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Earthquake hazard news (May 2015) 

Assessments of seismic risk have relied until recently on records of destructive earthquakes 
going back centuries and their relationship to tectonic features, mainly active faults. They 
usually predict up to 50 years ahead. The US Geological Survey has now shifted focus to very 
recent records mainly of small to medium tremors, some of which have appeared in what 
are tectonically stable areas as well as the background seismicity in tectonically restless 
regions. This enables the short-term risk (around one year) to be examined. To the 
scientists’ surprise, the new modelling completely changes regional maps of seismic risk. 
The probabilities in the short-term of potentially dangerous ground movements in 17 oil- 
and gas-rich areas rival those in areas threatened by continual, tectonic jostling, such as 
California. The new ‘hot spots’ relate to industrial activity, primarily the disposal of 
wastewater from petroleum operations by pumping it into deep aquifers. 

 

USGS map highlighting short-term earthquake risk zones. Blue boxes indicate areas with 
induced earthquakes (source: US Geological Survey) 

Fluid injection increases hydrostatic pressure in aquifers and also in the spaces associated 
with once inactive fault and fracture systems. All parts of the crust are stressed to some 
extent but the presence of fluids and over-pressuring increases the tendency for rock 
failure. While anti-fracking campaigners have focussed partly on seismic risk – fracking has 
caused tremors around magnitudes 2 to 3 – the process is a rapid one-off injection involving 
small fluid volumes compared with petroleum waste-water disposal. All petroleum 
production carries water as well as oil and gas to wellheads. Coming from great depth it is 
formation water held in pores since sedimentary deposition, which is environmentally 
damaging because of its high content of dissolved salts and elevated temperature. 
Environmental protection demands that disposal must return it to depth. 

The main worry is that waste water disposal might trigger movements with magnitudes up 
to 7.0: in 2011 a magnitude 5.6 earthquake hit a town in oil-producing Oklahoma and 
damaged many buildings. Currently, US building regulations rely on earthquake risk maps 
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that consider a 50-year timescale, but they take little account of industrially induced 
seismicity. So the new data is likely to cause quite a stir. These are changing times, however, 
as the oil price fluctuates wildly. So production may well shift from field to field seeking 
sustainable rates of profit, and induced seismicity may well change as a result. 

None of these areas are likely to experience the horrors of the 25 April 2015 magnitude 7.8 
earthquake in Nepal. However, it also occurred in an area expected to be relatively stable 
compared with the rest of the Himalayan region. The only previous major tremor there was 
recorded in the 14th century. This supposedly ‘low-risk’ area overlies a zone in which small 
tremors or micro-earthquakes occur all the time. Such zones – and this one extends along 
much of the length of the Himalaya – seem to mark where fault depths are large enough for 
displacements to take place continually by plastic flow, thereby relieving stresses. Most of 
the large earthquakes have taken place south of the microseismic zone where the shallow 
parts of the Indian plate are brittle and have become locked. The recent event is raising 
concerns that it is a precursor of further large earthquakes in Nepal. Its capital Kathmandu is 
especially susceptible as it is partly founded on lake sediments that easily liquefy. 

Note added: 13 May 2015. Nepal suffered another major shock (magnitude 7.3) on 12 May 
in the vicinity of Mount Everest. It too seems to have occurred in the zone of micro-
earthquakes formerly thought to mark a zone where the crust fails continually by plastic 
deformation thereby relieving stresses. Kathmandu was this time at the edge of the shake 
zone 

 

Roman concrete restrains magma (August 2015) 

 

The Bay of Naples with Vesuvius to the east of the city and Campi Flegrei to the west. 
(Credit: Google Earth) 

Four million people in and around the Italian city of Naples on the shore of the Tyrrhenian 
Sea live under a double threat of natural disaster. The one that immediately springs to most 
people’s mind is the huge volcano Vesuvius that looms over its eastern suburbs, for this was 
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the source of the incandescent pyroclastic flow that overwhelmed Pompeii and 
Herculaneum in 79 CE. Less familiar outside Italy is a cluster of elliptical volcanic features 
directly to the west of the city: Campi Flegrei or the Phlegraean Fields. In fact the cluster is 
part of a vast, dormant caldera, half of which lies beneath the sea centred on the ancient 
Roman port of Puteoli (modern Pozzuoli). This volcanic collapse structure is about 10 km 
across; about as large as Vesuvius. Campi Flegrei is famous for its sulfur-rich fumaroles 
including the mythical crater home of Vulcan the god of fire, Solfatara. 

Between 1970 and 1984 the ground around Pozzuoli rose more than 2 metres, which may 
be evidence that the deep seated Campi Flegrei magma chamber is inflating. Fears that this 
might presage an eruption in the near future stems from a curious feature affecting 
archaeological remains, such as upright pillars in the harbour area of Pozzuoli. At many 
different levels the stonework is pockmarked by curious holes that are the fossil borings of 
marine molluscs: at some stage the feet of the pillars descended below sea level. Together 
with historic records since the Roman era these borings help to establish the local ups and 
downs of the surface over the last two millennia in considerable detail. From a high of 4 m 
above sea level when the pillars were erected 194 BCE they slowly subsided to reach sea 
level around 300 CE when Puteoli ceased to be an important harbour and 4 metres below 
that around 900 CE. For the last millennium they have slowly risen until in 1538 more than 4 
metres of inflation took place very rapidly. That was immediately followed by a small 
eruption of about 0.02 km3 of magma at Mount Nuovo, to the northeast of another recent 
crater now occupied by a lake: hence the fear surrounding the uplift in 1970-84. Campi 
Flegrei has a history of eruptions going back 40 thousand years, including two in the ‘super 
volcano’ category of 200 and 40 km3 of pyroclastic flows that blanketed vast areas. 

 

Mollusc-bored pillars in the Macellum (indoor market) of Pozzuoli (Credit: Wikipedia) 

One tantalising aspect of the ground inflation and deflation is that each cycle lasts about a 
thousand years. Another seems to be that magma breaks to the surface very rapidly after a 
long period of inflation, as if whatever was keeping the magma chamber in a metastable 
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state failed in a brittle fashion. Tiziana Vanorio and Waruntorn Kanitpanyacharoen of 
Stanford and Chulalonkorn universities in the US and Thailand have come up with a possible 
reason for such gradual crustal warping in volcanic areas and long-delayed eruption Campi 
Flegrei is a model case (in fact the oscillations there are unsurpassed). Such long-term 
bending of the crust suggests abnormally strong rock near the surface. The co-workers 
analysed borehole cores that penetrated to the depth of small shallow earthquakes – in the 
metamorphic basement of the area – and found that the zone above the seismically active 
layer is not only stronger than the basement, but closely resembles a construction material 
to which Roman architecture owes its longevity (Vanorio, T. & Kanitpanyacharoen, W. 2015. 
Rock physics of fibrous rocks akin to Roman concrete explains uplifts at Campi Flegrei 
Caldera. Science, v. 349, p. 617-621; DOI: 10.1126/science.aab1292). 

Roman masons discovered that by mixing young, loose volcanic ash with lime mortar 
(calcium hydroxide) produced a strong concrete when cured. Specifically, the invention of 
concrete took place at Pozzuoli itself, using volcanic ash from Campi Flegrei and the product 
(pulvis puteolanus) is now known as pozzolana. Young ash from an explosive volcano is 
mainly shards of anhydrous silicate glass, which quickly react with water and calcium 
hydroxide to produce fibres of hydrous calc-silicate minerals, almost as in conventional 
cement curing, but without the need for heating limestone and clay to very high 
temperatures. The strength of pozzolano enabled Roman architects to build the great dome 
of the Pantheon in Rome, still the world’s largest unreinforced concrete dome. Moreover, 
the speed with which it sets by exothermic reactions enables its use below sea level. 
Vanorio and Kanitpanyacharoen found that the strong upper zone beneath Campi Flegrei is 
almost identical to pozzolano, and suggest that it formed as a result of calcium-rich 
hydrothermal fluids percolating through young pyroclastic rocks. The calcium derives from 
metamorphic basement rich in calc-silicate layers through which hot groundwater is driven 
as a result of heat from the underlying magma chamber. It seems the Campi Flegrei caldera 
has built its own containing dome. But that is perhaps a mixed blessing: the 1970-84 
inflation seems now to be deflating and the flexible carapace may make using ground 
movements as means of predicting eruptions unreliable. 

 

Seismic menace of the Sumatra plate boundary (November 2015) 

More than a decade after the 26 December 2004 Aceh Earthquake and the Indian Ocean 
tsunamis, that devastating experience and four more lesser seismic events (> 7.8 
Magnitude) have shown a stepwise shift in activity to the SE along the Sumatran plate 
boundary. It seems that stresses along the huge thrust system associated with subduction of 
the Indo-Australian Plate that have built up over 200 years of little seismicity are becoming 
unlocked from sector to sector along the Sumatran coast. Areas further to the SE are 
therefore at risk from both major earthquakes and tsunamis. A seismic warning system now 
operates in the Indian Ocean, but the effectiveness of communications to potential victims 
has been questioned since its installation. However, increasing sophistication of geophysical 
data and modelling allows likely zones at high risk to be assessed. 
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Recent Earthquakes in different segments of the Sumatra plate margin (credit: Tectonics 
Observatory, California Institute of Technology  

One segment is known to have experienced great earthquakes in 1797 and 1833 but none 
since then. What is known as the Mentawai seismic gap lies between two other segments in 
which large earthquakes have occurred in the 21st century. It is feared that gap will 
eventually be filled by another devastating event. Geophysicists from the Institut de 
Physique du Globe de Paris and Nanyang Technological University in Singapore have 
published a high-resolution seismic reflection survey showing the subduction zone beneath 
the Mentawai seismic gap (Kuncoro, A.K. et al. 2015. Tsunamigenic potential due to frontal 
rupturing in the Sumatra locked zone. Earth and Planetary Science Letters, v. 432, p. 311-
322; DOI: 10.1016/j.epsl.2015.10.007). It shows that that the upper part of the zone, the 
accretionary wedge, is laced with small thrust-bounded ‘pop-ups’. The base of the 
accretionary wedge shows a series of small seaward thrusts above the subduction surface 
itself forming ‘piggyback’ or duplex structures. 

 

Seismic reflection profile across part of the Sumatra plate boundary, showing structures 
produced by past seismicity. (Credit: Kuncoro et al. 2015; Fig. 3b) 
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The authors model the mechanisms that probably produced these intricate structures. This 
shows that the inactive parts of the plate margin have probably locked in stresses 
equivalent to of the order of 10 m of horizontal displacement formed by the average 5 to 6 
cm of annual subduction of the Indo-Australian Plate over the two centuries since the last 
major earthquakes. Reactivation of the local structures by release of this strain would 
distribute it by horizontal movements of between 5.5 to 9.2 m and related 2 to 6.6 m 
vertical displacement in the pop-ups. That may suddenly push up the seafloor substantially 
during a major earthquake, thereby producing tsunamis. Whether or not this is a special 
feature of the Sumatra plate boundary that makes it unusually prone to tsunami production 
is not certain: such highly resolving seismic profiles need to be conducted over all major 
subduction zones to resolve that issue. What does emerge from the study is that a repeat of 
the 2004 Indian Ocean tsunamis is a distinct possibility, sooner rather than later. 

 


