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Abstract. The historic record for the central Peru 
s•u,•uction zone suggests significant variations in the 
e<.•,• • size during the last 400 years. During this century 
•h•e have been four great underthrusting earthquakes along 
t,Se central Peru seismic zone. From north to south these are 

the 17 October 1966 (M)•=8,1), 24 May 1940 (M~8), 3 
October !974 (Mw=8.1), and 24 August !942 (M~8.2) 
earthquakes. Modified Mercalli intensity data and tsunami 
o<bse•ations for the earthquakes in this century are compared 
with the 29 October 1746 and 20 October 1687 earthquakes. 
:• 1746 earthquake had maximum intensity values between 
9 © and 13øS while the 1687 event had maximum values 

•,tw-een 120 and 14øS suggesting that the two events failed 
difierent segments of the subducfion zone. We find that the 
!746 event occurred along the segment that includes both 
1"..940 and 1966 earthquakes. The size of the 1746 event is 
e•imated to be Mw-.8.8 based on the ratio of near-field 
tmnami heights for the 1746 and 19,• earthquakes. The 
1687 e•hquake probably ruptured the 1974 segn•nt as well 
as :•e ',adjacent •gn•,nt m the south where there is at present 
a gap between the 1942 and 1974 rupture zones. The size of 
hSe 1687 event is estimated m be Mw-8.7 based on both far- 
•e!d and near-field tsunami height ratios of the 16,87 and 
197.4 events. Both 1746 and 1687 earthquakes appear m be 
m•.h larger • the events of t•s cenr•Lry. In contrast to the 
timp•e, single •rity nature of •e 20 th cent .ury earthquakes, 
these older and !arger events may repre•nt multiple-asperity 
raptures along the Peru subduction zone. Hence, variaficms in 
the •,.•e of earthquake rupture from cycle m cycle along 'the 
central Peru seismic zo,ne may explain the significant 
•..•/•erence in earthquake sire during 'the hst •400 years. 

Studies of recent "ap filling" earthquakes along 
convergent plate margins have she• new light on the 
vmabiLity of the subd<tion process from cycle to cycle, in 
:a,•iti,• m demonstrating the heterogenity associated with 
•,•,-• .•d.ual e .•quake ru '•.s. Evide .nee that the mugnit-•s 
a<•d rupture dimensims of "gap filling" em,hqu•es vary 
•i••• • -c ,.'.•,.tty from c:ycle m cyc!e a•g any Wen se,.gr•nt ,of a 
•"'•'••cfi-,n zone is bee:ming. •more co.minn. Ex-amp!es of 
v •,..ma. •. t..',mns in the, -•quake cycle have.. been .<docu<,•nted 

along the Colornbia-Ecu-.ador, Chile, Aleutians, •d south- 
west Japan subduction zones [Kanamori and McNflly, !982; 
Comte eta!., 1985; Davies et al., 1981; Ando, 1975; 
Thatcher, 1990]. 

The historic record for central Peru also suggests 
significant variations in earthquake size during the last -400 
years. During this century there were four great under- 
thrusting earthquakes in 1940, !942, 1966 a..nd 1'974, along 
the central .Peru seismic zone bet :ween the Miendana frac ,tam 

zone (I0øS) a• the Nazca ridge (15-16øS). Although our 
understarting of these events has improved due m recent. 
studies [Dewey and Spence, !979: Beck a• Ruff, !989}, we 
still lack a qu•titative •.appreci.ation of how t•se •rh cen.• 
events compare with earlier great earthquakes in the region. 
The hist•c earthquake record along 'the co<ast of Peru .date• 
back to t_he 16 th century [Silgado, !985}. •.scri,<ptims of 
earthquake damage and tsunami s suggest that •m ,=y •:• 
events were, • fact, larger than the great e:• •u•es w•:hich 
occurred d.•g ,this c, entury. By crxr, p,•ng mun ,ami and felt 
intensity reports for everim in !58,6, 1•'7, -..• !746 wSth 
20 th centu• 'events, we a=e.mpt to quantify [he app 
differences in .size, and pro.po• a mechanism by which 
differences may arise. 

2 '0 • Cem_-m'y •Eart ,•',•es 

The great e ,arth,quakes of ! 70c,.•r 1 '966 (M,•=8.1), 24 
May !940 (M~8), 3 October 1974 (M,•=8. !) and 24 August 
1942 (M-8.2) ruptured..•jacent '-se.:.gn•nts '•tween 10'>$ .and 
16ø$ along the Peru trench, Figure 1 shows the 
distribution de..te-.rmined by Beck and Ruff l !98'9] fm<m long- 
perk• P-waves for .•:ree of the fore' un&rthrusfing events. 
These inferred as•fi.es are the locations of concentered 
seismi'c mon•nt •!ease relative m the epicerect, T• 1966 
emhquake has a .•ce duration of 45 sec with m•t of 
re ,•,•nt re!.ease near ff•e epi•n.•mr, .• ! 940 eanhqu•e 
s .,m•ler than t•he I .966 :-a• 1974 events • has a dm•,• of 

-30 v•ec with the seismc ..,,•nt •ea• ,near the 
• ! 974 .eart.J••e ha• two .pul•s of. ,•<t relea• 
a durat'mn of 50 sec. T•<• t,.• pd.ses of ,.,•nt 
•,c.u:.rred o•n the n(mh.em half of t.he aft•:.•k ,area, 

!974 e.,art:•..• •e mpt.ured •e •egn•',n,t ," •••••tely 
n•h of the •Na .,vxza Ri,dge. ': ,T•.: •./<• f! '.•<k ,• •',• N '• 
Ridge .was last .ru'ptu,,md in t;• < • A. uga,• 1942 
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Fig. 1. A comparison of the Modified Merca!li (MM) intensity values and tsunami heights for (a) the 1746 and 1966-1948 
earthquakes and (b) the 1687 and 1974-1942 earthquakes [Espinosa et at., 19.75, 1977; Silgado, 1985; Askew and A!ge 
1985]. The asperity locations for the 1966 and 1974 earthquakes (stippled areas) are based on inversions of WWSSN long- 
P-waves, while the location of the asperity for the 1940 earthquake (hachured area) is estimated from the duration of the pulse. 
seismic moment release [Beck and Ruff, 1989]. The aftershock areas for the 1966 and 1974 earthquakes are from Dewey 
Spence [1979]. The location of the 1940 and !942 mainshocks are from J. Dewey [personal communication, !985]. The I•2 
aftre-shock area is from Ke!leher [1972]. MFZ is the Mendana fracture zone. (a) MM intensifies for the 1940 and 1966 
are similar for identical locations along the coast, hence, only one set of vatues are shown. (b) The dashed and dotted lines 
the intensity contom for the 1974 and 1942 earthquakes respectively. The 1687 earthquake has maximum intensifies n• •. 
but also has high intensities much further south near Ica. The 1687 earthquake may have raptured the region that is pre•.•y 
seimc gap between the 1942 and !974 rapture areas. 

earthquake and similar in size to the 1966 and 1974 events 
[Beck and Ruff, 1986]. With the exception of the 80-100 km 
gap between the 1974 and 1942 rapture zones, the entire 
segment (!0%-16øS) has failed in Magnitude 8 earthquakes 
this century. 

Historic Eart!'quakes 

The historic e•quake record for Peru extends back to 
the !6 th century and contains many detailed descriptions of 
damage and tsunamis along be Peru coast. Figure 1 shows 
the relationship of the inferred asperities to the isoseismal 
patterns for the !940, 1966 and 1974 earthquakes. Note that 
the area of Modified Merca!li (MM) VIII+ damage is located 
onshore in the immediate vicinity of these asperities. 
Although there are problems with interpreting historic 
accents of earthquake damage (i.e. under- or overestimating 
damage, completeness of reporting, changes in the quality 
and type of construction, era.) we can make a qualitative 
comparison. This spatial as•iation suggests that areas of 
high intensity .or strong ground motion may be used to mp 
the relative location of patches of high seismic moment 
release, Kelleher [1972] used MM VIII-IX intensity contours 
to estimate the rapture zones of large and great South 
American earthquakes, noting that areas of substantial 
d. mnmge • usually wi•in or adjacent to the rapture zone. 

In addition to comparing isoseismal distributions,-• 
compare tsunami ran-up heights for the above earthqu 
Published tsunami heights for historic events are based on 
run-up distance at local sites along the coast [Loc•d 
1985]. For recent earthquakes, tsunami heights are .based 
tide gauge recordings; hence, the overall precision of 
observations has varied over the last few hundred 
addition to being dependent on fault dip, fault length 
focal depth [Yarnashita and Sato, 1974], near-field t•n• 
heights are also very dependent on local coastal co .nditims• 
For a given tsunami, factor of two variations in ran-up 
not unusual along the same coastline [see compila•on 
heights in [xx:kridge, 1985]. 

Abe [1979] defined a tsunami magnitude scale, 
based on observations of the far-field tsunami heigbl, 
M t TM log H + B, where H is the wave height and B 
scaling constant. This relationship has extended the s •tudy 
gmat historic earthquakes and has facilitated the qu 
comparison of recent an:d historic events. UnfortunamlY, 
field observations of pre-20 th century events are often 
and the only quantitative descriptions con• from the 
field (i.e. near '•e epicenter or rapture zorte). 

Comer [1980] examined the theoretical relati,n•h:7:• 
between seismic moment, M o, the seismic 
magnitude scale M•, and Mt or log H, and found that 
Abe [ 1979] re!adonship be•een sei.smic m•.ment, Mo 
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1• H, or Mo--H sa, is bracketed by two theoretical extremes 
t'hat include the effects of dispersion on tsunami waveform 
and •pl•tude. For non-•s•mive cases, Moth 2, •d highly 
d{s;•rs•ve cases, Mo-H. The non-dispersive case •s of 
particular •nterest for •is study in that it may • a g• 

c'1om m the ep[cent• or the tsunami generating ma (i,e, the 
ne,•-field). Hence, while the quality of obse•ations has 
varied over the yem, we can make use of the range of 
seismic moment-run-up relationships for an o•er of 
.... .mgni•e cmp•n of •cent •d historic events. Sim•l,• 
comparisons have •en made for Chilean earthqu:•es 
{'N[s•o, 1985] by multiplying •e milo of tsunm heights 
wi•h •e •ism[c ••nt of a recent event. F[gm 1 (a •d b) 
.s:•ws a compton of •e felt inmnsity pauems a• tsun.ami 
heighu f• the 1746 •d 1940-19•, and •e 1687 and 1974- 
1'942 earthqumes respectively. We can draw important 
q•mfive conclusions a•ut the m!afive t•ation of historic 
mp•s by comp<•ng the• m•ns with m•em mf•nce 
e:m • u•es. 

7"46 Eart ;.hq•e 

The largest, well documented pre~instrumental 
em• •hquake along this segn•nt of tt• Peru trench occurred on 
28 October 1746, and is estimated to have had an intensity~ 
magnitude, M•, of 9.2 [Oco!a, 1984]. As seen in Figure 
c.<mp•arison of the highest felt intensities for the 1746, ! 940, 
1966, and !974 earthqumes indicate that while the shaking 
.•:• •mage in 1746 is one m two Modified Merealii values 
<hig• •an in 1940, 1966 or 1974, the maximum intensities 
•c:ur along the sam coastal area, between 9øS and 13øS. 
This c•m•dence suggests that .the rupture zone of the I746 
'e•m is in the sa_n• rel.afi• location as the 1940 and 1 

e •.•u•es and may include 'the 1974 asperity regim. 
The maximum local tsunami height reded for the 1746 

evem is 24 m at CaAlao, Peru [Loc•dge, 1985]. The only 
f•r-field report for the 174.6 tsunami is from Acapulco, 
Mexico bat no heights are mentioned. For co•mp.a,fi•n, 
m•x:}mum run up height at Callao for the 1966 earthquake is 
2.1 m [Lockridge, 1985]. We would expect an observable 
far-f<!d tsunami along the coast of Japan for the 17• event 
::•t fi•,ere is no n•nfion of one [Watanabe, 1.983]. •e I9•66 
eYem proda ',•d a 15-20 cm tsunami along the coast of Japan 
!':•,•, 198 I!, For the 1940 earthquake, there is a poorly 
'<d •<.•-• .• ,,•u: :•ted report of a sm•.l (2 m) near-field tsunami, and 
m re• of a far-field observation. The ratio of near-field mn 
:a•p$ for the 1746 and 1966 events at Callao, Peru (24 to 2.1 
mL ar• the seismic nmn•nt of •e I966 earthquake (2 X 
10 :• N-m) i•ca•e a seismic •nt of 2-26 X !• 
m a M• of 8.8 m 9.5 for .the !746 event. While we cannot 
verify .:•is •mo,.•nt esfimam with far-field data, the 
e•:m•,• is c•,. ,•ble 'with the Mi esfi •male of Oco!a [ ! 9'84 

' •.h t:he intensity and tsu. nami data i ;•c •ate ..that the ! 
ea•h•••ake raptured t:he same segment of the central Peru 
•.:• • ,•<•,.•c zcme but was h,:?•ifica. n, fiy larger than ei'-her 
•-'•¾••at 1'940 .•d !'966. (• ,a•. 19.747) ,,•nts .or the two (or 
•m) of rh.em togetcher (~3 0.5) X !02• N-m). The so,'mce 
f.:• functions for the !9.40 and 1966 earthquakes 
'ee!<•ti•e!y sim•ple events fl•at rapre.red discrete asperities 

multiple asperity rupture• Alt':hough the data ;o identify •e 
asperities that ruptured in •74b are eqmv•<al a• •his 
possible candidates include •he 1940, 1966 and 197'4 

Another gmat eanhqu•:•e c•cumed on 9 July 158& 
produced a 26 m mn up ne• Callao, a•d •nten•ty 
damage ne• Lima. Wat.ana• 119831 re•s •hat •e 1586 
event caused serous damage in Japa• and v•c•mty and 
ass[gn• a tsunam• magnkude of 3-4, however, •here •m 
mention of ,•e wave hei•:•.t in Japan, A. khough we know v• 
Iin • a•t •e !5• evenL it al.• a• .mm ha:-• •n t,• 
than the 2½ h century •ference e•tkquakes •nd my ha 
alto •n a multiple •:•ty e•nt, 

1687 Earthquake 

The largest known earthquake between L•_ma •<and 
,along the Peru trench was the 20 october !687 eve,.nt• •.is 
event was •eeded by a -•mller s•'k approxi .m•e!y 
hours earlier. These two events caused w•des•e• shaUdng 
and tsunami damage from Lima m !ca [S[lgado, 1985]. • 
c.rm• .•. •b;med efleet of the two 168'7 events resu!ted in •. ,• •m•m 
intensities of Xi near 13•S an•d VIiI-• ne• Li:ma, as we!! 
a much larger disfriCtion of MM V!!t-iX intenskies m 
south than were associ.ated with the 1974 eart•u•e (Fig .me 
lb). The 1974 earthquake produced high intensifies near 
Lima, [Espinosa et aI., !975, 19771 in close pmxi-ty m 
as•ty location shown in Figure 1 b. However, in con/• 
to 1687, intensities • •o .and !ca in !9'74 m • m t. 
MM values lower. The maximum in •e,nsity .val• for 
1.687 e<,art-quake are gemfly f: .•r •t• th ,an f• ..' ;tl• 17•. 
ear•qwake suggesting the 1687 •em m/•d f ;•• m• 
than L,he 1746 event. We cannot .de,'• • m••e ff •ese ,•o evmts 

(1) failed •jacent seg •men,ts wi:.• <no o.ver•mp .•g s,tr•e, ,or 
(2) had overlapping rapture areas and both f'•.ied •-•:• 1974 
rupture :•area. We M!i assam<me t, hat ..the 1687 e .• •,.,•..u•e failed 
the !974 :[one • use thin 'as the reference eYent m co 
with t• 1.687 event. 

T• local •anami :height fc• the 1687 event i:s esfirrc•mted 
to be 8 m b,as• on i.nt ,erp•mtion of tsunami in.•nsity 
[L•kridg.e, 1989, •rsona! com:.munication]. For corm - 
pailson, the near-field wave height in 1974 was 1,8 m 
[Lockridge, !985], Far-field ob•rvations near ,Se,.ndai, 
Japan, i .•.•cate tsun ,ami heights of 50 cm f 'or the 168'7 evem 
[Watanabe, 1983] and 4 m 10 cm for the 1974 even• [H • 
! 98!t, The far-field ratio of heights, 50 to 10 cm, •d r,he 
seismic -moment of the !974 event (!.5 X 102• N-m), 
i .Micate a seismic nx>ment of 1-2 X 10 •2 N-m or a M•, of 8.6 
to 8,7, This estimate agrees wi•h the ratio of near-fie'M 
heights based on t.he. estimated ran-up for •.•e 1::687 event, ,•t 
'is less t.':Mn t• Mt esti .n•e of 9.0 {oco!a, 198,41, 

The historic data suggests the !687 event was 
i•ger [han the 1974 earthq,,mke. we mggest t•:•t t,% !.687 
e •mh.• ,q,ua.ke .broke the regi..• of t.he 1974 rapture •,• an .• 
further south, near Pi'•o a• !ca• "%e <' ,:am• near 'Pi.•o ;is 
currently part of the p,•,mnt -.m:i•.•i½ gap be•w-.e•n .t'•e 
and 1974 r•m. •. ms (':Figu• 1 b), •,The:: :• •••. :t• 
t •hat the i,nter.•tion .of :the •N-•azc•a rkige with ,,!:t•.Pem •h 

this cenm,.ry might m. *•eSL < '• maxim:• .am in• :m•sity 
(Vm) for the !942 ean,hquake are near !5•16•S, 
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Discussion and Conclusion 

The age of the subducting plate and the convergence rate 
at a subduction zone are correlated with the seismic coupling 
and hence, the maximum size earthquake [Ruff and 
Kanamori, 19801. The age of the subducting sea floor along 
the Peru coast is 45 m.y. and the convergence rate is 9 crn/yr. 
These parameters indicate relatively strong coupling and 
predict a maximum size event of Mw~8.8 [Ruff and 
Kanamofi, 1980]. In contrast, the maximum size earthquake 
along the Peru coast this century is only Mw=8.2. While 
poorly constrained, the comparisons of tsunami run up 
heights suggests that events in 1687 and 1746 were of Mw 
8.5 to 9 and are in agreement with the regional predictions 
made by Ruff and Kanamori [! 980]. 

The I746, 1687 and possibly the 1586 events appear to 
have been significantly larger than the great earthquakes 
(1940, 1942, 1966, and 1974) that have occurred this 
century. We suggest that these differences in earthquake size 
stem primarily from a change in the mode of earthquake 
rupture from cycle to cycle. In contrast to the simple, single 
asperity nature of the 20 th century events, the older and larger 
events may represent multiple asperity ruptures. We suggest 
that the !687 earthquake failed the present seismic gap 
between the 1942 and 1974 rupture areas. 
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