
Tectonics 
 

Two happy events for plate tectonics (June 2015) 

In an era where fears are growing about rising sea level and loss of habitable land it is a 
great pleasure to announce (albeit several years late) the birth of two new islands. They 
emerged close to the axis of the Red Sea in Yemeni territory as new members of the 
volcanic Zubair Islands during episodic eruptions that began on 18 December 2011. First to 
form was dubbed Sholan (‘One who is Blessed’ in Arabic – a girl’s name), which ceased to be 
active a month later. Further submarine volcanism began on 28 September 2013, with 
another island, Jadid (‘New’ in Arabic – a boy’s name), breaking surface in October 2013. 
The double event has been described in great detail by geoscientists based at King Abdullah 
University of Science and Technology, Saudi Arabia (Xu, W. 2015. Birth of two volcanic 
islands in the southern Red Sea. Nature Communications, DOI: 10.1038/ncomms8104. After 
rapid growth during their initial eruptive phases both islands underwent significant marine 
erosion once quiescent, but seem set to remain as part of the Zubair archipelago. 

 

‘Before and after’ images of the Zubair archipelago in the southern Red Sea. (Left from Bing 
maps, right (February 2014) from Google Earth) 

Analysis of small earthquakes that happened during the islands’ growth, together with 
Interferometric radar surveys that showed coincident ground movements among the islands 
suggest that both eruptions took place along an active north-south fracture system; 
probably part of axial rifting system of the Red Sea. In more detail, magma seems to have 
moved upwards along N-S fissures similar to those that now show up as dykes cutting lavas 
on the older islands in the area. The local fracture patterns are oblique to the main Red Sea 
Rift that trends NNW-SSE, possibly as a result of non-linear stress trajectories in the Arabia-
Africa rifting. In almost all respects the volcanism and mechanism of intrusion and effusion 
closely resemble that reported recently from a terrestrial setting in the nearby Afar 
Depression. The slow spreading Red Sea Rift rarely manifests itself by volcanism, so these 
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events reveal a previous unsuspected zone of active melting in the mantle beneath the 
Zubair archipelago. 

 

Thin- or thick-skinned tectonics: a test (August 2015) 

How the continental lithosphere deforms at convergent plate margins has been a matter of 
opinion that depends on where observations have been made in ancient orogenic belts. One 
view is that arc and collisional orogens are dominated by deformation of the upper crust 
and especially the cover of sedimentary and volcanic rocks above deeper and older 
basement. This is a ‘thin-skinned’ model in which rocks of the upper crust are detached 
from those below and thicken more or less independently by thrust faulting, the formation 
of ductile nappes or a combination of the two. Mountain ranges, in this view, are the 
product of piling up of thrust slices or nappes, as exemplified by the Alps, Canadian Rockies 
and the Caledonian thrust belt of NW Scotland. Thick-skinned processes, as the name 
suggests, see crustal shortening and thickening as being distributed through the crust from 
top to bottom and even involving the lithospheric mantle. The hinterlands of both the Alps 
and the Scottish Caledonides show plenty of evidence for entire-crust deformation, deep 
crustal rocks being found sheared together with deformed rocks of the cover. It stands to 
reason that orogenic processes on the grand scale must involve a bit of both. 

Both hypotheses stem from field work in deeply eroded, structurally complex segments of 
the ancient crust, and it is rarely if ever possible to say whether both operated together or 
one followed the other during the often lengthy periods taken by orogeny to reach 
completion, and the sheer scale of the process. Orogenesis is going on today, to which 
major seismic activity obviously bears witness. But erosion has not progress from cover 
through basement so, up to now, only seismicity and geodetic GPS measurements have 
been available to show that continental crust in general is being shortened and thickened, 
as well as being moved about. Potentially, a means of assessing active deformation, even in 
the deep crust, is to see whether or not the speeds of seismic waves at different depths are 
biased depending on their direction of travel. Such anisotropy would develop if the mineral 
grains making up rocks were deformed and rotated to preferred directions; a feature typical 
of metamorphic rocks. But to make such measurements on the scale of active orogens 
requires a dense network of seismometers and software that can tease directionality and 
depth out of the earthquake motions detected by it. 

A joint Taiwanese-American consortium set up such a network in Taiwan, which is capable 
of this type of seismic tomography. Taiwan is currently taking up a strain rate of 8.2 cm per 
year due to motion of the Philippine Plate on whose western flank the island lies: it is part of 
an island arc currently colliding with the stationary Eurasian Plate and whose crust is 
shortening. Results of seismic anisotropy (Huang, T.-Y. et al. 2015. Layered deformation in 
the Taiwan orogen. Science, v. 349, p. 720-723; DOI: 10.1126/science.aab1879) show that 
the fast direction of shear (S) waves changes abruptly at about 10 to 15 km deep in the 
crust. In the upper crust this lines up with the roughly N-S structural ‘grain’ of the orogen. At 
between 13 to 17 km down there is no discernible anisotropy, below which it changes to 
parallel the direction of plate motion, ESE-WNW.  
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Aligned minerals in a flattened and stretched Brazilian metamorphic rock (credit: Eurico 
Zimbres in Wikipedia) 

It seems that thin skinned tectonics is indeed taking place, although probably not above a 
structural detachment. Simultaneously the deep crust is being deformed but the shearing is 
ascribed to the descent of lithospheric mantle of the Philippine Plate beneath the Eurasian 
Plate, while the deep crust remains attached to the upper crust. If it were possible to 
examine the mineral lineations now forming in both the Taiwanese upper and lower crust 
where metamorphism is active, then the two directions would be apparent. Although not 
mentioned by the authors, perhaps the detection of different directionality of aligned 
metamorphic minerals in low- and high-grade metamorphic rocks might indicate such 
tectonic processes in the past. 

 

Hotspots and plumes (September 2015) 

One of the pioneers of plate tectonics, W. Jason Morgan, recognised in the 1970s that 
chains of volcanic islands and seamounts that rise from the ocean floor may have formed as 
lithospheric plates moved over sources of magma that lay in the mantle beneath the plates. 
He suggested that such hotspots were fixed relative to plate movements at the surface and 
likened the formation of chains such as that to the west of the volcanically active of the 
Hawaiian ‘Big Island’ to linear scorching of a sheet of paper moved over a candle flame. If 
true, it should be possible to use hotspots as a framework for the absolute motion of 
lithospheric plates (see The shuffling poles October 2012) rather than the velocities of 
individual plates relative to the others. But Morgan’s hypothesis has been debated ever 
since he formulated it. A test would be to see whether or not plumes of rising hot material 
in the deep part of the mantle can be detected. This became one of the first objectives of 
seismic tomography when it was devised in the last decade of the 20th century: a method 
that uses global earthquakes records to detect parts of the mantle where seismic waves 
traveled faster or slower than the norm: effectively patches of hot (probably rising) and cold 
rock. The first such evidence was equally hotly debated (see Plume debates May 2003), one 
view being that the magma sources beneath oceanic islands such as Hawaii and Iceland 
were actually related to plate tectonics and that the hotspot hypothesis had become a kind 
of belief system. 
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Global distribution of hotspots (Credit: Ingo Wölbern) 

The problem was that mantle plumes supposedly linked to magmatic hotspots in the upper 
mantle would be so thin that they would be difficult to detect even with seismic 
tomography. Geophysicists have been trying to sharpen up seismic resolution partly by 
using supercomputers to analyse more and more seismic records and also by improving the 
theory about how seismic waves interact with 3-D mantle structure. This has culminated in 
more believable visualisation of mantle structure (French, S.W. & Romanowicz, B. 2015. 
Broad plumes rooted at the base of the Earth’s mantle beneath major hotspots. Nature, v. 
525, p. 95-99; DOI: 10.1038/nature14876). The two researchers from the University of 
California at Berkeley in fact showed something different, but still robust support for 
Morgan’s 40-year old ideas. Instead of thin plumes, they have been able to show much 
broader conduits beneath at least 5 and maybe more active ends of hotspot chains. The 
zones extend upwards from the core-mantle boundary to about 1000 km below the Earth’s 
surface, where some bend sideways towards hotspots, perhaps as a result of another kind 
of upper mantle circulation. 



 

Whole-Earth seismic tomography cross sections beneath a variety of volcanic islands, (Credit 
French and Romanowicz 2015; Fig. 1) 

The sources of these hot columns at the core-mantle boundary appear to be zones of very 
low shear-wave velocities; i.e. almost, but not quite molten blobs. French and Romanowicz 
suggest that the columns are extremely long-lived and may even have a chemical dimension 
– as in the hypothesis of mantle heterogeneity. Another interesting feature of their results is 
that the striking vertical linearity of the columns could indicate that the overall motion of 
the lower mantle is extremely sluggish and punctured by discrete convection. 

Related articles: Mapping hot deep columns of molten rock in the top 3000km thick layer 
(joannenova.co..au) 

 

Continental hot-spot track in eastern Australia (September 2015) 

It is sometimes forgotten that not only oceanic lithosphere provides evidence for hot spot 
tracks, probably because they are so obvious as island and seamount chains on bathymetric 
maps. They are not so clear on continents, either because of erosion of volcanoes or 
topography dominated by features that predate volcanism, but they account for about 20% 
of proposed tracks. Eastern Australia seems well endowed; four of them marked by a variety 
of volcanic structures that trend parallel to the Indo-Australian Plate’s NNE Cenozoic drift 
powered by the Southeast Indian Ridge that separates it from the Antarctic Plate. The 
timing of the volcanism along the proposed tracks is also highly persuasive. The longest of 
the tracks, extending about 2000 km SSW from Cape Hillsborough on the coast of central 
Queensland through New South Wales to Cosgrove in Victoria, is marked by sporadic 
volcanoes whose age decreases from Late Eocene in the north to Late Miocene in Victoria. 
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The Cosgrove volcanic track on a natural-colour image mosaic of Australia (credit: Drew 
Whitehouse, NCI National Facility VizLab) 

Unlike oceanic hot-spot tracks, those on continents are not continuous lines of volcanic 
occurrences. The Cosgrove track has several volcanic gaps, up to 650 km wide. This kind of 
patchy feature once encouraged hot-spot sceptics to question the tectonic affinities of what 
they regarded as fortuitous alignments. Where volcanic age trends consistent with the 
hypothesis emerged such doubts have faded into the background academic ‘noise’. In the 
case of the Cosgrove track all but one of the dates of volcanism tally quite well with the 
Cenozoic absolute motion of the Indo-Australian Plate and their position along the track 
(Davies, D.R. et al 2015. Lithospheric controls on magma composition along Earth’s longest 
continental hotspot track. Nature, v. 525, p. 511-514; DOI: 10.1038/nature14903). Yet the 
objective of the authors, from the Australian National University and the University of 
Aberdeen in Britain, was not merely to establish the alignment as a hot-spot track, but to 
suggest what may have resulted in its marked patchiness. 

The geochemistry of lavas from the volcanoes turns out to be of two fundamentally 
different types: ‘common-or-garden’ basalts in the case of Queensland and peculiar 
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potassium-rich basalts containing the K-feldspathoid leucite in New South Wales and 
Victoria. Why these compositional differences occur where they do emerged very clearly 
when their positions were plotted on a new map of the thickness variations of the eastern 
Australian continental lithosphere. The ordinary basalts rest on the thinnest lithosphere 
(3110 km), whereas the leucitites are underlain by considerably thicker lithosphere (~135 
km). This suggests that the rising mantle whose partial melting produced the magmas was 
halted at different depths, different geochemical ‘signatures’ of basalts depending on the 
pressure of melting. The most interesting outcome, albeit one based on an absence of 
evidence, is that the very large volcanic gaps along the track are each above much thicker 
lithosphere (>150 km). At those depths a rising mantle plume would be much less likely to 
begin melting. 

 

 


