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ANOMALOUS CHANGES OF THE GROUND TILTS AND
STRAINS BEFORE AND AFTER THE OCCURRENCE OF
THE ICA EARTHQUAKE ON JUNE 7, 1966, IN PERU

By Yutaka TanNAKA and Tokio Icuinone (KYOTO),
Ernesto Deza M. and Alberto A. Giesecke M. (PERU)

Synopsis

The international cooperative observations of the crustal movements related to seismic activi-
ties were commenced in the Ica region, Peru, at the end of 1965. On June 7th in the next year, the
earthquake of magnitude around 6 occurred off the coast of Ica, accompanying a foreshock and a
large number of aftershocks.

At that time the observations had not got to stable conditions, however, anomalous ground
tilts had been observed at the three observation stations for a few months before the occurrence of
the series of earthquakes. The vectors of anomalous ground tilts had the same direction as the
strike of the faults in the region. At the nearest station, Zamaca, characteristic changes of ground
strains, extending in the E-W component and contracting in the N-S component, also began 20 days
before the occurrence of main shock and continued to the termination of aftershock activities. It
should be noticed that the ground tilts preceded the ground strains there.

Examining these observed facts, in detail, it may be suggested that accumulated energy in
the crust is first consumed with block movements or deformation of the ground surface and then
concentrates in the focal region, in the case of a mosaic structure as expected from the faulting
system in this region.
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&I, Ru—HIFRYBEREFRIENS D Ica (4 4) #HIK T, Condor (3 F—u), Guadalupe (4 & v—
~%), Saramarca (% F < %), Zamaca (4= #) O 4BRFTE S, 19665F12A ¥4 ICIE, T TICHEEE
BIOREBITAB T EMNT X 2, B19664E6 H 7 B Ica M A 20km o & E ¥ EIC Magnitude 5.5
(USLCGS.) DHiEINZD, 6 A20RLHE TEMOAREA, LREVEVHIRICD - THERE L. KAEOD
I B, Zamaca »»5# 40 km, Saramarca 75 # 100 km, Guadalupe 7> & # 110 km, Condor Zp 5%
¥ 160km TH 2 H, REBHFEAWIL Guadalupe, Saramarca [ERIFTELOAREE TIEAD, Zamaca i3,
COILHHOMHBOPRICHZ EEZTINTH A, TOMBEREDRIKRIC, Zamaca TIRRZh&
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BRHVEEZCNIEERRETMBERG 28RS, BB 2SS 5 b, F 7 Saramarca,
Guadalupe T&, ZOKHIRRSEMNEGHHED NI,

LLEHS, —RICHRBREERE Y AR, ERAPERSLELT, SHrLHLBREFLIHEMESN
BOHDTHY, 20k, CO4BHAIES, 1965FEdIC, ZOBEZENE L TR SNIFLOENLT
505, BHOZEBLLRDEL BDOEFHRENT W, 1 T & i€ Condor, Zamaca HEBAIFTIZ H
YR EEISRBRELI-X)TH 24, —FEAEINREROID, 40T ET->7219%665F9 BT
3, BYMORBRESZHECERTEIELHELHERRIB O TR, & ICERET XD &BIEHNE
L fgatic X 2883, Zamaca ZRWVTR, REXLE2RETE2REBICEL THLRLVOT, 4
[Blid Zamaca OFEFZAL, H#EZEILL Saramarca & Guadalupe DEFIEIICOVTOLFHET 5, T/
REHOEHICOVTR, ZoHBLKROEHOHBIETE OBEDTICRT & THSH, 1966F104 KK
{2~ —fhic Magnitude 7.5 OKMBHRAEL TV EDT, 4EIT 9 A T—IBBR AT, 178 &
BEEERNSZLEBEONZL 0B ABREOHEOREES /T 2HRE L,

BHEE, HEPHEROGZELANE LI L TERI DD TRIFTH D, COMBDAHOBBARE
T 3ELARKREVT EEMTBLTE S0,

1 Ica Mg THEEHM =N ic L OEH hEOXKFEEE

BHFROMEBICOVTE, Fig 6 %, 2-BRAFOEMICEAL TR MBI S HBREHo RS
EE (FH)IP 2BRUTHEE WV, 727, BRIMAEEEEL T Condor, Guadalupe & Saramarca,
Zamaca I Ica BN THZNEN 3 DDR -/ Block KBTACEETFRLTEEL LT &i4—FH
FLTBE-0. BRFFLERIEI, 77 20TESE IR Cordillera Occidental & ¥ Lilk Cordillera
de la costa OIIOMEFEE, & 500m 15 2000 m OPEHETHD, FHIE EALBRHTS LV O
2, [SBOFEERBBEZ XDH/NSS, HBREHOBRA K RIF T RREEL, HOBVWEERIES
(Guadalupe) KHobNBAEMLARC I FETHD, EEML RV EEZITIV, Thig, LEORIT
REDBTEBTS 5o

Condor

BiRE, SRS 2ph FHEERZELTOT, BALENEFRCTOATH3EAIE, b
TREFREEIBELNT VS, LHL, TOBRMRLY RELEFHCCERELKELTED, LrIH
WEEIPBAATERLELOLT, Fig.1 KRN 2 LD KRAMEHSSB WV, 7277 Condor ZARE D 4 Hih
BERAMR,S 60km, KB, 5L 160km 8N THD, Z0 EBENICLEID Block BT 5 &%
Zoh, FECREEMSELNHETFRADOLLV, DKoERTL, 1EMPOEIATHEDER
EHCBL TR COBEUNFTREYELRIRB IO L L 572D E LTHE - T 3,

Guadalupe

WEHE Y LABEASGBOLERS D, BMOAMHIKE > TEADAL AL TRV BRMSERT
B0, MEREZHRIENENTHEMMEO BZL 3L RPYOXEEMERABECh b5,
LhL, BEMCUAOEBNS XCERBHEZRREINIL O, MBREEORIT EAL 2HREIR0,
BRRBMTONTOSH, [EOHEERK & VDBEIEERBICAEYT 3L KBREHOFEY
[UBZERECEL, Z2DDERRABZROLEBIAEIEINY, VAVARETEAFE LTROMEY
DEZHTICD 5, DRI LOEES Lt -> TEYD, EHOBILRS & BARS & TREELOBRTH
FEIEL 20, MENSESED, HWEBENIEED, b30RHREACHENS20», 50
Saramarca DFEAH £ TH2 LI, COROHBIEARL-EEEOF MK ICX20iHLHNTE
Vo FARERMEMNRENCT LI, H3BEMENE, d30REASKE VS B EOBKRE: s hE
HORBDERLTOZOhdHINL0, EFEILEER, 196645 4 A%1%, 4 AEK, 6 AhtA, 8 A#»
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Fig. 1 Secular changes of ground tilts observed at Condor (Upper)
and Guadalupe (Lower).

D4 E>TV 3, COMIICEAY 2, & D3, Zamaca, Saramarca O RERER & X —%KT 3,

Saramarca

BillFhS Iea HASERCRLNIIMES 21K D5 T, SHDTHLICERNTELATNS
%, Fig. 2 KRON 2 KD IS D drift 2 h3hBE3 259, X7y — v 7Y M T 30ICERI
K2 &b TV, LBLAX— AT Y+ 2L THEROEBREZCHE S hBESCERShATH
50T, RAPDH > THRRL e R EENOHRIEREZSDOTH Y, BEML FOEB 5% T 5 LickE
Bis. PBEERR6 A obh TV A, BElRASEHEARS TRBFENEDES, & ICHEFER
506 AP0 AERIZEETH D, LHROLCAHBKS SO TED, 40LTAALN, BRIE
bDLEELS NIV, Thb Guadalupe DRFILRADEMIIE 2 OBELKRNLLELLTEC L,
F RN~ X 31 Guadalupe & Saramarca @ 2 ZBRIFIZFE— Block K BT 240D & LTRINIC
BREShiCE, Ica MBOARA Guadalupe DHEICH Y, —F Saramarca it LT3 i3 REIKH 3
c &, EREFTOBE 2RSDEMH OBE O A EE L UL, —HORMCDBZELHE bbb, —HiK
RESHSDNBOAERSY, BROBEFOHF AKX - T, BEIKIZ3EIC 1 RBEQOLHATHD S5
EEEET N, Saramarca DT DL > HHR ORBEERENLEFHHD > BEREMES NS,

Zamaca

Guadalupe &[F UL BBEOBICED, HiSMT 20m BETEL BV phb o FRELNESEbN
VDI, Guadalupe &2 - THAFLOHHICKH LR BE THENLZEE LN IZVEOTSS 5o If
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Fig. 2 Secular changes of ground tilts observed at Zamaca
(Upper) and Saramarca (Lower).

M1 AR L7-ORBETH B2 AMMIKBE S MEHIHN3 » A, EfEE®2 AT
BEACBREEROEERBL N -TEY, —HNEHKRFEB 2B L TEMTIO”LT, $#HT5 x107°LL
FTT, BHHBBEAEBABORELTOVT, BRIRTOEELRETRIT Sh T3, BEElid, &
HEHTIR 4 AODELSED, MHHREAERSTIZ2 A9 BoMRBRIHRE, 6 A9 BOHMED20RREFH»
S5TARETO2HR b -~THELHLDLNTEOBRRS LLUTV S, 2 AoBTREEL T3
EIORHEZ %, RS 2 BOHBANICE L, RELE®RDKD 2 A OHEORKROE/LIZHAB TRV
2, 6 BOMBORIIRAERS O MU & AR Z OBIRSIMEADOELZRL TV B, [HFEETH 2R L
DREEINTORVEYD, BAEREFAREETERLV, B8, RiIKRRZ L5, BELSEMNELLE M
BEMOBEDLNBUDBPHBELZDREESTETH5, bEAARMBMOTEELREL NS & OHE
ARbh->TVEHFTREVLND, BEREREAPBREMHEEICOO2OHbhENS T L,
BHETREILHEVERCEAZBRETR RO, LoLuds, BFCHELILBRHEV S bORERICY
hTVBDTH->T, HREFHE S MK AR IR OASBRNTRASNA TV EDTHE05,
—HDERENENT D RBEDNIEDP -7 E VI BDTREL TRV, MR ORTMUTECoHNRTS
BHIEATH B, REEHENYORNULOEHRET 3151, MRELSEMNELICETL 0B
HETH D, P15 &b Zamaca B ZEHNORERI L MFEORERMBEDODTUEHETIICRES D
DOLEZ TS, 73 Zamaca |{I Saramarca, Guadalupe & |31E -7z Block IKFRZEL TV 3 EX4H 5
ELTORY, BEELOBRANINOHERIFREREE0I, ABICS -& b Block AR 3 LS
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Fig. 3 Secular changes of ground strains observed at Zamaca.

2. Ica Mg DMMBEEE

BT v F RS HRTOERORMBSRIBTH L LR, L<ASNTNELLATHEH, h
T 7 v FRURGIE—FEEOEMD S BELOEMICHb - T, WIROTHS - & HIEL 725 v —FE
Mo F ) hBICH TR, HBRESHIEBAT, B OA CHENEPVICEKREN M TS 2, lca MK
Z QIR E LY, < OHUBOILE OREKI3° ~14° D eEE LT, 204l Lima g & 3 #EN
NERND B, —F, MBEHEHISRT, -2+t |, BEHO 3 >OMBEXRICHhh, @k
BE13° ~14° AR IR L BB OERICH -0 (Fig. 4 BH), Ica Hid Arequipa Hi & FFEHEKX
BICA B, CORETHBRXORBERIZTEREOEREHBTIRITVL, FEif18°~19° DK THIRET HOPE
{130, Gajardo-Lomnitz® pS4 DI} 7zF ) OHBR OS> b AF IHBRIEHSbDOEELZLN
%o E#D—A Deza it, DL 3EM OB T & % H%, magnitude 3.8 DI L7 FTOHELEHNT
Gutenberg-Richter @D b OEZRKYD, ~v—JLdhEE 3 HBRXDOFEE L T0.882& N HEE BT 5,
BOEBRBLIROOTEOREDEFHEND 21351 & LT, Richter® 3 Andes Hii I & KICDWTEF
BLI0ABLEVSEIDEMIROKREL, bLZOENV—  TYFAMX ERET 260 LTHIEE
O o0 BILHFHMRHT O (b=1.0~07) OHILA S, 7L HICZ ORIV AVARETRADE
PEHERE->TN B EBDN 32, KREMBRORAFEEI b TEL, lca M2 2 RTH 400D Ica
HBEOARE L IZIEHE U AIC19424F magnitude 8.1 OMIEAHS, F 7-19504F1Ci3H Guadalupe Bl F7ICHT
 Ica HD9 CEEH I magnitude 7.0 OMBMNRELEL T3,

BEOEESHIRHALOBEEAZEBL TS, W—EEHEOT 2 H<lEEME,» S 30° fLOEMTT
YFAOTBICHITEEL D EPOSBICEN > TREL TN B EEXLTEEE5TH5 (Fig. § B2R),
Ee,icT v 7 ARBTREVCHBRDIOVA, Ica HE 2hicEHBET 27 v 7 20BEMEL LR OE T Tk
50km /5 200km DEBICIZIFRBICREL TV S, 40EHE O RIS, Iea HilRic 100km A%z
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2HEID (2055 1 DRABREHPEL) MBLELTVEY, COMRTRBIFEMSESICHL TEER
RAFRLTVWACE, HBROBE SHERLDGENT ELZET E25ITHES 100km 27 5 DH 50
km QESOARBORKB TRV LEEOVOERTNISIKEZL S,

Fig. 4 {3 Huaco, Castillo® (Instituto Geofisico del Pertt) OERK L 7= v —2+ OB RSAHROEEES
TH3H, WEEELOBREZEELENS, AMROFHRBME EHFE (Zonasde fractura) &£ T
BERTRATH-T, BRLOAHMBEVDODN LD /B LALCORELSEELEL TS, AERORE
BB S FRSNAWMAE L LTHATH S C EICREMNS 55, & ICHERRIKEET 2L, Mk
13°Llb®, #E & 0100 km O &% M ta /o $R(Fractura de la costa), & X U Eikk16° LI O NEEDEER
VOMIBFENICEMS LS DTH b, ZDHELICH S leca HIRTRBEROSHBOT A5 & HICIEM-T
WBESITHB. BLT, TTH2OOWHHFICHEERIDE, EE L THERBEEZZER L b5 LEX
5N3, THbb, EAOELRMNO—EORFEIIILICDYT Fractura de la costa 75> THEWVTWVS
2, ThIREAED LR MBEEEOENERLURSILICENT, Bhick U BELRE S > THROT
VBT EDBEEHEIL SMONTVERSTH-T, HESPICBRIIER16® b T TRTORICE
MLTWBEEL B, —F, MEL IR OB, K 5000m 55 2000m ¥ TOEEFFRE 3000 m
EMIBZWANT 4 ) T35 EOEREOSRIRICYD, BWHHORBAIIEE L TESLS JURIEDH
BEDLR TV D, O EMELERLT, BRFORE K Y- Tid, Condor FEOBEMHFOR
iz, Guadalupe & Saramarca [IRIFEE O hiIHEIC, Zamaca TR OHERIIC, §bbH3D
OO Block ICEE Lz BRICHBNB LI, 4ERORBICHIEDEEKSD ~1EELL5N 5.
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Fig. 6 Distribution of epicenters of the earthquakes occurred in the Ica region
(Dec., '65-Sept., '66).
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BT 3m50cm, HADAF THHEANE 42cm KET 3EEAH 725 Lo 4HO Ica HBIZZD4 5
ARNCR CBips ORI > 12bi Th %, £od, h, B IHERERE NS FiFHE Fracture de la
Costa LWVHHBHEEIRFET LS ThH D4, EE13° 1o DEMNET S L0 S ATRPWEFBOHE
K OBEREHEE 13°—14° ThBT L E—HKT 5, COAREALTRSBOMBESHOHERLFELLA
NEBENRSH DL, MBEBHEINOHBREHOBERERNSCLEIAROEELMETH 5,

#ED Ica HIROMBEERAL» S Bhid, SEIOHBRC O TREILL DTN, Fig. 8i3EE
B13°Hh516°, FEHRT4°H 5 77° DREBAM IC19654E12 5> 5 19664ED 9 H % TiC#2 -~ /- magnitude 4 DI D
HWBOBRSHNTH B, USCGS. itk A0EE magnitude {3 Table 1 TR L Thb, ZHdDH
BIC K Benergy OFHRTIE VE ORMEESL »T Fig. T IKRL Fo

ET, TD104 ARGIC Ica MUK THR2U4MOMBHSREL THBY, 19654128 » 55 H FTIK6 Ml (77
L2HibicafE), 6 Arhic1af, 7, 8H4MT, 2d5b T0km LY BEHHDII2A, 2H, 6H, 8
HEB1ETH 5, bbb, EHMHZ2AL6HTHD, €DMD3, 4, 5 ANBREREETEH >0

Table 1 List of the Earthquakes occurred in the Ica region
Period: Dec., 1965~Sept., 1966
Region: 13°S~16°S, 74°W~77°W
Magnitude: U.S.C.G.S. Scale

Date Lat.°S Long.°W Depth km Mag. ‘ Remarks
1965 Dec. 8 15.5 74.7 170 43
1966 Jan. 20 149 75.7 45 49
Feb. 9 15.2 75.2 55 55 Eg;ﬁi%lﬁ))
Feb. 14 134 75.5 90 47
Feb. 27 15.5 75.9 35 43
Feb. 27 153 759 35 41
June 2 141 75.8 60 43 | Foreshock
June 4 15.7 74.6 50 4.3
June 4 158 744 40 43
Main shock
June 7 15.0 75.8 50 5.5 {(6 1/,PAL)
(6'/,BRK)
June 7 14.9 76.0 70 43 |
June 7 15.1 75.9 40 49
June 7 15.1 758 50 48
June 8 15.2 75.8 40 44
June 10 14.8 76.0 20 5.0
June 10 144 753 40 46 Aftershock
June 11 14.6 759 40 53
June 18 147 745 135 40
June 19 149 759 30 5.1
June 20 144 75.7 55 43
July 5 15.9 75.8 55 49
July 6 15.3 755 5 5.1
Aug. 26 13.6 76.8 50 44
Aug. 31 14.6 754 115 45
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2H 9 HiKid m(US.C.G.S. T & 1 7 Magnitude) =55 OHIE (Palisade, M=5 14, Berkeley, M=
534) A% Zamaca OFFH 60km ICRAEL TS, D% 2 AHic 3EOHMBESE - TV BH, /EEEWD
AZRBOTHH5. LIk6 A28 TO3 HAMZOMIRIC m=4 P EOMBREFELELTOEY, TOXS
CHRTHMR OB TROFSL LT &ETH B, 6 H2 HICH ->T Guadalupe OFFEH I 10 km
I m=4.3 OHBHBRE L), D5 B, Zamaca DOFP4 40km i€ m=5.5 (Palisades, Berkeley Scale
TROPNH6%) OHWEAREAL, 6 H208 F I m=4.00 LOI0EORB AL » 1o ZDRAEHIRIT
Zamaca ZEEHLE Lo RiE 140 km, HEH 90km DM & 72 353, magnitude 614 DHIEDREHEH
BFREOED S HETNE RO B0km)2 TH T, dLIOEDS bHEFLTRELTHS TG £E
URBERELNE, ABDOOILEIILA 2 ER 40km BEOHIICEZ, LL, %O 3BEOMBORAE
PRI EOREPSEZT, DD IEIABORELEMBPFETH LB ELONT, RBRERVAL
WETH, TOMERIITRER 140km ITh7 > THENTEDNIEEZ ERETHHS, £5THiT, 6
}1 2 A® Guadalupe OFFH 10km CHAELMBR COEROTICAEH, —BOMBEEITH LV D
TRV EELON S, BT 3RMEE, ZO—o20HMBRIEEZ 3 & &, Zamaca [XHIE IR O fui
WEIAHLE L, Guadalupe, Saramarca & AREH S @ FHFh 100km, 110km BN TV 345, BEH» S
BEOEY 10km 25 20km ULABNRATORNWEEZITORVWENI T ETH D, BB COMBEIL, A
BEBRARED magnitude DEINSL ZRHR AP OMBEIUTE BRI TH 5.

3. B ESPROREECOEX LhFEE

KEZECOMRIZZNLELPHEOERLTH 5ICL A, B drift THBICL A, REBABHS
>OBEGZURVRY I, BRETOESMEEBRELE >TRENTE6DEEL, oM EMHEN,D
BENFGEFEZERD B LD Fig. 1" Th 3, T4bb Zamaca O l, HEZEL, Saramarca,
Guadalupe DFERZEND > BEFEMLEZEISN3HZHH LR TS 3 28, F0YiEAkKT, LFE
REEV S S OBTFICH > TOIRIF LR S 180, FERLETREFSKEL VS OREESHE
T® 5H3, Zamaca, Saramarca KDV TRERICEFNBASREBEEZRINLVWESZ I 5N B, 277 Guadalupe
D, EL KEREFOEIRASK DV TRIEET 2 C B2 AAEEOT Fig. T iIKdBfliREZzOT F
BEBL1k.

FICR~NIz kS IC, Zamaca DFEFERDIDHFEFHICIZ2H O BOMBLBARNH 2 EEZ N3 HUDZE
B obh Ty, EEEORIAXVECATHEBREEL T4, 202 AOMBEIHBK -
EA S HU ORI A ICEL, 1 AABIKEEL T3, BEER 1 ARIKIEE > K5 IKRA 3,
BREERTH OB ETELD, COMRE6ATHD Ica HIBED BRI HD>VTREDE
TAHS TRV, 7722 HOMBOHKIZCATHOMBEAL TEL BV DREFLAERENE-T
WIS T &, 60km LS FEEED, REKBOREEMSUTH R b5 T, 6 AOMBOEHADOMEM
MERICHL, BERERETRE 72 BRTRIEONHEEZL BT LENTE B, BRSO MEETIE 1 AKX
T U TERIZIRIEL Ticicd, BEEMNS -2 E 3 hREL DSV, BERELIK>VTRES
WV Zamaca TEIZHBEALER ERRFERADONLB ., ThiZE R4 2BAFFOFHEMEICKL S 6
Db LNV, P EDESIC2 HOMBICOVTE, REFAORFEZMIBLE ELIO0RMICELD
N, BLHEBBEADLE ZATHEBSREL, R4k QEAR CHTOELES 724805, 6HTA DM
DHEEEDLDTISUTEY, REERTHRCEBEZIALEIECOREMBOEREEZMEEICEYD
B365DTHBL LEEET BICIEDI0, Lk 3,4,5 AD 3 7 AR Ica Hilf TR BH BRI OH M H
e t, Ll 4 Ho¥biciiZamacad Edk, RIS O HEAE & Guadalupe DR TR S OEFIE R
HREAEZRLRLD, 2hicPPEBNRT4HTHD»S Saramarca @ 2 R4 DS} EF & Guadalupe OFIL
A REEIIEOIR U H. 2L T6H 2 A, Guadalupe OFER K 10 kmiC i &% % & h 2 HEHR

v—9_.
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Fig. 7 Anomalous ground tilts and strains deviating from the smooth curve of
secular changes and states of energy release by the earthquakes occurred
in the Ica region
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4L 7:t, Guadalupe TIREMEEEISBAICEL T3, 2hicyl Zamaca Tid T ORHICEMD
BEEMTZEAEKTL, 2hicfi-T5H20 AE»SBbh - BEFAOMY & B h NS OR
{LEBESBAICEL TV 30 ABRAERS Zamaca OFEMEHEBRV TRV Fh b HRATOE A £ Y,

#jz Saramarca CTiZABREBERELEESERICEL, 6 A10RiTid Saramarca OPEILFE 30 km R D
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Fig. 8 Anomalous ground tilts before and after the occurrence of the Daishoji-oki
Earthquake (M =6.8, depth=20 km) observed at Ogoya (4=35 km), and
that of the Yoshino Earthquake (M=7.0, depth="70 km) observed at Kishu
(4=60 km), Yura (4=80 km) and Kamigamo (4=70 km).
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Fig. 9 Vector diagram of anomalous ground tilts at Zamaca and Saramarca
related to the earthquake on June 7, 1966, and distribution of faults
in the Ica region. )
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