Central America’s most active volcanoes
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There are
probably
sedimentary and
igneous
components to
this influence
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Major Volcanoes of
Guatemala

Lago (1N
Coban do o

*
GUATEMALA
a Maria

inka, USGS/CVO, 1998; basermap modiied from:
- volcanoes from Simkin & Siebed, 198

Santa Maria/Santiaguito, 20 km?, 40 ka

*Growth of basaltic-andesitic
composite cone: 75-34 ka

‘Repose (with rare andesitic lava
eruptions?) : 34 ka-1902

*Dacite explosive eruption:
1902 B

*Continual dome extrusion:
1922-2001

A “child” of Santa Maria, Santiaguito is an active dacite dome, which
has erupted every day since 1922. It has killed hundreds of people and
causes millions of dollars of damage to infrastructure each year

ﬂ

Santa Maria

October 1902 eruption




1902 crater of Santa
Maria exposes a
remarkable composite
sequence of andesitic
flows that were
erupted during ~34-75
ka and which record a
paleomagnetic and

geochemical variation.

Santiaguito has grown in spurts of extrusion, which
has created several dome units that abut each other.
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“Caliente

Santiaguito is a long-lived
continuously active, volcanic
dome complex, which has
been growing since 1922. It
has a total volume of about
1.1 km3 and is the residual
of a much larger (>10 km3)
magma chamber that formed
within Santa Maria during
several millenia and erupted
in 1902.
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Improved Volumetric Constraint using Landsat TM
Harris, Flynn & Rose, Bulletin of Volcanology, 2002)

Caliente I
Santiaguito’s long
L Bnjo eruption continues to be
Monje ElBmjo & . . a1rQ
N S e episodic. Inrecent years
v .
we can get more precise
data from satellite IR
measurements.
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Current (Jan 2002) activity
consists of a long merapi-

type lava flow with prominent
Levees which terminates in
the valley of the

Rio Nima II.

Erosion of a new canyon

east of the 1996-9 flow

and breaching the 1902

crater rim is dumping lots

of sediment into Rio Nima I

Santiaguito in January 2004; O Matias, INSIVUMEH
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Direct observations of
active block lava
extrusions and associated

phenomena.

Maurice Krafft Harris et al, 2002, Bull GSA 114: 533-546



valanches, fumaroles,
vertical explosions from
conduit, endogenous and
- exogenous extrusions

*mafic clots

Santiaguito Lavas 1922-present

1950 2000

Dacite lava extrusion for 45 years,
now becoming more mafic, and
more exogenous.

mmrech Maurice Krafft

Dacite magma of Santiaguito October 2003, Caliente Vent, Séntiaguito

has 64 % SiO2 and about Guatemala—after the collapse
35% phenocrysts

and makes a highly viscous

morphology.

Large volumes of hot
viscous magma are found
at substantial elevations,
representing substantial
hazards to nearby
populations




Dome or flow October 7, 2003 Collapse event
front collapses caused a pyroclastic surge that burned -~

with block and a dense cloud forest.
ash flows occur

about once a
year

JuIy 1989 photo by Mike Conway, from 10 km S of
Cahente Vent T;hls bloqk and ash ﬂow‘travell.ed 4 km

Magma chamber depth 5km
Magma chamber volume 50 km®
Conduit diameter 60 m

’ : _ . Melt water content 5 wt%
- Vertical explosions of ash and bombs occur every 20-100 j . Magma temperature 830°C

o q g 5 a 3 p Magma crystal content 03
minutes from a vertical conduit of viscous dacite magma. This p " Max. crystal growth rate 43102 ms?!

q N i1 " Max. leati 1t 5.7x10° m? !
has been true for decades and it happens during both slow and ' Max. growth undercooling 200°C
rapid conduit flow.

Max. nucleation undercooling 250°C

CONDUIT

discharge rate (m3/s)

Conduit Flow Modeling

40

Melnik et al, in prep time (years)




Observation

point: 3770 m\

Observation
point, 2500 m

Observation
point, 1200 m

Special
Way To Go
Issue

Summit
vantage for
eruption
observations

Some have reported visual
and auditory hallucinations

*Accessibility to
prime observation
points,

*Dependable
weather in dry
season mornings,

*Daily diverse
activity

Annals of

II
£l : X &
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Mateh | April 2004 56,50 US | $0.50 CAMY TS

Access to Study areas at Santiaguito is good--access to

prime observational areas is “safe”

Climbing

L route




Santiaguito eruption, 1/11/02 8:11:02




Schematic view of Santiaguito’s

conduit, as inferred from observations )l
of activity. Incremental plug flow of
conduit occurs with an overall rate of e
about 0.2 m%s, generating ash .
eruptions from sheared margins o
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Current generation of volcanic centers in Guatemala and El Atitlan Caldera, Guatemala, 250 km3, 158 ka
Salvador are <200ka and their morphology is strikingly more

constructional than older erosional features. Phonolite Voluminous brief

eruptive events,
long reposes,
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*Bellweather volcano-->60
explosive historic eruptions Na2O+

*Excess gas releases K20
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Fuego, Guatemala-- 17 ka, 135 km3

. . . . 16
*>60 explosive historic eruptions :
14 Phonolite

* lahars, ashfalls, pyroclastic 12
flows, lava flows 10
Na,0+KO 8

Continuing Eruptions of Fuego , B

Volcano, Guatemala--satellite P 4 v \ Basalt and basaltic
s / N 3 andesit

data can contribute to forecasts andesite

Vulcanian and
strombolian

Fuego’s Historic eruptions cluster-- Fuego Volcano, a high basaltic cone;

: (14 29 4
Clusters may represent magma batches often in “open vent” condition

7

Average SO2 emission rate,
1975-2000: ~150 tonnes/day

= 1
1500 5 1o

Reported Eruptions — Runming Average Eruption
Major Eruptions =——m Mo Eruptions / 40 yrs. Clusters

Rose et al, 1978, JVGR 4:3-53




with
frequent
vertical ashy
explosions,
sometimes
generating
small
pyroclastic
flows

Volcanic Processes at Fuego

Vertical ash/bomb
explosions

Ashfalls

Spatter ramparts
Lava flows

Block & ash flows
Lahars

Low level activity

On steep slopes

Wind direction e

o Umbrella region

Level of / /
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buoyancy '/'/

Convective [

ascent 1 Y

Gas I

thrust |
sphere N\

Wind speed — Rise velocity— Density —

[ “__shearing of rising magma

Gas exsolution, formation of bubbles
Volatiles dissolved in magma
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Expansion

Plinian
column and
block and ash
flows, Fuego
14 October
1974
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Ra_te o_f Onset Peak Relative quiescence
seismic of earthquake rate Eruption(s) Post-eruption : B
Visualizing
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processes regional pressure heating, interaction with magma moves withdrawal,
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Open vent gas emission variations:
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Fuego and Earth Tides
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Fuego is known to respond to earth tidal variations during
its open vent conditions.
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Triggers from internal forcing

Internal Forcing
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Fuego’s open vent activity may change from
“vulcanian” to “strombolian”

8 Jan 2004

A strombolian eruption generated a 5
km long spatter fed lava flow

This change could reflect a widening

Jan 2003 vent, which affects the eruptive style




15 January 200
USGS photo,

Spatt
accum
tions for
. thin lava
flows

Lava flows
break up;
form Block
& ash flows

Taniluya Gonizt

15 January 2003
USGS photo
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O Camalig

Fig.13.4.Typical areal distribution of four different
types of products of a major explosive volcanic eruption:

(a) Lava flows restricted to the upper part of a volcaniccone;

(b) pyroclastic flows extending to the foot of a volcano;
(c) lahars continuing into the foreland

(d) more widely distributed fallout tephra. Eruption of
Mount Mayon (Philippines) in 1968 (232)
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Las Lajas

Accumulation of
pyroclastic flow deposits
on steep upper flanks of
Fuego threatens the
barrancas downslope

because mudflows will
be triggered by heavy
rains when the rainy

s€ason comes

15 January 2003
USGS photo




Recurrent issue, related to
seasonal rains

Lahars expected
from Fuego
beginning late
April, when rains
begin

block &
ash flow
deposits

' i )
) XVD

Substantial masses
of loose materials
lie on the steep the
SW and W slopes
of Fuego also.

Rio
Taniluya Rio Ceniza

15 January 2003
USGS photo




Accumulation of
fragmental materials
1S more abundant in
Las Lajas and El Jute

than in Barranca

Honda

L

S

15 January 2003
USGS photo

Fuego’s summit crater has a low point to the
west, which channels material from the eruptions
in that direction.

Otoniel Matias, INSTVUMEH, 11 Jan 2004

Lahar
hazards of
Fuego
Volcano

USGS Open
File Report 01-
431

Vallance, Schilling,
Matias, Rose &
Howell, 2001

X r
Finod los Diann|
/

Current focus on Zanjon Barranca
Seca, west flank of Fuego




Zanjon Barranca Seca Heavy rain on block & ash flow leads
' to “Lahar” = volcanic mudflow

Such events may
= be detectable with
= “AVHRR

; Rudl gerEscebar,
_ = CONRED

Rudiger
' ' ‘ . ; : Escobar,
Pyroclastic flows filled barrancas west of Fuego, July 2003 g CONRED

Channels on west slope of Fuego filled with

lava flow 5 km long, Jan 2004 Fuego future

ash eruptions and associated ashfalls
Spatter fed lava flows

Block & ash flows from ash events and from lava
flows on steep slopes

accumulations of fragmental materials will lead to
destructive lahars

activity 1s most likely to be at a low level
regular observations and measurements to detect
changes are very important

Otoniel Matias, INSIVUMEH, 11 Jan 2004
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Guatemalan volcanoes include 3 Major Volcanoes of
continuously active centers, Santa EUALE
Maria (Santiaguito), Fuego and

Pacaya. But that is NOT all!

These volcanoes are important foci
for study of volatile emissions, but
we must face issues of how to obtain X
. . A N Image © 2006 TerraMetrics, -
data on inactive vents... i) AN
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% Pacaya basaltic
a %‘Last decade y

. . . 2 fountaining,
*Continuously active since X% &
1965 & flows: 1965-

ePorphyritic Hi Al Basalt, . ﬁ o 2001
variable MgO ; :

Pacaya magma compostions
*Highly variable degassing e }1 "
\ ﬁ m

eLarge gravity anomalies

*Collapse features 3 \' Magma body near surface,

eHazards need attention Kinematic GPS/gravity open vent

Summary of 1965-2006 activity underway to encourage
visiting scientists to study this dynamic volcano
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El Salvador has many accessible volcanoes, but a paucity of
real volcanic activity in the last century or more. A sleeper for
volcanic hazards, there is a dense population, living in
remarkably hazardous locations. How can we devise a strategy
for measuring volatile flux?
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