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Ralf Gertisser is a Senior Lecturer in Mineralogy and Petrology at Keele University, with 

volcanism as his research speciality. He gave us a very entertaining and informative talk, 

based on his personal research, his visits to the locality and his wider knowledge of the world’s 

volcanoes. In his talk he introduced us to: 

 the Tambora volcano itself and its plate tectonic context; 

 the specifics of the 1815 eruption, its local and global effects; 

 the increasingly sophisticated methods used to assess the effects of the eruption; 

 comparison of this eruption with others of similar or greater magnitude known to have 

occurred in geological history, the probable frequency of such events and the factors 

affecting their disruptive impact on the world.  

These notes provide a brief summary of topics covered in the talk, illustrated with some of 

Ralf’s pictures and presentation slides. I am very grateful to Ralf for allowing them to be used 

for this purpose, and also for taking the time to correct and comment on my initial draft. 

A brief glossary of some technical terms is provided at the end for the benefit of those who 

may not be familiar with them. 

 

1. THE VOLCANO AND ITS TECTONIC CONTEXT 

 

Mt. Tambora is in Indonesia, which has been described by Dick Thompson [1] as the “Volcano 

zoo”[1] of the modern world, having more volcanoes active in the last 10,000 years than any 

other country in the world, the greatest incidence of eruptions since 1600 BC and, arguably, 

amongst the greatest population density on earth. The 2850m high mountain is an active 

volcano with a 6km by 7km caldera (crater) and forms the Sanggar peninsula in the north of 

Sumbawa island (East of Java) at 4° S.  

6 x 7 km wide & ~1.2 km deep 



Indonesia forms part of the Sunda volcanic arc, located on the edge of the Eurasian plate 

beneath which the Indo-Australasian plate is currently being subducted. Tambora occurs in 

thin (14-17km) and recently formed (Cenozoic) crust and is relatively distant from the 

subduction zone (30km behind the main Sunda volcanic arc) at which point the Benioff zone 

is unusually deep (approx.180km). This affects the chemistry of the magma and hence of the 

volcanic rocks produced. These are similar to those produced by Vesuvius, being rich in 

potassium, and ranging from trachy-basalt to trachy-andesite rather than more usual range of 

basalt to andesite produced by volcanoes such as Merapi on Java which is closer to the 

subduction zone.  

The top part of the figure below shows the subduction zones around Indonesia with the active 

volcanoes marked as yellow dots. The bottom part shows just the Java-Flores sector of the 

Sunda arc and identifies eight potassic (K-rich) alkaline volcanoes by name, including four 

inactive ones, which are shown as black and white rather than yellow. Note that all these 

named, potassic volcanoes are relatively distant from the subduction zone. 

  

 

 

2. THE VOLCANIC ERUPTION OF 1815 – WHAT WE NOW KNOW 

Before the eruption in 1815, geologists estimate that Tambora might have been higher than 

4000m: the eruption reduced its height by at least 1200m, removing 30-50km3 of volcanic 

material (tephra). This material was propelled into the stratosphere to a height of 43km, 



deposited as ash up to 1300km from its source and generated pyroclastic flows covering 

almost the entire Sanggar peninsular, extending it in places through expansion into the sea. 

Some deposits at the coast are 9-10m thick. The major event lasted approximately 24hours, 

following the sequence of events illustrated below. 

 

 

Two measures are used to describe the size of a volcanic eruption. The Volcanic Explosivity 

Index (VEI), developed in the 1980’s, combines a number of factors, including the volume of 

tephra produced, the height of the eruption column, the nature and duration of the event. Index 

values are in the range 0-8 and the 1815 Tambora event is rated as VEI=7. The other measure 

used, the Magnitude, is based solely on the mass of volcanic magma released. The scale is 

logarithmic and the 1815 Tambora event is rated between M6 and M7, with the largest known 

volcanic events rated at M9 (i.e. 100 to 1000 times the mass of magma). 

The local impact of this was to cause an estimated 60,000 deaths in Sumbawa and 

neighbouring islands. Pyroclastic flows devastated dwellings and uprooted trees and the ash 

clouds caused total darkness for several days. A tsunami is also reported, and an account by 

visiting Swiss botanist Heinrich Zollinger in 1847 states that villages had been relocated 

following the event. Globally, climatic effects caused a reduction in average temperatures 

across much of North America, Europe and Asia for two to three years, resulting in widespread 

reports of famine, illness and hardship. 

 

3. THE VOLCANIC ERUPTION OF 1815 – HOW WE KNOW 

Current understanding of the nature, magnitude and impact of the 1815 eruption draws on 

contemporary reports, but is hugely enhanced by recent geological studies applying modern 

technologies and methods, including examination of rocks formed from the ejected tephra, 

testing of ice cores and climate modelling based on direct observations of the more recent 

eruption of Pinatubo in the Phillippines.  

In New England, 1816 was described as “the year without a summer”: six inches of snow was 

recorded there in June and people are reported to have migrated to California to seek warmer 



weather. In Switzerland contemporary weather records are available, showing exceptionally 

high rainfall in July and hungry people allegedly resorted to eating grass to stay alive. Famine, 

disease and rocketing food prices prevailed in England, Wales and Ireland, while JMW Turner 

took advantage of the exceptional atmospheric conditions to paint pictures with stunning light 

effects, such as “The Fighting Temeraire”.  

Reports from the locality state that: “Violent whirlwinds carried up men, horses, cattle, and 

whatever else came within their influence, into the air; tore up the largest trees by the roots, 

and covered the whole sea with floating timber. Great tracts of land were covered by lava, 

several streams of which, issuing from the crater of the Tomboro mountain, reached the sea” 

(Raffles). 

Understanding of the Tambora eruption has been much informed by detailed monitoring in the 

aftermath of a more recent eruption, that of Pinatubo in 1991. This confirmed that it is not the 

darkening of the sky by volcanic ash that causes temperature reduction on earth; the ash was 

found to return to earth after only a few days. It is the release of sulphur dioxide gas (SO2) into 

the stratosphere (atmosphere above ~ 15km) that has this effect.  The SO2 combines with 

water vapour to yield sulphuric acid aerosols, which intercept the sun’s rays, preventing them 

from reaching earth. The effect persists for up to approximately 4 years after the eruption.  

 

A lasting record of the SO2 released by a volcanic eruption is retained in ice at high latitudes 

as well as in pockets of gas and magma trapped within the clasts that formed around the 

volcano itself.  Ice cores extracted from both Greenland and Antarctica indicate changes in 

the composition of the atmosphere as gases dissolve in snow and return to earth. They record 

spikes in SO2 levels corresponding to the 1815 eruption, with five-fold increases above the 

normal background level. 

Examination of rocks formed on and around the volcano at the time of the 1815 eruption 

reveals the sulphur composition of the source magma and of the post-eruptive melt. It provides 

a petrological method of assessing the amount of SO2 released in the explosion. Phenocrysts 

occurring in the rocks represent whole crystals that were ejected in solid form. These often 

contain small melt inclusions, representative of the magma as it existed in the magma 



chamber before the eruption. This allows the sulphur content of the pre-eruptive magma to be 

assessed, which can then be compared to the post-eruptive sulphur content in the volcanic 

material, as inferred from the vesicular matrix of the rocks. Using this information, it is 

estimated that ~ 60 Mtonnes of SO2 was released by Tambora.  

Since Tambora and Pinatubo are both located near to the equator, the spread of SO2 around 

the world would have been comparable in the two cases – the key difference being that the 

sulphur gas release of the Tambora eruption was approximately three times larger. Climate 

modelling techniques have been used to assess how the Tambora emissions would have 

behaved over the weeks, months and years following the eruption, and the effects this would 

have on temperatures worldwide. The model indicates that within a few weeks the SO2 cloud 

would have encircled the equator but it would have taken about a year before it had spread to 

all latitudes. At this point, the continents of the northern hemisphere would have endured a 

drop in temperature of around one degree centigrade, higher in some areas, but this effect 

was not shown to be universal across the globe: over much of the ocean and some of the 

continents, especially around the equator, the model suggests an increase in temperature. 

The reason for this is a matter for climatologists and beyond the scope of the talk. 

Rock formations around the volcano record the sequence of events both before and during 

the main eruption event. These show alternating bands of fine ash and coarser tephra, 

followed by ignimbrites from pyroclastic flows.  Examination of these layers suggests five days 

of minor eruptions followed by a major event lasting about 24 hours, during which the vast 

majority of the tephra was ejected as ash, pumice and pyroclastic flows, with strong winds, 

flames and ultimately the collapse of the caldera. Archeological evidence supports this. 

Human remains are found to have been partially buried in ash and pumice before and, 

possibly, during the earlier stages of the main pyroclastic event. Subsequent pyroclastic flows 

during the main event, caused charring of any remains still exposed at the surface. The ash 

cloud spread as far as the west of Java, where 1cm of ash deposits were found. 

 

 



Tambora continues to be active and there have been at least two minor eruptions since 1815. 

Increases in seismic activity in 2011 and 2013 were cause for concern but no eruption 

occurred and they were probably caused by a new influx of magma to the chamber. In a global 

perspective it does not currently pose a significant threat. 

4. FUTURE RISKS 

The risk from large scale volcanic eruptions is a function of impact and likelihood. The local 

impact may involve substantial loss of life in the vicinity of an erupting volcano. Statistics show 

that around 280,000 lives have been lost from such causes since 1600 and of these, more 

than half were from just five events. These casualty figures though are low compared with 

deaths from other kinds of natural disaster such as earthquakes and tsunamis.  

The main global impact of a volcanic eruption the size of Tambora or larger would be a drop 

in temperature of about one degree centigrade over 2-3 years; a larger eruption would not 

depress the temperature by more than this, because the generation and concentration of 

aerosol in the stratosphere is limited by its water content. It has been suggested that the 74ka 

eruption of Toba in Sumatra, one hundred times the size of Tambora might have accelerated 

the onset of glaciation at that time, and helped to reduce the human population of the earth to 

just a few thousand, but no major explosive volcanic event is thought to have instigated mass 

extinctions. This is in contrast to effusive volcanic events such as the Deccan trap lava flows 

that have been suggested as contributing to mass extinction at the KT (Cretaceous/Tertiary) 

boundary. 

Examinations of the past record of major eruptive volcanic events may be a useful guide to 

the likelihood of another major eruption in the near future. Prior to the examination of ice cores 

for spikes in SO2 levels, there were just 11 known eruptions of at least VEI =7 or M>6.8 in the 

last 10,000 years. On this basis, the ‘return period’ for such volcanoes has been assessed as 

approximately 1000 years. However, the examination of ice cores suggest that several other 

major eruptions have occurred within the last 2000 years of the ice core record and the 

eruption sites corresponding to most of these have now been located. Anomalies in the ice 

record have been detected however, and it cannot be relied on as an accurate guide to the 

size of an eruption. A small eruption in Mexico in 1982 resulted in a large spike in the ice 

record, while at least one known large eruption, the “Millennium eruption” of Changbaishan 

(China) left no trace in the ice records currently available to scientists. In spite of these 

anomalies, the evidence does suggest that the occurrence of major eruptions may be 

substantially greater than previously thought, but the risk they pose is on a lesser scale than 

some other kinds of natural disaster.  

5. END PIECE 

These notes do not do justice to Ralf’s talk, in which he managed to explain some of the 

geological techniques used for research, convey some of the experiences of scientists in 

applying them and present the results of the work, while touching on wider social and political 

issues in the process. It was most informative, beautifully explained and immensely 

entertaining. 

A paper with the same title as this talk, written by Ralf Gertisser and his co-author S. Self, is 

published as a feature article in Geology Today [2]. This may be of interest to those wanting 

a more thorough and authoritative discussion than these notes can provide. A copy of the 

paper is available for the use of the group.  



A report from the Oeschger Centre for Climate Change Research [3] provides a very thorough 

description of the Tambora eruption, with a particular focus on the human impact. 
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GLOSSARY OF TERMS 

Glossary definitions are derived from a number of sources; where relevant the principal 

sources are indicated. 

 

Alkaline (aka Mafic) A term used in geology to denote rocks with a relatively low 

silicate content, in contrast to ‘Acid’ or ‘Felsic’ rocks with a high silicate 

content. 

Benioff Zone (aka Wadati-Benioff zone) A dipping planar (flat) zone of seismicity that is 

produced by the interaction of a downgoing oceanic crustal plate with a 

continental plate. These earthquakes can be produced by slip along the 

subduction thrust fault or by slip on faults within the downgoing plate as a 

result of bending and extension as the plate is pulled into the mantle. 

[based on US Geological Survey and Wikipedia] 

Clast A fragment of a pre-existing rock of any type (sedimentary, igneous or 

metamorphic). [derived from Imperial College London rock library glossary] 

Clastic rock A sedimentary rock whose depositional components are clasts (as distinct 

from chemical or biogenic). 

Ignimbrite Rock formed from the cooling of material deposited by a pyroclastic flow. 

The material is often flattened as the high temperature flows compact 

under their own weight. The flattened clasts within it are termed fiamme 

and are mostly pumice, ranging in size from 2 to 64mm. The groundmass 

is generally of vitric (glass) shards and can contain lithic and crystal 

fragments. [derived from Imperial College London rock library glossary] 

Magma A mixture of molten or semi-molten rock, volatiles and solids[1] that is 

found beneath the surface of the Earth. Magma collects in magma 

chambers that may feed a volcano or solidify underground to form an 

intrusion. Magma is capable of intruding into adjacent rocks (forming 

igneous dikes and sills), extrusion onto the surface as lava, and explosive 

ejection as tephra to form pyroclastic rock. [Wikipedia] 

Potassic Describes rocks that are relatively rich in Potassium (K) and poor in 

Sodium (Na) and Calcium (Ca).  

Pyroclastic flow (aka Pyroclastic density current) A fast-moving current of hot gas and rock, 

which reaches speeds moving away from a volcano of up to 700 km/h (450 

mph). The gas can reach temperatures of about 1,000 °C. Pyroclastic 

flows normally hug the ground and travel downhill, following valleys or 

spreading laterally under gravity. [based on Wikipedia and US Geological 

Survey] 

Stratosphere Layer of the earth’s atmosphere above the troposphere, between altitudes 

of approximately10 and 50km. 

Tephra  Fragmental material produced by a volcanic eruption regardless of 

composition, fragment size or emplacement mechanism. [Wikipedia] 



Tsunami A sea wave of local or distant origin that results from large-scale seafloor 

displacements associated with large earthquakes, major submarine slides, 

or exploding volcanic islands. [US Geological Survey] 
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