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PRILIMINARV ASSESSMENT OF THE VOLCANO HAZARDS OF PACAVA VOLCANO 

GUATEMALA 

Norm.n G. B.nk. - U.S. Geologic~1 Survey 
in cooper.tlon w~th 

INSIVUMEH 

Thl. report i. prelimln.ry .nd ba.ed on 2 days of 
r.conft.I •• lnce of the depo.lt. of Pac.ya. Thia, 
I. not .ufflcient time to fU,IIy evaluate the 
h.zard. of a volcanic complex as large aa Pacaya. 

INTRODUCTION 

PURPOSI OF T~IS REPORT 

To ptovlde a pr.' imlnary •••••• m.nt of the volcanic 
hazard. of Pacaya Volcano. Guat.mala. 

BACKGROUND OF THIS REPORT 

Pacaya Vblca~o. Departm.nto Amatltlan, produced impressive 
.ruptlons 21 January .nd 25 January. 1987,. prompting the evacua
tion of approxlmat.ly 3.500 p.rlons from the flanks of the 
Pacaya-C.rro Grand. volcanic compl.x. 

INSIVUMEH (In.tituto Nacional de SI.mologia. Vulcanologia, 
M.t.orolool. e Hldrologla} i. the gov.rnment., agency responsible 
for •••••• Ing .nd providing e.rly-w.rnlng of volc.nlc hazarda in 
Gu.tem.I •• How.v.r. INSJVUMEH h •• f •• instruments for such duties, 
.nd thus Issu.d.ri Invitation to theU. S. G.ological Survey for 
a •• I.t.no. In monltorlno .nd •••••• Ino ourr.nt activity at P.ClYI. 
Th. Invitation. ' •• u.d through USAID. GUlt.mlla, mobilized the 
Volc.no Early-W.rnlng Ind Di ••• ter A.si.tance Program funded 
jointly through the U.S. G.ological Surv.y and Otflce of Foreign 
DI ••• t.r A •• i.t.nc. of USA!D. W •• hlngton. 

Th. USGS t •• m and INSIVUMEH .valuat.d the J.nu.ry actl~lty of 
P.c.y •• nd .at.bl 'lah.d • d.formatlon monitor on the NW flank to 
Inc r •• I. I NS I VUMEH' •.• b II I t Y to as •• I. the I. vel 0 f act i v i t Y at 
Paeaya. and th.reby Improvi hazard mitigation of future eruption •. 

B.eau •• th.te w.re no hazards map. of Pacaya to assist 
INIIVUMIH .nd the other oovernment aGenoll. Cprlnolpally. CONE 
(th. Comlt. Naclonal d. Em.rg.ncla)) In e,timating the future 
cbura. of the January .ruptlon •• t P.cay •• the group al.o spent 
two day. In r.connal •• ance .tudY of the p.,t eruptive products of 
Pac.ya. T~I' r.pott I. the product of this reconn.i,sance. 



PRELIMINARY ASSESSMENT OF THE V~LCANO HAZARDS OF PACAYA VOLCANO 

BACKGROUND AND QUALIFICATIONS TO THE DESIGNATED HAZARD AREAS 

The necelsary first .Iement of a volcano emergency plan is a 
map .howlng the potential hazardl around the volcano. Such maps 
r e qui rea c cur ate and de t a I I. d, know led 0 I 0 f t h. de po. i t ion a I pro
ducts associated with the past activity of the volcano. With 
the sed a t a, v 0 I can 0 I 0 ,9 i s t s can es, t i ma tit he pro b a b I ere cur r en c e 
i n t e r val, t 'I p., and e )( ten t 0 f the h a z a r d s pre sen ted by the v 0 I, can 0 , 

as wei I as the impact that thlY may have on a given .rea in the 
future. Without this data, the hazards pre.ented by the volcano 
are estimate. at best and unknown at worst. 

In the case of Pacaya, which is located about 40 km SSW of 
Guatemala City (Figure 1), very few detai led studies have been 
ma ~e of the deposits produced by the volcano. Egger's (1971) 
thesis provides a r'gional map and petrologiC descriptions of the 
lava flows, but WI know of no publlsh.d studle, deta' ling Pacaya's 
'tratigraphy. Little time .as available to us to add to the data 
in Egger" thesis, thus our hazard maps are based on Egger's 
work, 2 days of field work along the trav.rsel indicated on 
Figure 2, and a f.w hours of photo-geologic work. 

T h I I I I not I u f f I c I • n ttl ml to f u I I 'I e val u. t e the h. z • r d s 0 f 
a volcanic complex as large as Pacaya. Therefore, this report 
should be reg a rded and used al a prel imlnary document that undoubt
edly has errors and omislionl. However, are.1 with definite and 
significant risks occur within the ,map area. These risks should 
be more f'ullY evaluated as soon as pos.lble by Itudies th a t 
provldl more d.tall.d dat • . Clrtalnly, t ,h ••• rilks should be 
s.riously considered by the appropriate agencie., and by the 
people I iving around Pacaya. 

PACAYA COMPLEX 

Pacaya Is part of a volcano complex located on the southern 
rim of Amatitlan Caldera (Figure 3). The caldera ha. pro-
duced mort than 80 cubic ki lometer. (dln.e-rock equivalent) of 
pyrocla.tic depolltl from 12 larg' eruptions that occurred be
tween about 300,000 and 23,000 yr BP (Wunderman, 1982). 

Pacaya ls the younge.t and .outhern-mo~t volc a no of a series 
of volcano •• and doml.' that have partially filled Amatltlan 
Caldlra .Ince the la.t caldera-forming event. The .ummit eleva
t ion 0 f P,a c a 'I a I. 2 5 5 2 m, and the e I • vat Ion 0 fit's bas e i s abo u t 
1500 m. Young Pacaya conll,tl of thrl' main .ruptlve centers: a 
now dormant coni. MacKlnnly coni. and Clrro Chino. T~ ••• con'l 
pa rtially fill thl rlmains of an larglr, older edifice that 
coalesced in time and spac. with Cerro Grande to the north (Fig
ur. 4'. At loml unknown but r.latlvlly r.clnt tim., the old.r 
edifice fall.d by a .ector coliapil similar to that of Mount St. 
Helen. , in 1980. Debris avalanche depOSits of this event occur in 
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the valley of Rio Metapa, 5till dam tributary streams. and .re 
covered by le5S than 20 em of 50i I. Possibly these depo~its are 
leaa than 500 y.ars old. 

ERUPTIVE ACTIVITY AT PACAYA 

Pac a y a i a 0 n e 0 f the mo a t act i ve v 0 I can 0 e s i 'n La tin Ame r i ea . 
Hi a tor i cr. cor d a • x ten d b a c k to 1565 and & u 9 9 est t hat the e,r up
tiona cluater in groupa th a t b'gin about mid century every 100 
y.ara (Figur. 5), the la't on. of which began in 1961 (Figure 6J. 
A a umma r y 0 f t h . his tor i c • c t 'i v i t y 0 f PIS e a y a 0 c cur sin TIS b I e ,. 

TABLE 1 •. Eruptiv. hiatory of Pacaya Volcano (after Simkin and 
other. -. 1981, SEAN Bu II.) 

START STOP 
YEAR MO DA YEAR MO DA CHARACTER 

-1585 

',' ~51 
18.84 

2 18 1851 4 13 

1888 
1811 
1814 

?J871 

t890 ? 
1115 

?1848 
~981 
1985 
1965 
1985 

8 
7 
7 

7 1 1 
2 
311 
7 4 

10 1 9 
12 9 

1986 1 
1988 4 
1988 5 
1981 
1981 
1988 
1969 
1970 
1972 
1972 
1975 
1975 
1981 

1987 

1987 

1 .. 
1 3 
6 
1 7 
2 2 

10 15 
10 

3 9 

21 

121 

1684 
1888 
187 1 
1674 
1677 

1899 ? 
1775 
1848 
1981 
1968 

1987 
1968 

1970 

19-72 
1973 

1981 
1987 

1987 

7 
2 
4 15 
5 

4 

Li9hted aky at Antigua. 3 days 

S.v.ral .ruptions •• v.ry few years 
1890-1900 

Strong eruption 

1 3 Conttnuou •• trombollan activity 

3 
12 

7 

3 9 Ga. emiasiona 
2 1 W. a k to at ron g It r omb 0 I ian bur & t & • 

occ ••• lonll IIVa flowa 
25 Strong fire fountain events. 

.xplosive .rosion of the vent 
conduit. impressive column. 1/21 

and 1125 
Continuing We. k to at ron 9 s t r omb 0 I ian bur s t s • 
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THE VOLCANIC HAZARDS OF PACAYA 

This report deals only with the haz a rds specifically related 
to future eruptive events of Pacay a . This is not a parflcularly 
aatisfactory division of the volcanic hazards in the area around 
Pacaya. Hazard zones of several volcanoes overlap the hazard 
zonea Pacaya. In add i tion. Pacaya is an eruptive center o, f Ama-
titian Caldera. and unrest a t 01 Pacaya Volcano m i ght accompany 
or perhapa intitate unrest at another now-dormant center I' n the 
caldera. Thia particularly applies to Cerro Grande, the main 
vent of which liea about 2 km northeast of the currently-active 
MacKenney cone of Pacaya. 

Five maps a ccompany thia report. They designate: 

oAr I as 0 f Hi 9 h (A). I n t e r me d i ate (B), 8 n d L e sse r (e) R i s k 
from Sec tor eo I I a pI. and Deb r i I A val an c h e S from Pac a ya 
Vo l c.no 

o Arlal of High (A). Intermediate (B). and Lesser (e) R i sk 
from BaSI Surgl and other Pyroclastic Flows from Pacaya 
Volc a no 

o ,A r I as 0 f Hi 9 h (A). I n t e r me d i ate (B). and L e sse r (e) R I S k 
from Lava Flows from Pacaya Volcano 

oAr. a I 0 f ,H i 9 h (A). I n t e r me d i ate (B). • n d L e sse r ( C) R i s k 
from Mud Flows from Pac.ya Volcano 

oAr e a 0 f' H i 9 h (A) R i s k from Air - F a I I 
jecti lea and Are. of Intermediate 
from Pacay. Volc.no 

and Ball i stic Pro-
( B ) R i s k from Air - F a I 

Th •• rea. indicted aa having high (A) risk from sector 
collapae. debris avalanchea. base-aurge events. and mudflows are 
areaa where total devastation could occur with virtually no 
warning. Publ ic agenc i ea reapona i ble for people and industry 
within thia area definitely .hould be educated as to these risks. 
and the •• agenciaa ahould. in turn. pass on this informat i on and 
t hI i r ' con car nat 0 the p eo p I I . The r i s k a from he a v y air - 1 a I lor 
b a I I i a tic pro j e c t 'i I e a from Pac a y. (A rea A F - A) are a Iso h i g h. and 
pot en t i a I I Y fat a I. A,p pen d i x lin c Iud e s mo nth I y win d - r 0 sed a t a 
t hat a h 0 u I d be he I p f u lin e v. I u a tin 9 ria k from air - 1 a I Ide po sit s 
from future eruptiona. 

Not. that a h~lard Ion. d •• crlb •• an .r •• wh.r. th. Ind i 
cated hazard may occur but doea not necessar i I Y have to occur 
d uri n g any 0 n a a r up t ion. Mo r a 0 v e r. t h a i n d i c II t • d h a z a r d u sua I I Y 
will not affact tha antir. araa in the indicated zone during any 
given aruption. However. if tha volcano continues to erupt in 
the ma n n a r i n d i cat e d bye a r I jar d e p 0 sit s. the are a s I abe led wit h 
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an A have high probabi I ity of eventually be i ng affected by the 
indicated hazard; field relations indicate that the i ndicated 
hazard has occurred in areas labeled A at least · once i n the past. 
Areas lab.led with B are areas where a given hazard has occurred 
Ie •• frequently or to a I •••• r degr •• than i n the areas labeled 
as Area A. Areas labeled C are areas where field ev i dence was 
not found for th. hazard. but where condit i ons can be Visual i zed 
that could produce the hazard Ce . g. a larger or longer-I ived 
.ruption than recorded b.fore, a shift in the eruptive center, 
etc. L 

RECOMMENDATIONS 

o Communicate to th. agencies respons i ble for the people and 
industry around Pacaya Vo l cano that potent i al risks 
d.flnlt.ly exist within the ar.as deS i gnated on the 
enclosed maps. 

o Encourage low-population density use of all lands in Areas 
A of the Base Surg., Debris Avalanche, and Mudflow R i sk 
Map s. 

o D.v.lop conting.ncy plans for future volcano-generated 
.m. r 9 e n c i • sat Pac a y a, inc Iud i n g but not res t r i c ted to: 

o Accurat. census 
o o.sign of .vacuation routes 
o Timing requir.d to us. evacuation routes 
o Rapid mobilization of transportation resources 
o Ass.mbly pOints 
o POlt . rs and bull.tlnl describing evacuation routes, 

assembly po r nts. survival techniques 
o Refug.e support systems including shelter, water, 

tood. protection 

o E.tabl ish on. or more means of rapid and effective commun
ication between the population centers, INSIVUMEH, 
CONE, and other appropriate agencies . For example: 

o T.I.phone or r a dio links 
o Si r.ns wi th appropr i a te emergency codes in locat ions 

wh.r. concentr . ted and dispersed population cen
ters can he . r them 

o Public radio bulletins 

o Est a b lis h • f 0 I I - t ·i me 0 b s e r vat 0 r y at Pac a y a (C err 0 Ch i no 
or San Vinc.nt Pacaya) with r.ceiver stations for the 
s.ismom.t.r and tl Itmeter and d i rect radio contact 
wi th INSIVUMEH 

o Inc rea set he I eve I 0 f mo nit 0 r i n 9 0 f Pac a y a, inc Iud i n 9 : 

o Relocation or a ddition of a s.ismometer within a 1-2 
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ki lometera .0 ', fhe v'en ,t (e.: g .. , Cerro 'Chrno), 
o Pl 'scement, s .t INS,I 'VUME').j of an automa1: lc tremor alarm . . . . . 

for · the new s~jJ~I~ ~ f atio~ 
o PI~cement of a tel,emetered ' tilt 51ati·on at Cerro 

Chino wi . th an automat i 'c ,alar.m ,at INSIVUMEH 
o Eat ~ b lis hap roc e d u r iii 0 f. r' e a d 'i n g.. p I' 0 t 't I n g. 'a n d 

I 'n t e r pre tin g the s· ~ ,f sm' i can d tel e met ere d t I, ltd a t a 
on an hour' l 'y '(m'ii'l H I'IU'm 4-hou 'rly)' baSIS at INSIVUMEH 

o Establ ish a r • .'gular pro ,gram, of 'EDM. dry-tilt. and 
lev .• ·ling monito.r r ng 0 " Paca'ya 

o Improve the hazard ma~s arid geol~gic stud i es of the 
• n t ire Ama tit I a n a r • a 
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APPENDIX I 

Tab Le 0 f wind direc tions 10~ 000 - 50,000 ft in a: ti tuc.e 

based on two years of radiosonde data at GuatemaLa Citij. 

The three most frequent wind directions (the directior. from 

which the wind is bLown) are Listed for each month, witn 

the percentage of the time that direction was appLicabLe. 

The percentage of the time caLm winds prevaiLed is aLso ~is-

ted 

Dire ctidns 

Month Most Freq. 2dn 
. 

3ro. caLm 

January W (23%) WSW (]? ) SW (]4 ) 13 

February WSW (2? ) SW (21) W (21) 5 

M(!lrch W (21 ) WS ~I (] 9) SW (] 3) ](/ 

Apri L W (] 2) NW (] 0) WNW (10 ) 10 

May NE (12 ) WSW (11) W (] 1) 13 

June E (16 ) ESE (]O ) NE ( 8) 19 

JuLy E (22) NE (] 5) ESE (11 ) 12 

Augus t E (23) ENE (] 8) NE (] 0) 9 

September NE (17 ) E (]5 ) ENE (] 2) 13 

Octobe r E (] 7) NE (] 5) ENE (]3) 13 

November WSW (14 ) . SW (] 0) w (]O ) 13 

December SW (] 5) WSW(] 2) W (7) 10 
I 

Source of Data: Sr. LeoneL Najera 

INSIVUMEH, Secci6n MeteoroLogia Aeronautica 
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Figure 1 Physio~raJlhic provinces of Guatemala ; from Roni-s 1967,_ s-how~ng 
the "'location pf Pacaya. 
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F.ig~re No. 3 
Approximate boundary of Amatitlan Caldera, as inferred by Wunderman 
(1982). Pacaya Volcano lies on the southern boundary of the caldera; 
Guatemala Citv \s only a short distance north of the caldera. 
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Figure S. Historic Eruptions of Volcan de Pacaya and/or Cerro Chino. all data from Meyer-Ablch. 1956 
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Figure <6, GENER'ALfZEO MOOERN(l961-1970) ERUPTIVE HISTORY OF VOLCAN DE PACAYA (f".,t;'('~/"'P . 
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