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Tsunami risk in East Africa (February 2021) 

The 26 December 2004 Indian Ocean tsunami was one of the deadliest natural disasters 
since the start of the 20th century, with an estimated death toll of around 230 thousand. 
Millions more were deeply traumatised, bereft of homes and possessions, rendered short of 
food and clean water, and threatened by disease. Together with that launched onto the 
seaboard of eastern Japan by the Sendai earthquake of 11 March 2011, it has spurred 
research into detecting the signs of older tsunamis left in coastal sedimentary deposits (see 
for instance: Doggerland and the Storegga tsunami, December 2020). In normally quiet 
coastal areas these tsunamites commonly take the form of sand sheets interbedded with 
terrestrial sediments, such as peaty soils. On shores fully exposed to the ocean the evidence 
may take the form of jumbles of large boulders that could not have been moved by even the 
worst storm waves. 

 

Sand sheets attributed to a succession of tsunamis, interbedded with peaty soils deposited in a 
swamp on Phra Thong Island, Thailand. Note that a sand sheet deposited by the 2004 Indian Ocean 

tsunami is directly beneath the current swamp surface (Credit: US Geological Survey) 

Most of the deaths and damage wrought by the 2004 tsunami were along coasts bordering 
the Bay of Bengal in Indonesia, Thailand, Myanmar, India and Sri Lanka, and the Nicobar 
Islands. Tsunami waves were recorded on the coastlines of Somalia, Kenya and Tanzania, 
but had far lower amplitudes and energy so that fatalities – several hundred – were 
restricted to coastal Somalia. East Africa was protected to a large extent by the Indian 
subcontinent taking much of the wave energy released by the magnitude 9.1 to 9.3 
earthquake (the third largest recorded) beneath Aceh at the northernmost tip of the 
Indonesian island of Sumatra. Yet the subduction zone that failed there extends far to the 
southeast along the Sunda Arc. Earthquakes further along that active island arc might 
potentially expose parts of East Africa to far higher wave energy, because of less protection 
by intervening land masses. 

https://earthlogs.org/2020/12/02/doggerland-and-the-storegga-tsunami/


This possibility, together with the lack of any estimate of tsunami risk for East Africa, drew a 
multinational team of geoscientists to the estuary of the Pangani River  in Tanzania (Maselli, 
V. and 12 others 2020. A 1000-yr-old tsunami in the Indian Ocean points to greater risk for 
East Africa. Geology, v. 48, p. 808-813; DOI: 10.1130/G47257.1). Archaeologists had 
previously examined excavations for fish farming ponds and discovered the relics of an 
ancient coastal village. Digging further pits revealed a tell-tale sheet of sand in a sequence of 
alluvial sediments and peaty silts and fine sands derived from mangrove swamps. The peats 
contained archaeological remains – shards of pottery and even beads. The tsunamite sand 
sheet occurs within the mangrove facies. It contains pebbles of bedrock that also litter the 
open shoreline of this part of Tanzania. There are also fossils; mainly a mix of marine 
molluscs and foraminifera with terrestrial rodents fish, birds and amphibians. But 
throughout the sheet, scattered at random, are human skeletons and disarticulated bones 
of male and female adults, and children. Many have broken limb bones, but show no signs 
of blunt-force trauma or disease pathology. Moreover, there is no sign of ritual burial or 
weaponry; the corpses had not resulted from massacre or epidemic. The most likely 
conclusion is that they are victims of an earlier Indian Ocean tsunami. Radiocarbon dating 
shows that it occurred at some time between the 11th and 13th centuries CE. This tallies with 
evidence from Thailand, Sumatra, the Andaman and Maldive Islands, India and Sri Lanka for 
a major tsunami in 950 CE. 

Computer modelling of tsunami propagation reveals that the Pangani River lies on a stretch 
of the Tanzanian coast that is likely to have been sheltered from most Indian Ocean 
tsunamis by Madagascar and the shallows around the Seychelles Archipelago. Seismic 
events on the Sunda Arc or the lesser, Makran subduction zone of eastern Iran may not 
have been capable of generating sufficient energy to raise tsunami waves at the latitudes of 
the Tanzanian coast much higher than those witnessed there in 2004, unless their arrival 
coincided with high tide – damage was prevented in 2004 because of low tide levels. 
However, the topography of the Pangani estuary may well amplify water level by 
constricting a surge. Such a mechanism can account for variations of destruction during the 
2011 Tohoku-Sendai tsunami in NE Japan. 

If coastal Tanzania is at high risk of tsunamis, that can only be confirmed by deeper 
excavation into coastal sediments to check for multiple sand sheets that characterise areas 
closer to the Sunda Arc. So far, that in the Pangani estuary is the only one recorded in East 
Africa 

 

The dangers of rolling boulders (July 2021) 

Field work in lonely and spectacular places is a privilege. Though it can be great, boredom 
sometimes sets in, which is hard for the lone geologist. Today, I guess a cell phone would 
help, especially in high places where the signal is good. That means of communication and 
entertainment only emerged in the 1980s and did not reach wild places until well into the 
90s. Pre-cellnet boredom could be relieved by what remains a dark secret: lone geologists 
once rolled large boulders down mountains and valley sides, shouting ‘Below!’ as a warning 
to others. Their excuse to themselves for this unique thrill (bounding boulders reach speeds 
of up to 40 m s-1) was vaguely scientific: sooner or later a precarious rock would fall anyway. 
This week it emerged that Andrin Caviezel of the Institute for Snow and Avalanche Research 
in Davos, Switzerland, an Alpine geoscientist, rolls boulders for a living (Caviezel, A. 2022. 

https://pubs.geoscienceworld.org/gsa/geology/article-pdf/48/8/808/5095935/808.pdf
https://pubs.geoscienceworld.org/gsa/geology/article-pdf/48/8/808/5095935/808.pdf


The gravity of rockfalls. Where I work, Nature, v. 607, p. 838; DOI: 10.1038/d41586-022-
02044-9). Andrin finds that ‘…flinging giant objects down a mountain is still super fun’. The 
serious part of his job attempts to model how rockfalls actually move downslope, as an aid 
to risk assessment (Caviezel, A. and 23 others 2021. The relevance of rock shape over mass – 
implications for rockfall hazard assessments. Nature Communications, v. 12, article 5546; 
DOI: 10.1038/s41467-021-25794-y) 

Caviezel’s team (@teamcaviezel) doesn’t use actual rocks but garishly painted, symmetrical 
blocks of reinforced concrete weighing up to 3 tonnes, which are more durable than most 
outcropping rock and can be re-used. A Super Puma helicopter shifts a block to the top of a 
slope, from where it is levered over the edge (watch video). The team deploys two types of 
block, one equant and resembling a giant garnet crystal, the other wheel-shaped with 
facets. The first represents boulders of rock types with uniform properties throughout, such 
as granite. The wheel type mimics boulders formed from rocks that are bedded or foliated, 
which are usually plate-like or spindly. 

 

Vertical aerial photograph of a uniform, south-facing slope in the Swiss Alps used to roll concrete 
‘boulders’. The red X marks the release point; the blue symbols show the points of rest of equant 

‘boulders, the sizes of which are shown in the inset, the wheel-shaped ones are magenta. Coloured 
circles with crosses show the mean rest position of each category (the lighter the colour the smaller 

the set of ‘boulders’). The coloured ellipses indicate the standard deviation for each category. (Credit: 
Caviezel et al., Fig 2) 

https://media.nature.com/original/magazine-assets/d41586-022-02044-9/d41586-022-02044-9.pdf
https://www.nature.com/articles/s41467-021-25794-y.pdf
https://www.nature.com/articles/s41467-021-25794-y.pdf
https://twitter.com/hashtag/rockfallexperiments?src=hashtag_click&f=video


Unlike other gravity-driven hazards, such as avalanches and mudflows, the directions that 
rockfalls may follow are impossible to predict. Rather than hugging the surface, boulders 
interact with it, bouncing and being deflected, and they spin rapidly. To follow each 
experiment’s trajectory a block contains a motion sensor, measuring speed and 
acceleration, and a gyroscope that shows rotation, wobbling and motion direction, while 
filming records jump heights – up to 11 m in the experiments. Despite the similarity of the 
blocks, the same release point for each roll and a uniform mountainside slope, with one cliff 
line, the final resting places are widely spread. That hazard zone of rockfalls is distinctly 
wider than that of snow avalanches; observing a boulder once it starts to move gives a 
potential victim little means of knowing a safe place to shelter. 

The most important conclusion from the experiments is that the widest spread of tumbling 
‘boulders’ is shown by the wheel-shaped ones. So, slopes made from bedded or foliated 
sedimentary and metamorphic rocks may pose wider hazards from rockfalls than do those 
underpinned by uniform rocks. However, plate-like or spindly boulders are more stable at 
rest than are equant ones. Yet boulders rarely fall as a result of being pushed (except in 
avalanches). On moderate slopes they are undermined by erosion, and on steep slopes or 
cliffs’ winter ice wedges open joints allowing blocks to fall during a thaw 

 

Anthropocene more an Event than an Epoch (September 2021) 

 

The Vattenfall lignite mine in Germany: the Anthropocene personified 

The issue of whether or not to assign the time span during which human activities have 
been significantly affecting the planet and its interwoven Earth Systems has been dragging 
on since the term ‘Anthropocene’ was first proposed more than two decades ago. A 
suggestion that may resolve matters, both amicably and with a degree of scientific sense, 
has emerged in a short letter to the major scientific journal Nature, written by six eminent 
scientists (Bauer, A.M. et al. 2021. Anthropocene: event or epoch? Nature, v. 597, p. 332; 
DOI: 10.1038/d41586-021-02448-z). The full text is below 



“The concept of the Anthropocene has inspired more than two decades of 
constructive scholarship and public discussion. Yet much of this work seems 
to us incompatible with the proposal to define the Anthropocene as an epoch 
or series in the geological timescale, with a precise start date and 
stratigraphic boundary in the mid-twentieth century. As geologists, 
archaeologists, environmental scientists and geographers, we have another 
approach to suggest: recognize the Anthropocene as an ongoing geological 
event. 

The problems with demarcating the Anthropocene as a globally synchronous 
change in human–environment relations, occurring in 1950 or otherwise, 
have long been evident (P. J. Crutzen and E. F. Stoermer IGBP Newsletter 41, 
17–18; 2000). As an ongoing geological event, it would be analogous to 
other major transformative events, such as the Great Oxidation Event 
(starting around 2.4 billion years ago) or the Great Ordovician 
Biodiversification Event (around 500 million years ago). 

Unlike formally defined epochs or series, geological events can encompass 
spatial and temporal heterogeneity and the diverse processes — 
environmental and now social — that interact to produce global 
environmental changes. Defining the Anthropocene in this way would, in our 
view, better engage with how the term has been used and criticized across 
the scholarly world.” 

AUTHORS: Andrew M. Bauer, Stanford University, Stanford, California, USA; 
Matthew Edgeworth, University of Leicester, Leicester, UK;  Lucy E. Edwards, 
Florence Bascom Geoscience Center, Reston, Virginia, USA; Erle C. Ellis, 
University of Maryland, Baltimore County, Maryland, USA ; Philip Gibbard, 
Scott Polar Research Institute, University of Cambridge, Cambridge, UK; 
 Dorothy J. Merritts, Franklin and Marshall College, Lancaster, Pennsylvania, 
USA. 

I have been grousing about the attempt to assign Epoch/Series status to the Anthropocene 
for quite a while (you can follow the development of my personal opinions by entering 
‘Anthropocene’ in the Search Earth-logs box). In general I believe that the proposal being 
debated is scientifically absurd, and a mere justification for getting a political banner to 
wave. What the six authors of this letter propose seems eminently sensible. I hope it is 
accepted by International Commission on Stratigraphy as a solution to the increasingly 
sterile discussions that continue to wash to and fro in our community. Then perhaps the 
focus can be on action rather than propaganda. 

As things have stood since 21 May 2019, a proposal to accept the Anthropocene as a formal 
chrono-stratigraphic unit defined by a GSSP at its base around the middle of the 20th century 
is before the ICS and the International Union of Geological Sciences (IUGS) for ratification. It 
was accepted by 88% of the 34-strong Anthropocene Working Group of the ICS 
Subcommission on Quaternary Stratigraphy. But that proposal has yet to be ratified by 
either the ICS or IUGS. Interestingly, one of the main Anthropocene proponents was 
recently replaced as chair of the Working Group. 

 



A Bronze Age catastrophe: the destruction of Sodom and Gomorrah? (October 2021) 

 “…The sun was risen upon the earth when Lot entered into Zoar. Then the 
Lord rained upon Sodom and Gomorrah brimstone and fire from the Lord 
out of heaven. And overthrew those cities, and all the plain, and all the 
inhabitants of the cities, and that which grew upon the ground. But his wife 
looked back from behind him, and she became a pillar of salt …” 

This is the second catastrophe recorded in the Old Testament of the King James Bible 
(Genesis 19:23-26), after the Noachian Flood (Genesis 7 and 8). The Flood is now regarded 
by many geoscientists to be a passed-down and mythologised account of the rapid filling of 
the Black Sea when the Bosporus was breached around 7600 years ago, as global see level 
rose in the early Neolithic. Eleven Chapters and a great many begotten people later comes 
the dramatic punishment of the ‘sinners’ of Sodom and Gomorrah. The two legendary 
settlements are now considered to have been in the Lower Jordan Valley near the Dead Sea. 
Being on the major strike-slip fault that defines the Jordan Rift, related to the long-active 
spreading of the Red Sea, the most obvious rationalisation of the myth is a major 
earthquake. The sedimentary sequence contains sulfide-rich clays and silts, as well as thick 
salt beds. Major seismicity would have liquidised saturated sediments full of supersaturated 
salt water and the release of large volumes of hydrogen sulfide gas. There are also remains 
of early settlements in the form of large mounds known locally as ‘talls’. The largest  and 
archaeologically  most productive of these is Tall el Hammam in Jordan, whose excavation 
has proceeded since 2005. It lies just to the north of the Dead Sea on the eastern flank of 
the Jordan valley, 15 km from Jericho on the occupied West Bank. 

The Tall el Hammam mound is formed from layers of debris, mainly of mud bricks, dwellings 
being built again and again on the remains of earlier ones. It seems to have been 
continuously occupied for three millennia after 6650 ka ago (4700 BCE) at the core of a 
presumably grain-based city state with upwards of 10 thousand inhabitants. The site was 
destroyed around 3600 Ka (1650 BCE). The catastrophic earthquake hypothesis can be 
neither confirmed nor refuted, but the destruction toppled structures with walls up to 4 m 
thick.. Whatever the event, 15 years of excavation have revealed that it was one of 
extremely high energy. There is evidence for pulverisation of mud bricks and at some 
dwellings they were apparently blown off-site: a possibility in a large magnitude earthquake. 
Unusually, however, mud bricks and clay used in pottery and roofing had been partially 
melted during the final destruction. Various analyses suggest temperatures were as high as 
2000 °C. 

A detailed summary of results from the Tall el Hammam site has just appeared (Bunch T.E., 
and 20 others 2021. A Tunguska sized airburst destroyed Tall el-Hammam a Middle Bronze 
Age city in the Jordan Valley near the Dead Sea. Nature Scientific Reports, v. 11, article 
18632; DOI: 10.1038/s41598-021-97778-3). As the title indicates, it comes to an astonishing 
conclusion, which rests on a large range of archaeological and geochemical data that go well 
beyond the earlier discovery of the tall’s destruction at very high temperatures. 
Radiocarbon dates of 26 samples from the destruction layer reveal that it happened in 
1661±21 BCE – the mid- to late Bronze Age, as also suggested by the styles of a variety of 
artefacts. The most revealing data have emerged from the debris that caps the 
archaeological section, particularly fine-grained materials in it. There are mineral grains 
indicating that sand-sized grains were melted, some to form spherules or droplets of glass. 
Even highly refractory minerals such as zircon and chromite were melted. Mixed in with the 

https://www.nature.com/articles/s41598-021-97778-3.pdf
https://www.nature.com/articles/s41598-021-97778-3.pdf


resulting glasses are tiny nuggets of metals, including platinum-group metals. As well as high 
temperatures the event involved intense mechanical shock that produced tell-tale lamellae 
in quartz grains, familiar from sites of known extraterrestrial impacts. One specimen shows 
a micro-crater produced by a grain of carbonaceous material, which is now made up of ~ 1 
μm diamond-like carbon (diamondoids) crystals. There is abundant evidence of 
directionality in the form of linear distributions of ceramic shards and carbonised cereal 
grains that seem to have been consistently transported in a SW to NE direction: a kind of 
high-speed ‘blow-over’. In the debris are also fragments of pulverised bone, most too small 
to assign to species. But among them are two highly damaged human skulls and isolated 
and charred human limb- and pelvic bones. Forensic analysis suggests at least two 
individuals were decapitated, dismembered and incinerated during the catastrophe. 
Isolated scatters of recognisable human bones indicate at least 10 people who suffered a 
similar death. Finally the destruction layer is marked by an unusually high concentration of 
salt, some of which has been melted. 

 

Top – oblique aerial view of the mound at Tal el Hammam looking to the south-west; Bottom – the 
Lower Jordan Valley and Bronze age talls superimposed by the extent of the area devastated by the 

1908 Tunguska air-burst. (credit: Bunch et al. 2021, Figs 1b and 52) 



Such a range of evidence is difficult to reconcile by hypotheses citing warfare, accidental 
burning, tornadoes or earthquakes. However, the diversity of phenomena associated with 
the destruction of Tall el Hammam has been compared with data from nuclear explosion 
sites, suggesting the huge power of the event. The authors turned to evidence linked to the 
air-burst detonation of a cosmic body over Tunguska, Siberia in 1908 which had a power 
estimated at between 12- to 23 megatonnes of TNT equivalent. Such an event seems to fit 
the fate of Tall el Hammam. The Tunguska event devastated an area of 2200 km2. The tall 
and another at Jericho lies within such an area. Perhaps not coincidentally, the destruction 
of Jericho was also in the mid- to late Bronze Age sometime between 1686 and 1626 BCE: 
i.e. statistically coeval with that of Tall el Hammam. 

Archaeologists working in the Lower Jordan Valley have examined 15 other talls and more 
than a hundred lesser inhabited sites and have concluded that all of them were abandoned 
at the end of the Middle Bronze Age. The whole area is devoid of evidence for agricultural 
settlements for the following three to six centuries, although there are traces of pastoralist 
activity. The high amount of salt in the Tall el Hammam debris, if spread over the whole area 
would have rendered its soils infertile until it was eventually flushed out by rainfall and 
runoff. If, indeed, the event matches the biblical account of Sodom and Gomorrah, then Lot 
and his remmaing companions would have found it difficult to survive without invading the 
lands of other people who had escaped, much as recorded later in Genesis.  

Publication Bunch et al’s paper was followed by serious doubt being cast on the credibility 
of their geochemical and other data, as it had been on papers on similar catastrophe-
oriented topics by much  the same team, such as their now notorious claim for an impact 
cause for the Younger Dryas. 

See also: Tunguska-Sized Impact Destroyed Jordan Valley City 3,670 Years Ago, SciNews, 29 
September 2021; Did an impact affect hunter gatherers at the start of the Younger Dryas? 
Earth-logs, 3 July 2020. 

 

 

 

https://www.nature.com/articles/s41598-022-08216-x.pdf
https://www.nature.com/articles/s41598-022-08216-x.pdf
http://www.sci-news.com/archaeology/tall-el-hammam-10116.html
https://earthlogs.org/2020/07/03/did-an-impact-affected-hunter-gatherers-living-at-the-start-of-the-younger-dryas/

