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REPORT ON THE INTERNATIONAL COOPERATIVE
OBSERVATIONS OF THE CRUSTAL MOVEMENTS
RELATED TO SEISMIC ACTIVITIES

(PRELIMINARY REPORT)

By Research Section of Crustal Movement*

Synopsis

For the purpose of researching the relations between crustal movements and seismic
activities and finding out ‘some clues for earthquake prediction, the international cooper-
ative observations of the crustal movements were planned to execute by the three countries
of Japan, Peru and Chile.

The eight of thirteen observation stations are distributed in Peru and the five in Chile,
and the observations in Peru and Chile were commenced respectively at the end of 1965
and the beginning of 1966.

In this preliminary report, the significance of the observations, the process from plan
to practice of the observations, the main contents of agreement on the cooperative works,
the locations and conditions of the observation stations, the equipments and methods of

the observations and the like are described in some detail.
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Fig. 1 Location of the observation stations for crustal movements.

(ref. Table 2)
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Fig. 2 Distributions of major earthquakes in the world (1950—1963)
(reproduced from the * Rikanenpyo6”, 1966)
Upper : depth<70 km
Lower : depthz=70 km
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Fig. 3 Upper left : distribution of active volcanoes and seismic zones in South America

Upper right : main morphostructural regions of South America, 1, 2, 3 : Shield, 4—10,
40—42 : Basin, 12, 13 : Plains, 14, 15: Caribbean Range and Venezuelan Andes, 19 :
Sierra de Santa Marta, 20, 23 : Eastern and Western Cordilleras of Colombia and Ecu-
ador, 24 : Bolivar Geosyncline, 25 : Western Cordilleras of Peru, 26 : Central and We-
stern Cordilleras of Peru, Bolivia and Northern Argentina, 28 : Puna and Altiplano, 29:
Sub-Andean Ranges, 30 : Principal Cordillera, 32 : Pampean Ranges, 36 : Patagonian Cor-
dillera, 37: Coast Cordillera, 38, 30 : Patagonian Massif (after H.J. Harrington)®

Lower left : Bouguer Anomalies Chart (rough arrangement of both the “Gravity
Chart of the Southern Andes” and “ Charts of Simple Bouguer Gravity Anomalies )87

Lower right : tectonic map of South America (repoduced from the “Geophysical
Atlas of the World ”)® ~~ : anticlinoria and anticlinorium

_9_
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Fig. 4 Geological map of the central And-
ean region (roughly compiled by
Y. Tanaka, basing on the “Mapa
Geologico del Peri”, the “Bosquejo
Geologico de Chile” and the figure
of “Geologic structure elements of
Bolivia”)Q.‘ y11),14)
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CHhSOBBEFORER & ThPhOE&BR, - LA BRI THOHYITH ~72h 8 520, ERL, HE
HRELTEUNET/ > Thich b bizv L, Thiird s HEN, —DDBRIRDTH DA,
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Fig. 5 Seismic chart of Peru
——  : fracture zone
tesserseeeeeneeene 1 probable zone of fracture

contour : exterior limit of seismic region

O . depth<(60 km
@ : epicenters 1913—1963 {depth>60 km
& destructive earthquakes before 1913

(prepared by D. Huaco O. and J. Castillo V., Insti-
tuto Geofisico del Perd)
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Fig. 7 Location of the observation stations for crustal movements
and fracture zones in Peru
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% (Fig. 8 £M), Zh#* San Agustin BifEHR?,
EHRLTBY, BEDL A, TOMEBIZHER
Brdos e 2 LEFERIA OV, LDL,
Rodriguez fTRiY, ZOMEZE)E WBRD Ml
TOMBEFHOBREYAND - LICFERERE D
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WEDOT LTS, MREBBITART 5 L%
FEL, hul, HEEMOERELYEDFIAT
50, HHT kT MBS OREMEEN, H
RHIZ, MRABEBRR O ABIRE > H#HRD LN T
¥, BRIOHECE LD TTFHAETH S, Lind,

Fig. 8 The San Agustin fault zone revealed
by the locations of epicenters (dots)
which determined from the four seis-
mograph stations in Arequipa Region
X, A : epicenter of destructive earth-

quake, seismograph station
Lower : vertical cross section (AB)
across the fault zone show-
ing distribution of hypocen-
ters
(after A. Rodriguez B. et al)'®
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Fig. 9 Tectonic regions of Chile, from a time correlation study of seismic activity
during a 16-year period, by degrees of latitude (after Gajardo and Lomnitz,
1960), and the location of the observation stations for crustal movements in
contrast with the tectonic regions
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Photo. 1 The exterior views of observation stations

Upper left : Saramarca, Ica region, Peru
Upper right : Queltehues, Santiago region, Chile
Lower : Ayanquera, Arequipa region, Peru
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Table 2 Observation stations

Dist.
Code ObserYation Longitude Latitude Height | from Gggxc?ia'g.
station coast
Wo ’ it So 7 4 m km Eo ’ "
Ica region
211 | Condor 75 32 00 13 32 55 1550 90 4 12 26
212 | Guadalupe 75 47 30 14 00 15 550 45 4 42 56
213 | Saramarca 75 06 00 14 30 20 840 70 5 17.2
214 | Zamaca 75 36 45 14 40 20 300 10 4 52 02
PERU -
Arequipa region
221 | Arequipa 71 33 43 16 26 34 2300 80 3 50
222 | Ayanquera 71 40 19 17 00 47 250 25 4 05
223 | Ongoro 72 28 30 15 53 57 900 85 4 30
224 | San Gregorio 72 42 45 16 33 52 140 10 4 45
Santiago region
311 | Queltehues 70 13.6 33 49.0 1800 130 9 15
312 | Polcura 71 30.7 37 18.3 758 150 11 30
CHILE
313} Rapel 71 45.2 33 57.4 95 12 10 25
314 | Concepcién 73 02.7 36 49.0 10 10 12 20
315 | Tololo 70 48.9 30 11.8 1400 55 7 50

4. BHAM—BRARRNOEELRE

BAFTOBEIXH ED X 5 REL 2%, RREOCBNSMC X 2 RIBERN ED X 5 k{0 BFTh
TE Db TR, MEEBHOEREN T, BEOREL, BHIBETOLBCERINS - &1%
Vo DD, HFEETE, HHZEL, BEEL KEE(LSorsic, ok, @0 EoREEL
10" DR ZETSTHAS L, BEIC L 2HEOEANLE THAFEFREA CRERGCELIZEAE
< BRIOBHIE THHMRETHOESY, X510 bkibbd, ThaBTsicdic, BRIZEMIIHT OYSE
WZRET 200 EBTH D, HEAD L3I, HEOEMNKEL, BREOLLIATIE, HERTF
50m DR BMARE Lt ul, KRB EROBOFEY 0NN D I LILTEEL, L,
=7, BRSAEFUTRECEER LW DI ThH R, HTER TR, KENEEDIBDC, SHEDKE
WIVELL, TORDBEBOBELVHEREE TED LI ENRUEICL 1B TH D, BATIE, EED
B DIERE T 50m 25 200m < BV ETHRBEEEL LTV 5,

Fio, BiL, [SBNHEERCERASRDEN D T, HHPHEAD REEECHEIhL o L 407k
7o\ WIBHIES B 5\ IR T, HUISREEN R E W TH A D L, BRIOBEC X » CLRAMAE
EL DRI N VAR DL $ 5, BRI TE AL0ME T, HBHEHSEMITIIAhTH 3 2 EANE
BBERBHDL, UEGOEHAELE, POEXLEI D LUBC S I ETHA5, Lhb
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for crustal movements

Interior condition of tunnel Commencement
Type of rock ‘ . of
Depth | Length Power \ Temp. | Humid. .
I;n ‘ = supply ‘ °C % observation
. . AC 220V
Basaltic andesite 60 50 60 c/s 24 Oct. 16, 1965
Granodiorite 20 38 Battery 26 97 | Oct. 22, 1965
Gneissose granite 60 64 ” 24 56 | Oct. 28, 1965
Granodiorite 20 34 ” 25 57 | Dec. 4, 1965
Meta-gabbro 20 21 Battery 21 55 | Nov. 8, 1965
Granodiorite 22 21 ” 24 45 Nov. 12, 1965
Granite-porphyry 25 23 ” 23 64 | Nov. 23, 1965
Hornfels, Granite 20 21 ” 22 78 Nov. 18, 1965
Pyroxen-biotite-hornblend AC 220V
diorite 35 37 50 /s 65 | Dec. 18, 1965
Biotite granite (Dacite) 100 220 ” 100 | Jan. 9, 1966
Lamprophyre, Granite 10 43 ” Jan. 18, 1966
Biotite granite 80 ”
Dacite welded tuff ”

7y T SIS TCRETH00RBE LV EELILRLDTH DA, TD X5 EEHETHED

IO IR R s 2 L1, EEMEL LU, 3EA ERTEEII,

HECHILE T, BARUNSBERBBRRORAREER L, 2¥D X 5 BHZEOLMFLR L,

1. BUERHELCEEOI B E AR T 5,

2. BRWEIHERET 50m <HWRAETS X5 Rt r s,

3. TTRHALUDEEL L, WMELHB, HANLARRRIELONEE L,

4. TWIREIeME D BIROBRMMN TE, LEIUE L BRI S oFBECEFITHB L,

BN, BRFTERE T ERIROF T I DLl 5 o0 DERHMA 2, sHALE I 4EE
BFa2EL Up#oL, BEMRIME MBARE LK, BNk, BRNOMY+oZE Lo hb 0
HEFORE L, FROBETNOWTCOITUEDIE S AR LI, ROICEHERH B, $7hcbb, lea HIRT
i, $TRONCL T, BREFECBEROFEINER TS &L ZAHILH B, FERIFTOMFTHER %Y ik
LRPwX o, BERE, MREstosillhme, +C fEilt, BEEAFRmCHE—3h, S5m O EA
CRETHDESrRUICUEY, B, REARCES { Shis, SoOBICER S 510, Pl
AR DFFEAFE, HEVCIEERBCTERV & XL, JOEE, HAREREX BT, itk X OREC A
FIELTHEDED SN, Arequipa HilffiTi3, ERE%L4 #FTL 4 San Agustin KBB4 HR &
BEEHIAHGCHRET S L EL, FOERLTOHAREEL Shic, ZOKHAENL, Ica MR TORBEHAL,
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#30° OEXD D, FVTIE, BRECHEEEIRERICESTVWLOT, TRTOBEKIEILEEHA
FHrEcH—anic (Fig. 12 £281),

BEEZEO D ABHEPNT, =4 —Ti%, Ica Hilf» Condor BRIFT7-12—22FTH %, Arequipa Hi
B TiL, Arequipa BAFTCEENOI N D TETH -7, BRISBHZEORZIE, 75, #REIhTw
hotc, FU T, 5AFTED, 220V OBERMEMIND,

EROWEEBFIEL, MROREY—TICFE ok, £EATEL, ZEORYHT LI L1, B
BH Concrete &k, BMETEKRIKEZE(LIA 12060 cm, BARAZL(LEH 30x30 cm, LR
EXES v 7 250%60 em, FAUMEEA Bolt 42 oM, mEiXv-Fhd 20em FiEDOL DA, T
NTEMLEERER Y, NOERE, TAEREESNI, ThboEt Fig. 11 BRLIGE
hTHb, 1= Photo. 2 THBIZENHD 1 IG5,

i,

L1 /

i 14 4
77 /In?o/n/'///f// //Bocn/77_naliu/// 77/
%’—‘!000*-5000“&*
UNIT :Ccm fod

4
‘_-%>>B
500
£ _+Ammmn
Dooﬂi /
e e
I ® ¢
400—*
® R
[©]
FOUNDATIONS BREAOTH LEWGTH MEIGHT
(D FOR RECORDING EQUIPNENTS 230 cm soem  20cm
@ FOR TILTMETERS 120 tm 60em 20cm
@ FOR MASNETOMETER 30em  30em  20em
® ror exrensomerers 12 em 2zem  13em ) .
{Rier witn So) Tem  taem  22em Photo. 2 An example of the interior

of observation station

Fig. 11 Plan of observational tunnel
(Condor, Ica region, Peru)

5. BAISRMOBER L ERE

WATAEIND X DI, BHONR LT HMBEBHOLELEL X b TRUNGET, Bl T, Fil
OECBEIBEOCHUTTH Y, MR EOTHOBCILT, 10 LUToLoTHD, ZOBINEDOE(LE
BT B o, EE LARECESINC S OER - LY BR e, REHKE 1lmm OX
HOTEA, FHOMEAMICL T, 1/1000 # (100 km 2oL TEE® 0.5 mm BEOHEE), V40
Bz LG, 107 (100km 2w LC 0.1 mm DOf#E) 1CHMT 2EREORE S BB L il
Hicw, BRIOWEE, &k s, EHMECh - TRMBHORTE LB L TH D,
51T, BRHEOMMEOLZICIES - LY, BRAMOBIER, 80, HEL >3 ABLT0EEYEL
T, FEMe Bbhs0T, FiRGEBRECHE /L Z LA HE LT by, A, EBRNLbr-
T, RENBEH TRV, BABRTOL 0L, REMOERCHL, P ofEodL T, BTE
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i, BEORWEFICLERSTRETHD, #BEOIILVEWS LRl d, &L LTHREDT
hTisbiev, DEXRAWCEEL, BERETLALEELLRECERESEE 5 L\ 5 TRIEET
L2700 b o &5 DL LT, HAEE LT3, Superinvar BUKFIEFREAIR %, gt
& L Ti%, Bow-string # Super-invar ML HERETA IR L, BRAGET TR, “hicfE
THRBKEZEE, b ORRBERE, Y lamp iR X TRTDLDOEDNT, ThbD&EXEEL,
B M X 5 IR AR B R 2 TR » 1o,

Photo. 3 A set of observational instruments for one station

1
2
3
4
5
6

ZERATCRE L - BRISHO BEC FBR 2 - AL tH 52, THEBED BHiobs L - AT
1%, 240V—4,6, 8V OEEBRTENM LI, BEBRMOIL & 2 ATEMMES, 6V - 60Ah~120Ah OEE
AR L1,

1#, $7cbb, 1BAFMAOBERNSML, 2¥DLk) ThHs, (Photo. 3 BR)

1. Bow-string FfhfEs} 2o

: extensometers of bow-string type

: tilitmeters of horizontal pendulum type
: variometer of geomagnetic declination

: variometer of temperature and pressure
: photographic recorders

: lamps for light source

2. KPRTFRERE 2 4y
3. HMRmEALTLEH 14
4. SURKEZ(CE 14
5. JeHEHR 2&
6. JEIR lamp 84

7. W@ 1K
(1 @&\ & Ff
Super-invar #, Zéllner Fi, oil damper fHAKFERTFRBEEIZELE, St iEEE 2m, FHSOHE LT,
R E 1mm O EDOEEL, THOFEEEICL T 5/1000” CHEYTIERETH 2, MBEBO 1M
ETERAT 1”7 052 REXRETE b,
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i

Photo. 4 Upper : tiltmeter of horizontal pendulum type (DEC-A)
Lower : magnifier of extensometer (bow-string type)

2) & #

Bow-string %, Super-invar FEifgit, £HE dm, LFEHE 2m L LT EHKE I1mm OXED
BE, OTRCLT 5x107° ZE, BEEEO 1 BiEy 1/200mm OEXABH* 52 % (EEE S5m ©
e, 1078 OOTHRCHEYSTS), IHTOMMETE 3 HECHRETHZ L0 L »C, THIOKFRNDE
KOTHOEHMEBAYMDZ ENTED, LL, BEldib, 3HOERETILOOMEDHE (&
BB OBEBROMET, 2RO LAREBETERh o, THIL, SBCEINCHESO—2TH S,

(3) SRKEZCEH

BHAOZESCEEDE S, BRBSHSCHBMACHEY S IETHANH LD T, [EPIEDCE LY
R RIET D = &1, BRI EOE#TH S, Bimetal AV HEL{LEH &, Bellow pipe %l 7o&
FEZEHL, WL EFEEHFAT—2o0BCE V2B T 5, RERMEECHZbA DA, JEEkE
2m T, BEEE lmm OXEOH XL, BELLI T 5/1000°C <¢BV, KEZ{LETTIL 5/10 mb
SHWTHAT S, Wihd, BEEHAS VI HORSES I, FRRCEEIES, Toff, i
BRAOEEEM LY v ROV T D,

(4) WRRAZEE

FEEFEE Am T, EEEE 1mm 2%, BAEAZLE 0.44 <iHY4T 5%, magnet © moment of
inertia %%y 60 (c.g.s) TH 5,
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(5) XEZEHEH

BB R c 2 BRAR X S B ST 52, RBEM drum 3, 1EMC1EETS GE
BEOLEBLFEAE UCGELEIfT/ bh ), EDHEEL, 1R Smm, Tihbb, AUOSEBEDL
DETIIHANCE D, REMIEL 0em TH B, KF lamp OFFL, 1R 1E, HET 3k s
EEZO0TWT, BEOHHEEL, B2 3SHMHXELY T, Time mark #\vhp, ERWAH
AT 5550, 8F2, 35T, HlEZ v F2 808 T, ERMONELT &, —o0RNFTT, &
REtH L, iEtAO 2 B2 HERT 5,

(6) Jt U8 A lamp

6V—8W BR&MAT 5. MEICHE) Slit 23D Tu 5,

(7 M B &

MERD 5 BEERIAT 240V, HH0, 4, 6, 8V, BE 100W, #=7L, FYO58HFE, ~1
— O 28RAT (Arequipa [L#EfliF) 123 Th 3,

PLET1HOBRERITN 180kg L 702 « FERIFTC i 5 BROBEH R (FHER) - Bk 21 Fig.
12 kL Table 3 iZ/RT & kb Ths, Fig. 12 LiZBEO b~ —, F U FEOERBEENNTicbh
T BHED G DA R LTz, %7 Photo. 6 (BRI FIEE 0 BELE IR IT & R HIE S 1 BlA BT
EEL 2,

| ;1_ 20°
Vo chiLe &7

!

v

\
J‘,/ A 30°
¥ Seismograph Station o
A Observation Station -+ U

4 tor Crustal Movement l vé
Direction of obs, &,
1Ti!'moéor, \ -* 40"
xtensomete
—\'_.—J 70"t
= 3

Fig. 12 Directions of the observations () by means of
tiltmeters and extensometers, and distribution
of seismograph stations (V) in Peru and Chile
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Photo. 5 Arrangement of instruments in observational room

Upper : Zamaca, Ica region, Peru
Middle : Ongoro, Arequipa region, Peru
Lower : Queltehues, Santiago region, Chile
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6. BHHEAMORELFHE

Tca ihif

Condor (211)
Tca o7 (Lima HEH 260 km) OJbIb®E 55km 2% H, Andes (LR & BEILIRO HEIDEHE 25 Andes
05 IUkD Pisco JI|DBRAZH 5, BbisRgil (Compafiia Minera Condor) OEXACH L <
xS dhic, BEESIH bkm ek, WTFRLBEZEX V& level Kb b, BEC I HFEIL
g, RN EHRFEBRXTIR- Tk Y, BERMEIEZ DN, B, MEHE Lo THET,
drift $ DI RELTWT, KIBPELEETHY, MKMW REC LR Sh T % (Phote. 6 a, b
2],

Guadalupe (212)
Ica WiDOAEILHE km b B, WEMHITINLL 7245 1U (Cerro Prieto) DHFIZIE X < Ihfctesdh, I
HFTIAL LN ERL, BEO=FROMIC, X5 50cm OEXDIRMKI (Adobe) TREXZTF CLLD
VB A SEHT L7cas, 7Rk BB Z b TRE, THRUECH B, BENT X 51044k Buckling
ThHHEELDND, drift (WXL, KFEEMOMINCIIZEE LR 2%, BEBHRMEREY OBREILR
BTHD, MHECIIE B I2RHOBNIEY D 50T, MREFELNT BTHEME,AS D, YT, 35m i
SLERFIEYLER R L A X3 EShic BB ch 5,

Saramarca (213)
Tca THOFHE 0 km, Condor LRIUL, Andes 2% Viscas A H 5, 105EN £ THREIRT
WiclB&gR (Mina Aurifera Saramarca) O(HIFEICH RO HiE ($734, &K 50m) © SR FIHE
L, IHLEHEALAOSIEAF LIS LTHEELE Lic, BERMR L, MNORLIBEFTAE X
ZEAERBDDRI, Ml @A i, HREPOIRIBEI v KREVA, WED L ZAMEHC
%H o drift 235 5,

Zamaca (214)
Ica ©FH T0km, BREEBRMICSH 205, LTSGR DERT T, lea )il GRE, 1963FHM
Zamaca {5 CISERICTF Eo T 2) ONEBIZH B, ZOHCH bR E TR EREEOHH I
h, HEBT~NOEAC L Y BEMER AR CH 5, EAE - B 40, Rl g s
, [EFELRL, dift d/hxL, RFTH 5,

Arequipa Hbig]

Arequipa (221)
Arequipa 77 (Ica FiDFFHE 500 km) ML » 12km, ¥ %5 Andes OFIJE (Cordillera Occidental)
DK Misti (3 A5 4), Chachani (3% 5% =—) DOictEbaiclUERH (Fik 2300m) b3
HmH 30m DEREO—IIHEE S Sh T 5, BOBERMI SN 21397 TH -7, BBROBGETHR
kD& ot RIRELEL ¥ TRITMAER I TW 30T, FFRBENOIN A THERIAE . AR
et BEMLD diift $ied, REDOEHTCH B, FH 250 mm BEOFENH% (Photo. 6 c,
d 28,

Ayanquera (222)
Arequipa OFEER T0km, BRURFOKBICHY, DECIVERBE CH 5, HARML BIF, &
SEEL Doy, LIED BRED ¥ 2HRNET bR, TOECHENRBIR TV,

Ongoro (223)
Arequipa TIOELFEH 110 km, Majes (=~2) JIID EROEAIZ%H 5, Andes OFELIRDOBEITITL v
IARMER, [EFELL, drift L7023, EREEEE O ASNEILAEERSE T 5012, H
BT NTCD I D d, local operater DARFEFIZ LB DB Ly,
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San Gregorio (224)
Arequipa ORJ 120 km, FEERIUROKFHEFICH 5, FOEDOIRIZ, Guadalupe DEALFEL L, &
RET, HODHEZLARESh T 50w, ERFIREST & CUERN LR U TH 5, MEHTORESH
% N60°W 3 X OB R L EAHFAICET DI, SEIUEORRE,» LA Bdbh T3, &
DEINET X TOETHLGA 2V,

Santiago Hbig

Queltehues (311)
Santiago DOFER 60 km, - Andes [LF1® Maipo (=1 &) EDOFREICH D, BERHFOM—E DR
MIELTH D, = OMBEOBMEIIERY 1000 mm BE, AKEOFEELY 12°C T, HRIEIE
KD BNIBHBELI . EAET - B & DI XD TFRTH 22, HEFHIRRERED ¥ F R
2T STV 5 (Photo. 6 e, f BIR),

Polcura (312)
Santiago DFEF 430km, Antuco (7v¥ ¥ ¥ 3-) KUNZIEL, Andes [LJRA 5 FRsh Bz H VY ZN0)
FidH b, HYuk Poleura Iz, HE S 200m #i50 T, FORBRCENENSS, HOMLY
20m ¥ Tk Dacite TH 2725, BHHES7- it Biotite Granite ThHbH, FERHEFET 1500 mm ik
2B EELBR, HRRELD TRENE L, WAL H %, HNECDTREELOBEIL ., BROT
Fb &<, drift 070028 BERTUIERED DI X < b, AREOEEEILY 12°C,

Rapel (313)
Santiago ©W 115 km, ¥ EpEHA il 5 Rapel JIicB® o Arch Dam DFMARDOERCH D,
FHEAIBY, Dam OTHEC X BEWAKRE L, BEHBORENETEDHIT, BREFHEKELTH
%o %7z, Dam SERER L, TOKRMELIC X 2HENKEWEELDR, 12km FTHEBRYTEL T
%o MIRIFH 1000 mm BE, AKBEOFEEL 7°C BETHS,

Concepcién (314)
Santiago DT 425km, Concepcién HiDOUHEIIMH 2, HEFHHOFHEO—T, ¥ 100
m 3 EOTEREDEINOTLIICBRENTE 5 FETH 5, BICiHE NE—SW HEo iBE» 5t -
T %, OHIROFERIEREN 1300 mm, SAKEERZE 9°C BETH 2,

Tololo (315)
Santiago OJtH 390km =H %, #EEHE Andes FRENS - & LESFL, WELNRE Andes (LIfRAS
BLd - L SIEORGIRORRICS B, dEHk 2000 m BEOCLOECERAREIMES L ShaFE
TH52 HEETOREIZ 600m , WEXER 150 mm BE, AKEOEHEIL 7~9°C £ Th5,
L LIEH TH H1cd, TREE  AOBMOWAN T TLL, COMAL Y 26t 250km @
Copiapd (27 #) MOH 2km T HHBBEFTHIACER S 5 AN S 5,

7. FRABMAORREE

HREROSEOMENL, LBAAVHT L TRIFLBRHARET 205 Z Lieh b, BE Bl
EOEMENEDLD TRV I b LT, BRESHICERAT N THE/CRETE T 5 12 720,
HTHH SEBIRO AT RERTBRIC L 54 D e, Test PREDI-DBROTRICARIER L D7D 5
7o TH%, Fi- Guadalupe, Rapel DX 5z, BRALELIT L 252, Concepcién, Tololo ®
L5, WIS SHROREAFEL T BT L H5, IHILH - & b EEARIELEE OBFGCHH
AR 2RO LABREZIR TN RWEETHLE, CHTREROFAYRDL LT TEDLN, bolk b E
REENOHARLERMD 2 EMNTE I, MEHIOL LS IRGEBRETRETHLLEREOLD
LEAHRINDOT, HORRAIGIEIVE, ZEOFHOBROBENEETNEHLITTH 5,

BEORBEHic, HEEBEL, LESHAHMHRT 283, Bl EoRIRAMET, HEEoR
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HiRE L, BlROHEREFREDD, EFRBAREOZHENE TN 5 TH 5,

BTHEC 2V THRIT Z &5\ 2 5, HIBEBIOMII5 £ T, BEMNALTETThI LK
LRWED—DTH %, BRISNBRCTFBRE 52 Bicdiciy, HE - 5% - BRCET B
FTa<, %L DLOBHERPHE - EMEX LORFOREXLEL T3, F-EAIECTET
ERVWEEORMNET LD TH - T, HRBLLDIZLL A, AAWNKLDIZLA, @RI d L T8
FRT QBRI T BT AT I ie TR B, —ISERRHREITRCRT IR B 2 Lo T
503 ZOX5REMEAFLENRMORAERAE TS, EAMROEILR » BREL LT
IEBINDEIBRD Z & T, AT CRHBMICHET 5 LARETH D, FAFCTE S EE
Iz e { &b —APTOBREFTABRETH B L, HISRAOEERNE - CHESENE S BT LT
HAPEONELINF T S L SMELEZ OIS, kI DBRTITEHREMELFT O 3BEOK « &
DECFIRIC L OT, ~v— L7 ) HEMOKRBAULER T ONTL, fABLDORDIRDLL, &
ALETESRTLRMBETH L EELLRS,

FEROFE & LT, BMicBlSEOMRNEER s DIIMSRDOC L THDH, LBHELIRBDR~
w— - FYVEBEMRTSH > T, TTRBNX 5 CHRERSHIRE LT - & L BBRECAHTTH Y, ¥
DHIRE KXY €T IIFRPAFTHRE T RETH B, TLTEBI, SEL VDLt aFyaid, 4t

KEBARDOFEAREEZ O S & U TEHETIEZS 203003 Bk 2B TH D, ROBSITEOLD
EFREbnwL, Thiomz T, 2rvE7, =277 FAEFIBRLZEDTERWEELE TS
bo TOXSRUTERFERCHIC THNBY DRI E LT, FRREERTLERNMNET,
COBRCTTAVEVFVREZELSCREBEREEND L ATH S,

O L5 e HABRIOBEA L TIUER CBAEEOHTH BATIED X 5 B s gL, %
 DELERE Lirns bt B bhvic b ikt ¢ BT 2 KBRAGS - oM<, BEOREOHFEFH
ICBIRR L AR OBERC E R OBUER S D, EhBGOBRERS DD, EOBEOHIRF
CHIBABOBRAFHOKIE D5, it OB ERE OBy ES LoERES L P hEd o
RDBOHE S B ESE EORARECHEOBY AT LN TE5THA S L, — Bk
LICHREEREHO RN ENAHETYT5 2 L8 TE T, HETMOEEIL, FAEEEVGETIIRL
B THHS, 2D L5 R ROLHEL, £ OEDFRERDFHOFEMEMN, LR THELMEHRT
REZETHDHH, TOFHESLFD L D I HRNCEDIANEEL T B,

W, EEtEAENEEOES s SNEEE CORE

HACHRTMGENE S A — IR LI 19614, SRR E—38dy, MBI > REHoR
BotmEn (BEE) ) BRBNOKFE, £FENO BN EEHER) WRIAEAAEBEOTC, ik
EROEBEXRABHOEHmE L - T bhi, T T 19614EFIiZF Y k%D Cinna Lomnitz (v
Fema=y Y) EBHD, HWREHEWREY OBAEZ LR TS L LICREAENALEBEAEVT
VWb 19629E2 XD 30 AR, HHLRMEE~OHEC S WL, FERERL, Z0HEY b - THEHIH,
AFva, =, FU 3 HEOBRBBEOMEYEE, £+ 2 B AFMERYELPIE (Instituto
de Geofisica, Universidad Nacional de México) Juli4n Adem (79 7 v - 77 A) Bk, José Merino
y Coronado (shtz» 2 Y / « A + 2 v F) MBI (Servicio Sismolégico) £4E, -~/ —HERYH
BI9ERT Giesecke FilR, +v - 7 7 AF vV KEHIRYEIFFEAT Rodriguez FiE, 5 ) ASHERYES - H
RPN GUbREY - Jit¥# %) Lomnitz 7R (196448 7 A1) (UL Table 1 £8) 34
> TRRO—H% %, TO#R, (1) MEEHORRBIL 2+ 24, ~A—7, F)50H164FT
755 (2) BRSHRITEREN S REET 5, (3) BRAYE L RHEIBEH 3 »ENFhETho BT
BT 5, (4) BRBRECIFHMAEU»LWAELIREL, BROBEL TS, (5) BRHEET, =5
RFEQE BRI FIAT 2728, Ry > THECHEST XX BB CRE TR O FHik i & DMz
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WTIERE T b S hI, BEE, BEOCT ChRRIC LB 4 LEtEAED bh, —5CiENOB &S
EDFEREVHIILD, BHTE3 #ELE OB EIEC T 5 EBRITEB LT > TR bR, B Haat
2> BB (URFETI R —FRED T, ZOFHEORDH19624 6 Al bIc SERIBR o BBt
LD 2o T X DFEDL2ACHIMATEDS N -7 GEUERERS - Adhs), TI96MEME L 0 Bhids
IUMEMR - e EORBANF, BARECNY ) (—F - {e - BE - SIS - BEROD), BRhd
R 7x EIRBP ORI EOHFRUEMiHE 4« LED ORIz, —HEMAIO 3 »EL, HRLEHERIC
DUTELRBRTH oD T, EREERIIER OPECERM O EIe oW T O« ORISEIE TR T
FEIR, ERMREBLIRE LSS OBEROEMBEC OV TERE ST, & ORARET, 0
P Z ARBIDEEIR A BB OB otc X 5 THolo L, TEAFM S BRBEoEE (1850
By 705, 16284 1,1205F) p378<, ZhiiHT50bchBYRoBALDbE EhLICT5 -
EEFREIRS SRtz e b H Y, &, BHERE & BRI D 125 DIREE DWEMB 418 5 1= i
MEEIIRID AN AT FE SHT e, 705 D2 EH CEBEEAE 1 OHEET D\ T DS R 1\
HEhTARI RIS, FREET KRRty 2 —FIREPBUC, & OHEICET 2L 2
FELHRICREEh T 5 (196355 A). Tk, REDOT Shieh - e EEHT, % 1963EE 05
PEE LR Shichy, RC—REEIRTH O 5 HHCEEVIIUD bR, LLFDEDRED
BORDBE(LL e, SRR S - 7o, RAKRTT G  EBRPIEEEE) 1 3 A E & 0BG S -
e COHE, ZOFABEAPEEEMGOIHECDED L0 o LEFETH DS LA, 1963
EH COBIRERECEHCONT I ARCRB 5L bhic, =1 — . 7 ) BEER L A EOEE
BEL, ¥, TOHEOREIEERLT, &by BARDOHEREMGHEHED ~— A 0 CHEES
LORRROTGRTHHE LT M (W) 83763 5) MR EHEFIR3 L, MR, v 1,4,
=27 DIREBEF L - 1cDTHD, ZOBEFDBLRHLLE, FVK%D Lomnitz FiEMS
RACHSNEREAIE 72023 AULH, ¥4 CEEABEENICERFEOEMEROB 1k, 1175
(U 2 Y 2R BB TI6H T EREMOTE) 1EHE-7cDT, BERERI REIRLITECTH-1,
PR3 AITRCAEAEL, 9 RACTEOEELBREDTH B, BEORABEENRS > & Bh ki
O, EXCOHOREAREYHL, RORBLABALB Lo hEETH 70, MEFT AREMET, ~1
—H Arequipa D 4 HFHD 5 B 2 FOBHBEIIAFR L T\ 7o,

L AIC A T—F - BAMFEHARERPOM T EAHE Y, BROEEL DV TIOHELER &5
BT B e kEEbER, U, BEEEI—F (UEH2:  BERIFIE(E5ED), BRIl & B
3HEL OFEMIIHT, B I OBTYRCEL TS X oSERENBY LT, BHRETLI L k-
7o WM DABERFHNREMBIRL Y, 3 »End MBETH L HEXRETFH OO0 O
HERE) OEFEIBCLCEEE DD, LOFEARE Z OHBEOHES TH - - TIREETEC X 5
HOAEMZOWTRIGRY D oty TESA =10 LHBEEORICEL, HERWESHETESTEHED
TECOWTHEEN B o 7ehs, —F « B4 - HddigEo b, B Nnic19644810 8 ORI REETH
HLLTh, P IOHELERERD ) E—FnbBlE L, AL, 5AEFY, ~L—0kHEiE
Uy BHEBACEDREELIL 25, TRTImEELD T#fiN & 2T MBS b, BEMROMES
B YD FE L 0 B Ch %R & OEERE SR, Tk A+ 2 ik 8 AFIC e » TEE
EMETE OB D olz, THIAFY A RENMBRFABIES (BBY AT TR o> THD =
EPHBILI, THICHEIL - T 6 AK, FBEMIBHIC S\ IR D S SR R &
B|REZQ (—F - | O 3EREAR, IR, By OB UM U7oiEE, MERIBMEREFRT 2 A4 »
REMOTRERE LIRS bz, ZTOREII0ARE TR W2, AEOMBEITI964E 7 Bah), hik
BEHRBAFEO—RE LT, SHEERERND L 0 S I EEROFCB IR Ltk ot 8
L, AEREEBRREORE, EMITSY L TSR, BRERIREEMIROBTRE LT
FEA R T HEAXPFES N, 344 7 FORTHER M  EBHHPT (Hb) »HEREL .
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—FHEBEMEBIC R LT, AL 8 A, KEAFIHEA#RE, BHARERIRDHEM BXBFH I
BiZL b, ERSECHEIRTCI G, YHDEER XD, 7V KRERIO=A —HRGEREFLHHEL
T, AFEZX L > T O BOEBYHENL, FANEMYHFET2I5E25LLbic, HAR BT
LEICOWTHBEE U THEG I, Y7 ) KFHRYHEY - HEFPRTR Lomnitz ##il, TTK
California K21k -T3xk b, Enrique Gajardo (=¥ ) ¥ - %~ F) BEIFTEN k% RIFL T
7o FDOHEI0F 1T Kausel BATENSHEL 720

T, =T, _A—HRYEPFERFTONE T2 AREEHREL Z DFHEY IR LI, TT1
1963EDRETH v « 7V 7 AF VRSB MSD Arequipa HUIRD 2 #FHIFER L, BREESEEORT,
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