
Chemical and physical properties
of volcanic aerosols

More uncertainties in climate
prediction?

J.H. Obenholzner (NHM/Volcanology – Austria)
& M. Edwards (CEE/Virginia – USA)

BaSO4 on glass fiber



Dear audience:
This ppp hopes to be an introduction to volcanology to the 

non-specialists. Please follow the provided links to learn more
about state-of-the-art research and knowledge provided by

 hundreds of active researchers and scholars. All slides can be copied 
freely for non-commercial usage. Please drop a message to 
M. Edwards (edwardsm@vt.edu) and to J.H. Obenholzner 

(obenholzner@a1.net) if you use presented material for teaching.
Marc and I started to cooperate as my particle research and his 

gas and fluid chemical studies of the various environments produced
many questions. This ppp tries to summarize open questions 

(physics- vs. chemistry-dominated approaches) 
concerning the volcanic aerosol, climate modelling, civil protection 

issues. An unpublished repository of ICP-MS, GC/MS, SEM
and FESEM data exists. Please contact us, if you are interested.

As long as mankind has to cope with the dynamics of this planet, and maybe 
later with the dynamics of other planets, will we be able to filter air for

breathing, and/or filter raw materials from i.e. volcanic exhalations?

 

 



• 1. Basics of volcanology
• 2. What is the typical volcanic aerosol? Gases (H2O, CO2,

SO2, H2S, CO, COS, CH4, H2, HCl, HF, SiF4, O2, S2, N2,
CS2, SO3, NH3, B, Br, Hg, halogenides of metals and of rare
earth elements), solid (glass, mineral/-oid and rock
fragments) and liquid (H2SO4 droplets) particles (i.e.
Wohletz & Heiken, 1985; Obenholzner et al., 2003;
Delmelle et al., 2000; Francis et al., 1996).

• 3. Volcanic eruptions and climate (i.e. AGU book by
Robock & Oppenheimer (eds.) 2005.

• 4. Approaches to quantify volcanism of Earth.
• 5. News: PH3 as a trace gas of fumaroles and cooling lava

flows. Unquantified fluxes of Ba,Tl etc.. Heterogeneous
nucleation of particles on glass. Are such particles IN and/or
CCN? Is Ba a nutrient for bacteria as CCN?



Ignimbrites of supervolcanoes are not included.

Simkin & Siebert, 1994



Simkin & Siebert, 1994



Simkin & Siebert, 1994



FLOOD BASALTS – LARGE IGNEOUS PROVINCES
AREA >0.1 Mkm²

Ernst et al. 2005

m.y.



LIPs
OF

THE
RECORD

OF 
EARTH

See also:
www.largeigneousprovinces.org

www.mantleplumes.org



THE LAKAGIGAR
 (LAKI) FISSURE

ERUPTION 1783-4:
CA.15 km³ OF 

BASALT
-

A MINIATURE
VERSION OF A

LARGE IGNEOUS
PROVINCE

SO2 ca. 1.7Mt/day
Duration: 7-8 months.

Ca. 40 t of  Zn, 1 t of Pb
 and Cd (reconstructed

 from ice-core chemistry)
Hong et al. 1996.

Metrich et al., 1991

LakiEldgia



Thordarson & Self, 2003



Laki: SO2 ca. 1.7 Mt/day 15 km³ 7-8 months

Columbia River basalts (USA): SO2 ca. 12 000 Mt/10 years
released by one flow of 200-300 flows during 1-2 m.y.;

present volume: 1.8 x 105 km³; age 16 m.y. 

Deccan (India - +/- KT boundary) and Parana (South America
- early Cretaceous) flood basalts are

at least one order of magnitude larger than 
Columbia River basalts. 

Rampino & Self, 2000



The Miocene climatic maximum is earlier than CRBs!
δ13C of deep sea sediments show high values for 

time-equivalent deposition (ca. +2.2%o) during the Cainozoic.
Only late Paleocene values are higher (ca. + 2.4%o) – Zachos et al.,

2001. 

High volcanic activity would support greenhouse warming by
volcanic CO2 fluxes. Particles would support cooling.



Volcanoes and CO2

Active volcanoes release
CO2 through active and passive degassing. Many volcanoes

release CO2 diffuse through the edifice.
Many volcanoes are situated on massive carbonate platforms
which can be contact metamorphosed at depth or assimilation

of carbonates is happening (Obenholzner et al. 2003).

Popocatepetl volcano, Mexico released 16 Mt of CO2 between
December 1994 and November 1996 (Goff et al.,1998).



NANOPARTICLES OF PLUMES

Pfeffer et al. 2006 studied
Particles of Poas volcano,

Costa Rica by HRTEM and AFM.



LAVA FLOWS 15th & 17th CENTURY

Tazieff 1988

& XIX

Lava flows
XV & XVII

XVIII
XX

1983

Ionian
Sea

Mt. Etna,
Sicily

Sampling site of 
PH3 studies:
2560 m a.s.l.
<3-8 ng/m³

01-2005

Max. volume of historic 
lava flows:1614-24 

1050 x 106 m³



Results of PH3 studies
1. Mt. Etna: Sampling site had been close to the root zone of the lava flow (2001)

at ca. 2560 m a.s.l.. Background levels are <3 ng/m³. Values of 3 samples range
from <3 – 8.3 ng/m³ in the presence of SO2 (7-12 ppm). Sampling time had

been ca. 10 min/sample in Tedlar bags. P of downwind from the craters
deposited snow  range from 2-73 ppb (Jan. 2005). Distal lava flows emanated

visible vapor during cold morning hours.
2. Vulcano Island: Sampling sites had been a beach fumarole, vents along the rim

of La Fossa crater and water of bubbling, natural pools. The vents had been
sampled twice in Jan 2005 and May 2005 utlilizing a Si-coated stainless steel

probe in May 2005. The temperature of the vents ranged from 100-394°C. The
PH3 values (O-202 ng/m³) do not correlate with temperature but to a certain

degree with H2S values. Gas samples at the base of the crater and at the
geothermal area reveal 3-10 ng/m³. Water samples: 1.2-1.3 ng/m³.

3. At Solfatara crater, Pozzuoli, Naples P had been detected in H2O adsorber
liquids by ICP-MS (bubbler 1: 25-198 ppb; bubbler 2: 4-16 ppb). The low

solubility of PH3 in H2O (0.01 mol/L ) might indicate the presence of PH3 there
as well.

4. It remains unknown if volcanic PH3 is a precursor of bioavailable P species.
5. Reduced P in the environment (Morton et al.2005a+b).



Mobile phosphorus in the volcanic environment:

Micro-mineralogical studies revealed rare phosphates on ejecta
of Mt. Vesuvius: Ce-britholite and monacite (Russo et al. 2004).

Florencite (REE phosphate) is known from the rock coatings
of La Fossa crater (Fulignati et al. 2002).

Stanton (1994) summarized volcanic aerosol and 
ore deposit data of P and speculated

about the existence of P-S compounds in plumes (see also
Obenholzner et al. 2003). Recent petrological studies also indicate 

volatility of P at magmatic temperatures and pressures
 (Dreher 2002).

At the moment no model exists if low-temperature (<450°C)
PH3 could be a precursor of phosphate minerals.



Falb 1875Mt. Etna, Aug. 29th 1874



Guest &
Stofan,
2005

Slab-crusted lava flow, Mt. Etna
1983; 100 x 106 m³

Type of sampling site



Tardy 1989

(7) Volcanism rate

Approaches to quantify volcanic activity of Earth



Ronov
1976



Ronov 1976



Perrota & Scarpati
2003

Campanian Ignimbrites, Italy

Early Würm glaciation
In the Alps.



Rolandi et al.
2003

Campanian Ignimbrites, Italy

Y5 ash layer and
inferred isopachs
of air-borne ash.

Inferred distribution
 of <1 cm Y5

ash layer 



The CI (39 ka) is at a distance of ca. 1500 km from vent still detectable
by co-ignimbrite ash (particle diameter ca. 1.5 µm).

Rietmeijer (1988) modeled settling velocities for Si-rich grains in the
atmosphere. Single Si-rich grains (density 2.35 g/cm³, particle

diameter ca. 1.5 µm)
would need ca. 1000 days for a height of ca. 6 km, ca. 200 days

for ca. 2 km, and ca. 150 days for ca. 0.5 km assuming dry deposition.
Particles below 1 µm in diameter will settle below Stoke´s law values

(Bonadonna et al., 1998).
The density of bubble wall shards and pumice fragments is 2.34 g/cm³

and 2. 46 g/cm³, respectively.
The minimum volume of the CI is ca. 200 km³ (DRE).

Volcanic ash deposits are a skeleton of an eruption. Volatiles (one of
the driving forces of an eruption), condensed volatiles, soluble

nucleated particles and +/- sub-µm particles cannot be studied anymore.
Exceptions are trace elements of tree rings, ice cores, ombrotrophic peat

bogs and to a certain degree the paleontological record and ore deposits.   



The Campanian ignimbrites (7: >300 ka -23 ka) and the Neapolitan
Yellow Tuff (12 ka) are relative small products of

supervolcanoes. Scientific discussion continues if most of them
are related to graben-forming, extensional tectonics or to a nested

caldera (De Vivo et al., 2003; Orsi et al., 1992).

The Toba caldera (Sumatra, 100 km x 30 km)
 erupted ca. 75.000 years ago and caused stratospheric aerosol burden
 for ca. 7 years. Chlorine injected into the stratosphere destroys ozone

(Pinatubo 1991: 4.5 Mt of HCl - Tabazadeh & Turku, 1993). 
Human genetic research indicates

 that the „bottle-neck“ phenomenon orignated at this time.

The Ordovician of the Eastern Alps hosts a metamorphosed ignimbrite (?)
sequence (ca. 600 m thick) exposed along ca. 300 km (Heinisch, 1980).

The circular-shaped plutonic complex of the Jurassic White Mts.,
New Hampshire, USA might represent the exposed root zone

 of a supervolcano (diameter ca. 300 km).
  



2001

Scale bar:
5o km

SUPERERUPTIONS:
:www.geo.mtu.edu/~raman/EhazSuperEruption.html

Link to

volcanology



LA FOSSA VOLCANO,
VULCANO ISLAND, 
N of SICILY, ITALY

30 cm

PH3 and aerosol particle 
sampling site.

PH3 0-200 ng/m³ at 
different vents.
Ca. 300 m a.s.l.

2001-2005



Si-rich glass fiber



1 = Au, Ag
2 = Al-C-O (CANCRINITE?)



FROM 2001 –2005 SEVERAL AEROSOL COLLECTION (AC) 
AT 25-70°C AND CLOGGING EXPERIMENTS (CE)

HAD BEEN PERFORMED AT A FUMAROLE
 (ca. 317°C, MAY 2005). A VARIETY OF FILTER MATERIALS

 AND MINERAL SURFACES HAD BEEN TESTED.
PARTICLES HAD BEEN STUDIED BY FESEM/EDS

 AT ZFE/TU-GRAZ, AUSTRIA.

ONE OF THE MOST INTERESTING FEATURES IS: 
AFTER 4 HOURS OF CE SINGLE GLASS FIBERS ARE

 OCCUPIED BY A SINGLE METAL CHLORIDE, 
NEIGHBOURING FIBERS ARE FREE

OF NUCLEANTING PARTICLES. TO A MINOR AMOUNT
ALSO METAL SULFIDES ARE NUCLEATING 

ON SINGLE FIBERS

  



Filter material Nucleating particles
Borosilicate fiber AC Pb-Tl-S-Cl, Ba-S-O, NaCl
Rock wool (RW) Bi-S, Bi-Cl, Bi-S-Cl, Pb-Cl, Pb-S,
& Glass wool (GW) Pb-S-Cl, Tl-Cl, Tl-S, Tl-S-Cl,
 - (CE) - Pb-Bi-S-Cl, Pb-Tl-S-Cl, Au, Ag,
 Ba-S-O
Millipore 0.2 µm AC S (*)
Keddeg coalescer AC NaCl, KCl, Ti
Quartz CE Pb-Cl, Pb-S, Pb-S-Cl, Tl-S-Cl-Br, Tl-Pb-S-Cl

 (*) S is nucleating on all filter materials at the coolest parts. These S
particles are unstudied yet.



Gold particles from the fumaroles (170-540°C) of 
La Fossa volcano had been described by Fulignati et al. (1998).

They observed them in siliceous, hydrothermally altered
pyroclastic rocks. 

Our study documents Au and Ag on GW fibers of the CE
at ca. 300°C, and on RW fibers of the AC at 25-70°C (Au-Cl). 

According to Taran et al. (2000) the precipitation of Au 
from the volcanic gas indicates oxidizing conditions and starts

at ca. 400°C. 
However, no free air should be able to enter the clogged vent 

during CE. Nota bene: Only the samples from Aug. 2004 
showed Au and Ag particles. 



White = Pb-Cl

Beam damage



RW fiber



White = Bi-Cl

Si-rich glass fiber



• Nucleating crystals (mineraloids) and the melting point problem of the
clogging experiment (CE):

•
• All analyzed chlorides and sulfides on filters (fibers) have higher

melting points and boiling points than the measured T of the vent in
consideration (min. 317°C) - the exception is Bi-Cl. BiCl4 (known
only as a chemical compound) melts at 226°C. BiCl3 (only known as a
chemical compound ) melts at 230-232°C; boiling point is 447°C.
According to the mineralogical data base (ATHENA) no Bi chloride is
known in nature.  An interpretation of our Bi-Cl data favoring
bismoclite (BiOCl) can be excluded as the O peaks are within the
range of background from the glass fibers.  Other metal chlorides and
sulfides (Bi-S, Pb-Cl, Mn-Cl, Pb-S, Tl-Cl = TlCl(?)) have melting
points higher than 430°C.



Ti, SOrganic fiber,
Keddeg coalescer



„Filter material“ produced by volcanic eruptions,
best studied at Kilauea, Hawaii (Heiken & Wohletz, 1985; 

Meeker & Hinkley, 1993):

Pele´s hair – glass fibers
Pele´s tears – glass spheroids/droplets

Microspheres –partially crystalline
Reticulite – open-framework structure, glass

Artificial basaltic spheres exposed to fumarole of
Mt. Etna (Spadaro et al., 2002).

FESEM or HR-EM studies of nucleated crystals are missing.
Are volcanoes teaching us how to protect ourselves from them? 



Smorodin & Hopke, 
2004



CLASSICAL THEORIES OF HETEROGENEOUS
NUCLEATION CANNOT EXPLAIN OBSERVED

PARTICLE DISTRIBUTION:

+ NO FLUID PHASE
+ SINGLE FIBER ANOMALY



AVAILABLE DATA SETS ARE IN AGREEMENT WITH THE 
SINGLE FIBER ANOMALY FOR THE ca. 317°C VENT.

 RW AND GW SAMPLES DOCUMENT THIS ANOMALY
 (08-2004 and 01-2005).

RW-MD AND RW-HD SAMPLES FROM A ca. 400°C VENT
DO NOT DOCUMENT THE SINGLE FIBER ANOMALY

(01-2005). METAL SULFIDES NUCLEATE IN A „FLOWERY“ 
VERSION ON FIBERS.  

The single fiber anomaly had been also detetcted on tremolite
asbestos (O, Ca, Mg, Si) fibers (Al, S, Cl, Ti, Ni).



Is the single fiber anomaly expressed by metal chlorides and to a
 minor degree by metal sulfides linked to a T-dependent window?

 (Nuccio et al. 1999 considered T of fumaroles as a subordinate parameter 
regarding its potential monitoring value.)

Preliminary data confrontation suggests that at ca. 400° C the single fiber anomaly
cannot be detected anymore. It is also important to mention that at

 ca. 400°C RW-MD and RW-HD had been employed as filter material relative to 
RW-LD and GW at ca. 300°C.

According to classical physics and chemistry no obvious reason exists
for such a bias. Is the natural situation the only possible set-up 

for experiments and the reason for the bias, or is it necessary to design 
new experiments at old fumaroles?

Preliminary data could be also interpreted as evidence for phenomena related 
to non-classical physics. 



PARTICLE CHEMISTRY IS IN CONCORDANCE
WITH ACCEPTED GEOCHEMICAL MOBILITY OF

ELEMENTS, EXCEPT REEs, Ti AND Al.

QUESTIONS REGARDING VOLATILITY 
REMAIN UNANSWERED ACCORDING

 TO SAMPLING SITES AND DIFFERENT
 ANALYTICAL TECHNIQUES. 



 

VES:Venturi effect system

F0 FUMAROLE, LA FOSSA VOLCANO, ITALY
(MTE = METALLIC TRACE ELEMENTS by ICP-MS)



OUR SAMPLING SITE IS NOT EQUAL TO F0, BUT ONLY
 SEVERAL METERS AWAY. THE SMALL DIAMETER 

OF THE VENT PERMITTED THE CE. FESEM/EDS COULD
 ANALYZE ELEMENTS OF PARTICLES

(MTE = METALLIC TRACE ELEMENTS):

Low-volatility MTE: Al, Mg, Ca, Mn, Ce, La, K, Co (<>Fe?), Fe, 
Ti, Ba, Si, W, Ni, Mo (<>S?), Cu. 

High-volatility MTE: Zn, Sn, Ag, Pb, Cd, Cl, As, Tl, Au, Bi, 
B (indirect in barberiite [NH4BF4] on GW at AC), Br.

Toutain et al. (2003) analyzed SO4=, F-, Cl- and MTEs. This study 
comprises MTEs and F, I, S, N, P, Cr, Hg, Ag, O of particles.

 Up to now elements analyzed by Toutain et al. (2003) have not been 
detected yet by FESEM/EDS: LV-MTE: Sr, Nd, Rb, Dy, Y, Pr, 

Lu, U, Ga,Th, Nb, Zr, Ta, Sc(**); HV-MTE: Sb, Li, Pd, V, Ir, Se(*). 
(*)Te grains with minor amounts of Se had been detected by

Fulignati & Sbrana (1998) utilizing SEM/EDS. 
(**) 1 Sc-bearing particle had been detected by P. Hopke on May 2005 glass wool (CE).  

Sulfosalts from the fumaroles of  La Fossa v. contain: Pb, As, Bi, Cd, Se, S
 (Borodaev et al. 1998, 2000, 2001; Vurro et al. 1999).



AEROSOL PARTICLE COLLECTION ON VARIOUS 
FILTERS SHOWS A WIDE VARIATION OF
PARTICLES. ANODISC (Al-P-O) CERAMIC

FILTER COLLECTED ONCE Hg-S PARTICLES,
AT ANOTHER TIME REE-CARBONATE PARTICLES.
THESE PARTICLES HAD NEVER BEEN DETECTED

ON OTHER FILTERS.



White = Hg-S on Si-rich
particle

Filter material: Anodisc



S

1 = Ba-S-O

Filter material: Millipore

Are the „veils“ the product 
of the proposed gas-to-particle

conversion from SO2 to S?



IS THERE A MONITORING VALUE OF DEPOSITED AND 
NUCLEATING PARTICLES?

+ DESIGN OF EXPERIMENTS TO CONTROL/MONITOR
 CHEMICAL AND PHYSICAL PARAMETERS

+ COMBINATION OF TECHNIQUES (FESEM/EDS, GC, ICP-MS)

+ SAMPLE CHANGER, I.E. MODIFIED TIME-RESOLVED
AEROSOL COLLECTOR (TRAC)

(LASKIN ET AL., 2003)



ADVANTAGES OF FESEM/EDS:

+ HIGH RESOLUTION
+ PARTICLES >70 nm CAN BE ANALYZED

+ DETECTORS: SE, BSE, EBSD, TE (LASKIN ET AL.,2005)
+ COATING NOT NECESSARY



PARTICLES NUCLEATING ON FIBERS CONTAIN
ELEMENTS WHICH ARE IMPORTANT FOR 
CATALYTICAL PROCESSES AND STORAGE

COMPOUNDS OF THE HYDROGEN ECONOMY.

CAN VOLCANOES SUPPORT NEW CONCEPTS
OF ENERGY? 



Crabtree et al., 
Physics Today,

Dec. 2004



Crabtree et al.,
Physics Today,

Dec. 2004



WHICH DATA INITATED THESE EXPERIMENTS?
SEM/EDS STUDIES OF TRIASSIC AND MIOCENE

 ALTERED/METAMORPHOSED
PYROCLASTIC ROCKS AT EES/LANL

HAD BEEN THE FUNDAMENTAL DATA SET
FOR EXPERIMENTS AT FUMAROLES

(see next 2 slides).  



Obenholzner &
Heiken, 1999



OBENHOLZNER
& HEIKEN, 1999

SEM/EDS study of a
Triassic ignimbrite



Filter material:
Anodisc

Heterogeneous
La, Ce carbonate

particle



gx15487: AN-1-V, 25427-1, 15kV

Spectrum of La, Ce carbonate particle



REEs:
Mineralogical and geochemical data exist on the 

mobility of REEs in mostly hydrothermally influenced
 geo-environments (i.e. Jones et al., 1996).

REEs are important to characterize 
the descendence of magmatic rocks.

Data of recent to sub-recent fluids containing REEs are rare
(Nozaki: La-bearing fluids, REE contents of sea water;

Metzger et al.: La-bearing daughter minerals of fluid inclusions 
of carbonatites (Magnetite Cove; USA)). Banks et al., 1994:

Fluids of El Capitan pluton, NM.

We report for the first time of Ce-La carbonate aerosol particles 
collected in a high-sulfidation, fumarolic environment – La Fossa

crater, Vulcano island (CO2 is present!).

 



CANCRINITE – ideal formula: Na6Ca2[Al6Si6O24](CO3)2.2H2O (Hassan 1996)
Maximum losses of H2O at 304°C and at 683°C.

Maximum loss of CO2 at 949°C
 

CANCRINITE (Litvin et al., 1981)
General formula: (Na, K, Ca)6(AlSiO4)6.R.H2O

R=Cl’,(OH)’, CO3’’ or SO4’’
Spontaneous crystallization at 300-550°C at ? atm.; channels.

 CANCRINITE (Jatchow et al., 1966)
Synthetic, hydrothermal Na2CO3-cancrinite: needles with channels at ca. 400°C and 800 atm.

Synthetic, hydrothermal CaCO3-cancrinite: needles at 410-470°C and 300-1000 atm.
 VISHNEVITE (Hassan et al. 1984) – solid solution with cancrinite

Na8Al6Si6O24.2H2O.SO4

DAVYNE (Bonaccorsi et al., 1990)
(Na4.4 K 1.5 Ca 0.1 )Ca 2 (Si 5.9 Al 6.1 O24)(SO4)0.6Cl 2.8 

UTOPIC AT THE MOMENT:
Is it possible to introduce channel-bearing, capillaric particles/crystals (i.e. cancrinite, C-nanotubes) 

into a hydrothermal/fumarole system to recover fluids from depth at the surface?
 What would the fluid chemistry tell us?



Elements in nucleating crystals (mineraloids?) on fibers – unknown resources for a future
hydrogen economy?

Elements necessary for H2 production:

MnO – cubane and photosynthesis – a powerful catalyst to split water

Mn: Mn-Cl on GW at CE – Vulcano (contamination?)
Mn-Cl with traces of BaSO4 on GW at CE – Vulcano

Mn known from i.e.:
+ M. St. Augustin - fumaroles (Getahun et al., 1996)
+ Kudriavy volcano – fumaroles (Wahrenberger et al., 2002)
+ Valley of Ten Thousand Smokes – leachate of ash-flow tuff (Keith et al., 1989)
+ Cerro Negro volcano – fumaroles (Stoiber & Rose, 1973)
+ Soufriére de Guadeloupe etc. (Petites Antilles) – H2O-soluble on ash
(Jérémie & Pascaline, 1982)
+ Irazu etc. (Central America) – H2O-soluble on ash (Taylor & Stoiber, 1973)

Fe: Fe clusters used by bacteria
FeCl 3 is common at many fumaroles

Elements necessary for H storage:

Ti: Ti enrichment on Keddeg (organic) filter at AC – Vulcano 19975
Traces of Ti on GW at CE – Vulcano
Traces of Ti, Cr<>Mn(?), Ni, Pb!, Fe! – Cl, - S<>Mo(?) on GW at CE
- fibers attached to stainless steel (grade 316; no Ti, no Pb)

N + B: Barberiite (?), NH4BF4 on GW at AC – Vulcano 21178, 79, 81, 82, 84
Al: i.e. in cancrinite on GW at CE - Vulcano
Ni + Fe : Fe-Ni-(Cr)-Cl on RW & GW at CE - Vulcano
Mg: Mg-Fe & Bi-Cl on GW at CE – Vulcano (common)
La: REE-phosphate in rock coatings – Vulcano (Fulignati et al., 2002);  Ce, La carbonate particles on An - Vulcano
Na: NaCl on various fibers at AC - Vulcano
K: KCl on various fibers at AC - Vulcano



Clocchiatti et al., 2003



CLOCCHIATTI et al., 2003



Ba:
1. classical petrology considers it as +/- immobile. Therefore several
discrimination diagrams and magma path reconstruction plots use it.
2. All soluble Ba salts are toxic. Barite (BaSO4) is very unsoluble and
therefore not toxic (+/-?). It is used in X-ray studies of the human
digestive apparatus. Ba SO4 gets deposited in the bones. Does it help
the bones to become harder (a cure against osteoporosis?)?
3. Ba is toxic for several marine organisms (see
paleontology/reconstructions of volcanic effects) and for viruses
(AIDS?).
4. Several bacteria need Ba. Bacteria also act as cloud condensation
nuclei. It is unknown if these bacteria actually need Ba. However,
volcanic Ba could influence the weather via these bacteria (see
volcano climate interaction) .
5. Marine organisms exist which can synthesize barite.

More information on Ba: www.inchem.org



Tl: a review of Tl in the environment has been compiled
 by Rehkämper et al. 2004

Obenholzner et al. 2006



Mather et al. 2005 A quantification of
volcanic particles

operating as CCN or IN
is missing.



CONCLUSIONS:
+ PARTICLE RESEARCH PROVIDES ADDITIONAL 
INFORMATION ON VOLATILITY OF ELEMENTS 

IN VOLCANIC ENVIRONMENTS!
+ DOES THE GAS-TO-PARTICLE CONVERSION 

REALLY EXIST?
+ NEW INSIGHTS INTO HEALTH-RELATED PROBLEMS:

PARTICLE SIZE, MORPHOLOGY AND COMPOSITION
+ WHAT ARE THE REASONS FOR OBSERVED 

PARTICLE-FILTER INTERACTIONS (NUCLEATION, 
COLLECTION, NON-COLLECTION)AND PARTICLE 

SPECTRA ON DIFFERENT FILTERS?
+ CAN PARTICLE RESEARCH IN COMBINATION WITH 

TIME-RESOLVED SAMPLING BECOME A NEW 
MONITORING TOOL FOR ACTIVE VOLCANOES 

AND THE ENVIRONMENT IN GENERAL?



Missing:

Better aerosol particle sizing during various types of 
volcanic degassing. Watson et al. 2000 had been

very successful applying sun photometry at Mt. Etna. They
could document particles <0.1 µm - >1.0 µm.

Better particle morphology and chemistry applying
FESEM/EDS, HRTEM and/or AFM. 



We could demonstrate that even after ca. 0.5 years past 
the clogging experiment, prefiltered ambient air at room 

temperature could mobilize As from the exposed glass wool.
As (nanoparticles or AsH3?) passed a 0.02 µm filter at 1L/min and got 

adsorbed in H2O. Detected amounts of As after 3 days are very low 
(ca. 1 ppb). FESEM/EDS could not detect As-bearing particles on the

 glass wool,  only on quartz surfaces exposed to the fumarole. 
Leaching experiments  document 6- 4000 ppb of As. These preliminary

 experiments had been performed to recover unsoluble particles 
deposited/nucleated in the interior of the filter body, not to produce a 

quantifyable leachate! 

Volcanic clouds or aerosols can reach all places on Earth.



Air filters operating in volcanically polluted environments
(volcanic aerosol or recent ash deposits) might permit the

penetration of a variety of toxic substances.

Emergency concepts are needed to recommend better systems
for

household and critical infrastructure. A combination of filters
and

 gas scrubbers could be assembled for critical infrastructure.
Is it possible to assemble a reliable air purifier made from

cheap parts
 available in local hardware stores as an emergency kit for the

household?
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We are sorry that we cannot present a theory or hypothesis
related to many of the observed facts at the moment.

Dangerous field and sophisticated lab work permitted this 
contribution to science.

We hope that our work can stimulate young researchers to
fill the theoretical gap(s).
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