthquake seismograms recorded by stations located in or bordering the
Rio Grande rift near Socorro, frequently have two sharp impulsive phases following the
direct S. These phases have been identified as S,P and S,S reflections from a sharp
discontinuity that reaches a depth of about 18 km beneath Socorro and dips northward at
an angle of about 6° for a distance of 30 km. Ratios of S;P to S;S amplitudes in conjunc-
tion with the plane-wave reflection theory indicate a zone of very low rigidity beneath
the discontinuity. Large S,S amplitudes are believed to be the result of the large
velocity contrast across the discontinuity and a fault mechanism that radiates more S-
wave energy downwards than upwards from the focus (Sanrorp and Long, 1965; SaN-
FORD, ALPTEKIN and Torrozapa, 1973).

The first full-scale application of the VIBROSEIS profiling technique by COCORP
(the Consortium for Continental Reflection Proflling) to a speciflc geological problem
was initiated in the Rio Grande rift near Socorro, in 1975 (OLiver and Kaurman, 1976;
BrowN et al., 1979). The result of the surveys corresponds in depth and dip to the
unusual velocity discontinuity related to a magma body previously inferred from inde-
pendent geophysical evidence, including anomalously large reflected S phases on microe-
arthquake seismograms (SANFORD et al., 1965, 1973).

2) Microearthquake seismograms recorded by stations located in the Nikko-Ashio
region, northern Kwanto district and in the Wakayama region, northwestern part of the
Kii Peninsula, frequently have two prominent phases following the direct S similar to
the case of the Rio Grande rift. The best interpretation of the travel times of these
phases can be described as follows. In the Nikko-Ashio region, these two phases can be
identified as S,P and S.S reflections from a sharp discontinuity that has a depth of
about 14.2km beneath Ginzandaira (GNZ) station near Ashio and dips south-eastward
at an angle of about 11° for a distance of more than 20km. On the other hand, in the
Wakayama region, these phases can be identified as S,P and S,;S reflections from a
discontinuity at a depth of about 24 km beneath Wakaura (WK) station in Wakayama
and dips westward at an angle of about 6° for a distance of more than 50 km (Mizouk,
1971).

3) Observed values of the amplitude ratio As, p/As, s of the reflected phases S.P
and S.S vary from 0.1 to 0.3 for the incident angle in the range from 0 to 30° in the
regions of the Rio Grande rift near Socorro, and the Nikko-Ashio region. On the other
hand, in the Wakayama region, the equivalent values of Ag p/As, s vary from 1.0 to
5.0 for the same range of incident angles. Considering the fact that SyP and S.S are
generated by S-phase energy traveling slightly separated ray paths from the focus,
their amplitude ratio is relatively unaffected by differences in radiated energy from the
focus (SANFORD et al, 1973). The difference in the observed amplitude ratios As,p/As,s
can be attributed to the difference in the properties of the deep crustal discontinuity.

4) Theoretical amplitude ratios Ag,p/As,s based on the plane-wave theory are
calculated assuming various velocity models of the earth’s crust. In case of the Rio
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Grande rift, SANFORD et al (1973) applied a model with a discontinuity across which the
S-wave velocity drops to zero. In the Nikko-Ashio region, fairly good agreement be-
tween theoretical and observed values is obtained when the P-wave velocity remains
constant at 5.80km/sec and the S-wave velocity decreases from 3.35 to 0.0km/sec
across the discontinuity. The results support the idea that the deep crustal disco-
ntinuities in the Rio Grande rift near Socorro, and the Nikko-Ashio region, are sharp
and could be underlain by material of very low rigidity. On the other hand, the
observed values of the amplitude ratios for the Wakayama region agree with the
theoretical values when the P-wave volocity increases from 5.80km/sec to 6.80km/
sec and the S-wave volocity increases from 3.46km/sec to 4.05 km/sec across the
discontinuity.

5) It can be concluded from the above-mentioned studies that the analysis of the
deep crustal reflections S, P and S;S at very small distances are useful for the detection
of the physical properties of the deep crustal discontinuity. The values of the amplitude
ratio Ag, p/As,s depends critically on whether the discontinuity is underlain by a molten
material or not. It is worth while to mention that the unusual characteristics of the
discontinuities detected in the Nikko-Ashio region, northern Kwanto district and in the
Rio Grande rift near Socorro not only shear similar types of wave forms of the reflec-
tions but also the voleano-tectonic environments accompanied by high heat flow values
(EpwarDs et al, 1973; Horal, 1964) and the magma types fractionate at shallower depths
(LipmMAN, 1969; SuciMURA, 1965).




