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SUBJECT: Hudson Volean° Report 
DATE: 	20 September 1991 

• Attached is a preliminary draft (with 3 tablea (f analyses) 
l of the INTRODUCTION/SUMMARY section of our report of the AUG-SEPT 
'UN mission to assist Chile and Argentina on some aspecto of the 
óruptiOns of Volcán Hadson, chile. 1 thought it best to send 

!this lead r.etion to the diatribution now, hecause the full draft 
.or our prellmInary reporu lb DuIllnU lutivuulti uwiazy L.0dic adJ-J: 
,stop in Argentina and the neonssity of my attendnnce,oL the EST 
Officer's workshop in Washington (on Monday) in preparation for 

'my new position in the US Embassy in Chile early next yedr. I 
'will continue to work on the report whlle in Washington, and 
alter receiving input that in pending on the seismicity from G. 
Fuentealba (UFRO) and on analyses/maps/samples from Argentina 
(0¿01111a and fiallae), 	 preolimignary wf,rewl, 
hopefully within 2-3 weeks, with the final report to i tollow 2-3 

, weeks theresfter. 

Please let me know by telephone or FAX of any etrors or 
'omissiona of ubl,Iervation lnd fact in the Summarv, so'that they 
'can be corrected and included in the actual report. 

pages of report and 4 pagas of tables. follow***** .  
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PRELimiNARy REPORT OF THE UNITED NATIONS MISSION TO VOLCAN HUDsON, 
CHILE 

21 AUGUST -- 15 SEpTEMBER 1991 

NORMAN A HANKS and hiallr 

U. S. GEOLOGICAL SURVEY 

INTRODUCTION ANID SUMMARV 

This report presents, in preliminary form. the technical data produced and 
observations m-acie during our UN-sponsored mission of approximately 3 wooks to 

. aasist the Chiiean and Argentinean governments w it.h certain aapects of thelr 
response to the 8-15 August 1991 eruptions of Voloan Hudson, 'southern Chile. 
Lare-bo.«. 	 , ‹.."u 	I} y I IV, 1-1 	1-11tfilik.,J 	101 naeLeu 
time on site, the evaluations and recommendations herein 5;i1OULD NOT BE 
'conaiaered an infallible forecast of the future expected behaviori of the volcano, 
NOR an all-encompassing guide for direction of improved responsd to tho current 

'unrest. There undoubtedly are some errors of fact as well as both omitted and 
'unnecessary observations and recommondations that are enciemic to a visting 
consultant. Our fin& report, 'u., be :ted in 3-5 weeks. will b i(lkoro td 

,Y IT 	y 	'ur L.1 lean 	na Ar;Itirleen counterperts w hC.;.  (1;z:'!1t11,t1t., 

‘rork on the problems assoolated with the eruptions and continuing unrest of the 
volcano, by incorpc>ration of more Inalytical data, by more thorough consideratkon 
of our fitild notes, and, perhaps, by new ovents that might occur ab Volcán 
Hudson. 

Our mission was charged specifically with assisting Chilean and Argentinean 
efforts in the evaluation of (A) the potential for environmental fluorine tiMeit'y 
p. 	 Iy 1,1 r, 	 eir'uputoris 01 mugLISL ii, ana t3) tne current dnd 

potentiel futures hazards presented by the volcano during this cycle of unreat. 
.Our findings, when coupled with collateral atudies by our Chilean and 
Argentinean oolleagues indicatp (1) low likelihccd of acuba fluorosis for grazing 
animals and essentially nona for humane in Chile and Argentina; 	(2). an 
uncertain, and perhaps non-existent, potential for low-level fluorosis in both 
pluma &reas of the ery pti9ne, 	exiabance a wirtain hutinroninuatmly avalusatari 
nydrologic hazards facing the Rio lbahaz and perhaps also the Rio Murta 
in Chile) and severa] others ir both Chile and Argentina, (4) probably measureable 
impact on grazing animals and possibly fish from reduced food Sources and 
Igastrointanstinal problzias related to ash ingestion; (5) high I,expectation of 
mccelereted wi@r of machinery, of frequent failure of Gleotronie componentn;  and 
pf degradad living conditions (and perhars soma some impact Jn 	 for 
rhe hiiman and animal populatierse nthe seuthamurn jUItIç 4 t uotii 	IiIo 

phico-Fachlnas to the Argentinean coatst, perhaps for yeara, owing to dry 
etrong winds, and airborne reworking of the fine ash, and (6) a potenLial for 
resumed volcanic activity that could broaden the scope of the impact and which, 
unfortunately, is not beinci monitored at the leve l that could provide the timely 
short- and medium-term forecasting needed by civil defensa suthorities for 
further response to the volcano crisis. In the long-term, however, the overall 
piffiart nf tho oinvirMee w411 Izo rasaitivb, 	NZ.,‘.#CtI" 4to 	;L2 VI 1 1.1)0 	I Ilt:24,1 WiLle0 
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of the border can be economically exploited, and the nutrient-rich addition to the 
aoila in Chile and the Patagonian pampa will improVe the growth of grass and 
shrubs used as feed by grazing anímele, Heweyer, land 1411 Planning ZPOUld be 
timpivyau ce guara again«, overuse ot tnis expeci.ed benefit, and a carerul long- 
term statistical study should be designad and immediately implemented to study 
'the short-, medium-, and long-term positiva and negativa effects of the ash 
depositas on the planta, animals, and humana. 

Delayed and reduced access to the field in Chile limited th
l
e scope of our 

'evaluatione and resulted in forecasts with leas than satisfactory Certainty about 
ithe hvrirnlnairml haterde that fane fho Win lhañol us11.s. peempas10 hhe 114e Mulle*, 
and perhaps other Chilean and some Argentineen valleys. However, referral of 
'out' data to Chilean and US debris flow specialists, plus the additjonal field work 
: we diecussed with our colleagues, may provide the information necessary for civil 
officials to better plan and direct preventative measures for exPected flooding 
and possibly also post-eruptive debris flows in- the affected valley. The delayed 
start in Chile siso restricted the time available to study the , -Impact of the 
arept-ke, -ie. 'NI 	 11 y Lny pcti LIal Uy z Lir k..c.mitur urii..0::+1 !ti CRICI Mb 	IrUb. 
!Thus, evaluation of fluorine toxicity and, in particular, the short and long-term 
health effects of the deposits and the wind-borne ash are not as clear In 
Argentina as they are in Chile. However, our Argentinean colleagUes outlined the 
'extensiva field studies that they have done, and they will be providing their data 
for consideration in the final report. 

We h"d, And rcad nw titcrioz;, ocstulatina notzritinilv CFEL95:11'nnhir ins ,A 
(as high as 1:1"-',:; !,r.  the reportad 3 million sheep and í iiii1Lo beef c;attle in the 
affected area of Patago;)4,e be-alise cf burial of graes, filling of water holfta by 
the blowing ash, and ash-blinding ot anbeals. Also heallh haaards to both 
animals and humans are feared because of pobantially high emounts of reElpirable  
fine ash in the arca. We were unable to c•btain information to clarify theae 
,hazards, to allay fears, or to provide informative statistics on the loases to date 
in the 'Anime] enpulation, although ene information m'urea plaeen Ihasa 155663 at 
only 200 sheep in Santa Cruz Province, Argentina. Thus, we outlinel a program 
that would generate the statistical data necessary to track the impact of the 
August 1991 eruptions of Volcán Hudson, and the expected arrive' 11,rithin the nen 
¡week of a USAID-funded volcano-experienced physidan and veterinarian should 
ausist clariflcation of the thrcat to human and animal health. 

The eruptions were significant (1-2+ km 3  of magmn) but not hine eventa 
buirivar-u. the inicaul 	August eruption (oeginnine about id20 h, 

August) wae from a basaltic (SO% S10 2) dike, northwaet and partly inside the 
r10x7-km, ice-filled, caldera. The basaTt erupte.zi both as a fire fountain and 
phreatomagmatically, producing a tephra and ash column 12 km hin, scoria flows 
that covered 10 km` of the western caldera floor and some unknown arca outside 
of the caldera, a 4-km-long lava flow over the Huemules glaciar, long-liv€Jd (12 
hours) wEittir flnndr; rinwn Rin Hnemillee and clin WrIpproon JQll1oo epiel a  mosso, 
low-volume (** km') airfall deposit to ** km north of the'volcano., This ash had 
e moderaba level (100-300 ppm dry weight) of soluble fluorine thet was quickly 
reduced to 2-10 ppm by heav y rains during the next 2 weeks. drass growing 
through this deposit has a background. fluorine content of about 30 ppm. The 
12-15 August eruption may have been due to secondary boiling b iggered by 
intrusion of the 8 August, or other, basaltic dikes into the andesitic magma body 

• 
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'under the caldera; bomba and lapilli of pumiceous andesite (60% S10 2) mixed with 
chilled basalt are common in the airfall deposite. The 3-day andesitic eruption 
produced a strong plinian column that ejected pyroclastic material into a very 
strong SE-directed stratospheric wind (185 km/hr) that kept the pluma narrnw 
:even 700 km from the voicano. Ballistic pumiceous bomba 1 melar in diameter 
were found 10 km from the vent where airfa.11 deposite were more than 2.5 meters 

:thick. The 10 cm isopach reached.just SE of Chile Chico (120 km 'E of the vent) 
and 1-2 cm of ash wats deposited at the Argentinean coast. 	Fortunataly, 
pyroclastic flows did not spill onto the outer snow-covered flanka of the summit 
Iduring this episode, and no additional mudflows were rapar d. 	However, 
Ibdally watt( ami pussiab fleme. wala f6lapet4mse. ka Y.1,'& ilariIteslurina 
,daily melting of the snow within days of the eruption. As mOlt of the thick 
,deposite on the steep mountainous terrain SE of the volcanlo are on and 
interleaved with snow, downslops movement and associated hydrolOgical problema 
for the downstream valles are certain tc accelerate as the summer melting and 
rains begin. The andesitio ash in Chile had low amounte of soluble fluorine (<20 
ppm), and grasa covered by or growing though the ash deposita has relatively 
ilow 	beickgrc.iund Muurin= uurivarit. 	Aluu, wittlyblb ur rhsv 	 th. 
Chilean depoaits suggest that downwind (Argentinean) fluorine values will not be 
,significantly higher. 

With the database at hand, we find it most difficult to maki any forecetsts 
;about the futura expected behavior of the volcano. In the firstl place, there is 
no hazard, map for the volcano nor le there a detailed history cf 1tsl.  past 
activity. As a result, we are unable to apply the past as the key to forecaating 
,zoce tui:ure. atIcvnuiy, 	 tuu-wlyuctKet4 Lurit.Isiueld itt Llic 	N.11unli. to  
the eruptions, and were still contibuipg atter our departure. Plot o this energy 
release does not describe.- the logarithmic decay typical of voloanoes which cease 
activity following eruptions of the size that occurred during the AuguGt 1991 
avante. 	Thirdly, monitorin 	15¿-4gan at minimal ley& aft..er•, nL before, the 
eruption, and 11., 1...-.1ased 3 Septamber after only 2 wea'fr•, dpite continuing 
emiemirihr falt 	fer 	i',-Ylihaainito (Rfl km) 	ThII , w1th niathear m hasplinp 
established, nor sufficient monitoring, we can offer only the two 0nd-fi-lamber 
alternativas to the continuing strong seismic activity: a) the edifice i adjusting 
,gravitationally to the ejection of,the 1-2 cublc kiikunetars of magma, or (2) 

l basaltic dikes continue to intrude the edifica. if the later, the potential for 
additional, perhaps even larger, eruptions existe. 

Our findings, recommendations, and preliminary field and labor,Itor y data 
were givern verbally 'des etilar with analytieal tablee and mape during heanly u 
dozen meetings and debriefings (also -in hard copy; see 10 September 1991 
memorandum) to the conLarneci at.ithorities before leaving both countries (to the 
Intendencia and Comite Ejecutiva de Emergencia in Coyhaique; i to ONEM1 and 
'SiERNAGEOMIN in Santiago; to a number of departments and ministries in 
'Argentina; and to PNUD etn d US embassy offices in both countries). 

A.mfinsi our recommuricidly,Qnt arei 1) piruijiate 1nnv thrzte sT the 
hydroloy nazaras presente 	y he new vo canic (Jopos] 	iniL atior or a 
well-supported and complete evaluation of the possible volcano hazards of the 
volcano; 3) establishment and maintenance of a vigorous ad appropriate 

i monitoring and alarm program for potentially impending eruptions and to arsiat. 
,confident economic recovery of the region with confident identirication of 
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cessation or znis cycle or eruptive eccerity; 4+) carerui 41.4.1.1*Liutt'l bLuit.ly yr Lin. 
effect of the ash deposite on the grazing animal in the affected area; (5) a 

kr the,  livyal rinient,5 or both riestibr,5 1..5 suppert aigreifiearit, lenge 
term, joint and meaningful geologic hazards programs to assist better preparation 
and response to the next eruption that is certain to impact both countries along 

ore than a thousand kilumeeers of common border. Clearly neaded is a cadre 
vc.lc-ctno haxarcl* volcanolosita ir, both oountriati with auffticierit eritical m'asen 
jointly or independently anticipate and manage the eruptions that are sure to 
ur in the future. Encouragement of such a group will require better wages 

a well as governmental and societal prestige for those who wish to dedicabe 
ir careara to what for Chile and Argentina is a necessary profession. 

The report will aloa provide a few observa-dona and recommendations based 
n remerienne during other voleano Griees whure addietY «nd ti¿tivt Y9iQ«n9es 
oexist. Among these are the .need: (1) to ettablish ,executive coordinating 
ommttees that meet regularly to coordinate and redirect inforniation, studies, 
nd resources, not only within variout disciplines (volcanology, civil response, 
ealth aspecto, economic recovery, proas, etc.) but between them; and (2) 

Implementation of regular (e.g. every night at 6 PM) radio 6,hd newspaper 
Lulletins that distribube the information about the volean°, hazarcls, and 

	

e¿setesa 	flediess te the »atiple and Isueineee 'ti-101100h) in the 
roa. Post experience indicatee that such communication builds1  confidence in 

government and morale of the population and thus provides earlier return of 
hope. Lack of communication can reault in eroeion of confidence, rumora, and 

reedless damage to or st.agnation of economic recovery. 

Contrlbutions to the Chilean study were modo by volcanologists and 
seismologists of SERNAGEOMIN, the Universidad de Chile (UC), and the 
universidad de let rronterix (:urrxu.). urs. nugc.) PlurtiflU atiJ Jx.,,tícs 1.1411 Gil IJV (Lie caiiJ 

SERNAGEOM IN), in particular, were nvkjor partners of effort and thought at many 
planning and retporuse meetinga and at some 60 sites in the field where volcanic 
ciepoSit4 (60 sitas), water (30-40 sitas), and grass (15-20 sitas) were sampled and 
Idescribed. Several flight,s ovar the caldera and the arada of airfall deposita, and 
the examination of various video segments addec.1 to the geologio reconnaissance 
br thec,rupt1v ovonl-a and eietaaament of pobontlal haza-de of Volcán Hudierpn, Our 
istudies were also augment:m.I by 2 field trips and sampling of remota sitas by 
carabinero teams, one up to the headwaters of Rio lbahez and the other to the 
toe of the Hut-irnulas glacier. About 40 ash and 30 water samples were prncessed 
and analyzed on 3.i1:3 for F, Cl, pH, and conductivity with the portaba Ion 
iSelective Electrodo (ISE) equipme,nt hrought by the UN/USOS team. Adclitional 
ilsamples were shipped to the US for furt.her analyses or were submitted Lo 
15tHNRCitUMIN; 	some o/' tne sampleu %fere givon Ç Dr. Albei 	 U. 

!Universidad de Chile (UC) for F analyses. Dr. Villa kindly allowed incorporatation 
these data and other analyses he has done. 

In Argentina, Dr. Hugo Corbella (CONOCIT), Dr. Miguel Hailee (Univ. de la 
!Patagonica), Lic. Hector Ostara (CONICET), and Dra. Roberto Pago and José Mendiet 
(Dirección Nacional de Mineria y Geologia) provided us with a fruitful interchange 

	

Qrianr-sa onci hi.r'r 	amMnt nn thaa riemnrsits Rrld snAcial nroblems of 

	

,airborne reworking of 	the e1...h in Santa Cruz Province, Argentina. 	We are 
iexpecting additional data from this source that will be incorporated in the final 
report along with some of the ideas spawned during these meetihgs. 
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we were supported flnanuailly and diroc..Lly Ifi Limo field and in both catbitbla 
• by the United Nation Development Program in Santiago and Buenos Aires, and in 

Chile by the Oficina Nacional de Emergencia of Chile (ONEMI), esspecially ONE1,11's 
field Manager Cristian Pefla. Many other individuals and additional resources of i 
the Intendencia (Coyhaique), EMSAA (Coyhaiyue), Carabineros, any Fuerza Aerea 1 , - is-o supportisd our work in Chile. Most of the sampling and. hazards observatiQns 
wa malla <IN Chile, uiistilW hui. honn impnocihlin withni it tha : 	 inteirwr willinonazs. 
nd skill of our Carabinero and Fuerza Abre« pilota and crews, wi h whorn it was 

'a very definite plaasurs to work. 

• -•• 
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2--Anallsis Químico de 1ipo Electrodo Ionico Selectivo 
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