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SOM$ A,SP:E!CTS OF EARTHQUAKB OCCURPV.NCE IN T~ SOU~HXAS-T- O:F 
CUBAN ISLAND 

Abstract-
·, ' 

Fifty two IilOnths of data of small e~thq~es originated 2 . . ' 
1.n - ~l.W ~ea o:f 6000 km in the Southeast ot Cub~ Ialalld -

_were analyzed in order to determine -the spaoe· distribu~ .... 
tion o:t ·events and their temporalbehavior. 

It was established that an earthqu8Jce swarm originated at 
' . 

the South of Guantanamo Bay corresponded t~. a sequence · of 
' ' 

foreahocks of the earthquake of Deo.ember 26 1 1972. · 

It was concluded that the swa.:rm is distinguished by '.a clue 
. . . -

' tering of earthquakes, which temporal distribution snowed 
a bay-:to:rm and. also that the main shock was _originated in · 
the .return of this bay to its initial level. 

Introduction 

By means of standard seismograph records, 844 natural -
seismic event_s \Vere detected in. an small seismic zone, -
located in the Southeastern region of Cuba, covering the 
period:trom Ootuber 1, 1968 to January 31,19?3. 

This zone placed within l92)0•N to 20200•N and ?5Y00'W to 
76206ew corresponds to the neighborhQod o:t Santiago de Cu -ba City, which has been destroyed or seriously damaged -
several times by earth quakes with epicenters in the same 

area (Alvarez, H. and Menendez, L.,l969). The seismic ac-
tivity of this zone is related to the relative motion -­
between the Caribbean and Americas 'plate (Molnar, P. and 
Sykes, L.R,l969). The last great earthquake with magnitu­
de 6.6 Richter, was felt in ·santiago de Ou.ba with inten­
sity VIII MaK on February 3,1932. 
From historical data it is known that intense earthquakes 
in this region were always preceded by a sequence ot fore-
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shooks showing a diminishing in the interarrival time and · 
· gradual increase of intensity which could be a particulaJ:' 

characteristic of this zone us'eful for earthquake predloa~ 

.tion. 

In ~elation with all above mentioned, this paper :presents 
the zone under investigation, the space distribution of 
events, the temporal distribution tor three intervals of 
S-P less or equal thant 6.5 sec ~d · the analysis · of a -
toreshooks sequence for the earthquake on December 26,1972. 

Space distribution of earthqu~es 

Fig. 1 shows a clowd of epicenters into .a relatively quiet 
field.· Epicenters are concentrated in an small plate boun-
ded . north by · a deep. fa~} t ·. ~~~~1-~-~.EB~--§loryL!h~ ... -Q.Q..~~.~; limi­
ted _weat by ·a deep fault nearly perpendicular to the above 
me~tioned one near 76206•W; it is b~unded South by the NO£ 
thern ·border o:t. Bartlett Trough and East, .1.~_g ___ 9<>.'.W .. _ py _a . -
~eotonio dislocation almost perpendicular to the coast line --... ... _ ............. __ ~ __ .............. ,_ -... -~--.. ·~-· .... . '• . - . - ' - ·. .. . -· • · . . . . . . . . 

~~~E!.Pd:~PE ~l~ng the submarine mountain range. ~his tec_!_Q~!Q 
. . , , .· ... . .. .. . . . , . 

4islpca1;1on has been interpreted as a deep. t'ault by grav1-
~etr1.o Ulethods bl1t attending to hypocenters disposition may 

· ~<:.-.--~B~L~~ter;pr_E!-Geci as a crua.t landslide. 

In the map. a cluster of earthquakes at the South ot' Rio Car 
. ··- ·---·- .................. .... ... , .... ·--·· --

pi.ntero §_~_i_e._~~~---~~at~.()~ within an s-P x-a.nge :trom 1.0 sec to 
1.4 seo . and an interval ot depth from 4 km to 8 km is obser 

. . ~·------. .. .... , _·4••.· . .... -

V"ed. Southermore a second group"· !!.1-!A: .. d~1;h~- P~r~w.~a~.~ l) -~ 

al'ld 35· ~and S-P trom 2.0 sec to. 3.0 sec appears. 

South East of Rio Carpintero Station, in an interval o:f S-P 
between 3. 0 sec and 4. 0 sec, and South West in an intex-va.l 
ot S-P within ).0 se$ and 6.5 sec a cluster of earthquakes 
with a wore va:riated distribution of (}epths appears,. 

~ll! ..... Dl.Q~t :.l.mP~~~ir c:l.'ll.f.Jtt).~ at the . south ot Guant .. aJlamO . .B.a3· t­
with an s-P interval between 10.5 sec and 11.5 sec . and 1!.; 

- ~ ~ 
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de_R!~- -r.~g~ -- \l!~~l}!~_ .. ?_~ . J~;!n ... ~~- ~~-Q . ~,o The 1'oc&l z one of this 
cluster has an ellipt i c form with mayor axis o~ 45 km 

length. and minor axis o:r ~5 kill l ength., 

The hypocenters distributions are quiet di~erent in the - ­
north and south parts (:rig. 2). Il~ __ t .t_le _ _.g_2F~!?:. _ part hypo­
centers are located in an small i nter val of dep~h~--- -~a:·· with - ---...,... - -------- ····· --···- ---------·-····" ····• ··• .... ___ __ ,_.,.. ............. .. .. ..... .. ..· ... '", ..... ...... .. . . . . 

the i1.crease o'f distance to ·the South , tne depth shows a.n -_____ .......... ~ .................. ~----- , ... _. ·--~ ·- -·~ - ·-~- . ,• ....... . . . . .:. 

1ncrec..;3e witll a clear int~rval within 33 k.m and 70 km. This 
·-~~-- - . ··-·-. . . . . . . ·-· . ·· · ·-- --· . - · ·- __ , __ ...... _._. __ ---~- . . .. . .... ------

means : that in general the seismic 2.ct i vi t;y in the south - -- -- --·-:· -- ·--~ ··- · --- ---. -- . . . . . . -- . - . 
direct~on ~akes place at greater depthso This c~se agree s 
with what observed (Molnar and Sykes,l969) :ror the Bartlett 
Trough near Puerto. Rico and Hispaniola, but is _ in cor.tr~­
diction with that happening in many seismic regions located 
in submarine depressions, were hypocenters increa~;.a their­
depth towards the continents .• 

In the seismoactive p~t o~ the zone loca,ted West o:.: RCC -

;t~~ion wi~~liJ:l_ ?5~45 1 W and 76206 1W (:fig.3.), - ~~:re~~nt depths 
!t'~A~.:l!.):_~ ____ !crn __ a:nc1 45 )on_ a:re observed without -remarkable depth 
cE-~~~~ --.!~: _.~_g_g~_cpi_qn. ~~s:twards o:t ??245 ~ W however, a -
certain tendency to depth increase ot' foc·i is observed. It 
-~f""o- ..... : ,.,.. - . .. - . . 
is a. second interesting .fact does not concide with _the ob­
served one (Molnar and Sykes, l~b9), ~or the region near -­
Puerto Rico and Hispaniola in the Hartlett ~rough. 

Temporal distribution of earthquakes 

-~·ig. !1- sho.ws temporal d.istri but ion of ear-thquakes tor monthly 
periods of three S-P intervals corresponding to zones of spa­
ce clustering o:r earthquakes. It can be not;ed that the :form 
o~ the three curves shows simultaneous variations in the same 
direction during almost the whole period and starting mainly 
from the beginning of l971. 

Activity in the .. region o:r S-P equal or less tnan b,.S sec - -
shows variations in a range of a mean value of 18 events in 
a months, except :tor the tirst 6 months o~ 1971, and· a mean 
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value o~ 2 events per month and a minimum of 1. 

Analysis of temporal path of these three regions develops 
in~eresting rrom July, 1971 to December, 1972. A gradual 
return to minimum till .!J'e bruary 1972 is clear and then, a 
smooth increase till July is seen, sharply getting to ma= 
ximum in August and keeping this value till December when 
a new decrease starts. 

This increase, sharply getting its maximum value in August~ 

is coincident with the beginning of an earthquake swarm -­
South of Guantanamo Hay keeping the above mentioned maxi­
mum level during its whole period. 

Hereotf may be inferred that seismic activity has a gene­
ral character in this zone and there~ore a relation between 
dif~erent f~~al zones exist, being this an evidence for the 
pres.ence o:r a commom physical ca.u.ae of these variations in 
activity. 

Earthquake swarm of Guantanamo Bay 

In July 1972 an earthquake swarm was reglstered by means o:f 
standard seismograph records in ROC station, whioh developed 
in an small crust volume South of Guantaramo .Bay with S=.P ........, 
interval between 10.5 sec and 11.5 se~. jhis focal region -= 

corresponds to the East boundary of the aeis~ ic zone South 
' o~ Cuba. Earthquakes were distribu'ted within an area of 5)0 

km2, approximately 9 percent of total area. 

This earthqUAke swarm ot at least 142 foresnooke in the mag­
nitude range 2.0 to 4.0 and a main shook with magnitude equal 
5.0. 

For annual time distribution (:rtg. S,a,b,o) it is s£..en that 
the region appearing in broken line had no seismic aotivit~ 
till 1972, ·1.e., in 42 months preceding the beginning o£ == 
swarm, se~smio activity was absent. However in fig. S,d a = 
cluster of earthquakes is observed, the importance o:t which 
is further analyzed from the point ot view of earthquakes = 
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·· prediction .• 

Mogi (1969) e~·i:itAbliahed th2t if some special ~e.i:ures in ""' 
seismic activ:i:by bsfcre a great earthquake are :round, 'they 
u;s gi~~ 3 key t ~> predict the ooottttrenoe of g"'eat EUJrthqu.!. 
kee e un·tu nQw tb.e i~crease of aeismio activity be:tore a 
gr.e-.t e.~·iibq~(;t 11M . ~een supposed by JllallY investigators -
but. 0.~ 1n· '& :t®w . aas~s great ~a\"'thqualces were oert.ainl¥ 
:preceded by· s om* . toreah.e>oks~ - Among these oases there is -
one i.t).teresting. iAcl $1m1.lax-· to ~urs (Ohtake, .. 1970) ·about .. ;;. 
•e1sm1o ~equenc' relate4 wi1i:b: ., . mode:t-ate -.earthqUake with -
~itude equal .to 5•0$ ·P.reoisell' trom. :_t:Qls pot:nt. o:r rt•w 
t}4e e-.t"thqu,ake. ~-~ :1• ·~aoU~Sedo-. · . 

In fig. 6 (broken line) -1~ oan b• observed· the temporal. ~ 
distribution tor monthl7 perioQ.a, .tXt :toreshooka, whi.oh baa 
the following ch&raoter1$t1os: it at.,rta 111 July with 6. ­
events, inarease to 1 in August getting a abl.rp: maximum of 

' . . . . 

55 events in September; in October it s1iarts deS.oending to 
.38; _29 1n Jiovemb•r @d . to· a value of 1 in Deoem,_r bet ore 
irhe ·main earthquake on December 26 .• Such sequence o:t :tore­
•hooks with a number o:t 143 events in 6· month8 has been a . . . 
chain process increase in n1.UDber of eveuts per unit o:t t~e 

' reaching its maximum and a further decrease of process till 
1ni t _ial level when. the main shoQk occurs. !his atrongly suE: 
ports the hypothesis o"f aoviet investigators (Heodotov,l965; . 
Miasbkin et. al., 1972; and others), accOrding to whom the 
ph781oal cause of the evidence of an earthquake is the pro­
gressive increase -in number and dimensions of traoturea in 
a certain region and the turther decrease ot th• process by 

aeana o:t the interaction and conection of small fractures -
in the plane of the main fracture· which will originate the 
main earthquake • .Another important oh&raoteristio in tempo­
ral distribution of tige 6 i s its bay-torm and that the main 
•hook doos not ooour i n the maximum o:f the ano~ly, but at 
ita return to initial lev•l and after a calm period ot 5 iaya 0 
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The main shock does not occur in the centre of foreshock T~~ 
gion but in the Nort hern part of the t ocal zone, being t hts 
oha;t"acteristic similar to the observed one by Ohtake in 19?C._, 

In fi"g. 6 1 t is compared too the anomaly of the Guantanamo "'" 
Bay :toca.l zone (broken line), with the anomaly of the res--~ = 

o:t the area under investigation (oonti.nuo.~s line) and as t;:as 

above supposed· a strong relation between both correspondi ng 
curves exist. 

The energy release as a function of t~me dur:4.ng the swarm i s 
showe~ in the histogram of ·the fig. 7 in which the summa of 
log E tor monthly :periods can b~ seen. In it, as the above C-~ 

showed for the temporal path,· a sharp increase in September 
till the maximum and then a paulatine decrease can be obser= 

. ved~ 

All the events presented an endrgy index (X) within a r~~g® 
6.6 to 10.0 and 12.2 far the main shock. 

Conol~ding re~ks 

The occurrence of a moJerate earthquake .; was preceded by a = 
sequence of toreshocks which temporal distribution had a bsy= 
form. ~e ~in shook occurred in the return of this bay to 
the initial. level and ;a.tter a calm period o:t 5 days. Starti ng 
trom the standpoint that the main shook and its sequence of 

.foreshocks yielded some chall88s in the seismic Dctivity of' the 
invest~gated region, ean ba deduced that the occurrence of a 
moderate earthquake which may occur in a . focal zone o! this -
region attects more or less the mec~anioal state o:t the crust~ 
causing changes. of stress and structure in it. 

The above mentioned conclusions may give .the key tor the pre= 
diction of the next ·g.reat earthquake in the tloutheast Cuban= 
Seismic zone on the base o:t investigation o:t small earthquru{e 
behavior :rrom the point o:r view o:t their clustering in spaoe 
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and time and the posatb1e relation between the· s~qtwnc~ f§il 

•vent a in · th• dit~r•·Jl~: f:o.cal zones~ 

AokilowledpeJ}t• 

I thank DJ's• ·M~ae~1n •. v -.I and · Rraut·~an, , ,.G-. of the In•~-1-

tuta ot Physt.Q• .of· ~tlie Eat.t~,, ·USSR:, ·~or ·~-lp;tul -e~gJ•t1on.• 

and Mene . .o.dez, L~· , 11-n~ .• o. ,BethenQoxat ,l!. :aA·d· Bl:an~o,:r. ,. -
ft.o.- the · InSti:tut• · ot.· Geoph.N:sicF-· et :Cuban A.o.ad~IIlY · o.f ;8oien-. . . . - . . . 

oes·. io:r: .AB~:istanoe ·t.n .P'epar1ng. ·tb,• •terial. f~ th1• ·paper. 
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Earthquake hipocenters proyected onto a ver ~ical section of 

the latitudinal plane 
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