
– An international journal for New Concepts in Global Tectonics – 
 

    NCGT JOURNAL 
Volume 4, Number 4, December 2016.  ISSN 2202-0039.  Editor: Dong R. CHOI (editor@ncgt.org). www.ncgt.org 

Editorial board 
Ismail BHAT, India (bhatmi@hotmail.com); Giovanni P. GREGORI, Italy (giovanni.gregori@idasc.cnr.it); 

Louis HISSINK, Australia (lhissink1947@icloud.com); Leo MASLOV, USA (lev.maslov@cccs.edu); 
 Per MICHAELSEN, Vietnam (per.michaelsen@tdt.edu.vn); Nina PAVLENKOVA, Russia (ninapav@mail.ru);  

David PRATT, Netherlands (dp@davidpratt.info); Karsten STORETVEDT, Norway (karsten.storetvedt@uib.no); 
 Takao YANO, Japan (yano.azumino@gmail.com) 

 
CONTENTS 

 
From the Editor ……………………………………………………………………………………………………….........534 
Letters to the Editor 
   The Earth as I found it, Part 3, Charles Warren Hunt……………………………………………………………………….......…..535 
   Mobile plate tectonics: a confrontation, Peter M. James…………………………………………………………….……….......….537 
   AAPG Explorer November 2016 issue and plate tectonics history, Keith H. James………………………………………….......540 
   Counterclockwise rotation of Australia revisited, Karsten M. Storetvedt…………………………………………………..…..…540 
Articles 
   VLF electromagnetic signals unrelated to the Central Italy earthquakes occurred between 26 and 30 October 2016,  
      Gabrile Cataldi, Daniele Cataldi and Valentino Straser……………………………………………...……………….…..……543 
   Deep-seated processes in the tectonosphere of oceans, Vadim Gordienko………………………………………………………..553 
   Great deep earthquakes and solar cycles, Dong R. Choi and John L. Casey……………………………………………………...582 
   The September-October 2016 Korea and Southwest Japan earthquakes viewed from the Blot’s thermal energy transmigration 
      concept, Dong R. Choi…………………………………………………………………………………………………………...596 
   High-frequency electromagnetic emission in the earthquake epicentral areas detected by the remote sensing frequency-resonance 
      data processing, Sergey Petrovich Levashov, Nikolay Andreyevich Yakymchuk, Ignat Nikolayevich Korchagin and  
      Dmitry Nikolayevich Bozhezha…………………………………………………………………………………………..………601 
   Late Permian coal formation under Boreal conditions along the shores of the Mongol-Tranbaikalian seaway, Per Michaelsen...615 
   The seismic sequence in Central Italy (August-November 2016). Acoustic Emission (AE) monitoring and analysis,  
      Giovanni P. Gregori, Gabriele Paparo, Maurizio Poscolieri, Caludia Rafanelli, Giuliano Ventrice, Gianpaolo Garilli,  
      Luca Imperatori, Fabio Lo Castro and Giovanna Zimatore………………………..…………………………..……………………….637 
   A history of the Earth’s seawater: transgressions and regressions, Karsten M. Storetvedt…………………………………….….664 
Global Climate Corner 
   The claim of a high rate of sea-level rise for Diego Garcia is based on non-exiting data, Albert Parker………………………....688 
   Australian temperature measurements disprove engineered products, Albert Parker……………………………………………..693 
Publications 
   Modeling statistics and kinetics of the natural aggregation structures and processes with the solution of generalized logistic  
      equation, Lev A. Maslov and Vladimir I. Chebotarev……………………………………………………………………………699 
   Multiparameter monitoring of short-term earthquake precursors and its physical basis. Implementation on the Kamchatka  
      region, Sergey Pulinets, Dimitar Ouzounov, Dmitry Davydenko and Alexei Petrukhin…………………………………………699 
   Analysing the spatio-temporal link between earthquake occurrences and orbital perturbations induced by planetary  
      configuration, C. Jeganathan, G. Gnanasekaran and Tanushree Sengupta……………………………………………………..700 
   Some interesting blogs……………………………………………………………………………………………………………..700 
   Erratum. Peter James book, “Deformation of the Earth’s crust”…………………………………………………………………..701 
Financial support and about the NCGT Journal………………………………………………………………..………….701 
New Book 
   Upheaval! Why catastrophic earthquakes will soon strike the United States, John L. Casey, Dong Choi, Fumio Tsunoda and  
      Ole Humlum……………………………………………………………………………………………………………………...702 
 
For contact, correspondence, or inclusion of material in the NCGT Journal please use the following methods:  
NEWCONCEPTSINGLOBAL TECTONICS. 1. E-mail: editor@ncgt.org;  2. Mail, air express, etc., 6 Mann Place, Higgins, ACT2615, 
Australia (files in MS Word format, and figures in jpg, bmp or tif format); 3. Telephone, +61-2-6254 4409. DISCLAIMER: The opinions, 
observations and ideas published in this journal are the responsibility of the contributors and do not necessary reflect those of the Editor and 
the Editorial Board. NCGT Journal is an open, refereed quarterly international online journal and appears in March, June, September and 
December.  For Mac computer users, this journal in pdf format must be opened with Acrobat or Acrobat Reader. ISSN numbers; ISSN 
2202-0039.  Global impact factor for 2015: 0.876. 

mailto:editor@ncgt.org
http://www.ncgt.org/
http://www.ncgt.org/
mailto:bhatmi@hotmail.com
mailto:giovanni.gregori@idasc.cnr.it
mailto:lhissink1947@icloud.com
mailto:per.michaelsen@tdt.edu.vn
mailto:ninapav@mail.ru
mailto:dp@davidpratt.info
mailto:karsten.storetvedt@uib.no
mailto:yano.azumino@gmail.com
mailto:editor@ncgt.org;


 
534                             New Concepts in Global Tectonics Journal, V. 4, No. 4, December 2016. www.ncgt.org 
 

 
 

FROM THE EDITOR 
 

his issue includes eight articles on geology and seismology, and two on global climate. We welcome 
the Per Michaelsen paper which elegantly documented the little-known Mongolian coal formation. The 

Editor himself studied Permian geology and palaeontology of northern Japan during his graduate course 
almost half century ago. It is a nostalgic subject for him. Our readers will find the Storetvedt paper 
interesting; it concerns the origin of sea water viewed from the context of the slowly degassing Earth. 
Gordienko continues to publish his life-long study – the advection-metamorphism hypothesis, this time 
applying to the tectonosphere of oceans.    
 
Except for the climate papers by Parker, all other papers are related to earthquakes. These days NCGT 
Journal is receiving an increasing attention by world seismological communities. This is mainly thanks to 
our open-minded, holistic approach in solving geodynamic problems. It also comes from many successful 
prediction exercises based on various precursory signals, coordinated by the International Earthquake and 
Volcano Prediction Center (IEVPC) which is an offshoot of the NCGT group.  
 
Our studies have revealed that the earthquake energy (or thermal electromagnetic energy) comes from the 
outer core. There are good grounds to suspect that this energy release is related to planetary interaction, 
particularly solar activity and cycles. After appearing as deep quakes, the energy rises to shallow Earth and 
transmigrates laterally along channels developed often under the tectonic mobile belts in the upper mantle. 
When the thermal energy finds trap structures on its way, it accumulates, heats up the surrounding rocks, 
and finally releases its energy into the atmosphere as earthquakes, volcanic eruptions or simply natural 
leakages without violent crustal movement. We now know that the final release is intricately influenced by 
planetary forces, again the Sun being the major player. The key concepts are; Earth’s outer core-derived 
thermal energy, transmigration, trap, and electromagnetic interaction with planetary forces.   
 
The above model is a radical departure from the plate tectonics-based earthquake model still adopted by 
world mainstream organizations. Plate tectonics and subduction models are the most fundamental problems 
that have brought the present quagmire in earthquake and geological sciences, in which they had to 
officially declare the unpredictability of earthquakes (http://www2.usgs.gov/faq/categories/9830/3278). 
The current status of earthquake prediction science in the United State was critically reviewed by an 
investigative journalist (Mark Harris, “A handful of underfunded researchers still believe science can defy 
the odds.” http://nautil.us/issue/38/noise/the-last-of-the-earthquake-predictors).   
  
Our study on earthquakes is gaining momentum. This issue includes two promising prediction tools; 
acoustic emission (Giovanni et al., p. 637-663) and the high frequency electromagnetic radiation (Levashov 
et al., p. 601-614). The latter was developed by a group of mineral deposit explorers based in Ukraine. 
They utilize remote sensing data (satellite images); a unique range of frequency-resonance. They have been 
using this frequency resonance processing technology for finding various minerals – oil, gas, uranium, 
gold, zinc, water, etc., because each of them has characteristic resonance frequencies. By processing high 
frequency electromagnetic radiation – resonant frequencies of hydrogen and helium, vertical channels of 
deep fluid migration can be established. They have mapped zones of anomalies in hydrogen and helium 
concentration in epicentral areas prior to and after four recent earthquakes. When combined with geological 
data and other precursory signals which we have already, their remote sensing method can become one of 
the most powerful prediction tools.  
 
In addition, a team of planetary scientists from the Suspicious Observers is developing a new short-term 
prediction method which combines the interplanetary magnetic field and the Blot’s energy transmigration 
concept, a newly termed “Blot echo”. We will be able to see a full description of their new method in the 
future NCGT issues. Their blogs and youtubes with other relevant blogs are introduced on page 700 of this 
issue. 
 
We have undoubtedly entered a new era in better understanding earthquakes and Earth’s geodynamic 
processes which are free from dogmatic pre-set models.  Our efforts will save numerous lives for many 
years to come.  

T 
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LETTERS TO THE EDITOR 
 

The Earth as I have found it, part 3 
 

y letter to the Editor, v. 4, n. 2, discussed 1000 feet of core that I recovered from a corehole drilled in 
the Palliser River Valley, south of Banff townsite in the Canadian Rocky Mountains.  I closed stating 

that the core should be available for inspection at a BC government core storage facility.  Subsequently, 
thinking I should give the reader a more specific direction, I tried to find the core by enquiry; but had no 
success at all.  The core must therefore, be presumed lost.  To make up for its lack I provide here a field 
reference where a large exposure of injectite rock can be studied. 
 
Injectite rock is exposed on the northern plunge of the Canadian Rocky Mountains between the Pine 
and Peace Rivers in British Columbia.  The oil rights to the area had been acquired by the company of a 
prominent geologist and friend of mine, John Frey, and as there was no published information on the area 
in 1974 when he acquired the rights, I was engaged to map the geology in the field, using pack horses for 
access.  That was over 40 years ago. 
 
The topographic apex of the mountains is expressed in Paleozoic strata of Mississippian age, which plunge 
northward under younger strata.  Between the Pine River and the Carbondale Rivers, (the latter a tributary 
of Peace River) bedded Mississippian strata arch over the plunging nose of the mountains. Beneath these 
bedded limestones the rock looks like massive carbonate in texture, but with only the vaguest of 
layering.  Contact with Devonian strata is absent.  This absence puzzled me at the time, as did the absence 
of clear bedding planes.  However, with no possible alternative interpretation, I mapped the rock as 
massive Mississippian carbonates, vaguely bedded and without evidence of porosity.   
I recommend this area for study in substitution for my “lost” core.  These exposures are undoubtedly 
injectite rock.  Petrophysical study is in order and should yield insights into the nature of injectite 
petrology. 
 
The general case for mountain building by injections of metal hydrides from the mantle 
 
In a letter to the editor of the NCGT Journal v. 4, n 2, I made an initial point that metal hydrides, fluid 
hydrogen-impregnated metal acting as a gas escapes from the mantle through a crack in the crust followed 
by hydrogen degassing and instantaneous deposition of rock-forming minerals.  I made the point that a new 
form of rock was thusly created, and I called it “injectite” rock, a new concept in the creation of rock.  
 
In a second letter to the editor of the NCGT Journal v. 4, n.3 I made a point to allay skepticism as to the 
possible existence of such a “crack in the crust.”  Describing a well-known and much studied example 
comprising reefs of Devonian age in the nearby Alberta prairie. I made the point that such a crack and 
leakage of mantle material through it actually happened in Devonian time.  The evidence is well preserved 
and much studied for its relevance to oil production.  This event of “injectite” rock formation happening in 
Devonian time and involving only Devonian formations provides the reader as well as this writer a clear 
introduction to the injectite phenomenon.   
 
Although the Canadian Rockies have long been considered sedimentary in nature, their strata are dated 
from Cambrian to early Tertiary ages.  Now injectites of two forms must be recognized as part of mountain 
and prairie makeup: 1. the dolostone as seen in my core, and 2. the pure magnesite with base metal oxide 
inclusions of the Mt. Brusellof mine (Described in NCGT Journals v. 4, n. 2 and v. 4, n. 3 as injectites); the 
dolostone of my corehole and the ores of the Mt. Brusellof magnesite mine both were raised in Tertiary 
times with elevation of the mountains, whereas the injectites under the Alberta prairie were  not involved in 
mountain building.  Thus, injectite rock may be installed without followup mountain building. 
 
In prairie and mountain circumstances alike it appears logical to me that dynamic injection of fluid metal 
hydrides through a crack in the crust followed by pressure drop, degassing of hydrogen, and instant 
deposition of injectite rock fully explain such events.  Instantaneously deposited rock would first take the 
form of a “keel” along the length of the mountain range.  A keel would impede further upward injectite 
deposition.  With progress blocked or choked off, new injectite gas would be forced either to flow laterally, 
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sill-like, or open a new upward channel.  The lateral option could spread the gaseous injectite as a thin 
layer, “underplating” the chamber of deposition, in the process.  Repeated underplating could raise the 
terrain. 
 
From this insight, unlimited additions to the upper crust may be visualized.  New fluid entering would most 
easily spread laterally in successive injections, each one blocking previous injections. Successive                                
injective events would define a repetitious process of injectite emplacement and consequent mountain 
growth by “layered underplating.” This phenomenon may also explain high plateaus, the Tibetan and 
central Andean plateaus notably.  The latter raised an entire arm of the ocean more than two miles above 
sea level, creating Lake Titicaca with its marine wildlife and vegetation.  In these cases the injections must 
have been very fluid and spread sill-like before abruptly degassing and turning to solid rock, thus raising 
their host terrain and leaving it centrally depressed. 
 
Without understanding the origin and essential creation of injectite rock and the essential contribution it 
makes to all mountain and plateau building worldwide, analysis of orogenesis has been an exercise in 
futility.  May these insights give welcome relief. 

 Charles Warren Hunt 
archeanc@gmail.com 

10 October 2016 
 
Postscript: It never crossed my mind when I looked at a core of what became "injectite rock" and its 
association with a base metal mine, both of them out-of-place according to convention in our day could 
lead to new fundamental geological understanding.  But so it does!                                
 

******************** 
 
Dear Editor, 
 

ou have been most gracious and kind to me by printing my fragmented contributions. Tomorrow 
being my 92nd birthday, I'm extremely pleased to receive the honor of being recognized so quickly by 

your prestigious Journal. 
 
I think it is appalling that PT is still being taught at all; and that cleverly disguised geophysics is touted as 
the basis for all geology, where to the contrary the Earth itself  with many existent conundrums gives 
plenty of latitude for new discovery and unimagined fact. 
 
You might be surprised to be informed that there are only three deep drill holes that have been drilled into 
the granitic crust of our planet: the Russian KOLA well, the German KTB well, and my relatively 
shallower AOC well on the Athabaska tar sands.  My well, under-financed due to skepticism of 
incompetent but wealthy know-it-alls, has taken 22 years; and is now, finally getting proper, but still under-
financed attention. Even at its 2.2 km depth it is revealing important and unexpected new scientific 
intelligence. 
 
There's a world of science still to be uncovered. 

Charles Warren Hunt 
archeabc@gmail.com 

15 December 2016 
 

******************** 
 

 
 
 
 
 

Y 
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Mobile plate tectonics: a confrontation 
 

riticism of mobile plate tectonics over the past four or five decades has had little, if any, effect on the 
development of and the growing hegemony of the mobilist model. The reasons for this are no doubt related 

to the fact that the mechanisms involved are still of unknown magnitude and often acting at unknown depths. 
There is also the fact that mobilism admits that its fundamental hypotheses are often still in the process of 
transmutation. It is harder to hit a moving target, particularly when the long established observational processes 
of geology are excluded. Or, as the Tarlings in their book Continental Drift (Penguin) put it: "Future research 
will prove all of the mobile plate tectonic assumptions to be correct". A brave statement when the role of science 
does not to include the prediction of the favourable outcomes for future research; that belongs to faith.  
 
Despite the intrinsic unknowns in what is now referred to as a paradigm, it is still instructive to look critically at 
some of the mobilist mechanisms – those, anyway, that can be reasonably quantified - and it is also instructive to 
make some assessment of assumptions/mechanisms that cannot be quantified. Here goes:- 
 
Lithospheric Plates. These, the building blocks for the various roles of mobile plate tectonics, are defined as 
part of an upper rigid layer of the Earth, which has been broken into various units that move relative to each 
other. The depth of the plates is not yet clearly specified. More importantly, at the upper level the presence of 
the Moho is typically ignored - a surprising omission in an earth science discipline, since the Moho represents a 
discontinuity separating the brittle and heterogeneous Earth's crust from the underlying more plastic 
lithosphere/asthenosphere. Different reactions to stress will occur above and below the Moho but mobile plate 
tectonics avoids this by the questionable ad hoc assumption that a lithospheric plate has an indestructible 
similitude, from the Earth's surface down to the plate's uncertain depth. 
 
Regarding the horizontal permanency of a lithospheric plate, reference should be made to historical seismic 
studies by Nick Ambraseys, at Imperial College (1975). These revealed that, in Biblical times, the major 
earthquake alignment in the Middle East was not where it lies today. (The change in location cannot be 
explained by drift. In 2,000 years, drift might account for a shift of no more than 40 or 50 metres, obviously far 
too small to be registered by historical seismic studies.) Thus, if mobile plate tectonics had been available in 
Biblical times, we would no doubt have defined at least one (indestructible) plate as being broken in a different 
location from today's (indestructible) plate.  
 
Let us proceed to some of the functions of the lithospheric plates. 
 
Subduction. Subduction, an integral component of the mobile plate tectonics model, is said to be the result 
of the following forces:  
 

• Thermally elevated ridge push, at the mid-oceanic ridge end. A value of the order of 1 x 104 kPa has 
been proposed for ridge push. This is about an order of magnitude less than the frictional resistance to 
push that would be available at the Moho. So ridge push is not going to push the Earth's crust anywhere. 
As a near surface phenomenon, it is even less likely to push a thicker unit. 

• Trench pull is assumed at the forefront of the subduction zone. A similar value to ridge push has been 
proposed, but here trench pull runs into a different problem. The Earth's crust is not a thick steel slab 
nor even reinforced concrete, but is brittle and is transected by faults and major joints. Such 
discontinuities would be the first things to undergo failure if any significant suction or pull were to be 
applied to the frontal lobe. Which is tantamount to saying that the trench pull would lose its grip. There 
is more to it.  

• Firstly, subduction glosses over the effects of uplift that would necessarily develop when lighter crustal 
material becomes immersed in a more dense lithospheric or asthenospheric material. Simple calculation 
shows that it would not be long before the uplift factor would overcome the alleged trench pull – that is, 
if the crust remained intact.  

• What is left, then, is only the alleged downward convection force, although there is no solid evidence 
that such a phenomenon exists. Even supposing there is convection drag, there would most certainly be 
resistance to it at the location of subduction, resistance in the form of friction acting on upper face of the 
crust being subducted. After all, the super incumbent continental crust at a point of subduction cannot 
be expected to just open its mouth and swallow the approaching oceanic crust - along with any sea 
mounts, abyssal sediments, et al. This frictional resistance to subduction would have much the same 
value as any downward convection force acting as a frictional drag on the base of the crust.   

C 
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• What is left is a hypothetical convection drag acting along the horizontal distance between the mid-
oceanic ridge and the point of subduction. If this drag was of sufficient force to produce movement of 
the plate, it would be more likely to cause an overthrust at any surface obstruction, but there is no 
evidence of any such overthrusting.  
 

There is still more to come. In 1972, the Meyerhoffs listed a number of inconsistencies in the subduction model, 
one being that the Kermadec-Tonga Trench virtually bisects New Zealand, but the geosynclinal sedimentation is 
continuous right across this zone. The Meyerhoffs also pointed out that India was always part of Asia. The 
writer cannot comment on this but could mention that one of the original continental drifters, Prof. Warren 
Carey of Tasmania, once drew attention on the ABC to the fact that the large reptiles had always been able to 
walk (albeit intermittently) from India to Asia - an impossible task if several thousand kilometres of ocean 
separated the two continents. Kasfli (1992) refers to detailed mapping of the Zagros Crush Zone bordering Iran, 
concluding "there is nothing known from the geological record to suggest a former separation between Arabia 
and Africa to the south, and central Eurasia to the north". Finally, Lowman (1985) showed that – despite the 
evidence for sea floor spreading – hot spot trails in Africa indicate that the African continent has not moved with 
respect to the Mantle for possibly 300 million years. 
 
In the Molucca Sea, between Mindanao and north east Sulawesi, there is an interesting pattern: a north-south 
line of shallow earthquakes with, on each side of the line, a pattern of deeper events dipping in opposite 
directions. That is, on mobilist grounds, this would have to be seen as subduction in two directions, from a point 
source! Such a situation does not bear explanation, even from the most apologetic mobilist. 

 
So how did the idea of subduction come about in the first place?  One of the original temptations that led to the 
concept came from the pattern of earthquakes as found mainly in the Pacific. Earthquake events were shallowest 
near to an oceanic trench and then descended to the steepening Watadi-Benioff Zones, ending up with a vertical 
orientation in the Upper Mantle, 500 – 700 km depth. A pattern of downward progression certainly looks 
convincing at first sight. But there was a fly in the ointment. In the early 1960s Claude Blot, a French 
Geophysicist in the South West Pacific, discovered that the migration of seismic energy in the above pattern was 
not one of downwards progression - as would be the case with subduction - but was an upward progression from 
the Mantle to the crust. He was able to compute consistent rates of upward seismic-energy progression, allowing 
him to make some remarkable predictions for both shallow earthquakes and volcanic eruptions. The problem 
posed by Blot's work, to the newly-fledged mobilism, was therefore quite serious. However, this was soon 
overcome. Blot was transferred by the French Government to an aseismic region in West Africa and it took 
more than three decades before his work surfaced again, in the publication of a large book by a small 
Queensland Press, Grover (1998). Blot's initial forecasting has subsequently been taken up and repeatedly 
confirmed by, among others, the Editor of this Journal. 
 
Seafloor Spreading.  The patterns on the ocean floors have been interpreted in an initially convincing manner 
as sea floor spreading in an Earth subject to magnetic reversals. This view overlooks a number of discordant 
and/or irreconcilable phenomena. 
 

• Evidence provided by the Deep Sea Drilling Programme reveals that the abyssal sediment fans in the 
deep oceans are formed, not by turbidity currents, but in the same manner as in fluvial deposits on land 
or in shallow water: horizontal bedding and undisturbed. Analysis indicates that, if the oceanic 
basement was moving – or has moved - it would be unable to slide beneath the abyssal fans but would 
produce continuous crumpling, folding and thrust faulting of the sediments. There is none. 

• In the north east Pacific, off California, there are a number of 3,000 km long, east-west, fracture zones: 
the Mendocino, the Murray and the Molokai. These fracture zones with dated magnetic anomalies 
provide what has been taken to show movement of the sea floor (the Juan de Fuca Plate) towards an 
alleged subduction zone under North America, which alleged subduction zone is not really supported by 
seismic activity, see Smoot et al (2001). Intra-plate movement – not part of the mobilist cabal - is 
indicated from the magnetic anomaly strips. The elongate zone between the Murray and Molokai 
Fracture Zones indicate a 2 cm per year faster rate than the rates on either side of each of these two 
fracture zones. This differential is about the same rate as measured in parts of the San Andreas Fault, 
yet the Murray and Molokai Fracture Zones are aseismic over their length. A similar situation is to be 
found in the Southern Ocean, below Australia, where variable rates of spreading can be inferred in 
adjacent units separated by long fracture zones. But, again, there is no corresponding seismic activity. 
This has the effect of bringing doubt into the interpretation of other dated anomaly patterns.  
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Incidentally, in a recent publication James (2016), a hypothetical but plausible proposal is given to explain the 
present-day sea floor patterns in the Atlantic Ocean, based on an ocean of the present size and on the effect of 
magnetic reversals, assuming the Earth to behave as a dipole. 
 
The Myth of Incipient Oceans. Associated with the above cameo on sea floor spreading is the myth of this role 
in the formation of incipient oceans. Some examples will illustrate this. 
 

• Both the Sea of Japan and the Labrador Sea have been cited as typical incipient oceans in mobilist 
literature. Both are deep oceans, generally assumed to be underlain by oceanic crust exhibiting what has 
been interpreted as datable magnetic striping. Choi (1984) has identified that the alleged magnetic 
anomaly patterns in the Sea of Japan are actually features coinciding with major fault zones, traceable 
out from the peripheral continents. The base, according to seismic interpretation, contains continental 
crust with Palaeozoic marine sediments.  

• In the case of the Labrador Sea, the parallelism between the Canadian and Greenland coastlines has 
been remarked on by mobilists ever since Wegener. A strike-slip drift between the two land masses of 
up to 400 km has been proposed. Again, datable magnetic striping on the sea floor has been accepted. 
Recent field studies in the Nares Strait region, cited by Lowman (1985) and Grant (1980) reveal pre-
Cambrian and Silurian marker beds traceable across the Strait. 

• The East African Rift system has also been cited as an ocean in embryo. However, the base of the rift is 
continental crust, not upwelling oceanic crust; and the rift system is aligned along a pre-Cambrian fault 
system that has probably not widened significantly in maybe a billion years.  

• The Red Sea is dated as having commenced spreading in Cretaceous times, at a rate well below that 
postulated in the Atlantic and Pacific Oceans. The problem here is that, within the Red Sea there are 
pre-Cambrian islands, The Brothers. How this can be justified in a spreading situation has never been 
explained.  The same applies to the equatorial regions in the Atlantic where the age of the St Peter and 
Paul Rocks is some hundreds of million years older than their age should be, based on their distance 
from the mid-Atlantic Ridge 

• A final example is presented by Iceland, where the mid-Atlantic ridge emerges on land. According to 
Sigurdson (1968), lava extrusions on Iceland – supposedly welling up from the Mantle – contain 
fragments of sandstone and dolomite. 

 
SUMMARY 
Geology has ever been an observational discipline and this view has been enshrined by the debate between 
Charles Darwin and Lord Kelvin over the age of the Earth. Darwin, an observer without equal, based his 
estimate on the sequences of sediments covering the earth's surface, together with the likely rate of evolution. He 
came to an answer quite close to today's value. Lord Kelvin based his calculations on reputable thermodynamics 
principles but also on the then hypothesis that the Earth had cooled from a molten state. Thus, his Lordship came 
a poor second in the debate. 
 
Unfortunately, the observation preference has lost ground in the last half century. Field evidence, when in 
conflict with the tenets of mobile plate tectonics, is now typically dismissed so that we find the sometimes 
questionable conclusions made from statistically derived palaeomagnetic data taken in preference to 
unequivocal palaeoclimatic indicators. We are at the mercy of poorly known, even completely unknown, 
mechanisms that cannot be studied from an observational point. It is becoming increasingly clear that the facile 
ad hoc explanation for the mobilist model has, in reality, put the earth sciences back something like a hundred 
years. 
 
Interestingly, it was one of the initial aims of the NCGT publication to rely on observational data and the Journal 
is to be congratulated for preserving this line. So why do we still put up with rebuffs for not toeing the mobilist 
line and accepting the myths of drifting continents? 
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 Peter M. James 
petermjames35@gmail.com 

******************** 
Dear Sir, 
 

he article “Tectonic Shocks in the Oil Industry” in AAPG Explorer November’s Historical Highlights 
begins with review of PT history. Nothing new there, every geology student reads about it in geology texts. 

It continues by claiming that PT is at the heart of petroleum exploration. Is this true? 
 
PT is firmly established. However, data reveal major flaws (for a well-referenced discussion see Pratt, D., 2000, 
Plate Tectonics: A Paradigm Under Threat). PT champions rarely address them. Science suffers. There are 
alternative ideas. They are part of PT history and geology.  

In my experience industry does not centre exploration on PT. It focuses on data, analogues, underexplored areas, 
improved seismic acquisition/processing and drilling/production technology, imagination and experience, 
drilling into the unknown, risk taking, changing politics and economies.  

The quoted Neftex model leans heavily on sequence stratigraphy and comprehensive integration of large 
databases (the web page does not mention PT). No doubt very useful but what’s new? I worked for two oil 
majors that used global databases, looking for overlooked basins and analogues. They were not premised on PT.  

We did not spend time discussing mantle convection, partial melting of heterogeneous and streaky mantle 
plumes, hot spot tracks, slab pull or push, subduction zones and factories where sediments descend into the 
mantle and basalt comes up as andesite, the mysteries of mantle wedges, magnetic stripes or the fate of Pangaea. 
We focused on basin settings and evolution. 

Returning to my first sentence, it is surely sad (not to mention irresponsible) that texts do not consider multiple 
working hypotheses. Many thousands of students are sent out into the world each year armed only with PT 
dogma.  They should at least be presented with data so that they can make up their own minds. I think AAPG 
could help. 

Sincerely, 
Keith H. James 
khj@aber.ac.uk 

******************* 
Dear Editor, 

 

Counterclockwise rotation of Australia revisited 
 

n a couple of short notes in this journal, Dr James (2015, 2016) has questioned the role of planetary inertia in 
tectonics. Nevertheless, these albeit weak forces produced by Earth’s variable rotation have turned out to be 

the directing stresses for wrench tectonic processes (Storetvedt, 1997, 2003 and 2011). When he talks about “the 
enormous forces that would be required to twist a continental unit like Australia”, Dr James just reiterates an old 
ingrained, but unsubstantiated, assertion. He further submits that “The torque required to produce any shearing 
of the circumferential boundary to the Australia unit can be determined to a first degree of accuracy using 
estimated crustal shear strengths”; on this basis he regards crustal inertia hopelessly inadequate for the required 
task. However, realistic shear strengths can only be measured in surface rocks for which the obtained values are 
completely irrelevant for studies of continental wrench deformation. Thus, deep continental drilling (Kola and S. 
Germany) has shown that everything we thought we knew about physical and geological states of the crust (even 
at fairly shallow depths) is gravely wrong. Therefore, it is difficult to see that Dr. James’ critique carries any 
weight.     
 
In recent papers in this journal (Storetvedt & Longhinos, 2014a & b; Storetvedt, 2015a) we have discussed the 
geophysical evidence for the Neogene inertial rotation of Australia – including the adjacent SW Pacific 

T 
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territories. The unusually large rotation that has been found (70˚ counterclockwise) is consistent with the 
structural complexity and extremely intense tectonic activity along the Australasia border zone; besides, it gives 
a ready explanation of the Wallace Line which represents one of the world’s most well-defined biological 
discontinuities. In a global perspective, the rotation of Australia fits well into the scheme of inertia-regulated 
wrench tectonics – a latitude-dependent system of overall modest lithospheric torsion peaking at around the K/T 
boundary and during Neogene times respectively (Storetvedt, 1997, 2003). This lithospheric torsion was most 
likely triggered by the accelerated crustal oceanization in the Upper Cretaceous – strongly transforming the pre-
existing lithosphere and establishing deep sea basins for the first time in Earth history. In this process, 
reorganization of planetary mass led to changes of the Earth’s moments of inertia – expressed by ‘episodic’ 
changes in spin rate and by events of true polar wander; these relatively jerky dynamical changes can be 
regarded the principal triggers of the spasmodic geological history.            
 
In a recent contribution in this journal (Storetvedt, 2015b), I gave a summary of inertial forces affecting global 
tectonics – stressing in particular the importance of the deflecting Coriolis acceleration. Referring to classical 
physical literature, I concluded that “the most important deflecting Coriolis terms are associated with the 
eastward planetary rotation producing a southward force and with vertically upward velocity changes of the 
brittle surface layer producing a westward force”. Hence, the resulting stresses would be towards the equator 
and westward. This prediction is indeed supported by the Australasia situation: SE Asia (and the rest of Eurasia), 
being located north of the present equator, is undergoing wrench deformation in the clockwise sense, while 
Australia (located south of the equator) is being subjected to counterclockwise torsion as expected for the 
southern lithospheric cap. The unusually strong tectonic instability of Australia is likely to be the product of two 
crucial factors: 1) The relatively small size of this continent and 2) its proximity to the equator; the westward 
Coriolis force is proportional to the cosine of latitude.   
 
Today not a single soul would be able of giving anything approaching a realistic value of shear strength vs. 
depth in the crust.  Thus, conventional shear tests, used in surface geotechnical work, are clearly not applicable 
to aspects of crustal/lithospheric tectonics. The only way to get around the problem, of whether the weak inertial 
forces have had a significant wrenching effect on the lithosphere, is to look for predicted tectonic consequences. 
The counterclockwise rotation of the Australia block is, in fact, as forecasted by the wrench tectonic theory and 
is further strengthened by a multiplicity of associated regional geophysical and structural observations – building 
up a progressive prediction-confirmation succession of regional geological phenomena; in this process, there is 
no need to call upon ad hoc modifications of the model. This is in fact how a functional overarching theory 
should work. 
 
The results from deep continental drilling – which shows exponential increase in fracture volume with depth in 
association with the presence of abundant hydrous fluids – may readily create relatively flat lying slip ‘surfaces’ 
with low shearing resistance (notably below depths of a few kilometres); even in surface exposures, the 
omnipresent vertical orthogonal fracture system is cut by undulating horizontal fracture planes. In other words, 
in a tectonic wrenching system we are most likely facing a crust/lithosphere which is likely to consist of many 
sub-horizontal detachment planes; this implies that the measured rotation estimate for the top section of a 
continental block undergoing tectonic torsion (like Australia) will expectedly represent the cumulative slip effect 
along numerous ‘horizontal’ decoupling ‘surfaces’.  
 
Dr. James (James, 2016) seemingly accept the evidence from continental drilling which may lead to a 
significantly reduced shearing resistance and increased ‘visco-elastic’ behaviour at lower levels of a wrench unit 
– probably greatly reducing his torque requirement. On the other hand, he argues that this is not the case with the 
circumferential shearing resistance, and he regards the effects of planetary inertia – which he describes as a 
nebulous phenomenon – as insufficient for the torque requirement. Nonetheless, crustal deformability and 
‘visco-elastic’ behaviour would naturally increase towards the boundary region of a continental unit. For 
example, the enclosed illustration shows a schematic presentation of the progressive, but stepwise, thinning of 
the lithosphere of eastern Australia towards the Tasman Sea. Since the general attenuation of continental crust 
seems critically dependent on the availability of water from the mantle as well as crustal fracture density (cf. 
Storetvedt, 2003, for references and discussion), it seems reasonable to conclude that the boundary regions of 
Australia are likely to be mechanically much weaker than that beneath of the continental block itself. Polar 
wandering events may serve as a kind of hydraulic pump forcing pressurized hydrous fluids from the mantle into 
the expanding fracture system of the crust. It follows that a continental block like Australia, surrounded by thin-
crusted oceanic basins, is likely to have had greatly reduced shear strength along its circumferential boundaries.  
 
That the needed torque requirement for wrenching of the Australia block is fulfilled are indeed demonstrated by 
the consistent counterclockwise GPS velocity vectors obtained from stations on islands in the eastern and 
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northern border regions of the continent. But in addition to reducing the crustal shear strength following from 
true polar wander, critical evaluation of palaeomagnetic data (Storetvedt, 1990 and 1997) indicates that the 
global lithosphere has been subjected to latitude-dependent westward tectonic stresses – during which the 
northern (palaeo) lithosphere has undergone clockwise wrenching, while counterclockwise torsions have 
prevailed in the southern hemisphere. This means that in order to account for the global system of tectonic 
mobility, inertia effects are needed as regulating forces.  
 
In the closing comment of his most recent letter, Dr. James, accepting the systematic GPS velocity studies but 
being skeptical to the importance of inertia forces to explain them, writes: But could not these recordings [the 
GPS data] be the result of the small but measurable migration of the geographic pole(s) noted in modern times? 
He does not clarify this tentative statement which I find very difficult to grasp. However, in my opinion it seems 
impossible to explain the global tectonic system without the co-operation of lithospheric inertia. For the upper 
crustal section of the Australia block, the Neogene wrenching certainly implies a number of small additive 
motions along ‘horizontal’ slip surfaces – which for the upper continental section seems to have been altogether 
70˚ in the counterclockwise sense.                  
 

 
is consistent with the curved distribution of Upper Cretaceous-Recent magmatic centres along the eastern 
margin (square symbols); volcanic activity would naturally have been triggered by fault reactivation during 
Australia’s stepwise counterclockwise torsion.    
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A schematic diagram that shows 
the stepwise lithospheric 
attenuation of eastern Australia 
towards the Tasman Sea – 
apparently greatly reducing the 
shear resistance along the 
circumferential border zone. 
Diagram is simplified after 
Fishwick et al. (2008). Note that 
the inferred counterclockwise 
rotation of the continent 
(indicated by red curved arrow)  
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VLF electromagnetic signals unrelated to the Central Italy 
earthquakes occurred between 26 and 30 October 2016 

 
Gabriele Cataldi1, Daniele Cataldi2 and Valentino Straser3 

 
1Radio Emissions Project, Rome. ltpaobserverproject@gmail.com 
2Radio Emissions Project, Rome. ltpaobserverproject@gmail.com 

3Independent Researcher. valentino.straser@gmail.com 
 
Abstract: Since 2013 the authors of this study have been monitoring the Earth's electromagnetic background in 
search of radio emissions related to strong earthquakes (M6+). This research method has allowed us to verify the 
existence of an electromagnetic anomaly that preceded more than 142 hours the Italian M6.2 earthquake occurred on 
August 24, 2016 at 01:36:32 UTC. The same monitoring method did not allow us to detect natural radio emissions 
related to other two strong Italian earthquakes occurred in October 2016. 
 
Keywords: Seismic Electromagnetic Precursors, VLF radio-anomalies, Earthquake Prevision, Central Italy 
Earthquake, Earthquake Precursors, VLF Monitoring. 
 
(Received on 6 November 2016. Accepted on 19 November 2016) 
 
 
Introduction 
 

etween August 24, 2016 and October 30, 2016, the Central Italy recorded three high intensity seismic 
events: 1) M6.2 occurred on August 24, 2016 at 01:36:32 UTC; 2) M6.1 occurred on October 26, 2016 

at 19:18:08 UTC; 3) M6.6 occurred on October 30, 2016 at 06:40:19 UTC. 
 

 
Fig. 1.  August-October 2016 Italian M6+ earthquakes epicenter. The image shows the map of Italy (relative to the regions 
of Central Italy) with the three M6 + earthquakes epicenters (three yellow stars) registered between August 24, 2016 and 
October 31, 2016 (USGS - United States Geological Survey data). The green circle indicates the location of the Radio 
Emissions Project's VLF monitoring station located in Albano Laziale (RM), Italy. Lat: 41°42’7.52”N; Long: 
12°49’17.34”E. Credits: Google Earth. 
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The electromagnetic environmental monitoring is a scientific research method that has enabled us to 
scientifically prove the existence of short-term seismic electromagnetic precursors (SEPs) (Hayakawa, 
2015), and has allowed one to identify seismic epicenter of destructive earthquakes (Ohta et al., 2013). 
Unfortunately, to date, there does not exist yet any SEPs monitoring project shared globally in that only 
few nations in the world have created a scientific research projects dedicated to the study of SEPs. Italy, 
after Greece, is certainly the second European nation to have the highest seismic risk, but unfortunately, no 
official network of detectors for the study of SEPs have been installed. The only Italian project of 
electromagnetic monitoring active for 24 hours a day – 7 days a week dedicated to SEPs is represented by 
Radio Emissions Project which is managed and fully financed by Dr. Gabriele Cataldi and Dr. Daniele 
Cataldi. The Radio Emissions Project deals with the monitoring of SEPs since 2009 and has become an 
important point of reference at national level because it offers its technical and scientific advice to most 
private electromagnetic monitoring projects dedicated to SEPs. It was also technical and scientific 
consultant for the creation of electromagnetic monitoring projects supported by universities1. 
 
VLF Anomalies 
 
The Radio Emissions Project's monitoring station is equipped with two main radio receivers through which 
the SELF-ELF and VLF bands can be monitored. A few days before the M6.2 earthquake on August 24, 
2016, the VLF monitoring station of Radio Emissions Project detected electromagnetic emission (radio-
anomaly) (Fig. 2) that had never been seen before,  and has never been observed in the following months 
(Straser et al., 2016). 

 

Fig. 2.  VLF Monitor and Seismic Electromagnetic Precursors of M6.2 Central Italy Earthquake. The picture shows the 
dynamic spectrogram of the Earth's electromagnetic field recorded on August 18, 2016 between 00:00 and 07:30 UTC from 
the electromagnetic environment monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy. At 
the center of the spectrogram, inside the red dotted line, is present the radio anomaly that has been recorded precede the 
M6.2 Italian earthquake occurred on August 24, 2016 at 01:36 UTC. The emission appeared at 02:47 UTC and disappeared 
at 06:21 UTC. The labels at the top of the spectrogram (in light blue) indicate known radio stations, prevalently of anthropic 
type. The Y axis of the spectrogram indicates the UTC time of the registration; this proceeds from top to bottom at 1 
horizontal line to minutes. The X axis is the emission frequency of radio signals (the frequency increases going to the right): 
these are represented in different colors according to their intensity. 

                                                           
1Project to launch a stratospheric balloon for the Master's Degree in “Advanced Communications and Navigation 

Satellite Systems”, University of Rome “Tor Vergata”. The payload was equipped with a magnetic induction 
magnetometer for monitoring the Earth's geomagnetic field made by the authors. 
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This electromagnetic anomaly that has been recorded on August 18, 2016 between 02:47 UTC and 06:21 
UTC, thus remained visible for about 3 hours and 34 minutes between 9.63 kHz and 23 kHz, with greater 
intensity between 9.63 kHz and 20.5kHz and preceded the Italian M6.2 earthquake of the August 24, 2016 
of 142 hours and 49 minutes (almost 6 days). In respect to the human radio emissions visible in the 
spectrogram prevalently between 18 kHz and 26 kHz (indicated by the light blue label at the top of the 
spectrogram), the radio anomaly has an enormous bandwidth that reaches 13.37 kHz. This is the first radio 
anomaly with these features that has been recorded from the VLF monitoring station of the Radio 
Emissions from Project since its operation (2013), perhaps because from 2013 to until August 24, 2016 had 
not been recorded strong seismic events intensity (M6+) in Italy. 
 
The radio-anomaly recorded on August 18, 2016 has typical spectrometric and spectrographic 
characteristics of a non-anthropic emission, ie. a natural phenomenon: 1) high bandwidth; 2) rare and 
sporadic event; 3) gradual appearance/disappearance. Conversely, the more intense anthropic broadcasters 
(radio stations) present in the same spectrogram have completely different characteristics from the 
anomaly: 1) low bandwidth; 2) always visible or rarely absent; 3) sudden appearance/disappearance; 4) 
known emission frequency; and 5) variable intensity compared to ionospheric conditions. Between 
anthropogenic broadcasters, we find more visible emissions in the spectrogram (Fig. 3): 
 

• ICV–20.27kHz – Tavolara Island, Italy 
Latitude: N 40° 55' 23.26"(+40.923127°) 
Longitude: E 009° 43' 51.64"(+009.731011°) 
 

• HWU–21.75kHz - Rosnay, France 
Latitude: N 46° 42' 47.26"(+46.713129°) 
Longitude: E 001° 14' 42.89"(+001.245248°) 
 

• DHO38–23.4kHz - Rhauderfehn, Germany 
Latitude: N 53° 04' 44.04"(+53.078900°) 
Longitude: E 007° 36' 54.00"(+007.615000°) 
 

• NAA–24kHz - Cutler, ME 
Latitude: N 44° 38' 41.77"(+44.644936°) 
Longitude: W 067° 16' 53.90"(-067.281639°) 
 

• JXN–16.4kHz - Novik, Norway 
Latitude: N 66° 58' 27.67"(+66.974353°) 
Longitude: E 013° 52' 25.02"(+013.873617°) 
 

• TBB–26.7kHz - Bafa, Turkey 
Latitude: N 37° 24' 45.81"(+37.412725°) 
Longitude: E 027° 19' 24.03"(+027.323342°) 
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Fig. 3.  Main VLF radio stations scattered on the globe: The image shows the location of the main VLF radio stations 
on the terrestrial globe. Credits: http://nova.stanford.edu/.  
 
Performing a careful analysis of the spectrogram we have observed that the anomaly seems to be 
interfering with some of the VLF radio stations visible in the spectrogram (Fig. 2): The "RDL" radio 
stations (Fig. 4) that transmit at a frequency of 18.1kHz (located in Krasnodar, Nizhny Novgorod and 
Arkhangelsk in Russia) are attenuated by about 15 dB in the hours when the anomaly reaches its maximum 
intensity (-37dB) remaining attenuated for more hours even after the disappearance of the anomaly radio. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4.  18.1 kHz Russian RDL stations. The image shows the location of the three Russian RDL stations (circles 
cyan) that transmit the 18.1kHz frequency relative to the position of the Italian peninsula and the seismic epicentres of 
the three M6+ earthquakes (yellow stars) occurred in Central Italy between 24 August 2016 and 30 October 2016. The 
red lines represent the direction of propagation of the 18.1 kHz RDL signals respect to the Radio Emissions Project’s 
VLF monitoring station (little green circle). Credits: Google Earth. 
 
 
For the purpose of finding a cause that can explain the radio-anomaly recorded on August 18, 2016 and the 
effects on RDL radio broadcasters we accomplished an analysis of the geomagnetic parameters of August 
18, 2016: the Kp-Index reached a maximum value of 3 remaining for the most part of the day to a value of 
1 and 2; these variations do not justify the radio anomaly that was recorded and even the level of 
attenuation of RDL stations. Also, we excluded malfunctions on radio equipment of the VLF monitoring 
station. 
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The three RDL radio stations are located at an altitude next to the sea level (ie, a few tens of meters above 
sea level), while the VLF monitoring station of Radio Emissions Project is located at an altitude of 173m 
above sea level. Given the enormous distance as the crow flies between the VLF monitoring station by the 
three RDL radio stations (Krasnodar = 2093 km, Nizhny Novgorod = 2764 km; Arkhangelsk = 3126 km), 
the first mode of propagation of 18.1kHz radio signal is due to electromagnetic wave reflection on an 
ionospheric layer with adequate electron density: this occurs in the night hours because in the daytime there 
is a physiological absorption of the electromagnetic waves from the lower layers of the atmosphere and 
therefore the RDL signal propagates exclusively for ground waves (see Fig. 9) losing, yet, much of its 
intensity: the authors calculated a loss of intensity of about 20 dB between 05:00 UTC and 17:00 UTC.As 
regards to the VLF anomaly observed, this occurs precisely during the phase of attenuation of VLF 
propagation and the authors believe that the attenuation of the RDL radio carriers is to be attributed to the 
physiological absorption of the VLF propagation in the hours in which we observed the anomaly. As 
regards to the presence of the anomaly, the only data related to this event was the Italian M6.2 earthquake 
occurred on August 24, 2016 at 01:36:32 UTC, almost six days later. 
 
Between 26 and 30 October 2016, in Central Italy were registered two strong earthquakes: M6.1 occurred 
on October 26, 2016 at 19:18:08 UTC; M6.6 occurred on October 30, 2016 at 06:40:19 UTC. From 21 
October 2016 until November 2016 the VLF monitoring station of Radio Emissions Project began to detect 
the unknown radio emissions in the VLF band (Figs. 5-10), which had never been detected before. It 
consisted of a series of radio signals visible in practically all the VLF band:  
 

1) a horizontal signal that had appeared around 23 kHz, and that in about 20 minutes had increased its 
frequency reaching 30 kHz. Further analysis of this signal allowed us to ascertain that its emission 
frequency never exceeded 30 kHz. It was a medium-low intensity signal, with a very small bandwidth 
on which the authors suggested that it may be of anthropogenic nature (for example an interference 
caused by an electric motor or something like that) even if the VLF monitoring station is located in an 
area with a low population density and far from construction sites and/or factories; 
 
2) between 5.5kHz and 22kHz were visible instead a series of weak emissions (between 4 and 6 
emissions) with intensity slightly higher than that of the natural background (the background intensity 
corresponds to -31dB) which have had a temporal progression exactly opposite to that of the first signal 
of which has been discussed: these signals have undergone of a reduction in their emission frequency: 
10kHz in about 90 minutes (as regards the visible signal on the left side of the spectrogram, Fig. 5). The 
most obvious spectrographic characteristic of these signals consists in the fact that they are still almost 
parallel to each other even if it is difficult to give explanations on their effective nature, the authors 
believe that it is not of natural emissions also because they have a small bandwidth. Another hypothesis 
is that it may ultimately be the resonant harmonics of anthropogenic stations not directly visible on the 
VLF band. In Fig. 7 and Fig. 8 the electromagnetic anomaly present on the left side of the spectrogram 
even has main signal resonance harmonics.  
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Radio Emissions Project VLF Monitor – Unknown anthropic broadcaster of October 21, 2016 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
Fig. 5.  Radio-anomaly observed on October 21, 2016. The picture shows the VLF (3-30 kHz) dynamic spectrogram of the 
Earth's electromagnetic field recorded between 17:00 UTC on October 21, 2016 and 00:00 UTC on October 21, 2016 from 
the electromagnetic environment monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy (Lat: 
41°42’7.52”N; Long: 12°49’17.34”E). The labels at the top of the spectrogram (in light blue) indicate known radio stations, 
prevalently of anthropic type.  The Y axis of the spectrogram indicates the UTC time of the registration; this proceeds from 
top to bottom at 1 horizontal line to minutes. The X axis is instead reported the emission frequency of radio signals (the 
frequency increases going to the right): these are represented in different colors according to their intensity. The areas 
marked by the red dashed line identify the electromagnetic anomalies recorded by the station. 
 

Radio Emissions Project VLF Monitor – Unknown anthropic broadcaster of October 22, 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6.  Radio-anomaly observed on October 21, 2016. The picture shows the VLF (3-30 kHz) dynamic spectrogram of the 
Earth's electromagnetic field recorded between 21:00 UTC and 23:30 UTC on October 21, 2016 from the electromagnetic 
environment monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy (Lat: 41°42’7.52”N; 
Long: 12°49’17.34”E). The labels at the top of the spectrogram (in light blue) indicate known radio stations, prevalently of 
anthropic type. The Y axis of the spectrogram indicates the UTC time of the registration; this proceeds from top to bottom at 
1 horizontal line to minutes. The X axis is the emission frequency of the radio signals (the frequency increases to the right): 
these are represented in different colors according to their intensity. The areas marked by the red dashed line identify the 
electromagnetic anomalies recorded by the station. 
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Fig. 7. Radio-anomaly observed on October 21, 2016. The picture shows the VLF (3-30 kHz) dynamic spectrogram of the Earth's 
electromagnetic field recorded between 20:00 UTC and 22:30 UTC on October 23, 2016 from the electromagnetic environment 
monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy (Lat: 41°42’7.52”N; Long: 12°49’17.34”E). 
The labels at the top of the spectrogram (in light blue) indicate known radio stations, prevalently of anthropic type. The Y axis of 
the spectrogram indicates the UTC time of the registration; this proceeds from top to bottom at 1 horizontal line to minutes. The X 
axis is the emission frequency of the radio signals (the frequency increases going to the right): these are represented in different 
colors according to their intensity. The areas marked by the red dashed line identify the electromagnetic anomalies recorded by the 
station. The white arrows indicate two resonant harmonics present behind the anomaly on the left side of the spectrogram. 
 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
Fig. 8.  Radio-anomaly observed on October 21, 2016. The picture shows the VLF (3-30kHz) dynamic spectrogram of the Earth's 
electromagnetic field recorded between 20:30 UTC and 22:30 UTC on October 24, 2016 from the electromagnetic environment 
monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy (Lat: 41°42’7.52”N; Long: 12°49’17.34”E). 
The labels at the top of the spectrogram (in light blue) indicate known radio stations, prevalently of anthropic type. The Y axis of 
the spectrogram indicates the UTC time of the registration; this proceeds from top to bottom at 1 horizontal line to minutes. The X 
axis is the emission frequency of the radio signals (the frequency increases going to the right): these are represented in different 
colors according to their intensity. The areas marked by the red dashed line identify the electromagnetic anomalies recorded by the 
station. The white arrows indicate two resonant harmonics present behind the anomaly on the left side of the spectrogram. 
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The presence of resonant harmonics close to a main radio signal (more intense) is a conventional 
phenomenon associated with anthropogenic radio signals whose nature, however, in the specific case, is not 
known. The authors' aim was to see if these signals were related to M6+ seismic activity and this was 
possible only after the M5.8 Italian earthquake occurred on October 28, 2016 at 20:02 UTC (Fig. 10). 
Between 16:00 UTC and 23:30 UTC on 28 October 2016 the Radio Emissions Project's VLF 
electromagnetic monitoring recorded a spectrogram which clarified all doubts (Fig. 10): radio anomalies 
appear after the M5.8 earthquake time marker making clear that they do not have to do with the local 
Italian seismic activity, because if they had been emissions produced in the focal zone of the earthquake, 
they would have to undergo a shutdown after the M5.8 earthquake, and instead they continued even after 
the M6.6 Italian earthquake occurred on October 30, 2016 at 06:40:19 UTC. 
 

Radio Emissions Project VLF Monitor – Unknown anthropic broadcaster of October 26, 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9.  Radio-anomaly observed on October 21, 2016. The picture shows the VLF (3-30kHz) dynamic spectrogram of 
the Earth's electromagnetic field recorded between 06:00 UTC and 08:30 UTC on October 26, 2016 from the 
electromagnetic environment monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy 
(Lat: 41°42’7,52”N; Long: 12°49’17,34”E). The labels at the top of the spectrogram (in light blue) indicate known 
radio stations, prevalently of anthropic type. The Y axis of the spectrogram indicates the UTC time of the registration; 
this proceeds from top to bottom at 1 horizontal line to minutes. The X axis indicates the emission frequency of the 
radio signals (the frequency increases going to the right): these are represented in different colors according to their 
intensity. The areas marked by the red dashed line identify the electromagnetic anomalies recorded by the station. 
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Radio Emissions Project VLF Monitor – Unknown anthropic broadcaster of October 28, 2016 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10. Radio-anomaly observed on October 21, 2016. The picture shows the VLF (3-30kHz) dynamic spectrogram 
of the Earth's electromagnetic field recorded between 20:10 UTC and 22:30 UTC on October 28, 2016 from the 
electromagnetic environment monitoring station of Radio Emissions Project, located at Albano Laziale (RM), Italy 
(Lat: 41°42’7,52”N; Long: 12°49’17,34”E). The labels at the top of the spectrogram (in light blue) indicate known 
radio stations, prevalently of anthropic type. The Y axis of the spectrogram indicates the UTC time of the registration; 
this proceeds from top to bottom at 1 horizontal line to minutes. The X axis is the emission frequency of radio signals 
(the frequency increases going to the right): these are represented in different colors according to their intensity. The 
areas marked by the red dashed line identify the electromagnetic anomalies recorded by the station. The visible yellow 
label on the right side of the image represents the temporal markers of the M5.8 Italian earthquake occurred on 
October 28, 2016 at 20:02 UTC. 
 
 
Fulminations 
 
To confirm the objectivity of the electromagnetic monitoring related data, the authors have verified 
whether or not in the vicinity of the VLF monitoring station storms occurred on August 18, 2016. The radio 
signals produced by lightning, in fact, can be detected by radio receivers tuned to a wide range of 
frequencies, for this reason it is essential to reject the hypothesis that electromagnetic anomalies detected 
by the VLF monitoring station of Radio Emissions Project are in reality the marks left by a storm. To run 
this check, weather data were utilized; they were provided by the Italian Air Force (AMI). We found that 
on August18, 2016 there were no thunderstorms near the VLF monitoring station, but light rain was 
recorded in Northern Italy. In addition, from 21 October 2016 to 30 October 2016 thunderstorms near the 
VLF monitoring station of Radio Emissions Project did not occur except for October 26 and October 27, 
which recorded 5 and 25mm of rain, respectively. On October 27, 2016 storms were recorded in the city of 
Catania, Sicily (at a distance of 509 km point to point), South-East direction, from the VLF monitoring 
station). Moreover, from a spectrographic point of view, on VLF spectrograms are not found typical signals 
related to lightning discharges, ie. the so-called "Spherics" (abbreviation of "atmospherics", also known as 
"statics"): the duration of spherics corresponds to fractions of a second and, in addition, do not remain 
visible for hours undergoing a frequency variation. 
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Conclusions 
 
The SEPs are natural radio emissions that precede earthquakes of high intensity and can be used to 
understand with a good accuracy where a next earthquake will occur (Ohta et al., 2013). Current research 
on SEPs is affected by the absence of internationally-shared research projects that deal with the study of 
this new class of natural radio emission discovered in 1880 (Milne, 1990).The monitoring of the 
environmental electromagnetic field remains a method of research of fundamental importance for the study 
of SEPs and it will also be in future, especially for understanding the seismic epicenter. The authors have 
proposed many times in the international arena the creation of a task force dedicated exclusively to 
monitoring SEPs but until today the results have been disappointing. Yet, studies conducted in the last 
decade on SEPs are very encouraging and suggest that the electromagnetic monitoring combined with solar 
activity monitoring (including also the heliophysics) represent a new scientific substrate to build a seismic 
prediction method based on premonitory phenomena and not on merely statistical data. This is the 
challenge of the future. 
 
Environmental electromagnetic monitoring allows us not only to monitor the SEPs but also to exclude all 
radio anomalies that do not have characteristics compatible with the natural emissions. The creation of a 
network of wideband electromagnetic receivers (SELF-VLF) installed all over the globe (especially near 
the faults) and implemented with "RDF" (Radio Direction Finder) technology would result in a quantity of 
data on SEPs superior to all the data that the international scientific community has gotten through the last 
100 years of field research. To create a monitoring network of this type, international cooperation is highly 
required between researchers and government institutions. The greater effort is surely represented by the 
abandonment of the old erroneous scientific beliefs that many researchers have on SEPs and seismic 
forecasting in general, and that is that we cannot foresee potentially destructive earthquakes. The authors 
are convinced, in fact, that today the main problem that hinders research on earthquake prediction is 
cultural and not technological-organizational and for remove this constraint it is necessary to create a super 
specialized international research group dedicated to the monitoring and study of SEPs and all 
electromagnetic seismic precursors, including those of geomagnetic nature (geomagnetic seismic 
precursors or SGPs) (Cataldi et al., 2013). 
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INTRODUCTION 
 

he paper further specifies certain points touched upon in this author’s article (Gordienko, 2015a) 
dealing with the advection-polymorphism hypothesis (APH) regarding deep-seated processes.  It may 

therefore contain some repeats. 
 
Oceans have been covered by geological and geophysical studies much less extensively than continents or 
transition zones.  For that reason, it is so far impossible to achieve the same definiteness in the construction 
of models depicting deep-seated process based on the advection-polymorphism hypothesis or to verify 
them with the help of experimental data.  In this author’s earlier paper (Gordienko, 2012), such a process, 
whose pattern was constructed with the help of a certain body of information, was discussed.  The 
following is a somewhat different approach (although similar in principle to the earlier one, since it is based 
on the same APH assumptions).  It is likely to be close to an ultimate version. 
 
Not only has the use of new data made it possible to devise a more detailed and close to reality pattern of 
the tectonospheric material displacements within the frameworks of the endogenous conditions in question.  
It has also suggested that the deep-seated processes involved in the oceanization and rifting are essentially 
the same and that their near-surface manifestations differ due to the dissimilar composition of the crust 
prior to active events. 
 
This paper analyzes the process of oceanization of the Earth’s crust with continental thickness, and this also 
requires an analysis of events in active continent-to-ocean transition zones.  Also discussed is the deep-
seated structure of currently quiescent transition zones. 
 
OCEANIZATION:  THE OCEANIC CRUST 
 
This author deems it necessary to provide a reasonably more objective characterization of the oceanization 
dynamics:  To determine the activation background (the primordial type of the Earth’s crust and its 
geological prehistory), to identify the main patterns of magmatism, displacements of the surface, and 
sedimentation, and to generalize information on the finite crustal structure. 
 
In the relatively well studied Mid-Atlantic Ridge (MAR), the Precambrian age of the basement has been 
established, as well as involvement of magmatic and metamorphic events in its formation during the 
Archean-Phanerozoic.  In Fig. 1, the findings are compared with similar data for the Ukrainian Shield 
(USh) and with estimated temperatures (T) established as an effect of various processes, including those 
that heat up the Earth’s crust the most, all that within the framework of the APH concepts. 
 

T 
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Fig. 1. P-T conditions under which crustal rocks 
formed in the Ukrainian Shield and the Mid-
Atlantic Ridge (Gordienko et al., 2005; Krivoy 
Rog..., 2011, Pogrebitsky et al., 2002; Frolova 
et al., 2002; and others). Temperatures: 1 – 
estimated, 2 – experimental. 
 
 
 
 

Despite the limited number of drilling operations and small depths of the boreholes, it is explicitly clear 
that the MAR basement was shaped by deep-seated processes whose thermal effects could be quite similar 
to those that impacted rocks of the Ukrainian Shield.  Crustal thickness within which those processes 
occurred was at least (most probably larger than) 25 km.  A typical depth of the Mohorovičić 
discontinuity (Moho) at continental margins is about 30 km (Kunin, 1989). 
 
Mafic crustal blocks in transition zones are much more common than within continents proper.  In the area, 
where North America comes into contact with the Atlantic Ocean, they account for at least half of the 
crustal blocks (Geology…, 1979).  The crust of the Faroe Iceland Ridge is mainly composed of such 
blocks, which are also numerous at the eastern margin of Eurasia (part of Kamchatka, Kurile Islands, 
Hokkaido, etc.).  (Tectonosphere…, 1992; and others).  It would be logical to assume that the crust with 
continental thickness that was reworked in the process of oceanization was largely mafic with a thin 
granite-gneiss layer.  The latter might have largely undergone denudation during the region’s elevation 
prior to the oceanization process.  Scientists who surveyed the Faroe Iceland ridge (Frolova et al., 2002), 
for example, have identified such an elevation.  In the western part of the Pacific Region, the composition 
of lavas and the isotopy of lead, strontium, and columbium on islands indicate that they were melted out 
from the continental substrate aged about 3 billion years (Vasilyev, 1989; Govorov et al., 1996; and others).  
Prior to the onset of oceanization in that part of the Pacific Region, at least 10 km of the earlier crust had 
been cut off by erosion (fragments of rocks of the crystalline basement metamorphosed at 0.35 GPa and 
400oC are common there) (Vasilyev, 1989). 
 
Crustal blocks with dissimilar previous geological history underwent oceanization.  This follows, in 
particular, from results of studies in the northwestern part of the Pacific Ocean (Anosov et al.; Blyuman, 
2008; Choi, 1987, 1998; Krasnyy et al., 1981; Govorov et al., 1996; Sergeyev et al., 1983; Udintsev, 1987; 
Vasilyev, 1988; and others). 
 
In the vicinity of southern Kuriles, at the tip of the Zenkevich Swell and at the margin of the Pacific Ocean 
northwestern trench, within one of the areas of the residual continental crust (Geodynamics…, 1997), there 
lies a portion of a very long band of “claviform” rises in the basement (about 1,500x100-:-200 km) whose 
eastern margin has not yet been delineated.  Dredging operations at the slopes of horst uplifts and lava 
cones containing xenoliths have revealed thin sediments and young lavas represented by three complexes:  
1)  Neogene-Quarternary island arcs, also comprising large volcanic mountains up to 2-2.5 km in height; 2) 
Paleogene – alkaline basalts, and 3) Cretaceous-Paleogene spherical basalt inclusions from the ocean’s 
abyssal plains.  They are underlain by rocks of geosynclinal sedimentary-igneous and intrusive “orogenic” 
complexes that had been metamorphized and dislocated during the Laramian time, apparently on top of an 
ancient mafic crust.  Similar results have been obtained for the area of the Obruchev Rise.  Manifestations 
of magmatism over the last 70 million years at the Obruchev and Zenkevich rises are similar to those 
observed in the peripheral seas of the Pacific Ocean, in the Yap Trench, and in many other areas.  A more 
recent exploration of the Northwestern Basin and adjacent regions with the help of seismic and deep-sea 
drilling methods makes it possible to arrive at quite sound conclusions pertaining to the structure and 
geological history of that specific part of the ocean.  It cannot be ruled out that a similar situation also 
prevails in the so far insufficiently explored region limited by a flexure that was earlier identified at the M. 
discontinuity, i.e., to 150o western longitude (Kunin, 1989; Semenova, 1987; and others). 
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In the central part of the plate, the following crustal profile can be pictured (without focusing on substantial 
variations in age, thickness and composition that can be observed as one approaches the Zenkevich and 
Shatsky rises) (Geodynamics…., 1997).  The 5.5-km thick water layer is underlain by loose terrigenous 
sediments with a thickness of about 0.4 km that formed approximately 0-25 million years ago.  At the end 
of the period (about 0-1 million years ago – after peripheral trenches took shape near island arcs at the 
western periphery of the region), sediment accumulation slowed down abruptly and gave way to a 
hemipelagic process.  The sedimentary thickness is in good agreement with the “productivity” of the island 
arc cordilleras in the west of the region. 
 
Next, there lies a 0.03-km thick clay stratum that formed on dry land during the period of existence of the 
so-called Darwin Rise -- about 25-85 million years ago.  Further down to the depth of about 7.5 km 
(henceforward, relative to the ocean surface), there lies a sedimentary-volcanic layer about 0.45-km in 
thickness (with an increase in the content of effusive rocks toward the bottom, Vp = 4.5 km/sec) that 
formed in shelf environments approximately 85-145 million years ago.  It is underlain be a stratum (with 
the bottom reaching the depth of about 9 km) in which the volume of effusive rocks sharply prevails over 
the volume of sedimentary rocks.  The effusive rocks there also emerged at the surface or at shallow depths 
of the marine basin (Vp = 6.5 km/sec) about 145-200 million years ago.  Detected further down, there is a 
layer similar to the overlying one in terms of rocks making it up (its bottom lies at the depth of 9.5-10 km); 
its estimated age is about 200-240 million years.  Underlying it are deposits (with the bottom portion lying 
at about 12-13 km, Vp = 7 km/sec) composed of metamorphic, sedimentary, and igneous rocks (with a 
predominance of basic rocks) of Paleozoic and, possibly, Late Proterozoic age.  Further down to the depth 
of 32-33 km, a layer of a presumably Proterozoic-Archean basement of an ancient platform saturated with 
mantle rocks intrusions was identified (Vp = 7.9 km/sec).  P-wave velocities in the subcrustal mantle are 
higher somewhat than the background level and amount to 8.2-8.3 km/sec. 
 
Various authors dealing in their studies with the region’s crustal structure resort to dissimilar, at times 
conflicting, terminology.  The layer with Vp values ranging from 7.3-7.9 to 7.7-8.1 km/sec beneath the 
Hawaiian Rise has been referred to as part of the crust, while the layer with Vp estimated as 7.4-7.9 km/sec 
beneath the northern part of the Eastern Pacific Rise and the Juan de Fuca Ridge has been assumed to 
pertain to the mantle.  In some cases, the M. discontinuity and the crust/mantle interface are perceived as 
separate features:  “The layer velocity beneath the M. discontinuity amounts to …. 7.9 km/sec with an 
increase to 8.3 km/sec from the depths of 32-33 km (the top of the upper mantle) below ocean level.  It is 
noteworthy that intensive wide-angle reflection at the mentioned depths has been tracked over distances of 
200-500 km with the explosive charge mass amounting to 20 kg.  At the same time, the M. discontinuity at 
the depth of 13 km can be followed over short (30-60, and only occasionally up to 100 km) distances from 
the explosion site, the explosive charge mass being the same” (Geodynamics…., 1997, pages 42-43).  It 
appears more logical to view the M. discontinuity as an interface beneath which there lie exclusively 
mantle rocks (with velocities of 8.0 km/sec or higher.  Exceptions can only be associated with abnormally 
heated areas).  Traces of a thick crust reworked during oceanization have also been discovered in the 
Southern Okhotsk Depression where the existence of such crust prior to oceanization is beyond doubt.  The 
Vp values for such depths are listed (along with the data for some other depressions of the Atlantic Ocean) 
in Fig. 2.  The average velocity within the depth range of 10-30 km (in Fig. 2) is about 7.9 km/sec.  It 
should be noted that we are not talking here about generally recognized fragments of continental crust that 
are common in all oceans.  The traces in question have been spotted in areas where oceanic crust with its 
usual velocity profile prevails. 
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Fig. 2. Velocity profiles for the Earth’s crust in the Pacific Ocean 
northwestern trench (1), Rockall Trough in the northern Atlantic 
Region (2), Southern Okhotsk Depression (3; an alternative 
version of the profile is shown in graph 3a), Brazilian and 
Angolan basins in the Atlantic Region (4) (Geodynamics…., 
1997; Syvorotkin et al., 2013; Tectonosphere…, 1992; and 
others). 
 
 
 
 
 

 
The above assumption on the crust transformation pattern is also corroborated by an analysis of the 
characteristics of its velocity structure for the entire western part of the Pacific Ocean.  There, “one can see 
results of transformation of what used to be the crust of continental-type or, more likely, a crust close to 
contemporary, as can be seen in the western transition zone, into oceanic crust.” (Semenova, 1987, p. 93). 
 
Oceanization, whose deep-seated process is largely similar to that typical of rifting (see below), causes 
substantial transformation of rocks in the lower portion of the crust undergoing transformation.  Its 
properties can be characterized as follows.  The lower layer of the crust of platform type comprises up to 30 
percent of ultrabasic formations (Gordienko et al., 2005; and others).  In the lower portion of the oceanic 
crust, their content is hardly much higher (it is primarily basic melts that intrude into the crust).  The crust 
also contains residual basic granulites with a density of about 2.9 g/cm3 at a high temperature and eclogites 
with a density of 3.4 g/cm3.  Rocks with a very similar composition can be seen directly in elevated blocks 
along the Mid-Atlantic Ridge axis (Shulyatin et al., 2012).  The complex comprises Phanerozoic and 
Precambrian (to Archean – see below) basic and ultrabasic formations in the amphibolite and granulite 
facies, i.e. those that formed within a thick crust.  It is precisely this model of a rather thick (30 to 40 km, 
including the water layer) crust and not that used by founders of the plate-tectonics theory (who assumed 
the thickness of about 10 km) that conforms to the requirements set forth in the publication by Vine et al. 
(1963).  Our model allows for the possibility of emergence of magnetic anomalies (though not very strong 
ones, consistent with a magnetic intensity of 2-3 A/m).  With a 30-percent eclogite content, the density of 
that portion of the crust will amount to 3.12 g/cm3.  If upper levels of the mantle are substantially 
overheated, the rocks will be in the facies of plagioclase lherzolite, and the density will decrease to 3.10 – 
3.15 g/cm3.  In other words, much of the reworked lower crust in oceans does not sink into the mantle.  On 
the whole, such a construction appears to be plausible. Yet, the average velocity in such an aggregate will 
only come up to 7.9 km/sec, which is after all lower than usual for the mantle.  Examples of velocity 
profiles depicted in Fig. 2 match the above result, however, they do not necessarily reflect a typical 
situation.  A histogram shown in Fig. 3 is based on a larger data sample. 
 

 
Fig. 3. Histogram showing seismic wave velocities pattern at depths of 
10-30 km beneath the Pacific and Atlantic oceans (Deep seismic 
probing…., 1987; Geodynamics…, 1997; Syvorotkin et al., 2013; 
Tectonosphere…, 1992; and others)   
 
 
 

 
In this case too, the average velocity value is close to 7.9 km/sec.  Yet, the presence of blocks with 
considerable deviations from the above value is quite obvious.  We arrive at a similar result by analyzing 
the spatial pattern of seismic wave velocities beneath the M. discontinuity (commonly believed to occur at 
a depth of about 10 km) – Fig. 4. 
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Fig. 4. Areas with dissimilar Vp at depths larger than 
10 km in the Pacific Ocean (Deep seismic probing…, 
1987). 
 
 
 
 
 
 
 
 
 
 
 
 

 
A review of information on geological events in the Pacific and Atlantic oceans and in transition zones 
(Blyuman, 2008; Choi, 1987; Yemelyanova et al., 2002; Frolov et al., 2011; Frolova et al., 1989, 2002; 
Geological…, 2005; Golubeva, 2009; Govorov, 2002; Rudich, 1983, 1984; Rudich et al., 1987; Silantyev 
et al., 2000; Tectonic zoning…, 2006; Tectonosphere…, 1992; Udintsev, 1987; Vasilyev. 1989; and others) 
makes it possible to lay out (perhaps only preliminarily, until we obtain more accurate data) several stages 
of activation.  The Late Hercynian stage -- 320÷240 million years -- is the least clearly defined.  The 
Cimmerian (180÷80 million years), Alpine (60÷20 million years), and post-Alpine (15÷0 million years) 
stages are better documented.  Endogenous conditions during the aforementioned periods were dissimilar.  
The entire Hercynian period is likely to have been largely geosynclinal.  It cannot, however, be ruled out 
that oceanization conditions prevailed in the area of contemporary mid-ocean ridges (MOR):  Geosynclinal 
conditions in the Cimmerian period can be traced in contemporary back-arc basins.  During the Alpine and 
post-Alpine periods, back-arc depressions underwent oceanization, while regions of mid-ocean ridges that 
had been formerly oceanized became activated.   
 
Oceanization can be conveniently analyzed on the basis of the most representative material pertaining to 
back-arc depressions.  In this case too, information on the earlier geological history is limited.  However, 
by adopting a sufficiently well-grounded assumption regarding an earlier Cimmerian geosyncline, one can 
describe, quite accurately, its inception as a reaction to the emergence of a thick partial-melting zone within 
the depth range of 200 to 470 km (Gordienko, 2016).  Apart from changes under the effect of heat and mass 
transfer, the model of thermal evolution also accounts for the effect of heat generation (HG) by mantle 
rocks at a geosynclinal level (Gordienko, 2015a) amounting to about 0.06 μW/m3. 
 
Relatively comprehensive information can be collected for the Sea of Okhotsk.  Manifestations of the 
process in question are only clearly visible in the Southern Okhotsk Basin, and they basically match 
information for other depressions.  Within the Sea of Okhotsk, the geological prehistory of its formation 
can be explored outside the deep-water basin.  Structures with a history similar to that of the basin are also 
common further north of the Southern Okhotsk Basin, in the TINRO and Lebed troughs.  Subsidence there 
is no deeper than 4 km (within a relatively narrow local trough).  The said structures differ from the 
Southern Okhotsk Basin in that there have been no rapid uncompensated subsidence within them over 
recent 0-5 million years (Fig. 5).  The water layer in the Southern Okhotsk Basin is more than three times 
thicker.  For that reason, information on the prehistory (prior to recent 50 million years or so), rates of the 
sedimentary layer thickness variations and magmatism in those areas may be used in the study in 
conjunction with the data for the Bering, Japan, and Philippines seas.  Proceeding from less representative 
geological evidence (in the case of the Bering Sea, in particular), it would suffice to reasonably assume the 
existence of a Cimmerian geosyncline with the age of the initial magmatism of about 200 ±10 million years 
and of final magmatism -- about 100 ±10 million years within all depressions under study at the western 
periphery of the Pacific Ocean.  Upon completion of its development at the periphery of the Eurasian 
continent, the “tectono-magmatic quiescence” has persisted over approximately 50 million years.  We are 
talking about a rather typical pause prior to post-geosynclinal activation. 
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Fig. 5.  Diagram of the Okhotsk Sea Region. 1 – Sea depth (km), 2 – deep-sea Southern Okhotsk Depression, 3 – 
epicenters of deep-focus (400-700 km) earthquakes, 4 – profiles along which Cenozoic sedimentary stratum structures 
were drawn. 
 
After calculating a thermal model for the stated period, we found out (Fig. 6) that the accompanying 
magmatism could only be due to the relict partial-melting reservoir that has remained intact at a 
relatively shallow depth. 
 

Fig. 6. Thermal models of the 
tectonosphere in the Southern Okhotsk 
Depression.  Numbers next to the graphs 
denote the age in millions of years. 
Shown in the background is a thermal 
model of the Phanerozoic geosyncline 
prior to activation.  Sol is the solidus 
temperature of rocks (per -- for peridotite, 
ec – for eclogite, and gr – for basic 
granulites); Ol-Sp are conditions that 
prevailed during the phase of olivine 
transition into a mineral with spinel 
structure; Mag denotes depths of young 
magmatism foci (Frolova et al., 1989). 
 

 
There is no potential energy source for large-scale heat and mass transfer in the lower portion of the 
upper mantle.  Notably, an activation about 50 million years ago (Figs. 6 and 7) occurred during the 
post-Cimmerian time.  It was only starting from approximately the transition from the Eocene to 
Oligocene (about 35 million years ago) that a sufficiently large melting chamber emerged above the 
top portion of the zone undergoing polymorphic transformation of rocks at the boundary of the upper 
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mantle, and its material spilled to beneath the crust.  This was accompanied by uplifting, erosion, 
split of the top of the structure, and magmatism, which are usual phenomena at the initial phase of 
rifting.  Such a course of events (a short period of energy accumulation between the end of the 
geosynclinal cycle and the start of rifting) is associated with elevated heat generation in mantle rocks 
at the periphery of the continent.  Two more periods of magmatism have been identified (Fig. 7).  
They are likely to be part of rifting.  It is, however, hard to view those manifestations of magmatism 
as separate events.  Relative extreme points on the histogram of rock age pattern are indistinct, 
possibly, due to a certain lack of synchronism in the development of the depressions in question (as 
well as of different portions of the depressions, especially considering the presence within them of 
local rises with different crustal structure) -- a rather common phenomenon (Govorov, 2002; Frolova 
et al., 1989; and others).  In constructing our thermal models, we considered several versions of heat 
and mass transfer for the time period of 30-0 million years.  None of them caused any substantial 
change in the contemporary T pattern. 

 
 
Fig. 7. Histogram depicting age pattern of igneous rocks in back-
arc basins. 
 
 
 
 

 
Over much of the Oligocene period, the sedimentary layer formed exclusively in local troughs of fault 
zones. After the second magmatic episode, the process proceeded at a rather stable rate for about 20 million 
years.  About 5 million years ago (i.e., at the very start of the Pliocene), the process gained speed and the 
contemporary depth of the basement that had existed by that moment doubled (Fig. 8). 
 

Fig. 8. Variations in the depth of the pre-Cenozoic basement in the Southern 
Okhotsk Basin. 1 – Variations in the depth of sediments according to 
geological evidence; 2 – uncompensated subsidence of the basin 
bottom in the Pliocene-Quaternary time; 3 – estimated subsidence of 
the bottom. 
 
 
 
 

 
 
GEOLOGICAL RAMIFICATIONS OF OCEANIZATION AND GEOPHYSICAL MONITORING 
OF THE PROCESS 
 
The three manifestations of magmatism (referred to rifting) are characterized by the presence, in all rock 
complexes, of products of the partial melting crustal zone (at any rate, in individual areas of the basins).  
Such a result presupposes the presence of a subcrustal asthenosphere at each of the stages.  It has been 
pointed out on many occasions that magmatism in peripheral seas is characterized by an “abundance of 
acid and intermediate differentiates attesting to the presence of numerous intermediate foci within the crust 
and to the processes of interaction between the magmas and crustal material.  Those differentiates are 
particularly widespread within calcareous-alkaline sequences, where they may, occasionally, even exceed 
basic rocks in volume.  Those sequences are associated with the earliest stages of volcanism, when the sea 
basin did not yet take shape.  Consequently, it was precisely at that stage that the Earth’s crust experienced 
the most intensive reworking….  During the entire period of activity, primitive primary magmas did not 
spill onto the surface, but rather underwent differentiation within intermediate chambers” (Frolova et al., 
1989, p. 237).  Magma chambers in the upper crust may rise to depths of 5-10 km, i.e. may occupy their 
position within a thin “granitic” crustal layer. 
Let us analyze effects of the evolution of the basin’s thermal model.  Following the ascent of the first 
asthenolith from the depth range of 370-420 km to the interval of 50-100 km, there forms a partial-melting 
layer beneath the crust, mantle melts intrude into the crust, rocks in the amphibolite facies of 
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metamorphism undergo melting, and intermediate-composition magmas rise (the potential for the 
formation of acid magmas is restricted by the initial composition of the crust) into the median and upper 
portions of the crust, basic rocks in the lower crust become eclogitized, and the rock blocks, whose density 
exceeded that of mantle rocks, subside to beneath the crust.  The median portion of the crust undergoes 
basification, and the upper (“granitic”) portion is in some places totally destroyed by erosion. 
 
Let us now analyze the sequence of events (manifestation of the results of heat and mass transfer in the 
geological phenomena under observation). 
 
1. First of all, under the effect of overheating of the mantle’s upper levels, the crust arches upwards.  
Computations of the effect also take into account a pertinent cooling in the lower levels of the mantle.  Yet, 
the temperature expansion coefficients within relevant depth intervals differ by approximately 0.01 
g/cm3/100oC (Fig. 9), so we are definitely talking about an uplifting.  Its amplitude reaches 0.9 km. 

 
 
Fig. 9.  Variations in seismic P-wave velocities and mantle rock 
densities as functions of temperature variations at different 
depths. 
 
 
 

 
In fact, the amplitude is considerably smaller since the uplifting encompasses a territory with an area larger 
than the area of activation.  The temperature beneath the crust changes faster than at the bottom of the 
upper mantle, so that the uplifting is reduced.  An additional effect of erosion over a geologically short 
period of time produces a peneplain. 
 
2.  By the end of the stage, the oceanization process already becomes quite significant causing basification 
and eclogitization of the crust.  Precise values of rates of mineralogical transformations (eclogitization of 
basic rocks) are not known, but a certain approximation to them can be seen in Table 1 (Korolyuk, 2004).  
The presence of volatile substances is an essential condition for transformation at a real rate.  In the case in 
question, the presence of such substances is beyond doubt.  It is an indispensable result of partial melting of 
rocks in the amphibolite facies of metamorphism accompanied by dehydrotation. 
 
Table 1. Time (in years) required for smoothing chemical inhomogeneities in garnets at the stages of submersion and 
exhumation (Korolyuk, 2004) with an allowance for the size (R) of mineral granules. 
 
Temperature range, oC    Pressure range, kbar         R=0.05 mm         R=0.5 mm             R=5 mm 
 Submersion stage                                                                    
500-600                                5.56-6.67                           3.107                         3.109                              3.1011 
500-700                                5.56-7.78                           1.3.106                    1.5.108                 1.3.1010 
500-800                                5.56-8.89                           1.105                1.107                    1.109 
500-900                                5.56-10.0                           1.104                1.106                    1.108 
500-1,000                             5.56-11.11                         1.3.103             1.4.105                 1.3.107 
Exhumation stage                                                        
1,000-900                               11.11-10.0                            4.102           5.104                    5.106 
1,000-800                               11.11-8.89                            1.104            1.4.106                 1.108 
1,000-700                               11.11-7.78                            3.105            4.107                    5.108 
1,000-600                               11.11-6.67                           1.8.107          2.109                    2.1011 
1,000-500                               11.11-5.56                            2.108            2.1011                   2.1013 
 
It can be assumed that the process was completed over the first few million years. 
 
3.  The initial crustal thickness in the basin was approximately 32 km.  After its thinning out, there only 
remained 13 km (the observed crustal thickness without the underlying reworked crust-mantle mixture 
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amounts to 19 km minus Cenozoic sediments with intercalations of extrusive rocks and water).  The initial 
density of transformed crustal blocks that submerged into the mantle amounted to 2.9-3.0 g/cm3 and 
changed by 0.4-0.5 g/cm3.  The relevant subsidence was to 2.8-2.9 km.  Within the remaining crust, at least 
9 km (judging by the velocity structure along the deep seismic probing profile) underwent a decrease in 
density by approximately 0.1 g/cm3 (basification).  The corresponding subsidence must have been by 0.3 
km.  It is impossible to determine whether or not the lower crust material was transported to the periphery 
of the basin because we have no idea about the initial thickness of the crust around it prior to the 
restructuring.  Individual cases of crustal thickening can be spotted on deep seismic probing profiles 
(Tectonosphere…, 1992; Tectonic…, 2006; and others).  Their nature, however, could be dissimilar.  At 
any rate, crustal thickening beneath island arcs is most likely a result of an earlier geosynclinal process. 
 
4.  Conditions for polymorphic transformation at the bottom of the upper mantle were ripe in a 40-km thick 
layer shortly after the first episode of heat and mass transfer (at least 10 million years ago).  By that time, 
the period of a relatively fast change in the strong negative local temperature anomaly had been over.  The 
compaction of rocks there amounted to about 8 percent.  The corresponding subsidence of the surface was 
by 3.2 km.  This enables us to complete the calculation of the crustal surface dipping if we date the effect in 
question to between 5 and 0 million years.  This result is in perfect agreement with that known on the basis 
of independent data (Fig. 5).  The rate of mantle olivine transformation into a mineral with spinel structure 
in the environment of the upper mantle bottom is not known.  There is an opinion to the effect that 
“Experimental data on diffusion and results of modelling point to the fact that partial homogenization, both 
elemental and isotopic, will be reached (at temperatures higher than 1,500-1,600oC – V. Gordienko) over 
the first dozens of thousands of years” (Shulyagin et al., 2012, p. 34). 
 
Apart from the match between an estimated depth of the asthenosphere and depths of young magma 
chambers (Fig. 6), similar coincidence has been observed for mantle chambers within the depth range of 
30-130 km during earlier stages of oceanization (Gordienko, 2015).  Magma chambers discovered in 
peripheral seas at the depth of about 200 km can be attributed to the onset of the Cimmerian geosynclinal 
stage. 
 
It is possible that sharp cooling of the upper mantle’s lower levels beneath the troughs of the Sea of 
Okhotsk with a similar Cenozoic sedimentary layer occurred somewhat later that beneath the Southern 
Okhotsk Basin.  For that reason, the process of polymorphic transformation there did not yet reach a 
substantial scale, and the uncompensated subsidence of the surface just started.  And so, it is precisely the 
subsidence of the block undergoing transformation which is attested to by the deep-seated seismicity in the 
zone of transition from the upper to the lower mantle (Fig. 5).  The mechanism of the above phenomenon 
will be analyzed in a special study dealing with the nature of seismicity. 
 
The troughs in the northeastern part of the Sea of Okhotsk comprise a Neogene-Quaternary sedimentary 
layer with a thickness of at least 6 km, the sea depth there being about 0.5 km.  In other words, not only did 
the rapid plunging stage occur there during the polymorphic transformation at the upper mantle bottom, but 
also the resulting depression already accumulated sediments.  It is quite natural that no deep-seated 
earthquakes can be seen there (Fig. 5). 
 
Numerous relatively young structures of that type can be spotted in various Eurasian regions; some of them 
formed on the Late Proterozoic basement.  They include Black Sea, Rioni (in Georgia), Kura (in Georgia), 
and Western Turkmenian depressions (velocity profiles in which reveal clear traces of basification and, 
occasionally, also eclogitization). 
 
5. Over the entire period under study, a partial-melting layer was retained beneath the crust of the region 
and within the crust itself.  This promoted magmatic activity; as a result of periodical intrusions of basaltic 
melts, the temperature within the crust was maintained at a level required for the generation of crustal 
magmas. 
 
Thus, the diagram depicting deep-seated processes in terms of the APH (advection-polymorphism 
hypothesis) and the relevant thermal model enable us to numerically explain facts from the geological 
history of the depressions.  Their formation illustrates a nearly completed oceanization of the continental 
crust.  It transpires that oceanization does not necessarily occur directly at the external boundary of the 
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ocean that formed earlier.  A region with a crust transformed in the way described above and situated at a 
considerable distance away from areas of sediment ablation will display a crust typical of the western part 
of the Pacific Ocean (13 km) with a thin (about 1 km) igneous-sedimentary layer and an underlying basic 
crust at the sea depth of about 5-6 km. 
 
Predicted anomalies of physical fields (thermal and gravity) and geophysical models (velocity and 
geoelectricity) in areas of young oceanization may serve as independent tools for verifying the adopted 
model of the process. 
 
If we ignore the last stage of magmatism, the heat flow (HF) in peripheral seas must reach 70-75 mW/m2, 
but if that event is taken into account, the resulting HF will be higher by about 20-25 mW/m2.  The latter 
value cannot be estimated accurately enough because it is noticeably associated with the geothermal 
activity responsible for local anomalies.  Notably, HF values cannot be viewed as reliable criteria for 
verifying the model of the deep-seated process.  Part of the heat flow is produced by an event that may or 
not have taken place during oceanization in the given area, or occur over a certain (but always short) period 
of time, and lead to the emergence of overheated masses of material at a certain (but always shallow) depth.  
The said disturbance has nothing at all to do with the distribution of temperatures (T) at depths larger than 
100 km.  Young magmatism is widespread in the Southern Okhotsk Basin (Yemelyanova et al., 2002; 
Frolova et al., 1989; Patterns…, 1987; and others) as far as the Kurile Arc or even beyond it. 
 
Accordingly, the heat flow in the Southern Okhotsk Basin outside areas with positive anomalies, amounts 
to about 70-80 mW/m2, whereas in areas with such anomalies it is somewhat higher than 90 mW/m2 
(Tectonic…, 2006; Tectonosphere…., 1992) – Fig.10. 
 
 

Fig. 10. HF distribution along the profile across the 
Southern Okhotsk Basin and the Kurile Arc.  The dots 
denote experimental data, the lines represent estimated 
data. 
 
 
 
 

 
The thermal model clearly enables us to account for the observed heat flow pattern. Changes in crustal 
thickness, replacement of its top portion with water, overheating of upper levels of the upper mantle and 
cooling down of the lower levels, as well as the polymorphic transformation of rocks in the lower portion 
of the upper mantle -- all of the above must produce a mantle gravity anomaly.  It must reach 150 mGal, 
given the actual width of the region equaling several hundreds of kilometers – Fig. 11. 
 

 
 
Fig.11. Comparison between observed and estimated gravity 
fields along the profile across the Southern Okhotsk Basin and 
the Kurile Arc. 
1 – observed field; 2 and 3 – estimated fields (2 is the effect of 
the crust and normal mantle, and 3 – taking into account the 
anomalous density of mantle rocks).  
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Fig. 12. Comparison between experimental (Gordienko et al., 2016) 
and estimated thermal models of the upper mantle beneath peripheral 
seas. 
1-- experimental distribution of Vp; 2 -- Vp estimated according to the 
thermal model;  P1 is the velocity model of the mantle beneath a 
quiescent platform; Sol is an estimated velocity structure at the level 
of the temperature at the onset of melting. 
 
 
 
 
 
 
 
 

 
The magnitude of the mantle anomaly is close to that predicted, yet there is no complete match between the 
observed and estimated fields.  In the case of the depression, the difference may be accounted for by the 
inaccuracy of the input data.  Agreement is better in other areas of island arcs (Gordienko, 2016; and 
others).  At the same time, in the southern part of the Kurile Arc, we detected an inconsistency in the 
correlation between density and seismic wave velocity used in the calculations.  This could be due to the 
abnormally high iron content in the crust (Tectonosphere…, 1992). 
 
The considerable overheating in the subcrustal portion of the mantle reaching the level of a small degree of 
partial melting (to the tune of 2 percent on the average for the asthenosphere) must cause a negative 
anomaly of seismic wave velocities.  Its predicted magnitude may reach 0.3-0.4 km/sec (for Vp), which 
exceeds appreciably the error in the determination of the parameter by techniques of modern seismology.  
The positive anomaly in the lower portion of the upper mantle is also large – Fig. 12.  
 
The difference between observed and estimated velocity structures is small and can well be accounted for 
by errors in both calculations and experiment (Fig. 12). 
 
The partial melting zone in the upper half of the upper mantle in the area of oceanization must be perceived 
as a body with elevated conductivity.  With the specific electrical resistivity (ρ) of the melt amounting to 
about 0.7 Ohm.m and the average content of fluid -- about 2 percent, we may expect the ρ of the 
asthenosphere equaling about 50 Ohm.m.  Any appreciable content of fluids in the melt seems unlikely:  A 
recent transportation of magma to the surface must have largely “dehydrated” the magma generation zone.  
The cumulative longitudinal conductance (S) of the 160-km thick zone (this parameter cannot be 
determined with sufficient accuracy – Fig. 6) will amount to about 3,000-3,500 Sm.  Experimental 
determination of S for the Southern Okhotsk Basin was conducted on the basis of a small number of poor-
quality data (Tectonosphere…, 1992).  The depths of the conducting body’s central portion are close to that 
estimated according to the thermal model.  The values of S, as determined by different authors, vary from 
3,000 to 2,500-7,000 Sm.  We may only talk here about a very approximate match, and the quality of the 
experiment does not make it possible to count on more than that. 
 
On the whole, verification in terms of deep geophysical profiling data has been a success:  There was no 
need to resort to data tailoring in order to prove that the estimated magnitudes of the fields and parameters 
of the models match experimentally derived data within the limits of admissible error. 
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OCEAN BASINS, TRENCHES, AND MID-OCEAN RIDGES 
 
The data on the age of magmatism in basins are listed in Fig. 13. 

 
Fig. 13.  Ages of igneous rocks in ocean basins (Blyuman, 2008; Frolova 
et al., 2002; Golubeva, 2009; Govorov et al., 1996; Vasilyev, 1989; and 
others). 1 – histogram of age distribution, 2 – time when the bottom 
surface subsided abruptly. 
 
 
 

 
Three major periods of magmatism can be identified, like in the case of peripheral sea depressions; the 
latest of them is accompanied by abrupt subsidence.  In other words, one gets an impression that the 
process analyzed above repeats itself.  Naturally enough, given a very insignificant sediment accumulation, 
for the reason of large distances from the sources, the subsidence of the bottom surface has largely 
remained uncompensated.  The depth of the ocean (about 5-6 km) is consistent with the estimated extent of 
subsidence.  This is possible provided that the continental crust undergoes oceanization.  After the process 
has been completed, manifestations of magmatism are still encountered within basins, i.e., the thermal 
model must comprise a depth interval with temperatures above the solidus (of peridotite or eclogite) even 
50 million years after the onset of active events.  Calculations (simulating the “aging” of the model shown 
in Fig. 6 by 50 million years with the HG in the upper mantle being at the level of 0.08 μW/m3 justifies the 
aforementioned assumption (Fig. 14).  A younger (less than 50 million years) magmatism is also possible.  
It is represented in reality by structures in the Hawaiian–Emperor seamount chain, by the multitude of 
volcanic mounts in the northern part of the Pacific Ocean, etc.  Due to their limited occurrence, those 
details were not taken into account in the computation of the model depicted in Fig. 14. 
 
 

 
 
Fig. 14.  Thermal model of the ocean 
basin tectonosphere.  See Fig. 12 for the 
legend. 
 
 
 
 
 
 
 
 
 
 
 

 
It has to be emphasized that the thermal model that has been constructed pertains to the internal part of the 
basin.  There is no asthenosphere at the periphery of the region which underwent oceanization 50-100 
million years ago.  Unless, of course, it did take shape due to the heating from an adjacent region where the 
deep-seated process took a different course.  For example, at the boundary of the basin and an Alpine 
geosyncline with a superposed post-Alpine activation, a relatively low-temperature block of a deep-sea 
trough with an oceanized crust may have formed (Gordienko, 2016; and others).  Cooling down at the level 
of the lower portion of the upper mantle that spread from the geosyncline caused an additional compaction 
of rocks in the transition zone (at depths of approximately 450-650 km) and to an additional (compared to 
oceanization) subsidence of the block.  This event occurred 0.5-1.0 million years ago, and therefore, no 
recent deep-focus earthquakes can be registered there. 
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The processes discussed for the two types of oceanic regions swept across a vast territory of contemporary 
oceans.  It is therefore necessary to point out an important feature of oceanic regions’ formation.  Fifty 
million years have passed since crustal changes took place and eclogites sunk into the mantle, in the case of 
basins of peripheral seas, and 100 million years -- in the case of oceanic basins.  Consequently, the 
increased heat generation by mantle rocks must be confined to those periods of time.  It will be shown later 
in the paper that the relevant period beneath the Mid-Ocean Ridge (MOR) amounts to 150 million years 
(200 million years cannot be ruled out either).  It is likely that elevated HG is limited not just in terms of 
time, but in terms of depth – about 200 km – as well.  On the other hand, if we adopt this pattern, it will 
contradict the assumption on equal amounts of heat generation in the tectonosphere of continents and 
oceans as adopted in this author’s study (Gordienko, 2015c).  To conform to that hypothesis, we need 
elevated HG throughout the depth interval of 0-500 km.  This will, in turn, require repeated acts of heat and 
mass transfer in the tectonosphere beneath oceans.  In that case, the depth interval, where rocks underwent 
polymorphic compaction, will constitute the only exclusion from the zone of elevated HG. 
 
Despite the smoothing of temperature anomalies, both negative and positive, relative to the moment of 
completion of the oceanization process (i.e., over the last 50 million years), the ocean depth in the basin has 
not changed in any appreciable way.  Small uplifting and subsidence features are largely self-compensatory 
(Figs. 6 and 14). 
 
Let us analyze to what extent the thermal models for the basin and trench match geophysical data. 
P-wave velocity profiles for the upper mantle, as presented in the study (Gordienko et al., 2016) for the 
Atlantic and Pacific oceans and S-wave velocities – for beneath the Atlantic and Indian ocean basins 
(Bussy et al., 1993 and Marquering et al., 1996) have been compared with those estimated according to the 
thermal model (Fig. 15). 
 

Fig. 15. Comparison between experimental (Gordienko et al., 2016) and estimated velocity models for the upper 
mantle beneath basins (1) and trenches (2). 1 and 2 are experimentally derived Vp patterns; 1a and 2a are values 
estimated according to the thermal model.  See Fig. 12 for the legend. 
 
 
The match is quite complete with average disagreement for P- and S-waves not exceeding acceptable error 
limits.  The noticeable divergence in the upper part of the profiles for basins (P-waves) could be due to the 
aforementioned manifestations of young magmatism.  Partially molten zones above the asthenosphere are 
spotted in various areas of basins, and velocities within them are smaller.  There is no such effect in the 
estimated profile.  The absence of the asthenosphere is clearly seen at the upper levels of the mantle 
beneath trenches (Fig. 15). 
 
The heat flow in trenches has not been studied in sufficient detail.  The available data point to its lower 
values ranging from 30 to 50 mW/m2, which is not at variance with the thermal model (Tectonic…., 2006; 
and others). 
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Frequent (although not ubiquitous) presence of young magma chambers at the upper levels of the mantle 
and crust of the basin also complicates verification of the model in terms of experimental heat-flow data.  
Relatively small positive anomalies of heat flow are common above shallow melting-chambers.  The said 
anomalies are supplemented by the effect of hydrothermal circulation systems.  A correlation between 
estimated and observed heat-flow values in basins is shown in Fig.16. 
 

 
 
 
 
 
 
 
 
 
 

Fig. 16.  Heat flow along the profile across the Atlantic Ocean. 1 – Observed heat flow values, 2 – estimated HF.  
Shown in the inset are histograms of deviations between observed and estimated HF values (A) and observed HF 
values for neighboring sites (B) on the Angola-Brazil geotraverse. 
 
 
Thus, coordination between the adopted model of the process and geothermal information has been 
achieved.  Without overestimating this fact, we should point out that the heat flow estimated for the ocean 
on the basis of the conventional “ocean floor spreading” rate has nothing in common with the observed 
heat flow. 
 
A density model of the tectonosphere has also been constructed along the same Angola-Brazil geotraverse 
proceeding from the data on crustal velocity structure (Pavlenkova et al., 1993) – Fig.17. 
 
There is a sufficiently good match between the observed and estimated gravity fields after allowance for 
anomalous densities in upper mantle rocks:  The average mismatch amounts to ± 14 mGal which can 
readily be accounted for by observation and computation errors.  An almost identical conformity has been 
reached along the profile across the transition zone between the Nasca Plateau and South America.  The 
relatively narrow geosyncline of the Peruvian Andes is characterized by a relatively small mantle gravity 
anomaly, whereas on the plateau, the anomaly is much more intensive.  Generally speaking, mantle gravity 
anomalies in basins are similar to those typical of young rifts on continents (about -200 mGal) (Gordienko, 
2016b) – Fig. 18.  The maximum of all anomalies detected in various regions has been measured on the 
Mid-Ocean Ridge (MOR) where it reaches up to -350-400 mGal – Fig. 17. 
 

 
Fig. 17. Gravity field along the 
Angola-Brazil geotraverse. 
1-3 are the gravity fields (1– 
observed and smoothed; 2 and 3 
are estimated fields: 2 – for 
normal density of mantle rocks, 3 
– taking into account anomalous 
density of mantle rocks).  Shown 
on the inset is a histogram of 
dissimilarities between estimated 
and observed gravity fields along 
the Angola-Brazil geotraverse. 
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Fig. 18. Comparison between observed and estimated gravity fields along the profile from the Nazca Plateau to the 
Peruvian Andes. 1 – observed field; 2 and 3 are estimated fields (2 – the effect of crust and normal mantle, and 3 – 
taking into account anomalous density of mantle rocks). 
 
 
The observed and estimated heat flows are generally in agreement (with the exception of the axial portion 
of the Mid-Atlantic Ridge where strong anomalies are associated with contemporary thermal springs and 
small near-surface intrusions that were not taken into account in the model).  A standard deviation of the 
estimated from observed HF values amounts to ±15 mW/m2.  It can be fully accounted for by the error in 
experimental data.  In fact, heat-flow values, determined over short distances (tens of kilometers) along the 
traverse, vary, on the average, by 20 mW/m2 (Fig.16). 

 
 
Fig 19. Histograms of the distribution of rock ages in the 
mid-Atlantic Ridge (A, B, and C) (Shulyatin et al., 2012) 
and in the Southern American and African (D) shields 
(Gordienko, 2010). 
A) Based on results of 593 analyses of zircons with the help 
of U-Pb (SHRIMP II) and laser ablation techniques; B) 
based on results of additional 200 analyses of zircons with 
the help of U-Pb (SHRIMP II)and laser ablation techniques; 
C) based on results of about 100 determinations of Sm-Nd, 
Ru-Sr, K-Ar, and Ar-Ar by the classical U-Pb method on 
zircons and by other techniques on rock-forming minerals 
and bulk samples. (SHRIMP II is an acronym for Sensitive 
High Resolution Ion Probe II). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
The mantle gravity anomaly in the Kamchatka trench was estimated by Gordienko (2016a).  Its magnitude 
(-150-200 mGal) does not characterize the structure proper since it is largely caused by the effect of the 
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adjacent island arc and basin. 
 
The estimated value of S beneath the basin is 1,500 Sm.  Experimental data are in short supply and 
approximately the same value was reported in The Tectonosphere… (1992). 
 
No appreciable electrically conductive body has been detected in the tectonosphere of trenches.  Besides, 
the available experimental data are very scanty. 
 
New information on rock composition in the central part of the Mid-Atlantic Ridge (MAR), information 
whose volume far exceeds that available for the majority of continental shields enables us to claim with 
confidence that it is incompatible with the plate tectonics theory.  On the MAR axis and in escarpments of 
some transform faults, ancient rocks of a gabbro-ultrabasic complex in amphibolite and granulite facies of 
metamorphism have been discovered, and quite a number of their properties rule out their mantle origin.  
Nor does the concept of recycling hold water here (Shulyatin et al., 2012) – Fig. 19. 
 
The datings listed in this paper have been arrived at with the help of different methods for different 
minerals and different isotopic systems.  Nevertheless, they display a pattern of age distribution in the 
Precambrian close to that for the shields of South America and Africa.  Such consistency clearly attests to 
the fact that the rocks, which have been studied, pertain to crustal complexes common to the two continents 
and to the ocean. 
 

“…geological observations indicate that some plutonic rocks date back to the pre-Early Cretaceous or, possibly, 
even to the pre-Early Jurassic periods and that igneous and plutonic rocks in the Mid-Atlantic Ridge are not 
convergent, that is to say, they did not emerge from a single near-surface magma chamber.” (Shulyatin et al., 2012, 
p. 31).  Moreover, the datings for meta-effusive rocks ranging from 600 to 900 million years “… provide proof that 
volcano-plutonic activity in the Mid-Atlantic Ridge proceeded in many stages not just in the Cenozoic time, but also 
much earlier, and this enables us to view meta-volcanic and meta-gabbroic rocks and the associated ancient 
ultrabasic rocks as formations of the pre-oceanic crystalline basement protocrust) that underwent transformation in 
the process of pre-oceanic and syn-oceanic tectogenesis” (Shulyatin et al., 2012, p. 32). 

 
Characteristic properties of the ancient rocks suggest that a large chunk of the crust that had existed on the 
Mid-Atlantic Ridge prior to oceanization was cut off.  The composition of those rocks does not contradict 
the concepts regarding results of oceanization formulated above. 
 
There are direct indications to the effect that 140 million years ago, the crust beneath a section of the Mid-
Atlantic Ridge was transformed and raised effectively to the ocean surface.  Mentioned above was 
information on the Late Hercynian stage of activation that involved the MAR.  To put it differently, the 
MAR of today is not what it initially was (et al., 2012).  Igneous rocks aged 0-53 million years may have 
been produced during the latest stage of activity, although areas of their occurrence cannot be determined 
from the available data (Skolotnev et al., 2010).  According to Rudich (1983), young magmatism on one of 
the MAR stretches fits into the time interval from 0 to 15 million years.  On the Eastern Pacific Rise, only 
very young (Late Pleistocene) lavas have been identified. 
 
Let us analyze results of the Early Cimmerian oceanization process proceeding from the assumption that it 
was similar to the younger process described above (Fig. 20).  We assume that about 150 million years 
passed prior to the beginning of the Mid-Ocean Ridge formation when the heat generation level was at its 
highest.  The final temperature pattern points to a vast zone within which the solidus temperature of 
eclogite and/or peridotite was reached or almost reached (deviations from it do not exceed the possible 
calculation error – about 50-100oC). 
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Fig 20. Temperature distribution within the tectonosphere of the 
Neogene Mid-Ocean Ridge. Solamph denotes solidus of rocks in 
the amphibolite facies. See Fig. 12 for other items of the legend. 
 
 
 
 
 
 
 

 
Over the period of “tectono-magmatic quiescence,” subsidence of the surface due to reduced temperature 
(T) anomalies amounted to 0.6 km, whereas its upheaval -- owing to the polymorphic transformation and 
decompaction of rocks at the bottom of the upper mantle -- reached 2 km.  Subsequent events can be 
visualized in different ways – this author does not have enough information to specify them in detail.  
Extremum versions of thermal evolution on models that could be computed on the basis of initial 
temperature distribution suggest that thermal anomalies may have contributed 2.5 to 4.5 km to the 
upheaval.  Perhaps, it might be a good idea to construct markedly dissimilar models for specific ridges or 
even for their portions.  However, the data for such a study are in short supply.  It may be assumed, with an 
equal degree of probability, that the peripheral sea model might also be a contemporary approximation to 
the thermal model of the Mid-Ocean Ridge.  So might be the version of heat and mass transfer (Gordienko, 
2012), or models based on other schemes of the process.  In the case of the peripheral sea model, no crustal 
oceanization is known to have occurred beneath the MOR; it already happened before, and differences in 
thermal models for the polymorphic transition zone are all too obvious. One feature in common for starting 
models which simulate the period prior to the Mid-Ocean Ridge evolution over the oceanic crust seems to 
be apparent in all aforementioned scenarios:  The bottom portion of the partial-melting zone, which feeds 
the heat and mass transfer process, is situated at a smaller depth than beneath active regions of continents.  
This is a result of an elevated heat generation (HG) within the depth range bounded from below by the top 
of the zone of polymorphic transformations.  
 
The computation result shown in Fig. 20 is consistent with the scenario of a short-term (probably initial) 
heat and mass transfer process as a result of which overheated material is transported from the depth range 
of 275-425 km upwards to the level of 40-110 km.  It feeds the partial-melting layer in the upper horizons 
of the mantle beneath the region.  Clearly, in this situation magma inevitably travels upwards to under the 
crust, effusive rocks form, and hot springs circulate over shallow intrusive bodies.  Five million years ago, 
the overheated substance moved upwards from that source (at the depths of 50-100 km), already within a 
narrower zone (about 200 km in width), to the depths of 25-50 km.  Naturally, the process was again 
enhanced by molten material intrusions into a thin crust. 
 
The total rise of the ocean bottom above the level of adjacent basins will amount to about 2.5 km (the 
upheaval by 2.4 km due to emergent temperature anomalies, and subsidence by 1.3 km associated with the 
displacement of the top portion of the zone of polymorphic transitions).  At present, the ridge surface is 
already subsiding.  In the central part of the wide Mid-Ocean Ridge, uplifting may be expected to match the 
aforementioned value.  The upheaval is much smaller at the periphery.  Judging by heat-flow variations, 
marginal fragments, in which traces of activation are insignificant, may be encountered there.  The heat 
flow in them is close to background values.  
 
The depths of magma chambers beneath the Mid-Ocean Ridge that have been deduced on the basis of rock 
composition (Gordienko, 2015b) match the thermal model (taking into account intermediary versions over 
the period of 0-15 million years ago) – Fig. 20.  The contemporary thermal model points to a possibility 
that an active process in the region may still be under way, i.e., that the formation of the Mid-Ocean Ridge 
in the version discussed is not yet over. 
 
The estimated value of the heat flow across the strike of the about 1,000-km wide Mid-Ocean Ridge is 
shown in Fig. 21.  The calculation is quite arbitrary because the value of the said parameter in peripheral 
parts of the region is largely dependent on the thermal history of adjacent basins, a history that was 
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assumed to match that described above.  However, that assumption is not necessarily true.  The estimated 
HF values match the observed ones, but the aforementioned uncertainties regarding the construction of the 
model of the process prevents us from claiming that such a coincidence is an irrefutable verification.  
Verification in terms of a specific model for the mantle beneath the ridge might be more convincing. 

 
 
 
 
Fig. 21.  Comparison between estimated (line) and observed (dots and 
dashes) heat flow for the Mid-Ocean Ridge (Ginsar, 1987; Podgornykh 
et al., 2000; Popova, 1987; Tuyezov, 1988; and others). 
 
 
 
 
 
 
 
 

 
 

 
Fig. 22.Comparison between 
experimental (Gordienko et 
al., 2016 and Marquering et 
al., 1996) (1) and estimated 
(2) velocity structure models 
for the upper mantle beneath 
the Mid-Ocean Ridge.  See 
Fig. 12 for the legend. 
 
 
 
 
 
 
 
 

 
No earthquakes have been registered beneath the Mid-Ocean Ridge near the front of polymorphic 
transition:  At that stage of the process, the cooling did not affect it.  Shallow seismic activity is associated 
with vertical translocations of crustal blocks as described above. 
 
Regarding S-waves, the data are only considered for the Mid-Atlantic Ridge in the area with the following 
coordinates:  30-60 degrees of latitude north (Marquering et al., 1996). 
 
Coordination between estimated and experimental models based on P- and S-waves may be viewed as 
satisfactory, especially considering uncertainties in the selection of the pattern of the deep-seated process.  
Some other from among the aforementioned alternatives to the process beneath the Mid-Ocean Ridge do 
not lend themselves to constructing thermal models which could be coordinated with the velocity model. 
 
A density model of the Mid-Ocean Ridge tectonosphere has already been discussed earlier in the text (Fig. 
17).  It was constructed with the help of the same version of the deep-seated process as was used for 
constructing the thermal model.  The match between them can be viewed as satisfactory. 
 
In this author’s opinion, the so-called Juan de Fuca Plate is part of the Mid-Ocean Ridge system over 
virtually the entire expanse from the Juan de Fuca Ridge to the shelf near the North America shore.  There 
are no grounds for identifying the Juan de Fuca Ridge with the Mid-Ocean Ridge: Its elevation over the 
plate level is negligibly small; its width differs from typical by more than an order of magnitude; and the 
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heat flow directly at its western edge drops to background values.  At the same time, the heat flow on the 
Juan de Fuca Plate is very high, which points to a shallow location of magma chambers and to active 
thermal springs.  The presence of an unusually thick sedimentary layer is associated with its location in 
close vicinity of the continent and with the absence of a trench.  Some geologists (Beloussov, 1982; Frolov 
et al. 2011; and others) have admitted that the East Pacific Rise north of the Gulf of California is divided 
into continental and oceanic parts.  In terms of the thermal model, the total longitudinal conductivity of the 
Mid-Ocean Ridge thick asthenosphere can be estimated as 4,500 Sm.  According to Varentsov et al. (1996), 
recorded there was precisely that magnitude of S.  Directly west of the Juan de Fuca Ridge, the conducting 
body is no longer detected.  In a review by Baba (2005), S of the Mid-Ocean Ridge tectonosphere was 
estimated at 6,000-10,000 Sm.  This author (V. Gordienko) deems the latter estimates less reliable.  
 
 
TRANSITION ZONES OF ATLANTIC TYPE 
 
Geological and geophysical information that can be used in this case is particularly richly represented in 
transition zones of the Atlantic Ocean, especially in its northern part (Belyayevsky, 1981; Beloussov, 1982; 
Geology….. volumes 1-3, 1978, 1979; Khain, 1971; Kunin, 1989; Levin et al., 1996; Major structural 
features…, 1994; Udintsev, 1987; Ulrike et al., 1998; Usenko, 1987; and others).  But here, too, it does not 
enable us to judge the main characteristics of the deep-seated process in every particular section of the 
zone.  It appears essential to resort to a generalization of the data for many sections characterized by a 
similar course of evolution.  This approach prompts us to focus on the eastern coast of North America 
since, along almost its entire length, it comes into contact with the over 500-km wide Caledonian-
Hercynian geosyncline of the Appalachian Mountains.  Many of the specific characteristics of the 
geological history detected there are close to those observed at the eastern margin of the ocean at the 
contact with Scandinavian Caledonides, British and French Caledonides and Hercynides, and so on.  
 
Based on results of geological and geophysical studies, the structure of the sedimentary layer and of the 
Earth’s crust were constructed along ten 300- to 1,400-km long profiles extending from Labrador to the 
Bahamas Plateau.  Magnetic and gravity fields, and the heat flow (largely on dry land) were explored there 
in sufficient detail.  The perioceanic trough of the North American Atlantic Coastal Plain, about 4,500 km 
in length and about 500 km in width, encompasses the coastal area of dry land, the shelf, the continental 
slope, and part of the continental rise.  The trough is divided into two basins:  The Internal basin (on the 
shelf and adjacent dry land) and the External basin (on the slope and at the foot of the slope).  The basins 
are separated by a basement promontory, and their geological histories are clearly dissimilar.  In many 
cases, the depth of the trough is much greater within the External basin near the basement promontory.  The 
structure about 60 km in width (matching the size of one quantum of tectonic action – QTA) resembles a 
deep-water trough filled with sediments.  It will not be discussed separately because the process of its 
formation does not differ in principle from that of the rest of the basin. 
 
The width of the Internal basin is about 150±20 km, the promontory separating the basins is about 70 km 
wide, and the width of the External basin is 190±30 km, i.e., in all these cases the dimensions of the 
structures are n-tuple of the QTA size. 
 
It has been established that “Transition from the continental to oceanic crust occurs beneath the continental 
slope and is occasionally marked by an oceanic basement promontory producing the magnetic anomaly at 
the eastern coast” (Geology…, 1978, Vol. 2, p. 99).  Active events in the Jurassic-Holocene period took 
place on both sides of that line. 
 
In the Internal basin, “…block-faulting displacements took place in the Late Triassic-Early Jurassic… The 
basins bound by faults became filled with clastic deposits….  Concurrently, volcanic eruptions were taking 
place” (Geology…, 1978, Vol. 2, p. 118).  In other words, in accordance with geological criteria, the 
process may be categorized as rifting, despite the fact that the available data do not point to a stage of 
uplifting.  In the next period of time sedimentation in the shallow-water basin proceeded with diminished 
intensity.  It appears most likely, however, that yet another activation phase took place there.  On the 
Bahamas Plateau, it is marked by deformations in the Early Cretaceous or Late Jurassic.  On the Brazilian 
Shelf and adjacent dry land, the relevant period (about 150 million years ago) was marked by magmatism 
of mantle origin.  The crust beneath the basin is about 30 km thick, which is by 10 to 15 km thinner than in 
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continental regions situated further west. 
 
In the External basin, the process started with the accumulation of Jurassic sediments, the bottom of the 
basin being less than one kilometer deep.  Starting from the Early or Middle Cretaceous (i.e., 
approximately 100 million years ago), those sediments were replaced by pelagic or hemipelagic sediments 
(the average contemporary sea depth in the basin being about four kilometers).  Such “starting conditions” 
cannot be attributed to the fact that the basin formed over the oceanic crust (where the contemporary 
oceanic depth is 5.5 km) of Pre-Jurassic or Early Jurassic age.  Besides, the consolidated part of the crust 
there is about 7.5 km thick, whereas crustal thickness beneath typical plates of the Atlantic Ocean is about 
4-5 km.  It has to be assumed that, prior to the onset of the process in question, the crustal block beneath 
the External basin was not oceanic in origin.  It rather resembled the contemporary block beneath the 
Internal basin.  East of the External basin, there lies a block of typical oceanic crust whose bottom reaches 
the depth of 5-5.5 km and the sediments are 1 to 1.5 km thick (as is typical of the northwestern Atlantic 
region).  Hence, the events in the transition zone resulted in changes at the periphery of the continent and in 
the consecutive destruction of its crust.  The process was also promoted by the presence of numerous mafic 
blocks which are readily prone to reworking.  They have been detected beneath the Internal basin in the 
form of thick high-velocity (Vp = 7.0-7.4 km/sec) layers with the top at the depth of 5-10 km – “the Lower 
Paleozoic Proto-Atlantic ophiolitic crust,” quoting the terminology used in the publication Geology…., 
(1978).  The presence of such a layer is an essential attribute of the transition zone (Beloussov, 1982). 
 
The situation in the eastern and southern fragments of the Faroe-Greenland Escarpment (Rudich et al., 
1987; and others), directly adjacent to the northern margin of the transition zone in question, can also serve 
as a recent graphic example of the transformation.  Even though the location of various types of troughs 
does not fit a distinct pattern known for the North America coastal zone.  There, along the entire huge 
stretch of the escarpment, the sea depth does not exceed several hundreds of meters, the young sediments 
are no thicker than one kilometer, and crustal thickness is about 30 km.  In the superposed narrow troughs 
(Rockalland Faroe-Shetland), the sea depth ranges from 0.5 to 2.0 km, the sediments are several kilometers 
thick, and crustal thickness is 10-15 km (Fig. 23).  The beginning of the abrupt subsidence of the Faroe-
Greenland troughs’ escarpment was accompanied by magmatism.  
 
Along several profiles in the structure of the External basin sedimentary veneer, high velocity “basement 
highs” have been discovered.  They are presumably composed of the same basic rocks as the upper oceanic 
layer (Fig. 23).  Their top portions reach Eocene deposits, and the age of the process, responsible for their 
formation, can be assessed at about 50 million years.  A synchronous stage of magmatism was spotted on the 
Brazilian segment of the transition zone. 

 
Fig. 23. Velocity models of the 
crust at the northeastern margin 
of the Atlantic Ocean (A), eastern 
periphery of North America (B) 
and the Gulf of Mexico (C) 
(Belyayevsky, 1981; Geology…, 
1979; and others). 
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Geological and geophysical data pertaining to the Gulf of Mexico provide yet another proof that processes 
at the Atlantic-type periphery result in transformations of the continental crust (Fig. 23).  
 
The history of sedimentation and magmatism in the Gulf Coast and Sigsbee (as well as Campeche) basins, 
situated at the periphery of the same Hercynian geosyncline and separated by a promontory in the 
basement, is essentially similar to the history of the Internal and External basins at the Atlantic coast of 
North America down to the contemporary sea depth (3.5 to 4.0 km) in the central part of the Sigsbee basin.  
In that trough with a thin high-velocity consolidated crust, the bottom section of the sedimentary stratum 
comprises thick layers of Jurassic evaporites that could only emerge in shallow water, rather than in a 
typical deep-water oceanic basin. 
 
The trough is encircled on all sides by massifs of a young continental crust.  Consequently, we are talking 
about a site of obvious (though not completed) oceanization; it is hard to explain the available data in terms 
of plate tectonics. 
 
Thus, it is possible to determine, with a certain degree of probability, the principal parameters of the events 
in the near-surface zone.  Those parameters must match the deep-seated process in the tectonosphere that 
can be modelled according to the advection-polymorphism scenario.  Such a process involves two episodes 
of heat and mass transfer in each basin, episodes which are separated by time intervals of about 50 million 
years.  
 
The thermal model evolution has been analyzed taking into account the following factors: 
1. The western part of the model (500 km) is represented by a tectonosphere with temperatures typical of 
the Post-Caledonian region (this occasionally also applies to the Post-Hercynian region with the age of 
folding amounting to about 300 million years).  The temperatures there are somewhat higher than those 
typical of the platform.  
 
2. The eastern part – a tectonosphere of the oceanic region in which the active process came to an end 
about 50 million years ago.  Information on the age of magmatism in northwestern Atlantic region basins 
with oceanic crust (Rudich, 1983) can be assumed (disregarding the large scatter of dating results) as 
pointing to preceding stages of heat and mass transfer taking place 100 and 150 million years ago. 
Supplementing the model is elevated heat generation in mantle rocks over the past 100 million years.  This 
effect beneath the External and Internal basins was also confirmed, but it is limited in intensity and 
duration. 

 
 
 
 
Fig. 24. Thermal model of the tectonosphere in the 
transition zone of Atlantic type. 
1 and 2 – heat flow (1 – observed, 2 – assumed); 3 – 
isotherms (oC); 4 – boundary of the partial melting zone 
of mantle rocks. 
 
 
 
 
 
 
 
 
 
 
 

 
Against the background of relaxation of the tectonospheric thermal anomalies associated with active 
processes in the past, two active episodes of advective heat and mass transfer occurred beneath each of the 
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basins so that overheated substance traveled from the asthenosphere to under the crust while the cool 
subcrustal material replaced it.  The process was supplemented by subsidence of large eclogitized crustal 
blocks thus causing a thinning out of the crust and a lowering of the temperature in the mantle.  The depth 
of the top of the second QTA is assumed to be larger than that of the first QTA, i.e. the process resembled 
incomplete rifting.  This was due to the appreciable prior cooling of the lower tectonosphere through 
processes in adjacent regions.  Beneath the Internal basin, the QTAs rose from the depths of 270-370 and 
410-470 km to depths of 45-105 and 105-165 km.  Beneath the External basin, the QTAs rose from the 
230-350 and 370-470 km depths to 30-90 and 90-150 km. 
 
Calculations have prompted a contemporary thermal model of the tectonosphere (as well as models for 
various periods of the region’s history) as shown in Fig. 24.  The model does not include the western part 
of the Appalachians experiencing recent activation.  It is noteworthy that the temperature pattern derived 
for the eastern Appalachians turned out to be somewhat higher than solidus at maximum depths.  A 
probability of the onset of activation there has been ascertained.  The estimated heat flow is in good 
agreement with average observed values, and the deviations do not exceed 3 mW/m2. 
 
As repeatedly pointed out above, this coordination appears to be an essential element enabling 
verification of the model, yet it cannot be used as a weighty argument in favor of its validity.  The 
magnitude of the estimated heat flow is largely determined by relatively shallow heat sources. 
The determination of the surface subsidence in the Internal and External basins was performed for 
a one-dimensional problem without taking account many factors that might affect the result.  
Nevertheless, it must be quite realistic since the basic effect is associated with the transformation 
of crustal basic rocks with the average density of 2.9 g/cm3 into eclogites with the density of 3.4 
g/cm3.  A 17-percent compaction of about 18-km thick layers beneath each of the basins must 
account for approximately half of the subsidence amplitude.  The other half is due to the change in 
temperature of the tectonosphere and with the depth of the top portion of the polymorphic 
transformations’ layer at the upper mantle bottom.  
 
The potential for such a huge part of the crust to undergo transformation into eclogites requires special 
substantiation.  The content of basic rocks in the consolidated crustal layers is about 13 percent in the 
“granitic” layer, 62 percent in the transition layer, and 80 percent in the “basaltic” layer.  Proceeding from 
the fact that about one-third of crustal blocks in the transition zone are composed of purely mafic rocks, the 
average content of basic rocks in the two top layers can be increased to 40 and 75 percent, respectively.  
During consecutive activations in the two lower crustal layers, about 50 percent of the volume is replaced 
by basic melts from the mantle; in the upper layer, the amount is 25 percent.  Average contents of basic 
rocks in the layers reach 55, 88, and 90 percent.  Taking into account relative thicknesses of the layers, we 
can determine the total content of basic rocks in the crust undergoing transformation as equivalent to a 35-
km thick layer.  When it totally transforms into eclogites and sinks into the mantle, the thickness of the 
remaining consolidated crust will amount to about 7.5 km.  It has to be realized that for a normal 
continental crust, which does not comprise basic rock blocks, and for the crust whose basic rocks 
experienced at least partial eclogitization, such a radical change in thickness in the course of the process 
described above is unachievable.  It can only take place if the upper layer of a consolidated crust 
experiences a substantial upheaval and denudation during the initial stage of the active process. 
 
Regarding the region in question, it is impossible to clarify whether the Pre-Jurassic denudation of the 
consolidated crust actually took place.  However, the above considerations are supported by the fact that 
subsidence in the Internal basin comprising mafic crustal blocks was more intensive:  Over the entire 
period from the Jurassic through the Holocene, an average of 9.3 km of sediments accumulated there, 
whereas in the rest of the blocks the thickness of sedimentary deposits averaged 6.4 km 
 
The “rifting” process in the transition zone of Atlantic-type has a specific feature which distinguishes it 
from continental:  The thinning out of the crust beneath the basin is not accompanied by its thickening at 
the periphery (Gordienko et al., 2006).  It is possible that in this specific case, the heat and mass transfer 
does not include a noticeable horizontal limb. 
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The amplitudes of downwarping have been estimated in the following way. 
 
During the period of 200-150 million years ago, in the Internal basin, the sagging due to the eclogitization 
of basic crustal rocks with a total thickness of 9 km amounted to 1.6 km; subsidence due to the 10-km 
displacement of the polymorphic transition boundary – to 0.6 km; due to the cooling of the upper mantle 
bottom portion – to 1.2 km; and the rise due to the heating of the upper mantle’s upper portion – to 1.6 km.  
The composite effect amounts to a subsidence by 1.8 km. 
 
In the Internal basin, over the period of 150-100 million years ago, a similar subsidence occurred:  by 1.6 
km, as a result of eclogitization and by 3 km, as a result of a 50-km displacement of the polymorphic 
transition boundary.  The total subsidence of the surface by the moment of 100 million years ago comes up 
to 6.4 km.  Over the last two stages – 100-50 and 50-0 million years ago – approximately 0.2 km thickness 
must have been added owing to the additional pressure of the crust-and-mantle block with a young 
sedimentary layer on the transition boundary.  The total cooling of the upper mantle by the end of the 
period in question, as compared to the period of 100 million years ago will lead to an additional 0.4-km 
downwarping.  The heating of the polymorphic transition area will cause a displacement of its boundary by 
30 km, i.e., to a 1.8 km rise.  By now, the estimated amplitude of downwarping must be 5.2 km. 
In the External basin, 200-150 and 150-100 million years ago, there may have occurred a 0.1 km 
downwarping due the cooling of the entire upper mantle and an insignificant displacement of the upper 
boundary of transition.  During the period of 100-50 million years ago, the effect of eclogitization 
contributed 1.6 km to the subsidence of the surface; the 5-km displacement of the upper boundary of 
polymorphic transition added another 0.3-km to the subsidence; and the effects of heating and cooling of 
various parts of the upper mantle were responsible for the estimated 0.6 km uplifting.  During the period of 
50-0 million years ago, the effect of eclogitization of crustal rocks caused downwarping by 1.6 km; the 60-
km displacement of the polymorphic transition front – a3.6 km subsidence; the pressure exerted by the 
crust-mantle block with new sediments – a 0.2-km subsidence; and the heating and cooling of various parts 
of the mantle – a 0.3 km rise.  By now, the total subsidence of the surface amounts to 6.4 km. 

 
 
Fig. 25.  Observed (1) and estimated variations of the depth of the Internal (A) 
and External (B) basins of the North America Atlantic Trough. 
 
 
 
 
 
 
 
 

 
Fig. 25 illustrates a comparison between estimated and experimentally derived depth values.  
The depths of magma chambers determined proceeding from the composition of igneous rocks in the 
External basin (Gordienko et al., 2013) fall within the 40-70 km range, which is less than the depth of the 
top of the contemporary asthenosphere (Fig. 24).  But the age of the rocks there amounts to dozens of 
millions of years, and the heating of the upper tectonosphere in the basin was greater during that period. 
Thus, we have managed to coordinate, in a first approximation, the educed concepts regarding the nature of 
the deep-seated process with facts of the geological history for basins that formed in the transition zone of 
Atlantic type.  The apparent differences in the depth variation graphs for the basins as functions of time 
may be due to the effect of processes happening outside the basins (a one-dimensional model is insufficient 
for the purpose). 
 
Information on the distribution of seismic wave velocities in the region’s mantle is scarce and conflicting.  
In this situation, gravitational modelling appears to be the only efficient technique for verifying the 
proposed pattern of the deep-seated process.  The observed gravity field, with which we compare the 
estimated field, is fairly consistent along the strike (Geology…, 1978; Isostasy…, 1987).  This makes it 
possible to perform its averaging, which will identify typical characteristics of the gravity pattern (the 
Bouguer gravity anomalies on dry land and the Faye anomalies at sea) along the composite transverse 
profile (Fig. 26). 
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While selecting crustal rock densities in terms of seismic P-wave velocities within corresponding depth 
intervals, we also took into account results of density modelling that was performed earlier in the region 
along the majority of profiles in question (Geology…, 1978).  A compaction by 0.05 g/cm3 was introduced 
into the data on the crustal block beneath the Internal basin due to the fact that one-third of the profiles 
across the block have revealed a high-velocity crust. 
 
 

Fig. 26.  Density model of the 
tectonosphere for the transition zone from 
North America to the Atlantic Ocean. 
1-3 – gravity field:  1-- observed, 2 and 3 – 
estimated (2 – the effect of the crust and 
upper mantle, 3 – taking into account the 
anomalous effect of mantle rocks); 4 – 
isodenses of the anomalous density caused 
by temperature disturbances (g/cm3); 5 – 
polymorphic compaction zone at the 
bottom of the upper mantle; 6 and 7 mark 
decompaction zones corresponding to (6 – 
plagioclase peridotite and 7 – spinel 
peridotite).  Shown in the insert is a 
histogram of differences between 
estimated and observed gravity fields 
along the profile. 
 
 
 
 
 
 

 
 
The level of the estimated gravity field for the case of a normal mantle differs sharply from the level of the 
observed gravity field:  At the eastern end of the profile, the difference is about 230 mGal, whereas at the 
western end it equals about 80 mGal (Fig. 26).  The anomalous densities in the mantle model were 
associated (see above): 1) with the presence beneath the thin crust of the plagioclase peridotite down to a 
depth of about 30 km; 2) with the prevalence of spinel peridotite in the heated mantle down to a depth of 
about 100 km; 3) with density changes within the limits of positive and negative temperature anomalies; 4) 
with the rise of the top portion of the zone of polymorphic transition of mantle rocks in the abnormally 
cooled part of the region at corresponding depths (Fig. 26). 
 
The allowance for the anomalous effect of the mantle has made it possible to match the estimated and 
observed fields fairly well.  The average discrepancy amounts to 22 mGal (Fig. 25), which can, most 
probably, be accounted for by the averaged character of the material used.  The said material does not 
reflect local anomalies of the observed field or local characteristics of the model. 
 
It follows from Fig. 24 that the External and Internal basins in the transition zone are characterized by 
dissimilar thermal models.  The construction of a one-dimensional velocity model for the region’s upper 
mantle on the basis of the technique applied in the study by V. Gordienko et al. (2016) might, in this 
particular case, characterize nothing more than a certain averaged distribution of Vp values. Apart from 
that, the data (collected for the Atlantic coasts of North and South Americas) turned out to be scanty, so 
that we had to limit the profile by a depth of about 350 km.  For that reason, we used two models estimated 
for parts of the thermal model in order to compare them with the experimental velocity model.  They are 
shown in Fig. 27. 
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Fig. 27. Velocity models for the upper mantle beneath transition zones 
of Atlantic type. 1 – experimental; 2 and 3 – estimated (2 -- for a heated-
up area and 3 – for a relatively cool area).  Sol is the distribution of P-
wave velocities at the temperature which prevailed at the start of the 
melting process (maximum content of the magma material at the center 
of the asthenosphere equaling 2 percent); PI are velocities beneath a 
quiescent Precambrian platform. 
 
 
 
 
 
 

 
 
Differences between the constructed velocity profile and that for the platform clearly indicate an advective 
nature of the process which resulted in the formation of a transition zone.  Comparison between the 
experimental velocity model and those derived according thermal models for the External and Internal 
basins shows that the average for the “thermal” models is quite close to the model based on seismological 
data.  This enhances the reliability of the velocity structure estimated for the upper mantle beneath the 
transition zone, but at the same time proves that the one-dimensional construction is inadequate for 
exploring such a structure. 
 
An analysis of the region’s magnetic field does not provide additional points pro or contra the adopted 
model for the deep-seated process.  It is obvious that in the area of a positive “eastern coast anomaly,” the 
only one that persists along the entire transition zone, the Curie isotherm for magnetite is located beneath 
the M. discontinuity, so that the entire crust may be involved in the creation of the anomaly source.  
Judging by the density model, the basement high, which is situated there (Fig. 23), is largely composed of 
basic rocks, such as are normally found in the median portion of the continental crust.  They may well be 
sufficiently magnetized to generate the anomaly (Gordienko et al., 2005; and others).  Retrieval of 
parameters for the relevant body produces their values not noticeably different from those derived earlier 
during numerous rounds of the anomaly interpretation (Geology…, 1978; and others). 
 
Seismicity in the transition zone at the eastern coast of North America is rather weak, which fits the end of 
a stage in the transformation process.  It noticeably intensifies in the zone of recent activation in the 
vicinity of the boundary between the Appalachians and the North America Planform. 
 
An analysis of the geological and geophysical data pertaining to the Atlantic-type transition zone has made 
it possible to establish the following: 
 

1)  Evolution of the transition zone is actually about transformation of the continental crust into a crust 
of intermediate type and then – into an oceanic crust.  Areas, which had the oceanic crust prior to the 
transformation and which are now adjacent to the transition zone, were not involved in the active 
process. 
2)  Concepts on the advective-polymorphic process within deep strata of the region can be applied to 
explain the entire available geological and geophysical information.  The use of the said concepts 
enables us to construct a model of the tectonospheric evolution, close to the model for rifting processes, 
yet possessing specific features (in particular, limited to the ascent of just two QTAs). 
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DE-OCEANIZATION HYPOTHESIS 
 
In their studies of ancient (including Precambrian) structures, proponents of the plate tectonics theory keep 
encountering traces of “defunct” oceans in presently continental regions.  Arguments in favor of such 
concepts do not hold water.  Likening ophiolite complexes of geosynclines to fragments of oceanic crust is 
based on ignoring the presence of acid rocks in their composition and on the unfounded assumption to the 
effect that the entire oceanic crust is composed of rocks from the upper layer.  Moreover, there is currently 
not a single example of a “defunct” ocean.  Nevertheless, our objections cannot rule out the possibility that 
some form of de-oceanization may exist.  A potential version of such a hypothetical process is discussed 
below. 
 
The geological history of the Pacific Ocean’s northwestern basin comprises a feature pointing to its 
uniqueness.  During the Late Cenozoic, an about 6-7 km fragment of the upper crust layer broke off and 
travelled eastwards in the direction of the Shatsky Rise (Lomtev et al., 1997; and others).  A series of listric 
dislocations, piercing through the entire stratum, emerged.  The displacement of overlapping thrust sheets 
reached several kilometers.  In view of the fact that age migration of the top bench of effusive basaltic 
rocks, overlying the entire strata of earlier deposits, from the Shatsky Rise to the Zenkevich Rise is all too 
obvious, it may be assumed that the break-off of the rock stratum was triggered by the propagation of a 
wave of basement subsidence.  “It may have determined the general direction of the gravitationally 
triggered break-off of the oceanic crust in the direction of the Shatsky Rise” (Lomtev et al., 1997, p. 62).  It 
is necessary to emphasize that it is largely traprocks which are involved in the formation of thrust sheets 
(sedimentary rocks prevail only in the upper portion of the stratum).  The Shatsky Rise is a Late Cenozoic 
structure holding the front of the gravitational break-off, a site of the oceanic crust clustering.  “The 
thickness of a solid Earth’s crust” (i.e., of the upper layer underlain by an ancient basified crust) there is by 
10-15 km larger than in the Northwestern basin (Tectonics…, 1983).  It cannot be ruled out that a process 
of formation of a new thick crust is taking place in the Shatsky Rise area rather than destruction of the 
ancient crust.  It is likely that crustal accretion at the top occurs with the participation of igneous-
sedimentary complexes compositionally close to those lying in the upper part of the Northwestern basin.  
They are largely composed of basic rocks, terrigenous sediments (in which the content of SiO2 is at the 
level of that in medium igneous rocks), and pelagic sediments (in which the content of SiO2 is at the level 
of that in basic and ultrabasic rocks).  This type of material can only form a mafic crust which can be easily 
destroyed in the course of subsequent activations or intrusions of mantle melts.  See Lomtev et al. (1997) 
for the mechanism of the process. 
 
This author (V. Gordienko, 1992) believes that areas, in which the thickness of the sedimentary-igneous 
layer, overlying the crust of oceanic type, increases relatively fast and which have indications of rock 
transformation, could be prone to de-oceanization.  In all likelihood, such areas are located at small 
distances from dry land and are not separated from it by a deep “basin-trap.”  In the northern part of the 
Indian Ocean’s Central Trough (the Bengal fan), crustal parameters do not differ from those in other 
troughs.  According to isolated determinations (Pollack et al., 1991), the heat flow there reaches about 50 
mW/m2, the crustal thickness amounts to about 12 km, and the depth of the bottom ranges between 5.0 and 
5.5 km.  The sedimentary layer thickness varies within 0.4 and 1.0 km.  Seismic studies in the area have 
revealed a vast zone of isoclinal folding (Ilyukhin et al.., 1984).  The stratigraphic range of contorted rock 
beds is from Upper Cretaceous to Paleogene, and the age of folding is estimated at 50-70 million years.  
Dislocations recurred in the Upper Neogene, though in a weaker form.  We are talking here about a 
geological phenomenon which is never encountered in normal oceanic troughs; if the layer gains in 
thickness and contortion recurs, the stratum may undergo dynamo metamorphism. 
 
The two scenarios described above can only point to a possible trend in seeking a solution to the problem 
that has so far been formulated in very general terms. 
 
CONCLUSIONS 
 
On the whole, it can be stated that the advection-metamorphism hypothesis has been quite successfully 
applied to describe deep-seated processes in oceans.  Their predicted effects match the principal geological 
and geophysical data without the need to adjust parameters.  The quantity and quality of the available 
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information are, however, far below the level achieved for continents.  Consequently, it cannot be ruled out 
that once new data (primarily geological) become available, some elements in the models for deep-seated 
heat and mass transfer in oceans may be revised.  In particular, the course of the process may be further 
specified if we use specially constructed models for the upper mantle beneath oceans, notwithstanding their 
simplified (averaged) form. 
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Abstract: Great deep earthquakes (300 km or deeper with magnitude 7.0 or greater) are considered the first tangible 
appearance of the Earth’s outer core-derived thermal energy, which later generates a series of shallow earthquakes. 
Therefore, a right understanding of great deep earthquakes is pivotal in predicting catastrophic earthquakes at the 
shallow Earth. It is also important to understand Earth’s geodynamic processes and their interaction with other 
planets, such as the Sun. Historically the great deep earthquakes have occurred sporadically, zero to four per year 
since 1970 only in some limited areas in the Pacific Ocean and its surroundings. They were almost absent prior to 
1984, but suddenly increased in 1990 onwards when the Schwabe (11 year) solar cycle 22 peaked; after which solar 
activity has been continuing to decline – implying the arrival of a major prolonged solar low cycle or an hibernation 
stage possibly comparable to the Dalton Minimum (1790-1830) or the Maunder Minimum (1645-1715); both of 
which had accompanied historic catastrophic earthquakes and volcanic eruptions. The great deep earthquake 
fluctuation is mainly controlled by two combined cycles, the 11-year Schwabe cycle and a longer 22 year Hale cycle, 
but obviously longer term solar cycles, such as 100 and 206 year cycles, are also affecting. Further study is required.  
Since 1990 the Earth’s core is considered to have entered an active phase and has been discharging powerful thermal 
energy into the mantle. The recent spate of unusually strong earthquakes worldwide support this assertion. We expect 
this trend to continue and strengthen for the coming 20 to 30 years. 
 
Keywords: earthquake-solar cycle anticorrelation, 11-year solar cycle, 22-year solar cycle, great deep earthquake, 
Eddie Minimum, thermal energy transmigration 
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1. INTRODUCTION 
 

ur studies on the Sun-Earth interaction on the basis of earthquakes/volcanic eruptions and solar cycles 
have clarified many intriguing relationships between the Sun and the Earth. Choi and Maslov (2010) 

established a reversed correlation between the solar activity and earthquakes (Fig. 1) after the extensive 
data analysis and review of published references. Casey (2010) noted that the strongest volcanic and 
seismic activities in the continental USA in the last 300 to 350 years have occurred during the major solar 
minimums. Some earlier works such as Simpson (1967) also noted the increased earthquake activity during 
the solar declining period.  The anticorrelation between the Sun and seismic/volcanic activities has been 
supported by many recent studies by the present Authors and other researchers (Choi and Tsunoda, 2011; 
Choi et al., 2014; Casey et al., 2016).  
 
An underlying physical mechanism of this Sun and Earth interaction requires further study: Gregori (2002) 
attributes to Earth’s core being a leaky capacitor or a battery; when solar activity is high, the Earth’s core is 
charged, whereas when the Sun’s activity is in low phase, the core in turn discharges energy.  
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Figure 1. Solar cycle (left) and the earthquake-solar cycle anticorrelation (right) for strong, shallow earthquakes.  
 
 
On the other hand, an improved understanding of earthquake mechanism and precursory signals has led to 
many successful earthquake predictions by a team of International Earthquake and Volcano Prediction 
Center and other colleagues in recent years, as demonstrated in many papers on the September 2015 M8.3 
Chile Earthquake (Césped, Choi and Casey, Davidson, Straser et al., Venkatanathan et al., U-Yen, and Wu, 
- all in NCGT Journal, v. 3, no. 4, p. 383-408, 2015). The April 2016 Kumamoto Japan earthquake was 
linked to a swarm of deep quakes in 2010 in the Celebes Sea, Philippines (Tsunoda and Choi, 2016). This 
quake also revealed several critical precursors and was successfully predicted (Cataldi et al., 2016; 
Hayakawa and Asano, 2016; Wu, 2016).  
 
These successful predictions and improved understanding of earthquake generation mechanisms tell us; 1) 
important role of deep earthquakes, 300 km or deeper, with magnitude, 7.0 or greater, in generating 
catastrophic earthquakes at shallow Earth, validating the thermal transmigration concept by Blot (1976) 
(see also Grover, 1998), and 2) the interaction between planets and Earth, especially the Sun and Earth and 
their cycles in triggering shallow earthquakes (Kolvankar, 2011; Gregori, 2015; and others). 
 
Because the deep (300 km or deeper) great earthquakes (magnitude 7.0 or greater) are considered the first 
tangible appearance of the Earth’s outer-core discharged thermal energy, they are considered to directly 
reflect the activity of the outer core which is intricately interacting with the solar activity and its cycle. We 
consider the great deep quakes, particularly in the South Fiji –Lau Basins, Southwest Pacific, most 
sensitively respond to the outer core activity, because the region is the site where thermal plume rises 
directly from the outer core according to the mantle tomography (Kawakami et al., 1996).  
 
The clarification of the solar cycle and great deep quakes is all the more important today as we have 
entered a major solar low cycle, which is comparable to the Dalton Minimum (1790-1830) or Maunder 
Minimum (1645-1715), or solar hibernation (Casey, 2010 and 2014; Casey et al., 2016), which had 
accompanied strongest earthquakes and volcanic eruptions.  
 
All the earthquake records used in this study come from the IRIS archives (http://ds.iris.edu/seismon/), with 
reference to the USGS archives for verification. There are some minor discrepancies between them, 
especially in magnitude assignment.   
 
 
2. DEEP GREAT EARTHQUAKES IN THE WESTERN PACIFIC REGION AND SOUTH AMERICA 
 
Deep and great earthquakes are distributed mostly in the western Pacific region and Southeast Asia. They 
also occur in South America (Fig. 2). The most frequent occurrence is the South Fiji Basin – Lau Basin, 
Southwest Pacific where superplume rises from the Earth’s outer core (Kawakai et al., 1994). In all areas 
deep earthquakes distribute linearly, implying the control by deep-seated fracture systems (Choi, 2005).  
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Figure 2.  Great (M6.5+) earthquakes in the western Pacific/SE Asia (left) and South America (right). Generated from 
IRIS website (http://ds.iris.edu/seismon/). For greater clarity only quakes deeper than 300 km are displayed on the left 
map. The right map includes all depths. Note linearly arranged distribution, suggesting the involvement of deep 
fracture systems reaching the upper mantle.  
 
 
1) South Fiji Basin and Lau Basin, Southwest Pacific 
 
The following table (Table 1) lists the great deep earthquakes used for this study. Their depth-year diagram 
is shown at the top of Fig. 3. The record shows no M7.0+ deep earthquakes from 1970 to 1984 in the 
region. This quiescence was interrupted in 1985-86, but then became quiet again until 1991. After that the 
region has become seismically very active up until today, 2016.    
 
 
Table 1. List of deep and very strong earthquakes in the Fiji region, Southwest Pacific. Quakes with magnitude 6.5 or 
greater and depth deeper than 350 km were extracted. 
 

Year  Month  Day  Time UTC Mag  Lat Lon Depth km Region 

1985 8 28 20:50:49 6.6 -21 -178.99 628.8 FIJI ISLANDS REGION 

1986 5 26 18:40:45 6.8 -21.78 -179.1 590.2 FIJI ISLANDS REGION 

1986 6 16 10:48:27 7.1 -21.93 -178.96 557.1 FIJI ISLANDS REGION 

1987 2 10 0:59:30 6.5 -19.36 -177.52 409.7 FIJI ISLANDS REGION 

1991 9 30 0:21:47 6.9 -20.9 -178.57 579.5 FIJI ISLANDS REGION 

1992 7 11 10:44:20 7.2 -22.5 -178.39 381.6 SOUTH OF FIJI ISLANDS 

1993 4 16 14:08:38 6.9 -17.76 -178.85 563.6 FIJI ISLANDS REGION 

1994 3 9 23:28:04 7.5 -17.95 -178.43 533.9 FIJI ISLANDS REGION 

1994 3 31 22:40:51 6.5 -21.99 -179.52 570.5 FIJI ISLANDS REGION 
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1994 10 27 22:20:27 6.6 -25.81 179.35 506.3 SOUTH OF FIJI ISLANDS 

1996 8 5 22:38:20 7.3 -20.72 -178.29 531.2 FIJI ISLANDS REGION 

1996 10 19 14:53:47 6.9 -20.41 -178.44 572.6 FIJI ISLANDS REGION 

1997 9 4 4:23:35 6.8 -26.5 178.32 608 SOUTH OF FIJI ISLANDS 

1998 1 27 21:05:42 6.5 -22.46 179.12 588.1 SOUTH OF FIJI ISLANDS 

1998 3 29 19:48:12 7.1 -17.66 -178.99 499.6 FIJI ISLANDS REGION 

1998 5 16 2:22:02 6.8 -22.21 -179.5 570.5 SOUTH OF FIJI ISLANDS 

2000 12 18 1:19:21 6.5 -21.15 -179.12 617.7 FIJI ISLANDS REGION 

2001 4 28 4:49:51 6.9 -18.06 -176.94 340.6 FIJI ISLANDS REGION 

2002 6 30 21:29:36 6.5 -22.24 179.24 626.5 SOUTH OF FIJI ISLANDS 

2002 8 19 11:01:02 7.6 -21.7 -179.46 587.7 FIJI ISLANDS REGION 

2002 8 19 11:08:22 7.7 -23.87 178.45 649.9 SOUTH OF FIJI ISLANDS 

2003 1 4 5:15:05 6.5 -20.65 -177.63 390.4 FIJI ISLANDS REGION 

2004 7 15 4:27:13 7 -17.7 -178.77 560 FIJI ISLANDS REGION 

2004 11 17 21:09:09 6.6 -20.05 -178.72 592.2 FIJI ISLANDS REGION 

2006 1 2 22:13:40 7.1 -19.97 -178.11 584.1 FIJI ISLANDS REGION 

2006 2 2 12:48:43 6.7 -17.83 -178.28 599.6 FIJI ISLANDS REGION 

2007 5 6 21:11:53 6.5 -19.47 -179.33 678.6 FIJI ISLANDS REGION 

2007 10 5 7:17:54 6.5 -25.2 179.45 521.3 SOUTH OF FIJI ISLANDS 

2007 10 16 21:05:43 6.6 -25.74 179.5 501.2 SOUTH OF FIJI ISLANDS 

2008 1 15 17:52:16 6.5 -21.99 -179.58 597 FIJI ISLANDS REGION 

2009 11 9 10:44:54 7.3 -17.27 178.45 591.3 FIJI ISLANDS 

2011 2 21 10:57:52 6.5 -26.14 178.39 558.1 SOUTH OF FIJI ISLANDS 

2011 7 29 7:42:23 6.7 -23.8 179.75 532 SOUTH OF FIJI ISLANDS 

2011 9 15 19:31:04 7.3 -21.61 -179.53 644.6 FIJI ISLANDS REGION 

2013 11 23 7:48:32 6.5 -17.1 -176.56 377 FIJI ISLANDS REGION 

2014 3 26 3:29:36 6.5 -26.09 179.28 493.1 SOUTH OF FIJI ISLANDS 

2014 5 4 9:15:52 6.6 -24.61 179.09 527 SOUTH OF FIJI ISLANDS 

2014 7 21 14:54:41 6.9 -19.83 -178.46 616.4 FIJI ISLANDS REGION 

2014 11 1 18:57:22 7.1 -19.7 -177.79 434.4 FIJI ISLANDS REGION 

2016 5 28 5:38:51 6.6 -22.02 -178.16 416.8 SOUTH OF FIJI ISLANDS 

2016 9 24 21:28:42 6.8 -19.84 -178.27 594.5 FIJI ISLANDS REGION 
 
 
 
Their depth-year plot is shown below, Fig. 3. The concentration is seen in the 500 to 600 km depth range. 
Note the M7.0+ quakes which have increased from 1992; they are almost absent prior to 1992 except 1985. 
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Fig. 3. Depth- time (year) diagram of the M6.5+ deep quakes since 1970. Note the absence or sparsity of samples 
prior to 1984, and an overall increase from 1990.   
 

http://www.ncgt.org/


 
                                      New Concepts in Global Tectonics Journal, V. 4, No. 4, December 2016. www.ncgt.org                   587 
 
2)  Solomon - Papua New Guinea 
 
The following table (Table 2) is a list of M6.5+, deep quakes in this region (Fig. 2). Only five quakes with 
a depth range of 386–500 km have been registered; three of them in the years from 2010 to 2016. Only one 
quake has a magnitude over 7.0+. Because of the small number of samples and isolated, narrow occurrence, 
this area is excluded in Figs. 3 and 6. 
 
It is noted; 1) no samples deeper than 490 km, and 2) no quakes prior to 1988 and frequent occurrence from 
2010 onwards, which follow the trends observed in other deep quake regions.  
 

Table 2. List of deep, very strong earthquakes in the Bougainville-New Ireland region. 
Year  Month  Day  Time UTC Mag  Lat Lon Depth km Region 

1989 8 21 18:25:40 6.5 -4.1 154.49 482.7 SOLOMON ISLANDS 

1995 6 24 6:58:08 6.8 -3.96 153.91 403.8 NEW IRELAND REGION, P.N.G. 

2010 3 20 14:00:50 6.6 -3.38 152.28 418.9 NEW IRELAND REGION, P.N.G. 

2013 7 7 18:35:30 7.3 -3.92 153.92 386.3 NEW IRELAND REGION, P.N.G. 

2016 8 31 3:11:36 6.7 -3.69 152.79 499.1 NEW IRELAND REGION, P.N.G. 

 
 
3)  Southeast Asia 
 
Many earthquakes in the studied categories have been registered in the Southeast Asia; Flores Sea, Java 
Sea, Banda Sea and Celebes-Mindanao (Fig. 4). They are listed in Table 3.  
 
This area follows the same trend as others; sparsity or total absence of great deep quakes prior to 1990, and 
the peak activity in 2009 to 2011 (Fig. 3). 
 

 
Figure 4. Deep great earthquakes in the Southeast Asia. 
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Table 3.  Deep (350 km+) and very strong (M6.5+) earthquakes, Southeast Asia (Indonesia and Philippines) from 
1970 to 2016 extracted from the IRIS website.  
 

Year  Month  Day  Time UTC Mag  Lat Lon Depth km Region 

1972 4 4 22:43:06 6.6 -7.47 125.56 -375.5 BANDA SEA 

1984 3 5 3:33:51 7.3 8.17 123.77 -656.1 MINDANAO, PHILIPPINE ISLANDS 

1991 6 7 11:51:24 6.9 -7.11 122.76 -505.4 FLORES SEA 

1992 8 2 12:03:20 6.6 -7.12 121.76 -484.4 FLORES SEA 

1994 9 28 16:39:53 6.6 -5.76 110.42 -660.5 JAVA SEA 

1994 11 15 20:18:11 6.5 -5.62 110.26 -567.7 JAVA SEA 

1996 6 17 11:22:18 7.7 -7.11 122.61 -589.5 FLORES SEA 

2000 8 7 14:33:56 6.5 -6.98 123.43 -666.1 BANDA SEA 

2003 5 26 23:13:31 6.8 6.77 123.81 -586.9 MINDANAO, PHILIPPINE ISLANDS 

2004 7 25 14:35:17 7.3 -2.49 103.97 -581.9 SOUTHERN SUMATERA, INDONESIA 

2005 2 5 12:23:18 7 5.29 123.44 -540.4 MINDANAO, PHILIPPINE ISLANDS 

2006 1 27 16:58:54 7.5 -5.45 128.19 -403.6 BANDA SEA 

2009 8 28 1:51:19 6.9 -7.2 123.46 -640.1 BANDA SEA 

2009 10 4 10:58:00 6.6 6.67 123.51 -635 MINDANAO, PHILIPPINE ISLANDS 

2009 10 7 21:41:14 6.8 4.09 122.54 -586.8 CELEBES SEA 

2010 7 23 23:15:09 7.5 6.74 123.33 -633.7 MINDANAO, PHILIPPINE ISLANDS 

2010 7 23 22:51:13 7.7 6.42 123.58 -584.7 MINDANAO, PHILIPPINE ISLANDS 

2010 7 23 22:08:11 7.3 6.71 123.49 -610.2 MINDANAO, PHILIPPINE ISLANDS 

2010 7 24 5:35:01 6.6 6.17 123.56 -564.7 MINDANAO, PHILIPPINE ISLANDS 

2010 7 29 7:31:56 6.6 6.56 123.36 -615.8 MINDANAO, PHILIPPINE ISLANDS 

2011 2 10 14:41:58 6.5 4.08 123.04 -525 CELEBES SEA 

2011 2 10 14:39:27 6.5 4.2 122.97 -523.2 CELEBES SEA 

2011 3 10 17:08:36 6.6 -6.87 116.72 -510.6 BALI SEA 

2011 8 30 6:57:41 6.9 -6.36 126.75 -469.8 BANDA SEA 

2014 12 2 5:11:31 6.6 6.09 123.13 -614 MINDANAO, PHILIPPINE ISLANDS 

2015 2 27 13:45:05 7 -7.29 122.53 -552.3 FLORES SEA 

2016 10 19 0:26:01 6.6 -4.86 108.16 -614 JAVA SEA 

         
 
4) Offshore South Japan, Sea of Japan and Okhotsk Sea 
 
Numerous deep quakes with magnitude 6.5 or greater have been registered in these regions (Fig. 5). Like 
other areas, the quakes in this category burst from 1984 onwards. Before 1984, on the contrary, quake 
occurred rarely.  
 
As noted earlier, the quakes in this category directly reflect the orthogonal deep fracture patterns formed in 
early stage of the Earth’s formation, Precambrian (Choi, 2005). 
 
It should be noted that a strongest deep quake (M8.4) since 1970 occurred in the northernmost Okhotsk Sea 
in 2013 (Fig. 3 and Table 1, yellow highlight). This energy is expected to reappear at shallow depth in 
2017 to 2018 offshore Kamchatka as gigantic earthquakes.  
 
 

http://www.ncgt.org/


 
                                      New Concepts in Global Tectonics Journal, V. 4, No. 4, December 2016. www.ncgt.org                   589 
 

 
Figure 5.  Very strong earthquakes (M6.5+) around Japan and the Okhotsk Sea. Note linear and orthogonal 
distribution of deep earthquakes, which reflects the occurrence of deep quakes along deep-seated fault zones.  
 
 
Table 4. List of earthquakes included in analysis of this study. 
 

Year  Month  Day  Time UTC Mag  Lat Lon Depth km Region 

1970 8 30 17:46:08 6.5 52.36 151.64 -643 SEA OF OKHOTSK 

1973 9 29 0:44:00 6.5 41.93 130.99 -567.4 NORTH KOREA 

1978 3 7 2:48:47 6.9 31.99 137.61 -440.6 SOUTH OF HONSHU, JAPAN 

1984 1 1 9:03:40 7.2 33.62 136.8 -386.4 NEAR S. COAST OF WESTERN HONSHU 

1984 3 6 2:17:20 7.4 29.35 138.92 -454.2 SOUTH OF HONSHU, JAPAN 

1985 4 3 20:21:36 6.5 28.27 139.55 -475.4 BONIN ISLANDS REGION 

1986 2 3 20:47:36 6.5 27.87 139.51 -526.8 BONIN ISLANDS REGION 

1987 5 7 3:05:48 6.8 46.75 139.22 -417.1 NEAR SOUTHEAST COAST OF RUSSIA 

1987 5 18 3:07:34 6.8 49.24 147.69 -545.6 SEA OF OKHOTSK 

1988 9 7 11:53:25 6.7 30.31 137.5 -501.8 SOUTH OF HONSHU, JAPAN 

1990 5 12 4:50:08 7.2 49.05 141.88 -602.5 SAKHALIN ISLAND 

1991 5 3 2:14:18 6.7 28.09 139.67 -471.4 BONIN ISLANDS REGION 

1992 1 20 13:37:04 6.7 27.93 139.47 -521.3 BONIN ISLANDS REGION 

1992 10 30 2:49:50 6.5 29.95 139.1 -418.5 SOUTH OF HONSHU, JAPAN 

1993 1 19 14:39:26 6.6 38.68 133.56 -446.6 SEA OF JAPAN 

1993 10 11 15:54:22 6.8 32.05 137.97 -366.7 SOUTH OF HONSHU, JAPAN 

1994 7 21 18:36:30 7.3 42.37 132.91 -458.8 NEAR SOUTHEAST COAST OF RUSSIA 

1996 3 16 22:04:06 6.7 28.97 138.98 -481.5 BONIN ISLANDS REGION 

1998 8 20 6:40:56 7.1 28.93 139.36 -442.8 BONIN ISLANDS REGION 

1999 4 8 13:10:34 7.1 43.61 130.41 -564.1 E. RUSSIA-N.E. CHINA BORDER REG. 

2000 8 6 7:27:14 7.3 28.8 139.6 -416.9 BONIN ISLANDS REGION 

2002 6 28 17:19:30 7.3 43.76 130.67 -568 E. RUSSIA-N.E. CHINA BORDER REG. 
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2002 11 17 4:53:55 7.3 47.77 145.99 -483.9 SEA OF OKHOTSK 

2003 7 27 6:25:31 6.8 47.1 139.21 -467.5 NEAR SOUTHEAST COAST OF RUSSIA 

2007 7 16 14:17:37 6.8 36.86 134.82 -349 SEA OF JAPAN 

2008 7 5 2:12:06 7.7 53.95 152.86 -646.1 SEA OF OKHOTSK 

2008 11 24 9:03:00 7.3 54.22 154.29 -505.3 SEA OF OKHOTSK 

2009 8 9 10:55:56 7.1 33.15 138.06 -302.2 SOUTH OF HONSHU, JAPAN 

2010 2 18 1:13:18 6.9 42.6 130.7 -573.7 E. RUSSIA-N.E. CHINA BORDER REG. 

2010 11 30 3:24:41 6.8 28.39 139.24 -485 BONIN ISLANDS REGION 

2011 1 12 21:32:53 6.5 26.97 139.88 -512 BONIN ISLANDS REGION 

2012 1 1 5:27:55 6.8 31.46 138.07 -365.3 SOUTH OF HONSHU, JAPAN 

2012 8 14 2:59:38 7.7 49.8 145.06 -583.2 SEA OF OKHOTSK 

2013 5 24 5:44:48 8.4 54.89 153.22 -598.1 SEA OF OKHOTSK 

2013 5 24 14:56:31 6.7 52.24 151.44 -624 SEA OF OKHOTSK 

2013 9 4 0:18:24 6.5 30.01 138.79 -407 SOUTH OF HONSHU, JAPAN 

2015 5 30 11:23:02 7.8 27.83 140.49 -677.6 BONIN ISLANDS REGION 
 
 
 
5)  South America 
 
As seen in the list below (Table 5) and the depth-year diagram (Fig. 8), there are no M6.5+ quakes in the 
300-500 km depth window in South America. Their depths are concentrated around 600 km. Like other 
areas, the quakes are sporadic prior to 1983, after which steady appearance is seen.  
 
 
Table 5.   List of deep, very strong earthquakes analysed in this study. See Figs. 2 and 3 for geographic and depth-year 
distributions, respectively. 
 

Year  Month  Day  Time UTC Mag  Lat Lon Depth km Region 

1970 7 31 17:08:05 6.5 -1.46 -72.56 -653 COLOMBIA 

1983 12 21 12:05:06 7 -28.13 -63.15 -591.9 SANTIAGO DEL ESTERO PROV., ARG. 

1985 5 1 13:27:57 6.6 -9.21 -71.22 -612.6 PERU-BRAZIL BORDER REGION 

1985 10 31 21:49:19 6.5 -28.69 -63.14 -588.9 SANTIAGO DEL ESTERO PROV., ARG. 

1989 5 5 18:28:40 7 -8.28 -71.39 -605.9 WESTERN BRAZIL 

1990 10 17 14:30:15 7 -11.01 -70.77 -625.9 PERU-BRAZIL BORDER REGION 

1991 6 23 21:22:29 7.1 -26.75 -63.3 -558.4 SANTIAGO DEL ESTERO PROV., ARG. 

1994 1 10 15:53:50 6.9 -13.34 -69.41 -604.9 PERU-BOLIVIA BORDER REGION 

1994 4 29 7:11:29 6.9 -28.25 -63.22 -554.4 SANTIAGO DEL ESTERO PROV., ARG. 

1994 5 10 6:36:28 6.9 -28.51 -63.02 -604.2 SANTIAGO DEL ESTERO PROV., ARG. 

1994 6 9 0:33:16 8.2 -13.87 -67.51 -640 NORTHERN BOLIVIA 

1994 8 19 10:02:51 6.5 -26.6 -63.38 -558.3 SANTIAGO DEL ESTERO PROV., ARG. 

1997 11 28 22:53:42 6.6 -13.77 -68.8 -599.8 PERU-BOLIVIA BORDER REGION 

2000 4 23 9:27:23 7 -28.29 -62.94 -603.6 SANTIAGO DEL ESTERO PROV., ARG. 

2002 10 12 20:09:09 6.9 -8.32 -71.67 -516.4 WESTERN BRAZIL 

2003 6 20 6:19:40 7 -7.63 -71.71 -572 WESTERN BRAZIL 

2005 3 21 12:23:53 6.9 -24.94 -63.46 -576.6 SALTA PROVINCE, ARGENTINA 

2006 11 13 1:26:36 6.8 -26.16 -63.29 -581.9 SANTIAGO DEL ESTERO PROV., ARG. 

2010 5 24 16:18:28 6.5 -8.12 -71.64 -582.1 WESTERN BRAZIL 

2011 1 1 9:56:58 7 -26.8 -63.14 -576.8 SANTIAGO DEL ESTERO PROV., ARG. 

2011 9 2 13:47:09 6.7 -28.4 -63.03 -578.9 SANTIAGO DEL ESTERO PROV., ARG. 
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2011 11 22 18:48:16 6.6 -15.36 -65.09 -549.9 CENTRAL BOLIVIA 

2012 5 28 5:07:23 6.7 -28.04 -63.09 -586.9 SANTIAGO DEL ESTERO PROV., ARG. 

2015 11 24 22:45:38 7.6 -10.55 -70.9 -600.6 PERU-BRAZIL BORDER REGION 

2015 11 24 22:50:53 7.6 -10.05 -71.02 -611.7 PERU-BRAZIL BORDER REGION 

2015 11 26 5:45:18 6.7 -9.19 -71.29 -599.4 PERU-BRAZIL BORDER REGION 
 
 
3. GREAT DEEP EARTHQUAKES AND SOLAR CYCLE 
 
1)  General trends in great deep quake occurrence 
 
This section compares the solar cycle and the great deep earthquakes scanned through in the foregoing 
pages. A summary figure of the depth-year diagram is shown in Fig. 3, and that of the frequency-year in 
Fig. 6.  
 
Each region has some distinctive trends, but on the whole the following trends are recognized.  
 
-  The complete absence or sparsity of great deep earthquakes throughout the globe prior to 1984. 
-  A peak in 1984 followed by a relative quiescence from 1985 to 1989. Note here that the M7.0+ quake  
peak in 1984 in IRIS archive (Fig. 6) is not seen in USGS archive (see Fig. 7) – they were downgraded 
below 7.0 magnitude in the latter. 
-  Another outstanding peak in 1994 which is seen in all study areas. It is followed by an overall active 
phase until 1998, which is particularly well observed in South Fiji-Lau Basins. A quiet period ensued 
from 1999 to 2001. 
-  A sudden burst in 2002 which is followed by a relatively active phase until 2010. 
-  A peak in 2015 which is seen commonly in Southeast Asia, Sea of Japan and South America, but it is 
not seen in Fiji.  
 
In terms of the depth of hypocenters, most regions (Fiji, SE Asia and South America) have a concentration 
in 550 and 620 km, but the South of Japan, Sea of Japan and Okhotsk Sea areas are slightly shallower, 400 
to 600 km. As stated earlier, it is worthy to note - the narrow hypocentre range (around 600 km) and the 
complete absence of South American deep quakes between 300 and 500 km. 
 
2) Comparison of great deep quake trends and solar cycles 
 
The solar cycle and earthquake frequency are compared in Fig. 6. If we see the peaks of magnitude 7+ 
shocks with three or more per year in the second top figure, the spikes are, 1984, 1994, 2020, 2010 and 
2015. All of them are located at the start of the lowering cycle, during the lowering period, or the later 
stage of the trough.   
 
The Southwest Pacific record is most remarkable. All of the high activity periods represented by M6.5+ 
quakes almost perfectly correlate to the solar cycle lows or troughs. However, other areas, do not necessary 
follow this trend, although overall trend remains the same – heightened activity during the trough. Here the 
highest activity in 2010 in Southeast Asia is most outstanding. Note here a disturbed solar cycle trend 
between cycles 23 and 24; unusually longer lowering cycle.  In South America 2015 was the most active 
year – which corresponds to the early lowering period after the cycle 24 peaked in 2012. 
 
As illustrated in the M7.0+ quake fluctuation from 1970 to 2016 (Fig. 6, second figure from the top), the 
overall frequency of the great deep quakes became much more active after 1994 with a precursory minor 
peak in 1990. This fact coincides with the declining solar curve started from the cycle 22 peak, 1990 (Fig. 6 
top figure), which is still continuing today, and expected to last 20 to 30 years more – coined solar 
hibernation by Casey (2014). Recently the solar physics community named the expected solar minimum 
covering solar cycles 24, 25 and 26, the “Eddy” Minimum (https://wattsupwiththat.com/2013/01/07/the-
potential-impact-of-volcanic-overprinting-of-the-eddy-minimum/).  
 

http://www.ncgt.org/
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Figure 6. Histogram of M6.5+ quakes with emphasis on M7.0+ quakes and their comparison with the solar cycle 
curve. The list in this figure is solely based on the IRIS registered earthquakes which are somewhat different from the 
USGS data base as seen in Fig. 7.  The “Earth core active phase” from Choi and Maslov (2010), and “seismo-volcanic 
quiescence” from Choi (2010) and Tsunoda et al. (2013). Blue shade indicates the lowering and trough of solar cycle. 
 
The heightened seismic activity possibly coming from the increased core activity (“Earth core active 
phase”) since 1990 has been discovered by Choi and Maslov (2010). It has been also summarized by Choi 

http://www.ncgt.org/
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et al. (2014) based on the worldwide seismic and volcanic eruption records. This is best illustrated in Fig. 
7, in which clear correlation is seen in the coincidence between the “Earth core active phase” and the 
sudden increase in seismic activity from 1990.  

 
Figure 7. Earthquakes and solar cycle. Cited from Choi et al. (2014). This figure is solely based on USGS NEIC 
archives. Note a sudden increase in both shallow and deep seismic activity started from 1990 which coincides with the 
“Earth core active phase” by Choi and Maslov (2010). All of the California’s M7.0+ quakes have occurred 
exclusively after 1991. Note, 1) major volcanic eruptions occurred at the second peak or the early stage of lowering 
cycle, and 2) deep precursory quakes of Japan’s M9.0 quake in 2011 occurred in 2005 to 2007 (Choi, 2011) which 
belong to the lowering period of cycle 23. 
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4. DISCUSSION 
 
Great deep earthquakes show correlation with the combined cycles:  1) the 11 year Schwabe cycle, and 2) 
the 22 year Hale cycle which coincides with the peak of the 11 year cycle 23. The latter is most 
conspicuous – prior to 1990, almost no great deep quakes, except for a peak in 1984 indicated in the IRIS 
archive (note: this peak is not present in the USGS archive). 
 
Since this analysis covered the period 1970 to 2016, the possibility exists for the influence of longer 
duration solar cycles than the 11 and 22 year cycles upon the frequency and extent of deep earthquakes.  
Further analysis is required. For example previous work by Casey (2010, 2013 and 2014) has shown a 100 
and 206 year cycle in solar activity. 
 
 
5.  CONCLUSIONS 
 
1.  The Earth’s core activity has entered an active phase since 1990 as seen in the sudden appearance of 
     great deep earthquakes after 1990. 
2. This 1990 is the starting year of unusual behaviour of solar activity – lingering lowering period of the 

11-year cycles (between cycle nos.  23, 24 and 25), and declining peaks of cycles.  
3. We expect the stronger release of thermal energy from the outer core to continue for the coming 20 to 30 

years, which would generate catastrophic earthquakes and volcanic eruptions throughout the globe. 
4. Regional differences in the timing, intensity, and depth of deep quakes indicate the presence of other 

factors in deep quakes and solar activity. 
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Abstract: The two strong earthquakes that hit Korea and Japan in September and October 2016, respectively, were 
analysed by the energy transmigration (ET) concept (or ET law) established by Claude Blot in 1976. The results 
convincingly show that the energy of both quakes was sourced from the two deep strong quakes (M5.8 &6.3; H=563 
km) in April 2013 three and half years earlier in Russian Far East. This indisputable evidence proves that, 1) deep 
Earth-sourced energy is crucial in understanding the process of shallow earthquake generation, 2) the ET concept is 
one of the most powerful long to medium-term prediction tools, and 3) the widely claimed plate subduction as the 
cause of earthquakes in the Pacific margins cannot be supported. Given the facts that the Earth has entered the Earth 
core active phase in relation to the arrival of a major solar low cycle and a recent rapid increase in devastating 
earthquakes worldwide, a right understanding of earthquake generation mechanism which benefits prediction is 
urgently required.   
 
Keywords:  the September 2016 Gyeongju Korea earthquake, the October 2016 Kurayoshi Japan earthquake, thermal 
energy transmigration concept, deep precursory earthquake, increased Earth’s outer core activity 
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1. Introduction 
 

n late 2016 (September to October) two strong earthquakes hit Gyeongju, southernmost Korea and 
Kurayoshi, southwestern Japan (Fig. 1). Their detailed parameters are as follows (Table 1):   

 
Table 1. Two strong earthquakes in Korea and Japan, 2016 studied in this article. 

                     -------------------------------------------------------------------------------------- 
                              Date            Latitude         Longitude      Depth (km)    Magnitude 
                       -----------------------------------------------------------------------------------------------     
                       Korea quake        
                           2016-09-12     35.7808         129.2162           13                 5.4                                         
                       Japan quake  
                           2016-10-21     35.3579         133.8013           10                 6.2 
                     --------------------------------------------------------------------------------------- 
 
These two quakes came to the author’s attention because his preliminary analysis indicated that they 
occurred in accordance to the well-established Blot’s energy transmigration concept (or ET concept or law; 
Blot, 1976; Grover, 1998). The essence of this article has been circulated among IEVPC associates and 
other colleagues a few days after the October 2016 Japan quake. It indisputably proves that the energy of 
these quakes has come from the deep-Earth under the Russian Far East, and that it has important 
implications in understanding earthquakes and tectonic processes in the island arcs in the western Pacific. 
This article details these discoveries for wider audience.  
 

I 
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2. Korea and Southwest Japan earthquakes in late 2016 
 
1)  Korea 
The Korean quake in September was originally assigned to 5.9 magnitude, but later downgraded to 5.4. It 
was preceded by a 5.1 magnitude quake 45 minutes earlier. This quake was most powerful in Korea since 
seismic records were first collated on the peninsula in 1978. Although there were no fatalities, some 
buildings and historic cultural assets in Gyeongju which had withstood intact for over 1,000 years, were 
damaged. Korean seismologists attributed this quake to the seismic activity that rattled Japan in the last six 
years, while others blamed plate subduction as the cause of this earthquake. 
(http://www.thejakartapost.com/life/2016/09/19/artifacts-damaged-in-record-breaking-earthquake-in-gyeongju.html; 
http://www.telegraph.co.uk/news/2016/09/13/warning-that-korean-peninsula-could-become-new-quake-zone-after/; 
and others).   
 
2) Southwest Japan 
A more powerful quake with magnitude 6.2 followed 39 days after the Korean quake in Kurayoshi, a town 
on the Sea of Japan coast (Fig. 1). 
 
Japan Meteorological Agency gave the magnitude 6.6 and the epicenter depth 11 km, whereas USGS 6.2 
and 10 km, respectively (http://www.usnews.com/news/news/articles/2016-10-21/powerful-earthquake-in-western-
japan-no-danger-of-tsunami). Property damage, power outage and some injuries occurred.   
 
It must be noted that Hong-Chun Wu of Taiwan found a jetstream anomaly appeared one day before the 
quake, at 0600 UTC of 20 October 2016 near the hypocenter. He posted this information on his website on 
21 October 2016, on the same day as the quake occurred: 
https://www.facebook.com/photo.php?fbid=1232773063441407&set=a.657516484300404.1073741826.10000126176
0990&type=3&theater). 
 
3. Energy transmigration (ET) analysis  
Claude Blot established the thermal energy transmigration concept 40 years ago (1976) in a French journal, 
which was introduced by Grover (1998) in English. The ET concept or ET law can link deep and shallow 
earthquakes/volcanic eruptions. The author had chances to work with Blot which resulted in many joint 
papers in relating deep and shallow quakes(Blot and Choi, 2004 and 2005 for example).  
 
 

Figure 1.  Strong (M5.0+) earthquakes in 
Korea, Japan and Russian Far East from 
2012 to 2016.  The quakes discussed in this 
paper are highlighted.   
 

http://www.ncgt.org/
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http://www.usnews.com/news/news/articles/2016-10-21/powerful-earthquake-in-western-japan-no-danger-of-tsunami
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Today the thermal energy transmigration concept has been firmly established on sound scientific grounds. 
It is of special significance because the concept allows predicting catastrophic shallow earthquakes several 
years in advance. As described below, this study is another validation of the ET concept, which, 
unfortunately, has been totally neglected by mainstream seismological authorities. 
 
The author searched possible precursor deep quakes for the September-October 2016 Korea and Japan 
shallow quakes. The strong quakes with magnitude 5.0 or greater, in the Korea, Japan and Far East Russian 
regions, were extracted from the USGS archives and listed and plotted in Table 2 and Fig 1. 
 
Table 2. Strong earthquakes, M5.0 or greater, from 2012 to 2012 in Korea-Japan-Far East Russia listed on the USGS 
NEIC webpages. Rows highlighted in orange are deep quakes which are linked to the shallow Korea and Japanese 
quakes in yellow. 

time latitude longitude depth mag mag Type 
2016-10-21T05:07:23.620Z 35.3579 133.8013 10 6.2 mww 

2016-09-12T11:32:55.770Z 35.7808 129.2162 13 5.4 mww 

2016-09-09T00:30:01.440Z 41.2869 129.0783 0 5.3 mb 

2016-04-18T11:42:00.220Z 33.0143 131.0991 10.46 5.5 mww 

2016-04-15T22:11:40.270Z 33.2528 131.3738 10 5.1 mwr 

2016-04-15T18:55:53.500Z 33.0051 131.1569 13.22 5.5 mwr 

2016-04-01T02:39:08.050Z 33.3807 136.3901 14 5.9 mww 

2016-01-06T01:30:01.480Z 41.2996 129.0467 0 5.1 mb 

2015-07-12T17:52:06.170Z 33.0229 131.7493 53 5.5 mww 

2015-05-25T06:37:40.890Z 41.8504 135.3922 385.81 5.1 mb 

2014-12-05T16:01:56.830Z 35.5141 135.7189 355.12 5 mb 

2014-03-13T17:06:50.770Z 33.6842 131.8249 79 6.3 mww 

2013-10-29T20:17:50.710Z 43.2375 130.8797 554.28 5.1 mb 

2013-09-02T02:51:13.230Z 42.1989 133.6656 445 5.7 mww 

2013-04-12T20:33:17.540Z 34.369 134.828 14 5.8 mww 

2013-04-06T00:29:55.090Z 42.726 130.976 562.8 5.8 mww 

2013-04-05T13:00:02.130Z 42.736 131.003 563.3 6.3 mww 

2013-02-12T02:57:51.490Z 41.299 129.004 0 5.1 mb 

 
The parameters of relevant earthquakes are now plotted on the ET analysis graph, Fig. 2.  
 

 
Figure 2. ET analysis graph. Earth surface is weakly warped, but is neglected in this figure because it is minor and 
does not affect the angle α. Distance from the deep forerunners and the shallow quakes were derived from a map 
generated on the IRIS webpage (http://ds.iris.edu/seismon/). 
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Here the Blot’s ET formula is: 
Days (time delay from deep to shallow quakes) = constant (525) x log (deep shock depth/shallow 
depth) x 1/cosα 
 
In this formula, the depth of occurrence of shallow shock affects largely on the outcome or predicted 
date; even 1 to 2 km difference results in several months in difference. 
 
1) Korea 
Parameters used for the Korean quake: log (563/13) x1/cos45. Deep shock date, 5 Apr 2013. 
 
Result of calculation: Days, 1215days = 2 August 2016. Actual occurrence12 September, which is 41 
days later than the calculated result. 
 
2) Japan 
The ET formula input parameters: log (563/10) x1/cos46. Deep shock date, 5 April2013. 
 
Result: Days, 1323days=17 November 2016, which is 27 days later than the actual occurrence. If the 
input depth is 11km, which is the Japan Meteorological Agency-determined depth, the date becomes 17 
October 2016, which is 4 days earlier in deviation. 
 
To summarize the above: 
 

Locality ET calculation  (prediction) Actual day of 
event 

Deviation 
 

Korea quake 2 August 2016 (depth 13 km) 
 

12 September 2016 41 days earlier 
 Japan quake 17 November 2016 (depth 10 km) 

17 October 2016 (depth 11 km)  
21 October 2016 

 
27 days later 
4 days earlier 
  

4. Discussion 
 
As described in the foregoing pages, the ET law’s predicted dates for both quakes almost perfectly matched   
the actual events. This fact proves the energy link between the deep quakes in Far East Russia in 2013 and 
the shallow quakes in Korea and Japan in 2016. The time delay is about 3 years and half.  
 
On the other hand, the present exercise demonstrates the crucial role of deep energy in causing shallow 
earthquakes. We have repeatedly shown this fact in many studies of great earthquakes; the 2004 Niigata 
Chuets Earthquake (Blot and Choi, 2004), the 2005 Kashmir Earthquake (Blot and Choi, 2005), the 2011 
Great East Japan Earthquake (Choi, 2011), the 2015 Coquimbo Chile Earthquake (Choi and Casey, 2015), 
and the 2016 Kumamoto Earthquake (Tsunoda and Choi, 2016), to name only a few.  
 
The thermal energy flow from deep to shallow Earth as a main cause of tectonic processes including 
earthquakes and volcanic eruptions flatly negates the plate subduction widely believed by mainstream 
seismic authorities in the last 50 years. The former has significant implications in understanding 
geodynamic processes of the Earth, particularly those occurring in the western Pacific margins, and most 
importantly it opens the way to accurately predict great earthquakes. Recent continuing successful 
predictions based on a multiparameter approach by a group represented by IEVPC and other colleagues 
eloquently testifies to this (Coquimbo earthquake in 1995, NCGT Journal, v. 3, no. 3; Kumamoto 
earthquake, NCGT Journal, v. 4, no. 2; and others).  
 
Although the IEVPC had not announced the prediction of the two quakes in concern for various reasons, if 
we had performed the ET analysis in advance in combination with the jetstream anomaly and organized a 
team for detecting early precursory signals, the Korean and Japanese quakes would have been successfully 
predicted.  
 
In general, the energy from deep to shallow Earth flows along thrust fault zones (Wadati-Benioff zone), 
developed at the periphery of the Western Pacific. In some cases, the energy flow occurred along major 

http://www.ncgt.org/


 
600                             New Concepts in Global Tectonics Journal, V. 4, No. 4, December 2016. www.ncgt.org 
 

 
 

deep fault zones in addition to the flow along the Wadati-Benioff zone, as seen in the case of 2011 Great 
East Japan Earthquake (Choi, 2011). However, in many cases, the energy flow paths show a complex 
pattern, mainly controlled by deep fault zones which takes mostly an orthogonal pattern. Therefore, a good 
knowledge of deep structure around the epicenter of strong deep quakes is essential to correctly predict the 
direction of energy transmigration. The importance of major structural trend must be further emphasized 
here, because after reaching the shallow Earth the energy becomes trapped in the structural highs bounded 
by deep faults where the final energy release takes place.   
 
The ET concept is applicable for the Wadati-Benioff zone quakes, the present Korea and Japan quakes 
being two examples. For distant lateral shallow energy transmigration under the tectonic mobile belts (a 
concept originally proposed by surge tectonics, Meyerhoff et al., 1996), however, the ET concept cannot be 
applied. The shallow energy movement under tectonic belts can be detected by tracing the occurrence of 
strong earthquakes (usually M6.5 or greater) and volcanic activities, which was coined as VE process by 
Tsunoda (2009). A good example of this long lateral energy movement is seen in the April 2016 
Kumamoto earthquake (Tsunoda and Choi, 2016). The author analysed seismic energy movement by 
tracing great earthquakes in the Pacific coasts of North and South Americas (Choi, 2014a and 2014b).  
 
5. Conclusions 
 
1) This study identified precursory deep earthquakes in the Far East Russia for the strong Korean and 
Japanese earthquakes occurred in late 2016.  
2) The precursory deep quake occurred in April 2013, about three and half years earlier with similar 
magnitude.  
3) The present paper provides an additional support for the ET concept. The concept is a powerful long to 
medium-term prediction tool.  
4) The ET concept is of particular importance in considering the geodynamic processes of the Earth, 
particularly the island arc formation in the Western Pacific. It rejects the application of plate subduction 
model to the island arcs in the Western Pacific. 
 
Acknowledgements: The author thanks Hong-Chun Wu for information of jetstream anomaly which appeared before 
the Japanese earthquake in October 2016. The author is also indebted to Peter James for his helpful comment. 
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Abstract: The peculiarities of electromagnetic radiation in earthquake epicentral areas of various regions of the world 
have been studied by remote sensing data (satellite images) processing and decoding; Republic of Kazakhstan, Japan, 
Ukraine and Italy. Anomalous response in the frequency range of 20-1350 MHz in the survey sites was analyzed. The 
character of the radiation parameter (frequencies and zones) changes in time has been investigated. Methodical 
principles of the anomalous areas of high-frequency electromagnetic radiation detection and localization are 
developed.  
     The characters of formation, increase and disappearance of high-frequency anomalous zone in the Tohoku‐Oki 
earthquake epicenter of 3 November 2011 in the Japanese shelf was traced in the time interval from “24 months 
before” and up to “5 years after” the earthquake. On the days, 112 and 6 days before the earthquake, anomalous 
responses of resonant frequencies of hydrogen and helium were fixed in the central anomaly zone. Vertical channels 
of deep fluid migration may have been located in this area. 
     Further experiments in this direction will allow for the areas of earthquake epicenters in sufficient detail to track 
and study the time variant features of origin, increase and disappearance of the anomalous zones of high-frequency 
radiation. The results of these detailed works can be used in the future for monitoring zones (epicenters) of 
prospective earthquakes. An operative processing of satellite images of earthquake-prone areas provides an 
opportunity for the anomalous zones with high-frequency radiation to be identified and mapped. The monitoring of 
anomalies can be organized by means of ground-based measurements. 
 
Keywords: Frequency-resonance method, epicenter of the earthquake, precursor, satellite data, mobile technology, 
RS data processing, interpretation, high-frequency radiation zone. 
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Introduction  

n order to increase the efficiency and cost effectiveness of prospecting and exploration for ores and fossil 
fuels, direct-prospecting geophysical technologies and techniques have been actively developed and used 

purposefully in recent years. Such technologies are built on the principles of "substance" (“matter”) 
paradigm of geological and geophysical studies, the essence of which is the "direct" search for a particular 
substance (matter): oil, gas, gold, silver, platinum, zinc, iron, water, etc. (Levashov et al., 2012).  

 
An important way to reduce the time and financial resources to carry out exploration permit the direct-
prospecting technologies, which are based on processing and interpretation (decryption, decoding) of 
remote sensing (RS) data from the spacecraft (satellite images). These technologies and methods provide 
an opportunity to receive a significant amount of new and useful information about the prospects of 
detection within the studied large areas or local objects of industrial accumulations of the desired minerals 
(fossils) without field work, i.e. in laboratory conditions. In principle, these direct-prospecting methods can 
be considered as super-operative; their efficiency is higher than conventional geophysical methods. These 
technologies include "Infoskan" (http://www.infoscan.ru), "Tomko" (Rostovtsev et al., 2011), "Poisk" 
(Kovalev et al., 2009), and others.  
 

I 
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The mobile geoelectric methods using a short-pulsed electromagnetic field (FSPEF) and vertical electric-
resonance sounding (VERS) developed and actively used by authors are also based on the principles of 
"substance" paradigm of geophysical research (Levashov et al., 2012). These techniques for many years 
have been successfully used for solving a wide range of geological and geophysical problems, including the 
search for ores and fossil fuels.  
 
In 2010, the mobile direct-prospecting express-technology FSPEF-VERS has been complemented by a 
frequency-resonance method of remote sensing data processing and interpretation (decoding) (Levashov et 
al., 2010, 2011 and 2012). In this remote sensing data processing method, useful signal allocation from the 
satellite images is made by the frequency-resonance method. For various minerals (oil, gas, uranium, gold, 
water, zinc, etc.) on their characteristic patterns the resonance frequencies are identified, which are used 
during the RS data processing and decoding.  
 
This article analyzes the results of the super-mobile technology application for the detection and 
localization of areas of high-frequencies electromagnetic radiation in the epicenteral areas of the past 
earthquakes. 
 
Method of Research 
As already mentioned, the technology of the RS data frequency-resonance processing is a method of 
"direct" searching for different minerals (Levashov et al., 2010, 2011 and 2012), developed on the 
principles of "substance" paradigm of geophysical research. Distinctive features of this method and its 
potential are described in many publications and reports of completed studies, the list of references are 
included in Levashov et al.(2010, 2011, 2012 and 2016), and Yakymchuk(2014). Additional information 
about this direct-prospecting method, as well as numerous examples of its practical application during 
various exploration projects can be found on the website - http://www.geoprom.com.ua/index.php/ru/.  

 
A phenomenological description of features of the “Tomko” technology is: “It is based on the latest 
advances in astrophysics, mathematics, and knowledge about electromagnetic radiation, modern laser, 
computer hardware and software. It became possible due to the phenomenological approach to the study of 
the phenomena observed. Technology of quantum-optical filtering of satellite imagery allows, in most 
cases, anywhere in the world to identify projected oil and gas fields and record the density distribution of 
reserves within them (Rostovtsev et al., 2011, p. 61). 
 
Theoretical justification for this technology may be the ideas of E. I. Tarnovskiy, which are based on the 
fact that all atoms in molecules have a certain spatial position and its own electro-magnetic field with the 
characteristic spatial frequency intensity distribution. 
 
The spatial-frequency structure of electromagnetic fields of any substance is determined by the chemical 
composition and molecular structure, or spatial lattice material. A large number of homogeneous 
substances will create a collective characteristic for the substance electromagnetic field radiation, whose 
power is proportional to the concentration of a substance in a given direction. We may assume that the 
linear polarized wave with the specified frequency response carries information about the structure of the 
substance, is not absorbed by the medium, and their intensity does not decrease with distance. In this case, 
a homogeneous substance at an arbitrary depth of the Earth will create a field, as if this substance were on 
the surface. 
 
It was found that the characteristic of an electromagnetic wave of large quantities of oil and gas is fixed in a 
certain way on the satellite image; this is already used for opening and identifying yet-unknown fields”. 
 
We pay attention to the phrases "a large number of homogeneous material," "radiation power which is 
proportional to the concentration of the substance," "will create a field, as if it were a substance on the 
surface" in the above quotation. 
 
In the “Tomko” technology, the useful signal separation is conducted by the quantum-optical filtering of 
satellite images. In this method, used by the authors, the extraction of the useful signal from the satellite 
images is provided by the frequency-resonance method. For various minerals (oil, natural gas, uranium and 
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gold, water, zinc, etc.), their characteristic resonance frequencies have been identified on the mineral 
samples, and these are used during the remote sensing data processing and decoding. 
 
For frequency-resonance processing, the multispectral images are used from different satellites. In most 
cases, these are in the public domain. For reconnaissance surveys of large areas and during the processing 
of remote sensing data on a scale of 1:50,000 or smaller, the images of Landsat 5 and Landsat 7 with a 
resolution of 30 m/pixel can be used. When looking for small objects, the remote sensing data processing 
should be done on a larger scale and requires high-resolution images, 2.5-1.0 m/pixel. 

 
The study utilizes the satellite images taken by the Landsat 5-7-8 available on the website, 
http://glovis.usgs.gov/. 
 
It must be emphasized that the technology of remote sensing data frequency-resonance processing was 
developed and continues to be improved by experiments. At the moment, a complete theoretical 
substantiation of separate technology methods does not exist. In this regard, the authors continue to 
purposefully conduct experiments to explore the potential of the frequency-resonance method of remote 
sensing data processing for solving a variety of problems, including those of environmental and monitoring 
nature. Results for each additional experimental study are making their contribution to the further 
establishment and development of this original technology.  
 
A considerable amount of experimental studies with the direct-prospecting methods has been performed by 
the authors in 2016. Thus, at the beginning of the year, in the process of testing an advanced modification 
of the frequency-resonance processing of satellite images (Levashov et al., 2010 and 2011 and 2012) in the 
area of Shebelynka gas and condensate fields, a vertical channel of deep fluids migration – a local site with 
very high values of the reservoir pressure, was discovered. The same channels were also found in other 
regions of the globe, while a considerable amount of additional research are being conducted. Three 
vertical channels were also identified in the area of Tengiz oilfield location. The results of the experimental 
work have been presented in Levashov et al. (2016).  
 
In May 2016 an earthquake with its epicenter in the area of Tengiz oilfield (An earthquake…) was 
registered. This news intrigued the authors because; 1) some researchers have suggested that the earthquake 
may be also initiated by injection of high-pressure fluids (including hydrocarbons) into the upper layers of 
the Earth’s crust (Gufeld, 2007; Kuzin, 2016; Osyka and Cherkashin, 2008), and 2) the authors have 
previously carried out a satellite images frequency-resonance processing for earthquake epicenters in 
Turkey, Indonesia and Japan. As a result, the earthquake epicenters registered a natural pulse of 
electromagnetic field of the Earth (NPEMFE) with an anomalous area having very high frequencies – from 
tens to hundreds of megahertz.  
 
Given the above, it was decided to carry out the satellite images processing of several areas of the past 
earthquakes in order to study the possibility of this super-mobile technology in earthquake prone areas for 
earthquake prediction.  
 
This paper presents and analyzes the graphic data of frequency-resonance processing and decoding of 
satellite images of four areas, in which earthquake epicenters are located. Experimental work was carried 
out in May and August 2016. 
 
An earthquake in the area of Tengiz oilfield  
According to the operative data from IGR RSE Data Center at May 8, 2016 at 1:00 27 minutes of Astana 
time (7 May at 19 hours 27 minutes GMT) an earthquake with its epicenter in the area of Tengiz oilfield 
has been recorded. The coordinates of the epicenter: 45.99 degrees north latitude, 53.97 degrees east 
longitude. Magnitude mb=3.9, energy class K=8.5 (An earthquake…, 2016).  
 
The experimental processing of the local area satellite image attempted to: a) detect the vertical channel of 
deep fluids migration, and b) to register anomalous responses at high frequencies in NPEMFE field.  
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For frequency-resonance processing a satellite image of area of the earthquake epicenter location was 
prepared on the scale of 1: 25000 (Fig. 1).  
 

 

 

Fig. 1. Contours of geoelectric anomalous zone of natural pulsed electromagnetic field of the Earth (NPEMFE) 
on the satellite image of the earthquake epicenter of 08.05.2016 in the Republic of Kazakhstan (Magnitude: mb 
= 3.9, Energy class: K = 8.5) (contour values are given in MHz).1 – anomalous geoelectric zone of the "gas" 
type, reservoir pressure - 45.0-50.0 MPa; 2– epicenter of the earthquake according to Data Center of IGR RSE 
(An earthquake in Tengiz Oilfield…): N 45.99, E 53.97; 3– coordinates of the center of the anomalous zone: N 
45.9847, E 53.9724 (located in the 1300 MHz contour). 

 
An in-situ study identified and mapped an anomaly of natural high-frequency pulsed electromagnetic field 
of the Earth (NPEMFE).Fig. 1 denotes an anomaly by contours (isolines) from 215 MHz to 1300 MHz. 
The central point of the anomaly is located in the contour of 1300 MHz, it is offset from the epicenter of 
the earthquake by 650 m.  
 
Anomalous responses with the same high frequencies have been recorded earlier in the areas of epicenter in 
Turkey, Indonesia and Japan. But in the survey area (Tengiz Oilfield) the anomalous responses at the 
resonance frequencies of hydrogen, helium and oil were not fixed. 
 
At the resonant frequencies of gas a relatively small anomalous zone of the "gas" type has been discovered 
and delineated (Fig. 1). Estimates of the reservoir pressure of fluid within it amounted to 45.0-50.0 MPa.  
 
The results of these studies allow us to state the followings: 
 
1. Within the surveyed area the vertical channel of deep fluid migration was not found. However, to argue 
about its absence here is prematurely. It can be very small in size and during the image processing on the 
scale of 1: 25,000 could be omitted.  
 
2. A small anomalous zone of the "gas" type in the center of the surveyed area may be an evidence in favor 
of the possible presence of a vertical channel of deep fluids migration in the area.  
 
3. The zone of anomalous response in high frequencies in the surveyed area was detected and mapped.  
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4. Noteworthy is the fact that the central part of the anomalous zones of high-frequency radiation and of the 
"gas" type is practically the same.  
 
5. It is advised that a more detailed study to carry out in the surveyed area – to perform the satellite image 
frequency-resonance processing on a larger scale.  
 
6. It should also continue the experimental studies of the same nature in the areas of the earthquakes 
epicenters location in various other oil and gas regions, the area of hydrocarbons production in shale basins 
including.  
 
7. Of significant interest is also the problem of the study of the process of formation and change in the 
high-frequency radiation zone with time. This requires a frequency-resonance processing of a series of 
satellite images of area of an earthquake epicenter location, obtained at different (and fairly long) time.  
 
Such studies are recommended in the site of the past earthquake's epicenter in the sea near the coast of 
Japan, as well as in the area of Mariupol (Ukraine). 
 
Tohoku‐Oki earthquake of 11.03.2011 (Japan) 
On March 11, 2011 near the Pacific coast of Honshu (Japan) an earthquake with magnitude 9.0 occurred at 
a depth of 22 km with epicenter about 100 km from the city of Miyagi and 400 km from Tokyo. The 
earthquake was the largest catastrophe in the history of Japan. It generated a powerful seismic tremors and 
ensuing massive tsunami that devastated a number of coastal towns. In addition, the effect of the 
earthquake was exacerbated by a dangerous radiation caused by the damage of the nuclear power station in 
Fukushima. The number of victims and missing amounted to more than 23,000 people (Seynasinov and 
Mikhailova, 2011; Kizer, 2016).  
 
For a survey in this region the area by sizes of 20×22=440 km2 was taken (Fig. 2).  
 
Satellite images of the area (number of images received: before the earthquake – 6, after earthquakes – 4) 
were processed on the scale of 1: 100,000. Results of processing are shown in Fig. 2.  The results of image 
decoding for 08.07.2016 (five years after the earthquake) are not shown in the figure. They are almost 
identical with the results, shown in Fig. 2a – anomalous zone in the megahertz range of NPEMFE field is 
not found in the earthquake epicenter.  

 
Fig. 2 sufficiently demonstrates the processes of occurrence, increase and disappearance of geoelectric 
anomalous zone in the megahertz range. For Fig. 2 it is advisable to add the followings: 
 
1. The time variant maximum frequency (in MHz) and area (in km2) of anomalous zones are (Fig. 2); a) 0, 
0; b) 65, 1.57; c) 85, 13.57; d) 120, 29.26; e) 230, 74.54: f) 1300, 177.5; 11.03.2011) 1300, 180.0; g) 66 
24.7; h) 65, 7.95, i) 0, 0; 8 July 2016) 0.0. In graphic form the parameters of the anomalous zones are 
shown in Fig. 3. 
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Fig. 2. Map of the geoelectric anomalous zone in the region of the 11.03.2011 Tohoku‐Oki earthquake epicenter of 
magnitude 9.1 (Japan). 1 – scale (or contour) of frequency values  of the natural pulsed electromagnetic field of the 
Earth (NPEMFE), MHz; 2 – the maximum frequency value in the anomalous zone center; 3 – date of receipt of the 
satellite image of area; 4 – zone of tectonic fractures; 5 – epicenter of the earthquake; 6 – zone of rock crushing, 
formed after the earthquake.  
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a) b) 

Fig. 3. Graphs of change of the anomalous zone area (a) and frequency (b) of NPEMFE field in the time range over the 
Tohoku‐Oki earthquake epicenter of March 11th, 2011 in Japan. 
 
 
2. Over 112 (Fig. 2e) and 6 days (Fig. 2f) before the earthquake in the central zone of anomaly the 
anomalous responses at resonant frequencies of hydrogen and helium have been fixed. In this part of 
anomaly the vertical channels of deep fluids migration may be located. 
 
In this regard, it is interesting to note that Sano et al. (2014) reported a sharp increase in mantle derived 
helium in bottom seawater near the rupture zone 1 month after the earthquake. 
 
3. The time of disappearance of the anomalous zone is substantially shorter than the time of its formation.  
 
4. Further processing of satellite image for 08/07/2016 (5 years after the earthquake) showed absence of 
high-frequency anomalous zone in the epicenter area.  
 
Seynasinov and Mikhailova (2011) and Kizer (2016) reported information (including graphical) of a 
significant number fore- and aftershocks within the survey area. It was necessary to process the satellite 
image of the area in a wider range of frequencies. Results of image processing, obtained for the 5 days 
before the earthquake, are shown in Fig. 4. This figure shows that within the surveyed area a significant 
number of relatively narrow anomalous zones in the frequency range of 23.0-25.5 MHz have been detected. 
However, the parameters of these anomalous zones changing with time at this stage of the research were 
not traced. 
 
Earthquake near Mariupol (Ukraine)  
In August 7, 2016, at about 11:15, near the city of Mariupol, an earthquake with a magnitude, according to 
various seismic stations rated as 4.6-4.9, occurred. There were no casualties as a result of the earthquake 
(An earthquake in Mariupol, 2016).  
 
The parameters of the earthquake, according to the Ukrainian seismic stations and the nearest stations of 
the Global Seismic Network, are: Latitude 47.35°N, longitude 37.52° E, and focal depth 10 km. Due to the 
large depth of focus, the earthquake was felt over a large area on the territory. At the epicenter the 
earthquake was manifested with the intensity of 4.9 points. It was felt by people in Mariupol, Berdyansk, 
Zaporizhia, Dnepr, Donetsk, Rostov-on-Don and other settlements.  
 
The last of the earthquakes, instrumentally recorded near Mariupol, occurred in the Sea of Azov 4 January 
2014. Prior to that, earthquakes in the Azov Sea have been recorded in 1978 and 1990.  
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Fig. 4. Map of the geoelectric anomalous zone in the region of the M9.0, 11 March 2011 Tohoku‐Oki earthquake 
epicenter (Japan). 1 – scale (or contour) of frequency values  of the natural pulsed electromagnetic field of the Earth 
(NPEMFE), MHz; 2 – the maximum frequency value in the anomalous zone center; 3 – date of receipt of the satellite 
image of area; 4 – zone of tectonic fractures; 5 – epicenter of the earthquake; 6 – zones of NPEMFE field in the 
frequency range of 23.0-25.5 MHz; 7 – epicenters of earthquakes, including the main shock according to various 
sources.  
 
 
At the initial stage of research the processing of satellite image of the epicenter location area on the scale of 
1: 50,000 was done. The obtained results are summarized as follows:  
 

1. In the area of the calculated epicenter the high-frequency anomalous zone was not fixed.  
 
2. The anomaly with maximum values above 1200 MHz was detected and mapped about 4.5 km to 
south-east from the calculated epicenter of the earthquake. We note here that at one of the sites accuracy 
of the epicenter detection was estimated to be 6.4 km.  
 
3. In the central part of the anomalous zone the anomalous responses at the resonant frequencies of 
hydrogen and helium have been recorded. You can assume the presence of a vertical channel of deep 
fluids migration in this area.  
 
4. In the southwestern part of the survey area another relatively small anomalous zone with a maximum 
frequency of 70 MHz was discovered. This anomalous zone can be considered the area of "future" 
("predicted") earthquake.  

 
At the second stage of the work the nature of the origin and development of high-radiation anomalous 
zones in time were investigated. For this, six images of epicenter location area were processed (Fig. 5):    
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Fig. 5.  Map of geoelectric anomalous zones in the natural pulsed electromagnetic field of the Earth (NPEMFE) of the 
08/07/2016 earthquake zone near Mariupol. 1 – scale of the NPEMFE frequency range (anomaly contour), MHz; 2 – 
zones of tectonic fractures according to decoding data; 3 – epicenter of the earthquake on the calculated seismic data 
with coordinates: N 47.35º, E 37.52º; 4 – epicenter of the earthquake according to the frequency-resonance analysis of 
satellite images with coordinates: N 47.3290558º, E 37.5643334º; 5 – epicenter of zone of the new earthquake 
formation with coordinates: N 47.3060454º, E 37.489186º. 
 
 
3, 2, 1 year and 12 days before the earthquake, and 4 and 21 days after the earthquake. As a result of image 
decoding, the graphs of the anomalous areas (Fig. 6a) and frequency (Fig. 6b) of naturally pulsed 
electromagnetic field of the Earth (NPEMFE) changing with time over the earthquake epicenter were 
constructed. Analysis of Figs. 5 and 6 allows to state the followings.  
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1. The nature of the high radiation anomalous zone parameter changes (anomaly area and the maximum 
frequency) is approximately same as at the hypocenter of the earthquake in Japan. Note, however, that 
the area of the mapped anomaly is significantly less.  
 
2. The high-frequency radiation zone began to form in this area earlier than in Japan – three years before 
the earthquake.  
 
3. Let us also note the following. For the two years before the earthquake in the southwestern part of the 
survey site a second zone of high-frequency radiation began to form (Fig. 5b).  
 
4. After the earthquake, the second anomalous zone did not disappear – the frequency of 
electromagnetic radiation from the area is continuing to grow. This can be considered an additional 
evidence in favor of the formation of a new earthquake.  
 
5. It is advisable to organize the monitoring of a second anomalous zone by processing satellite images 
at regular intervals as they will appear in the public domain. The authors plan to continue such 
monitoring in future. Monitoring of this zone can also be carried out by the ground-based 
measurements.  

 

  
a) b) 

Fig. 6.  Graphs of change of the anomalous zone area (a) and frequency (b) of NPEMFE field in the time range over 
the earthquake epicenter of 08.07.2016 near Mariupol. 
 
 
Earthquake in Central Italy  
A powerful earthquake with magnitude of 6.2 occurred in Italy 08.24.2016. The coordinates of the 
epicenter of the earthquake are: 42.706° N, 13.223° E. The earthquake killed 299 people, more than 400 
were injured and 4,500 people were left homeless (Wikipedia, 2016) 
 
The satellite image of the epicenter location area has been prepared in scale of 1:10,000 for following 
frequency-resonance processing (Fig. 7b). Date of the image receipt – about a year before the earthquake.  
 
As a result of the image processing and decoding, the isometric anomalous zone with a maximum 
frequency at the center over 80 MHz was detected (Fig. 7). The central part of the anomaly is located in the 
area of intersection of tectonic fractures (allocated according to the results of satellite image decoding) and 
is offset from the estimated epicenter to the east for about 150 m. The maximum value of the frequency in 
the anomalous zone is comparable to the frequency values in the areas near Japan and Mariupol in pre-
earthquake satellite images. 
 
Additional and more detailed studies in the area of earthquake epicenters in the Central Italy were 
conducted in November-December 2016, after the 26 October 2016 earthquakes. Further examination was 
made for the territory with area of 25×36=900 km2 in the central part of Italy, where several strong 
earthquakes occurred in August-November 2016. This fragment of the territory is placed on the sheet of A3 
format on the scale of 1:100,000. 
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a) b) 

Fig. 7.  Anomalous geoelectric zone in the NPEMFE field a year before the earthquake in Italy on 24 August 2016 
(magnitude 6.2) (according to the frequency-resonance decoding of satellite image). 1 – scale (contours) of NPEMFE 
frequencies, MHz; 2 – zone of tectonic fractures; 3 – epicenter of the actual earthquake; 4 –central point of the 
anomalous zone (= presumed epicenter of the earthquake, the deviation is about 150 m). 
 
 
Five earthquakes epicenters with a magnitude greater than 5, occurred in August-November 2016, fall 
inside the surveyed area. The character of formation, increase and disappearance of high-frequencies 
anomalous zones in areas of earthquake epicenters has been investigated in the time interval of 30, 24, 18, 
12, 6 months and 2 day before the earthquake of October 26th, 2016 and 1 month after. By using the maps 
of detected anomalous zones, the graphics of changes of each anomaly area and the maximum frequency in 
time are constructed. Within the surveyed area the different in size and frequency of electromagnetic 
radiation anomalous zones were also found, which can be considered as local areas of "emerging" 
("predicted") earthquakes. 
 
These findings will be detailed in a separate article. 
 
Discussion  
In the early days of the study, the authors did not specifically deal with the problem of the variations of 
geophysical fields studying for the purpose of earthquake prediction. The main goal of the research, as 
presented above, is to draw attention of scientific community and technical experts, as well as the general 
public to the large amounts of accumulated data of remote sensing of the Earth; effective methods and 
technologies of decoding and interpretation, can be successfully applied for operational monitoring of 
seismically active regions of the globe. Furthermore, the arrays of this information are replenished daily. 
This information, part of which is in the public domain, can also be used more actively and purposefully for 
solution other problems – prospecting and exploration of ore minerals, including hydrocarbons and water 
(drinking, technical, mineral, geothermal). We also focus our attention on the following points.  
 
1. The primary benefit comes from the fact that the costs of the remote sensing data for monitoring would 
be negligible. Local centers of operative processing and decoding of remote sensing data can be created 
(organized) in the framework of existing global aerospace monitoring systems. The structure and function 
of one of these systems are described in Menshikov et al. (2012).  
 
2. It may be reasonably argued that the results of experimental studies do not contradict to the development 
of many researchers, including those, presented in Gufeld (2007), Kuzin (2016), Osyka and Cherkashin 
(2008), Shuman(2010 and 2015), and Pulinets and Boyarchuk (2004). For example, in his monograph, 
Gufeld (2007) analyzed the "physico-chemical model of seismicity, which is based on the submission of 
the reaction of block geological environment on the interaction of the riser light gases and the exothermic 
reaction of hydrogen with other gases".  
 
Kuzin (2016, Part 1, p. 9) states that "the seismic activity may be treated from the position of oil-and-ore 
genesis as an associated process during the deposits formation of fluid genesis". In the second part of his 
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article, Kuzin (2016, Part 2, p. 17) states, "The more intense gassing of medium during tectonic activity, the 
more actual (real) seismic event. Saturation of the geological structures by the gas leads to a potential 
seismic hazard areas. As examples of such may be the Kola Peninsula, Kandalaksha graben, northern and 
north-eastern areas near Sea of Azov".  
 
Osyka and Cherkashin (2008) presented "the phenomenological model of conditions of formation of 
geochemical, hydrogeological, geothermal, biological and other geophysical anomalies, as well as the 
cascade-explosive mechanism of sub-vertical migration of fluids in the crust at the stages of preparation 
and occurrence of earthquakes".  
 
The problems of electromagnetic emission of the lithosphere and seismicity were studied by Shuman (2010 
and 2015). He studied the possibility of using the aerospace sounding systems for monitoring over 
earthquake-prone areas in different regions of the globe. 
 
In their monograph Pulinets and Boyarchuk (2004) cite numerous facts of electromagnetic radiation 
(including of high frequency) registration by the ground-based measuring devices at different distances 
from the epicenters of earthquakes. 
 
Hayakawa (2015) also deals with the latest scientific results obtained all over the world on earthquake 
precursors in different frequency ranges. 
 
In an article Petraki et al. (2015) analyzed the results of the study of electromagnetic emission in the 
frequency range from 10-3 Hz up to MHz. This paper also discusses the physical models that have been 
developed for interpretation of production and propagation of electromagnetic radiation during the 
fracturing process. 
 
3. Even in the 19th century the assumption was put forward for the existence of electric energy in the 
Earth’s interior, which can be the cause of earthquakes. Existing views on the causes of earthquakes from 
these positions are considered and analyzed in the electronic publication (Ershov, 2016). 
 
The author of this publication (Ershov, 2016) along with a significant number of well-known precursors of 
earthquakes draws attention to the three main (in his view): "The most reliable sign for me .... there are 
only three varying characteristics: change of the electromagnetic field intensity, a change in the electrical 
resistance of the soil and rocks, animal behavior". Later the same article provides the following quote: "It is 
clear that the key to unraveling the origin of earthquakes and the possibility of their successful forecasting 
lies in the detailed study of electromagnetic fields and their patterns of change".  

 
From this point of view on earthquakes the following facts also deserve attention: Firstly, in the areas of 
earthquake preparation the huge amounts of energy (electricity) are accumulated. Secondly, the 
accumulation of electricity is carried out for a relatively long period of time (several years, as the results of 
studies have demonstrated). Thirdly, the above shows that the zones of energy (electricity) accumulation 
can be detected and localized with using the frequency-resonance method of RS data processing and 
decoding. And in this connection there is an interesting challenge – to develop a method (technology) of 
this energy (electricity) "withdrawal" (utilization) from the Earth!  
 
4. Presented in papers, practical materials amply demonstrate the feasibility of further research in the 
indicated direction – the study of characteristics of electromagnetic emission in the epicentral areas of 
medium to large earthquakes in different seismic regions. In epicenters of past earthquakes we have an 
opportunity to study in detail the characteristic features of the changes in electromagnetic radiation 
parameters (frequency and area) with time. The results of these detailed studies can be used in the future to 
monitor the zones (epicenters) of "future" (“prediction”) earthquakes.  
 
5. Technology of the frequency-resonance processing of satellite images of seismically active areas 
provides an opportunity to discover and quickly map anomalous zones of high-frequency radiation. The 
monitoring can be organized for the detected anomalous areas by means of ground-based measurements. 
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6. Materials of the research could be an additional argument in favor of the deep hydrocarbon synthesis 
concept in the framework of the hydrogen degassing process of the Earth.  

 
Conclusions 
The results of these studies convincingly show the expediency of a more active and purposeful use of 
remote sensing data, as well as the frequency-resonance technology of RS data processing for solving the 
exploration, environmental and monitoring problems. At present, the remote sensing data (satellite images) 
have been accumulated in huge quantities. Their significant portions are in the public domain. And a 
mobile satellite image processing technology can also be used for monitoring and earthquake prediction in 
the seismic prone areas.  
 
There are also hopes that the demonstration of efficiency of frequency-resonance data processing 
technology of remote sensing data (and frequency-resonance principle of the useful signal selection, in 
general) for the earthquake preparation areas will also facilitate and increase attention to this technology of 
oil and gas industry professionals, as well as service geophysical companies. There is no doubt that the 
purposeful use of this technology at various stages of exploration for oil and gas will significantly reduce 
the time and material resources which are necessary to carry out complex geological and geophysical 
studies. Especially meaningful gains can bring this technology application in little studied, remote and 
inaccessible regions of the globe. 
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Abstract: Epicontinental seaways are almost absent from Earth today, but played an important role during 
Paleozoic and Mesozoic times in terms of providing the depositional dynamics for accumulation of significant 
economical deposits of coal and hydrocarbons. This study focuses on the coal-bearing middle part of a c. 
2,600m thick Permo-Triassic succession developed along the southern shores of the Mongolian 
Transbaikalian boreal seaway. The sedimentary sequences from this seaway are sporadically exposed over c. 
900 x 150km in central and NE Mongolia. 
     The pan global Permian coal measures are unique in the evolution of the Earth, not matched in any period 
before or since. In Mongolia, the Permian system is widely distributed and has global significance as it 
contains two separate marine basins which were located in different climatic settings. 
     The study area is located in the Bayanjargalant district in central Mongolia and draws on a new integrated 
database encompassing 38 drillholes (with a composite length of 2.600m), almost 3km of shallow 
trenching, extensive field work, petrological analysis of sandstone samples and the results from 82 coal quality 
samples. 
     The sedimentary record strongly indicates that the c. 420m thick Late Permian coal measures developed 
along the shores of a relatively shallow boreal seaway during frequent sea-level changes. Eight 
transgressive–regressive cycles characterized by the inter-digitation of paralic–shallow marine and coal-
bearing alluvial facies, are recognized from the stratigraphic record. These cycles are considered to represent 
405ky Milankovitch eccentricity cycles of the Permian Period. 
     The immature nature of the framework grains in fluvial and shallow marine sandstones, coupled with the 
significant thickness of the Permian succession, suggest relatively rapid sediment aggradation. 
     An 8-12cm thick shellbed is preserved at the base of the coal measures. The shell bed is dominated by cold-
resistant relatively robust archaeogastropods and taxodont bivalve taxa with subordinate brachiopods and 
rare fragmented connulariids. The thickest coal seam (up to 12.8m) is developed above the shellbed, 
probably during a major regressive event with sufficient time for peat-forming plants to colonize the 
exposed seaway deposits and aggrade significant tracts of peat (possibly +100m in places). 
     Paleoclimatic indicators within the study area include; (1) glendonites; (2) strongly developed annual 
growth rings in fragmented petrified tree trunks; and (3) rare ice-rafted debris. These paleoclimatic 
indicators signify Late Permian coal formation under boreal conditions. The seaway was likely frozen during 
the dark cold winter months. During the summer months the cold resistant peat forming plants (incl. 
Taeniopteris sp., Rufloria and Koretrophyllites) probably benefited from moist air currents along the seaway 
with the long nights favoring steady plant growth. 
     The consistently high mineral matter content within the coal seams (average of 46.95% dry basis from 82 
coal core samples) is unusually high for Mongolian Permian coals. It might be linked to the proximity of 
the shoreline coupled with a high wind regime which propelled fine-grained particles into the peat mire. The 
rapid thickness variations and unstable nature of the coal seams suggest a syn-tectonic influence on their 
emplacement (i.e. active growth faults). Overall the Late Permian peat mire ecosystem was influenced by a 
dynamic interplay of syn-tectonic growth faults, frequent sea-level changes and climatic controls. 
 
Keywords: Late Permian, Permo-Triassic boundary, high ash coals, Mongol-Transbaikalian seaway 
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Introduction 
 

lthough epicontinental seaways are virtually absent from Earth today (Harries, 2009), they 
played an important role during the Paleozoic and Mesozoic eras in terms of providing the 

depositional conditions for accumulation of significant economical deposits of coal and 
hydrocarbons. This contribution focuses on the depositional dynamics of coal-bearing strata along 
the shores of the Mongol-Transbaikalian seaway during the Late Permian. 
 
The Late Permian of Mongolia has global significance because it contains two separate marine basins 
(Figure 1), which during the Permian were located in considerably different climatic settings, 
and hence different biogeographical provinces (Manankov et al., 2006; Manankov, 2012). 
 
In the c. 800km long and c. 150km wide Southern Mongolian Basin (SMB) the predominantly 
Permian marine sediments, which reach up to 5km in thickness locally, is dominated by warm water 
fauna (Manankov, 1998). Significantly, extensional tectonics during the Late Permian resulted in 
the development of a number of relatively deep, fault-bounded sub-basins, up to c. 1km deep, along 
the upper to lower coastal plain (e.g. Tavan Tolgoi, Tsant Uul and Tsagaan Tolgoi) that were the 
locus for substantial tracts of peat accumulation (Michaelsen, 2016), with potentially 10Bt of coal 
preserved at Tavan Tolgoi alone (Michaelsen, 2014). 
 
The northern epicontinental predominantly marine basin, is formerly known as the Khangai- 
Khentei Geosyncline (Durante, 1976) and is here termed the Permian Mongol-Transbaikalian Basin 
(PMTB), as it is widely regarded as the southern extension of the Permian Mongol- 
Transbaikalian biogeographical province of the Boreal zoogeographical realm (see Manankov, 1999 
and Manankov, 2012). The Permian succession is sporadically exposed over c. 900km x 150km 
(Figure 1). 
 
In contrast to the SMB, only sporadic coal deposits developed along the coastal plain of the 
PMTB, one of which is the focus of this contribution. This Late Permian coal deposit was 
situated along the southern shoreline and is characterized by unusually consistent high ash content 
for Mongolian Permian coals. These coal deposits are considered here to be time equivalent to 
the coal-bearing part of the Late Permian Tavan Tolgoi Group in the South Gobi Basin. 
 
Noting that every sedimentary basin and infill system is unique, the architecture of the PMTB is 
considered here to be somewhat comparable to the relatively narrow seaway developed along the 
western Norwegian seaboard during Early-Middle Jurassic times (cf. Surlyk and Ineson, 2003, 
 
Martinus et al, 2014). Both seaways were probably characterized by a fault-related physiography. 
Contrary to the Norwegian Jurassic seaway, the PMTB is not known to contain hydrocarbons, and 
as such relatively limited research has been conducted and the evolution and architecture of the 
basin is still poorly documented. The PMTB might represent an extensive wrench type depression 
(e.g. Storetvedt, 1999) which was eventually in-filled, possibly from west to east, by predominantly 
marine sediments. The work by Manankov ((2004) and Manankov et al. (2006) focused on fossil-
rich marine sediments at three stratigraphic sections (Figure 1), and indicated an Early Sakmarian 
to Middle Tatarian time span for these marine deposits. However, the results from this study 
strongly suggest that the stratigraphic record extends across the important Permo-Triassic boundary 
(cf. Erwin, 1993 and 1994; Veevers et al., 1994; Tong and Yin, 1999; Hansen et al., 2000; Yin et 
al., 2001; Brand et al., 2012; Retallack, 2013). 
 
Some climatic models suggest the Permian ice age terminated synchronously in the mid- 
Sakmarian (Isbell et al., 2003), however, this model does not account for the presence of cold 
climate indicators in Late Permian strata in eastern Australia (e.g. Michaelsen and Henderson, 2000a, 
2000b, Michaelsen, 2002; Jones et al., 2006), and Mongolia (this contribution). Paleoclimatic 
indicators within the study area include crystal clusters of glendolites, strongly developed annual 
growth rings observed in fragmented petrified tree trunks, and rare ice-rafted debris (IRD), signifying 
that ice age conditions persisted in central and northern Mongolia in the Late Permian. Furthermore, 
cold-resistant faunas invaded the SMB during the Kungurian, reaching a climax during the Kazanian 

A 
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(Manankov et al., 2006). 
 
 

 
Figure 1: Generalized spatial distribution map of Permian sedimentary strata in Mongolia showing location of 

study area (modified from Manankov et al., 2006). 
 
 
The aims of this contribution are: (1) to improve the general understanding of the c. 420m thick Late 
Permian coal-bearing section of the Tsenkher Gol Formation; (2) to elucidate the rapid facies 
changes across the coal measures; and (3) explain the consistent high ash content in the high rank 
Permian coal seams. 
 
 

Geological setting 
 
The study area is situated within the very extensive East Mongolian lignite and oil shale-bearing 
province (EMP) which covers an area of c. 450,000 km2 (i.e. approximately 10 x the size of 
Denmark). The EMP is bounded to the north by the uplifted Khentii Range, with elevation up to 
2,665m. The total coal resources of the EMP were estimated by Erdenetsogt et al. (2009) at 108.3 
Bt.  The very large EMP includes six separate coal and oil shale-bearing basins. The study area is 
located within the Choir-Nyalga Basin, known for Early Cretaceous lignite deposits which currently 
provide the Mongolian capitol Ulan Bator with high volatiles low energy coal and generating 
low air quality. The Early Cretaceous deposits have received some attention in the international 
literature (e.g., Matsukawa et al., 1997, and Ito et al., 2006). 
 
According to Erdenetsogt et al. (2009), the pre-Mesozoic basement is structurally complex, and 
comprised of a late Neoproterozoic metamorphic complex, Paleozoic carbonate sedimentary and 
volcanogenic rocks. The Neoproterozoic metamorphic complex, have recently been studied in detail 
by the author at a number of locations in central and far southern Mongolia. These metamorphic 
rocks are dominated by inter-bedded crystalline limestone and graphite-bearing schist, indicating 
frequent base-level fluctuations during Neoproterozoic times. The relatively widespread nature of 
these Neoproterozoic rocks in Mongolia argues for a common genetic framework rather than the 
complex terrane mosaic (n=44) advocated by Badarch et al. (2002). 
 
The Choir-Nyalga Basin (CNB) covers c. 50,000 km2 and is partitioned into several fault- 
bounded sub-basins, predominantly filled by Mesozoic sedimentary sequences. The thickness of the 
economical important Early Cretaceous coal-bearing Zuunbayan Group, reaches up to 1,500 m in 
places, with an average of 450m according to Erdenetsogt et al. (2009). However, these Mesozoic 
sequences are not developed within the study area. 
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Significantly, the Late Permian deposits in the study area were part of a much larger depositional 
system than the CNB; the Mongolian Transbaikalian boreal seaway (e.g. Manankov, 2004, 
Manankov et al., 2006). This seaway extended from the Russian – Mongolian NE border to west of 
Bayankhongor, covering an area of c. 900km in length and c. 150km in width (Figure 1). During 
deposition of the Late Permian sediments the study area was situated along the southern coastline. 
The Permian coastline was dynamic as it moved in time and space generated by frequent base-
level changes coupled with the dialectic interaction of sediment supply and subsidence. 
 
The 2,223 hectares large study area (Figure 2) is strongly dominated by the Late Permian 
Tsenkher Gol Formation which was estimated to be c. 2,600m thick by a Mongolian regional 
mapping expedition (Erhembaatar et al., 1993).  Earlier Russian regional mapping work by 
Homizuri and Bolkhovitina (1947), which included the study area, established a Late Permian age 
based on analysis of marine fossils at the base of the coal measures. Subsequently the Permian age 
was reconfirmed by another Russian mapping expedition (Khapov, 1965) based on plant fossils in 
the lower-middle part of the succession. 
 
Erhembaatar et al. (1993) mapped the entire Permo-Triassic sedimentary succession as Late 
Permian. The c. 2,600m thick sediment package was subdivided into five informal stratigraphic units 
by (Erhembaatar et al., 1993). However, this study highlights that the two upper units are distinctly 
different from the three lower units and contain no organic material. Given the striking similarity to 
Early Triassic alluvial sediments in the South Gobi Basin and the Bowen Basin, Australia (e.g. 
Michaelsen et al., 2001; Michaelsen, 2002; Michaelsen, 2005; Michaelsen, 2016) the two upper 
units are classified as Early Triassic in this study (Table 1). It is noted that the exact location of the 
Permo-Triassic boundary within the study area is not yet firmly established. 
 
The coal-bearing strata outcrop over a strike length of c. 18km (generally with NNE-SSW strike). The 
focus of this paper is the southeastern part of these outcrops as shown in Figure 2. The Permo-Triassic 
package within the study area is in general characterized by a high sandstone/mudstone ratio. The four 
lower units contain a number of relatively thin felsic intrusives. These intrusives are most common 
within T1A but absent from T1B. 
 
The five informal Permo-Triassic stratigraphic units are described briefly in descending 
stratigraphic order in the following (also see Table 1 and Figure 2): 
 
1.  T1B: The topmost unit was estimated to be c. 240m thick by Erhembaatar et al. (1993), and is 

dominated by sandstone and conglomerate with subordinate greenish siltstone. The bedding dips 
are relatively gentle at 10-20°. A significant conglomerate strike ridge from this unit extends for c. 
1,680m northwest of the study area and is up to c. 35m in height. No organic material was 
observed or reported from this unit. These deposits bear a striking similarity to Early Triassic 
deposits in the South Gobi Basin (ie. personal observations from documenting 53 exploration and 
mining licenses in this basin). 
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Table 1.  General overview of the five informal Permo-Triassic stratigraphic units and their main attributes. 
 

 
 
2. T1A: This is a predominantly fine-grained unit estimated to be c. 720m thick by Erhembaatar et al., 

(1993). The unit is mainly composed of greenish siltstone, mudstone, sandstone and minor 
conglomerate. It is not well exposed given the general fine-grained nature. 

 
3.  P2 cn3 is subdivided into two sub-units here: the coal-bearing P2 cn3A and the overlaying coal- 
     barren (but organic-rich) P2 cn3B. 
 
     P2 cn3B: Is a predominantly fine-grained unit, mainly composed of dark grey siltstone, carbonaceous 

mudstone, a thin calcareous mudstone bed and sandstone (in the basal part). This stratigraphic unit 
was intersected by one drill hole (DH01) in the far eastern part of study area, where the unit was c. 
100m thick. A 60cm thick calcareous mudstone bed was intersected from 62.0 - 62.6m. Previous 
workers (Erhembaatar et al., 1993) estimated the thickness of this unit to c. 180m and also reported 
minor conglomerate. Some sections of this unit are highly bioturbated by an assemblage of 
Thalassinoides, Skolithos and Planolites ichno fossils. 

 
     P2 cn3A: This stratigraphic unit was intersected by 35 drill holes and is characterized by coal-bearing 

strata and is the main focus of this contribution. It is made up of a marine shell bed at the base, 
conglomerate, sandstone, siltstone, carbonaceous mudstone and high ash coal seams. The thickness of 
this coal-bearing unit was estimated by Erhembaatar et al. (1993) to be c. 420m, which is in 
agreement with the results from this study. Core hole DH2 was the deepest hole at 300m, 
intersecting c. 250m of coal- bearing strata (but not the topmost part). The topmost coal-bearing 
section was partly intersected by drillholes DH1, 5 and 7 (Figure 2 and Table 2). 

 
4.   P2 cn2: This c. 360m thick unit is dominated by well-sorted fine to medium-grained marine 

sandstone, subordinate mudstone, siltstone and conglomerate. 7 shallow trenches (generally with a 
depth of 0.5-1.5m) were dug within this stratigraphic unit. Sporadic and very fragmented outcrops 
of sandstone strike ridges reveal rich organic material in places indicating common sea-level changes 
during emplacement of this unit. A sample from one outcrop reveals a fertile spike of a  taeniopterid, 
the morphology did not develop until earliest Late Permian and continued into the Triassic 
(Rigby, pers. comm.). 

 
5. P2 cn1: This c. 700m thick basal unit is dominated by sandstone with subordinate siltstone and 

conglomerate. The Permian flora Rufloria theodori was documented from this unit by Russian and 
Mongolian mapping expeditions (i.e. Khrapov, 1965 and Erhembaatar et al., 1993). A pebble to cobble 
size conglomerate bed is developed in the northeastern sector of the study area above the basement 
contact. The clasts are elongate and well-rounded up to 9.8cm in length. Rare angular outsized 
clasts (up to 1.8cm in length) observed in very well-sorted laminated siltstone in this unit (Figure 3), is 
considered here to represent glacial derived drop stones. A 150m deep hole (DH29) was drilled in this 
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unit, intersecting a highly bioturbated fine-grained sandstone interval with abundant elongate 
mudstone pebbles (commonly 2-4mm in length). Petrological analysis of sandstone from DH29 
showed abundant elongate quartz slivers, strongly indicating a volcanic source. DH3 was also 
drilled within this stratigraphic unit, intersecting a well sorted fine-medium grained sandstone 
sequence with three thin (15 – 40cm) conglomerate beds, and nine relatively thin (3 -55cm) dark 
grey siltstone beds. Organic material is common in parts. 
 

 
 

Figure 2.  Geology map of the study area showing location of drill holes, topography, bedding, faults, stratigraphic 
units, coal outcrops, shell bed and trenches with coal intersections. 
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In general the Late Permian sediments strike NNE-SSW and dips towards the ESE at c. 35-40° (higher in 
places around faults). Structural deformation appears to be relatively limited along the subdued sandstone 
strike ridges (Figure 2). 
 
The study area is characterized by close spaced epeirogenic jointing, resulting in poor, very 
fragmented and sporadic outcrops. In this context this contribution is primarily based on sub-surface 
data. 
 

Table 2. Overview of drillhole database with location, hole type, total depth and net coal thickness. 
Projection: UTM Zone 49, Northern Hemisphere (WGS 84). 

 

 
 

Hole # UTM 
(Northing)

UTM 
(Easting)

Total 
Depth 

(m)

Hole    Type Total Net 
Coal   (m)

RL    (m)

DH01 299255 5229880 114 Core 0.1 1406
DH02 299189 5230915 300 Core 14.7 1428
DH03 298895 5227435 103 Core 0 1462
DH04 297102 5228183 164.5 Core 6.67 1442
DH05 299313 5231721 39 Core 2.2 1416
DH06 299310 5231740 40 Core 1.8 1439
DH07 298739 5229489 57.2 Core 0 1438
DH08 296690 5228137 46 Core 0.24 1458
DH09 297053 5227705 40 Core 12 1418
DH10 296821 5227648 54.5 Core 0.57 1413

DH09R 297069 5227712 56 Core 19.45 1421
DH11 298461 5230197 32.5 Core 7 1455
DH12 297818 5227876 42.5 Core 0 1424
DH13 298295 5228056 8 Core 0 1416

DH13R 298311 5228076 46 Core 6.4 1413
DH14 296697 5227802 44 Core 12.8 1418
DH15 297650 5229100 35 Core 2.5 1435
DH16 297147 5228384 30 Core 2 1455
DH6R 299263 5231545 50 Core 7.1 1405
DH17 298877 5230651 50 Core 7.5 1419
DH18 297016 5228007 62 Open (PCD) 2.7 1431
DH19 297205 5228718 38 Open (PCD) 4.3 1439
DH20 298135 5229116 26 Open (PCD) 2.8 1450
DH21 298336 5227995 23 Open (PCD) 0.3 1416
DH22 298695 5228305 17 Open (PCD) 2 1441
DH23 298719 5228564 28 Open (PCD) 1.6 1430
DH24 297395 5227726 44 Open (PCD) 3.63 1430
DH25 297092 5227711 100 Core 21.98 1422
DH26 297089 5228013 150 Core 18.55 1427
DH27 296984 5227569 160 Core 18.34 1410
DH28 296735 5228000 110 Core 5.77 1429
DH29 297720 5231800 150 Open (PCD) 0 1510
DH30 299238 5231939 50 Open (PCD) 6.1 1426
DH31 299324 5231787 50 Open (PCD) 14.5 1420
DH32 299081 5231623 58 Open (PCD) 7.6 1404
DH33 299246 5231313 50 Open (PCD) 7.2 1410
DH34 297520 5228525 200 Open (PCD) 8.4 1432
DH35 299326 5231790 35 Open (PCD) 5.6 1420
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Paleoclimate 
 
On a global scale, abundant evidence from the sedimentary record shows that the Permian system 
was characterized by dramatic glacioclimatic instability (e.g., Veevers et al., 1994; Ross and Ross, 1994, 
Michaelsen and Henderson, 2000 and Michaelsen, 2002), especially at high latitudes. Climatic 
oscillations in the Late Permian Period were coupled with restricted mountain glaciations and sea level 
fluctuations on a 0.75–3 million year cycle (e.g., Ross and Ross, 1994; Erwin, 1993, Erwin, 1994). 
 
Paleoclimatic indicators within the study area include; (1) Glendonites; (2) Strongly developed annual 
growth rings observed in fragmented petrified tree trunks; and (3) Rare ice-rafted debris (IRD). These 
indicators signify Late Permian coal formation under cool to boreal conditions. 
 
Rare angular outsized clasts (up to 1.8cm in length) observed in the northwestern sector of the study area, 
in very well-sorted laminated siltstone within P2 cn1 (Figure 3), is considered here to represent glacially 
derived drop stones, rafted into the marine realm by floating ice (cf. Draper, 1983, Thomas and 
Connell, 1985 and Jones et al., 2006). Similar Late Permian drop stones were reported from the coal-
bearing German Creek and MacMillan Formations in the Northern Bowen Basin, Eastern Australia by 
Michaelsen and Henderson (2000). Figure 3 shows an isolated outsized angular clast embedded in 
laminated well-sorted siltstone. The outsized clast is interpreted here as a glacial derived lonestone, (i.e. 
iceberg drop using the terminology from Thomas and Connell, 1985), which penetrated and depressed 
the underlying sediments, generating a minor impact structure. 
 
This presence of crystal clusters of glendonites has not been reported previously, however, it is consistent 
with the boreal setting advocated by Manankov et al. (2006). 
 
Well-developed growth rings observed in numerous fossil wood fragments indicate a high latitude cold 
climate setting, possibly boreal. Furthermore, relatively humid conditions must have prevailed at least 
seasonally in order to support the peat-forming flora. 
 
Given the very high inherent ash content of the coal seams a wind regime characterized by high wind 
speeds is considered here. The wind regime might have been comparatively similar to modern 
conditions in Mongolia, with frequent high wind during spring time. High terrain features 
in the sedimentary hinterland coupled with the smooth seaway surface (and limited friction) might 
well have accelerated the flow of wind. 
 
De Vleeschouwer et al. (2015) noted that few climate proxies provide information on paleo-wind 
directions. However, fossilized bedform elements such as wave-formed ripple marks can provide insight 
into the direction of flow that formed them. Wind directions might also be deduced from the 
preferred alignment of fallen tree trunks (e.g. Hayward and Hayward, 1996). However, only one tree 
trunk, with a diameter of 15cm, was observed within the basal part of unit P2 cn2 in the northeastern 
sector of the study area. The modest tree trunk was embedded in organic-rich sandstone deposits and 
oriented 100° - 280°, potentially indicating ESE-WNW prevailing winds during the Late Permian. It 
is noted that this direction is perpendicular to the symmetrical wave ripples documented in P2 cn3. 
 
The cold climate setting adversely affected plant growth. However, in this context Diessel (1992) pointed 
out that the long and severe winters of high latitudes do not adversely affect the peat since during such 
periods plant decomposition is practically nil, while during the summer months the abundance of moisture 
and the short nights favor steady plant growth. 
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Figure 3: Isolated extra-formational outsized angular clast embedded in laminated well-sorted siltstone. The 
outsized clast is interpreted here as a glacial derived lonestone, (i.e. iceberg drop cf. Thomas and Connell, 1985), 
which penetrated and depressed the underlying sediments, generating a minor impact structure. 
 
 
Methods 
 
This study is part of an ongoing Permo-Triassic research project in the Bayanjargalant area and has drawn 
on a new database compiled in the context of district-scale exploration work targeting high energy coking 
coal. The results of the exploration work (including all coal quality data) were continuously disclosed to 
the Australian Stock Exchange by Newera Resources, and as such in the public domain. The database 
consists of with 38 drillholes (Figure 2) and almost 3,000m of shallow trenches. The present study is 
based on months of field work, detailed lithological logging, photo documentation, sampling and 
geophysical logging of 38 drill holes, totaling 2,703.2m in composite length (Table 2). The 
exploration drilling mainly targeted thick shallow coal. The average hole depth is 71.14m. Event 
signatures, lithofacies contacts, sandstone attributes, biogenic features, sedimentary structures and coal 
characteristics were given special attention during the logging program. Trace fossil intensity is based on 
the bioturbation intensity index (BII); as none 0, low 1-2, moderate 3, high 4 and intense 5-6 (e.g. 
Bann and Fielding, 2004). All thickness referred to here are apparent thickness. During the field work 
rare disseminated Late Permian outcrops were examined, photo-documented and sampled. 
Furthermore, a total of 82 coal core samples were analyzed for proximate, coking properties, relative 
density and CV. A 3t bulk sample of fresh coal derived from an inclined trial shaft was used for 
washability testing. Petrological analysis of selected sandstone samples were conducted at MUST. This 
study has also drawn on previous work by Russian and Mongolian regional surveys (e.g. Erhembaatar 
et al., 1993) and more recent exploration work proximal to the study area. 
 
Sedimentology 
 
The Late Permian coal measures described in the following is interpreted as representing a sediment 
package developed between two essentially isochronous marker horizons; a marine shellbed at the base 
and a thin limestone bed above. Given this temporal context, evaluation of its internal facies mosaic can 
be used to identify the depositional systems responsible for its emplacement similar to Michaelsen and 
Henderson (2000). The facies analysis presented here is primarily based on logging of drill holes and 
trenches, as natural outcrops are rare and fragmented within the study area. The analysis has revealed 
six facies associations (FA) which are summarized in Table 3 and described briefly in the following. 
 
Facies 1: Fluvial channels 
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Facies 1 is characterized by fine to coarse-grained sandstone (predominantly medium-grained), pebbly 
sandstone with subordinate inter-bedded sandstone and siltstone and conglomerate. Basal 
conglomerate lag deposits are up to 18.9cm thick with individual clasts up to 3.6cm in length. The 
sandstone dominated units are up to 35.1m thick (ie. intersected in drillhole DH02). Microscopic 
analysis of the sandstone units shows that it is feldspar-rich, and individual grains are predominantly 
angular to sub-angular. Rare outcrops of Facies 1 show well developed trough-cross stratification with 
sets up to 21cm. Finely disseminated to coarser organic debris are commonly preserved along cross-
bedding planes. The bases of the sandstone bodies are positioned > 0.3 m above coal horizons. 
 

Table 3: Summary of lithofacies characteristics from the Late Permian coal measures (P2 cn3). 
 

 
 
 
Facies 1 is interpreted as representing the active fill of river channels on the lower coastal plain. The 
architecture of these channels is unknown generated by the poor surface exposures coupled with the 
spacing of the drill holes. Nonetheless, the significant thickness of the sandstone bodies in places 
indicate that the channels were relatively stable, possibly confined by syn-tectonic growth faults. It is 
noted that given the cold climate setting, the fluvial style could well have changed drastically due to 
seasonal variations in water discharge (e.g. Johnson, 1984, Michaelsen et al., 1999; Michaelsen and 
Henderson, 2000). The well-developed overbank deposits (ie. Facies 2) preserved within Facies 3 units 
might suggest a perennial fluvial system, characterized by short discharge periods, as common in high-
latitude settings (cf. Miall, 1996)

Facies 
Association

Lithology Sedimentary 
Structures

Geometry Fossils Depositional 
System

1

Predominantly 
medium-grained 

sandstone (pebbly 
in places)

Trough-cross 
stratification and 
planar bedding

Ribbons up to 
35.1m thick

Fragmented petrified wood Fluvial      
channels

2
Siltstone, sandstone 
and carbonaceous 

mudstone 

Planar bedding and 
ripple lamination

Wedges and 
lobes proximal-
distal to FA1

Koretrophyllites
Levee / 

overbank to 
floodbasin

3 High ash coal Planar lamination
Unstable sheets 

up to 12.8m x 
+7km

Minerotrophic 
peat mire

4

Predominantly 
elongate clast-

supported, extra-
formational 

conglomerate

Planar bedding
Extensive 

(+7km) ribbons 
up to 3.1m thick

Gravelly 
beachface

5

Interbedded 
sandstone and 
carbonaceous 

siltstone/ mudstone

Disturbed, planar, 
wavy and lensen 

bedding. Scour and 
fill structures

Thin sheets
Abundant ichno fossils 

(Planolites, Thalassinoides 
and Skolithos )

Tidal flat

6

Well sorted very 
fine-grained 

sandstone and 
siltstone. Crystal 

clusters of 
Glendolites 

Horizontal bedding 
and lower flow 

regime symmetrical 
wave ripples

Sheets

Shellbed with cold resistant 
taxodont bivalves, 

brachiopods , 
archaeogastropods and 
Connulariid  fragments. 

Ophiomorpha cf. nodosa.      

Sub-tidal 
shallow marine
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Facies 2: Overbank 
 
Facies 2 is characterized by light to dark grey siltstone, carbonaceous mudstone and subordinate fine 
to medium grained sandstone, often inter-bedded or inter-laminated. Sedimentary structures include 
planar bedding and ripple lamination. This facies seldom outcrop in the study area, but is well 
represented in the drillcore record. Organic debris from peat forming plants is common in this facies, 
including indeterminate fragmentary plant axes, and possibly calamites Sphenophyte axis and 
cordaitalean (Ruflorian) leaf imprints. This facies also includes imprints of Koretrophyllites (i.e. 
interpreted by John Rigby). 
 
Facies 2 is interpreted as representing proximal to distal overbank deposits, based on its overall fine 
grain-size, sedimentary structures (Table 3) and distal relationship to Facies 1. It is noted that 
Koretrophyllites occurs prolifically in the > 1,000,000 km2 large Permo-Carboniferous Tungusska 
Coalfield of Siberia (Mironov, 1964). It probably grew in tufts similar to extant reeds and rushes around 
bogs, marshes and swamps. Koretrophyllites occupied the same niche as Phyllotheca did in the Permian 
of Australia (Rigby, pers. comm.). 
 

 
 

Figure 4.  Example of rapid coal thickness change and wedge shape architecture from relatively deep trench within 
the study area. Geologists for scale. 

 
Facies 3: Peat mire 
 
Facies 3 is composed of high ash black bituminous coal inter-bedded with carbonaceous mudstone 
and dark grey siltstone (FA 2) in places (Figure 4). Facies 3 is very well developed within the study 
area, with thickness up to 21.98m in drillhole DH25. Facies 3 is commonly overlain by FA2. The 
coal intercepted by the drillholes is typically very broken, preventing detailed logging and ply 
sampling. 
 
Facies 3 is considered to represent relatively laterally extensive (+10km), low-lying, possibly 
minerotrophic peat mire system developed on the lower coastal plain during a time when fluvial channels 
were relatively restricted.  
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Given the cold – boreal setting the thick basal seam is considered to represent a relatively long-lived 
peat mire system. McCabe (1987) estimated peat accretion rates to vary from 2.3mm/pa in the tropics to 
0.1mm/pa in arctic regions. The inconsistent seam thickness probably indicates irregular subsidence due 
to a number of active growth faults. 
 
The composition and quality of the coal is presented in the following chapter and summarized in Tables 4, 
5 and 6. 
 

Table 4.  Summary of proximate analytical results from 82 samples from drill cores (i.e. mainly targeting the 
economically important basal seam). 

 

 
 
 
 

Table 5: Summary of proximate analytical results from 3t bulk sample. 
 

 
 

                                    Table 6.  Summary of ultimate analytical results from 3t bulk sample. 

 

Facies 4: Gravely beachface 
 
Facies 4 is composed of clast-supported, extra-formational, polymict conglomerate up to 3.1m in 
thickness and extending for +7km along strike. The clasts are well-rounded, and larger clasts (up to 
10.3cm in length) are predominantly elongate (Figure 5B). The pebble - cobble size clasts are primarily 
light to dark grey with common well developed plagioclase phenocrysts in a micro- crystalline matrix. 
Quartz clasts are relatively rare (<5% in this facies). 
 
Facies 4 is interpreted here to represent gravely beachface, developed during transgression along the 
shoreline of the elongate Permian seaway. Waves and currents are considered to have transported the 
extra-formational clasts onshore as well as longshore during a transgressive event (cf. Clifton, 1973 
and 2003, Postma and Nemec, 1990, and Reading et al., 1996). The Canterbury Plains, New Zealand, 
provide a modern analog for ancient conglomeratic deposits in a high energetic environment (Leckie, 
1994, 2003). The Cretaceous Cardium Formation in Canada is considered to be an example from the 
rock record (Hart and Plint, 1989, 2003). However, it is worthy of note that every depositional setting 
is unique and has a distinctive signature. 
 
Facies 5: Tidal flat 
 
Facies 5 is characterized by inter-bedded fine to medium grained sandstone and carbonaceous mudstone 
which are commonly bioturbated (Figure 5C). Depositional structures include trace fossils, wavy, 
disturbed and parallel bedding, as well as scour and fill structures. The biogenic structures were 
produced by benthic organisms and are characterized by a low diversity assemblage of sand-filled 
Planolites isp and inclined structures up to 1.6cm in length. In places Facies 5 inter-fingers with Facies 4. 
 

Total 
Moisture %  

(arb)

Residual 
Moisture %  

(adb)

Ash %  (db) Volatile 
Matter %  

(db)

Fixed Carbon 
%  (db)

Gross CV 
kcal/kg %  

(daf)

Gross CV 
kcal/kg %  

(adb)

Sulphur 
%  (db)

CSN

Range 0.99 - 32.79 0.32 - 8.55 26.07 - 58.58 5.54 - 18.21 17.57 - 65.06 5,636 - 8,716 1,369 - 6,417 0.1 - 1.92 0 - 4.50
Average 13.43 1.74 46.95 10.46 41.35 7,772 4,001 0.51 0.32
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(arb)

Sulphur 
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Nitrogen %  
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7.9 0.73 43.45 8.52 47.3 8,527 4,274 0.48 1.72

Carbon %  
(daf)
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(daf)
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(daf)

Sulphur %  
(daf)

Oxygen %  
(daf)

91.1 4.4 2 0.6 1.9
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Facies 5 is interpreted as tidal flat deposits, developed along the Permian shoreline of an elongate 
seaway. It bears a striking similarity to the modern North Sea tidal flat deposits documented by 
Reineck and Singh (1980), and Late Permian tidal flat deposits preserved in the Bowen Basin, Australia 
(Michaelsen and Henderson, 2000a). The Planolites trace fossils are unlined burrows infilled with 
sediments having textural and fabricational characters unlike those of the host rock (Pemberton and 
Frey, 1982). The environmental habitat for these relatively simple burrows range from shallow to deep 
marine deposits to continental. Nonetheless, combined with other sedimentary structures such as wavy 
and lenticular bedding, this facies is considered here to represent tidal flat deposits.  
 
Facies 6: Shallow marine 
 
Facies 6 is composed of planar bedded siltstone and well-sorted fine-grained sandstone. This facies has 
mainly been identified from sporadic outcrops, and the best preserved occur in the southern part of the 
study area at the base of the coal measures; a subdued and very fragmented sandstone strike ridge. The 
ridge is oriented NNE-SSW and extends over c. 780m strike length and 25m width, and characterized 
by well sorted very fine-grained planar bedded sandstone and siltstone. Individual sandstone beds are 
up to 19cm thick. Bedding dips along this strike ridge varies from 16 - 27° towards the SE, with 
dips steeping towards the NNE. Importantly, these deposits include a c. 8-12cm thick very fragmented 
shellbed within a well- sorted siltstone matrix (Figure 6). The shell bed was extensively sampled for 
further analysis. It is dominated by cold-resistant relatively robust archaeogastropod, taxodont bivalve 
taxa with subordinate brachiopods and rare fragmented conulariida. The vast majority of shells are 
articulated and/or intact. The shellbed horizon includes occasional indeterminate plant stems up to 9.6cm 
in length. 
 
This facies also includes rare, moderately developed crystal clusters of glendonites up to 4.7cm in 
diameter. 
 
In the northeastern part of the study area, along strike of the shellbed ridge, Ophiomorpha trace fossils 
(up to 9.8cm in length) occur in a minor Facies 6 outcrop characterized by well-sorted fine-grained 
sandstone. The vertical-inclined burrows are intermittently lined with ovoid pellets, typically 4-6mm in 
diameter. Furthermore, these very fragmented outcrops of Facies 6 include elongate, possibly 
chemoautotrophic, deep burrows of solemyidae bivalves. Dickins (1999) reported a similar type of 
bivalves from the Mid-Permian Khuff Formation in Oman. 
 
Lower flow regime generated symmetrical wave ripples, oriented NNE – SSW, were documented at 
a rare minor outcrop down dip of DH4 (Figure 7). Crestal spacing varies from 0.7 – 1.1cm. 
 
Facies 6 is interpreted as shallow marine deposits. 
 
The wave ripple structures were probably generated by swash and backwash currents proximal to the 
paleoshoreline. The swash – backswash two way currents produces lower flow regime symmetrical 
ripple marks with pointed crests and rounded troughs. 
 
The bivalve and brachiopod species within the boreal seaway have been documented from three 
sections to the east and west (e.g. Mankov et al., 2006; Manankov, 2012), however, not from this region. 
The taxodont bivalve and archaeogastropod dominated assemblage probably occupied a marginal 
shallow water habitat somewhat comparable to the recently documented Permian bivalve-dominated 
assemblage by Simǒes et al. (2016) from the Paraná Basin in Brazil. 
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Figure 5.  A) Example of interbedded conglomerate and pebbly sandstone (active channel fill – FA1) showing 
trough-cross stratification. B) Drillcore example of gravely beach face deposits with predominantly elongate clasts 
(FA 4). C) Strongly bioturbated tidal flat deposits (FA 5) intersected by drillcore. The diameter of the (hq size) 
drillcore is 6.35cm. 
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Figure 6.  Examples of the cold-resistant Archaeogastropod and taxodont bivalve assemblage preserved in the 

basal shellbed (FA 6). 
 

 

 
Figure 7.  View of minor outcrop of wave ripples preserved down dip of basal coal seam. The lower flow 
regime generated symmetrical wave ripples are oriented NNE – SSW. The crestal spacing varies from 0.7 – 
1.1cm. These structures were probably generated by swash and backwash currents proximal to the paleoshoreline. 
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The presence of glendonites (i.e. pseudomorphs after ikaite) has not been reported previously, however, 
it is consistent with the boreal setting advocated by Manankov et al. (2006). As a variety of calcite, 
glendonites are considered here to have a relatively low preservation potential. Selleck et al. (2007) noted 
that ancient glendonites may have value as recorders of the isotopic character of the waters from which 
the primary ikaite precipitated if primary carbonate signatures can be extracted.  
 
Ophiomorpha is a substrate-controlled ichnotaxon, found mainly in fine- to medium-grained sand 
deposits (e.g. Miller et al., 1998; Nagy et al., 2016). The trace fossils are the dwelling burrows of 
decapod crustaceans, and common in marine shoreface environments (e.g. Uchman, 1995, Parihar et 
al., 2016). In a sequence stratigraphic context, trace fossil associations have been used to characterize 
discontinuity surfaces (particularly at sequence boundaries) mainly based on the recognition of 
substrate-controlled ichnofacies (Nagy et al., 2016). 
 
Coal characteristics 
 
The sedimentary record indicates that the coal-bearing package within the study area contains eight 
master coal-bearing intervals. The master coal-bearing intervals may consist of a single seam or a 
number of seams which are within vertical succession and which are laterally interconnected. The 
boreholes’ record shows that the coal-bearing coefficient is 9.1%. The best developed master coal-
bearing interval within the study area occurs at the base. 
 
The intersected coal seams within the study area are very broken, generally occurring as relatively 
bright gravel size pieces. Total moisture from the coal core samples is often relatively high (up to 
32.79% arb with average of 13.43% arb), as the coal act as an aquifer in much of the study area. However 
the inherent moisture is low (i.e. average of 1.74 adb%). 
 
A total of 82 coal samples from the drill cores were analyzed at the SGS laboratory in Ulan Bator for 
proximate, CV, relative density and coking properties. A number of these samples were obtained from 
semi-oxidized coal due to the shallow drilling, and as such influenced the coal quality results. 
Furthermore, a three ton bulk sample from a 35m deep trial shaft, sunk proximal to drillhole #14 
(Figure 2), was used for washability testing. The results from the coal core analysis are summarized in 
Table 3, and raw head results (i.e. proximate and ultimate) from the bulk sample are summarized in Tables 
3 and 4. 
 
Raw head results from the 3t bulk sample (Tables 4 and 5) shows that the coal is rather high in ash 
(43.45% adb), with low inherent moisture (0.73% adb), low volatiles (8.52% adb), and relatively 
low sulphur (0.54% adb) with very high gross CV (8,527 kcal/kg daf).  
 
These results are consistent with the results from the 82 drill core samples as shown in Table 3. The very 
low volatiles values in places are considered to be due to proximal felsic intrusives (i.e. 
devolatilization). Relatively thin felsic dikes were documented by Erhembaatar et al. (1993) in the four 
lower stratigraphic units, but are not well exposed. 
 
The average ash content from the 82 drill core samples is 46.95% (db) and 43.45% (adb) from the bulk 
sample. The consistent high ash values are unusual for Permian coal in Mongolia (cf. Erdenetsogt et al., 
2009 for a summary), and beg elucidation. 
 
The average coking properties from the 82 coal core sample was just 0.32 CSN. The maximum recorded 
CSN was 4.5 in drillhole #9R. 
 
The coal would produce a very high ash, low volatiles bituminous to semi-anthracite type of 
product, with low coking properties, relatively low sulphur and relatively high CV.  
 
 
 
 

http://www.ncgt.org/


 
                                      New Concepts in Global Tectonics Journal, V. 4, No. 4, December 2016. www.ncgt.org                   631 
 
Depositional system 
 
The sedimentary record clearly shows that the c. 2,600 m thick Permo-Triassic succession within 
the study area was not emplaced during uniform conditions. The interlayering of fluvial coal-bearing 
and shallow marine intervals indicates that high frequency sea-level shifts were an integral part of the 
sedimentary dynamics influencing the sequential emplacement of the six facies documented above. 
The high frequency cycles observed in the sedimentary record may carry a 405ky orbital signal (cf. 
Hinnov and Ogg, 2007; Li et al., 2016). 
 
The strongly developed annual growth rings in the fossilized wood fragments (Figure  8), coupled with 
the glendonite crystal clusters in Facies 6 and outsized angular ice-rafted drop stones observed in the 
lower stratigraphic marine sandstones (Figure 3), support the Boreal setting proposed by Manankov et 
al. (2006). 
 
The Late Permian peat mire ecosystem system documented by this study is thus considered to have 
developed during boreal climatic conditions proximal to the shoreline of the Mongol- 
Transbaikalian seaway. The seaway was likely frozen during the dark cold winter months. During 
the summer months the cold resistant peat-forming plants probably benefited from moist air currents 
along the seaway with the short nights favoring steady plant growth. 
 
The consistent high mineral matter content within the Facies 3 coal seams (average of 46.95% 
db from 82 coal core samples and 43.45% adb. from 3t bulk sample) is somewhat unusual for Mongolian 
coals of Permian age (cf. Erdenetsogt et al., 2009), and as such require a special explanation. The high 
ash content might be linked to the proximity of the shoreline coupled with a high wind regime, with high 
winds mobilizing fine-grained particles along the beach area into the peat mire. 
 
The sedimentary record strongly indicates that the shoreline was oriented NNE-SSW (Figure 7) and was 
probably very close during peat deposition. The prevailing wind direction was probably perpendicular to 
the wave ripples (i.e. 100° - 280°) as indicated by the east-west orientation of the fossil tree log. 
 

 
 

Figure 8.  Fragmented petrified wood showing strongly developed annual growth rings. 
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The immature nature of the framework grains in Facies 1 and 6 coupled with the significant 
thickness of the Permo-Triassic succession within the study area (c. 2,600m) suggest relatively rapid 
sediment aggradation. Microscopic analysis of selected sandstone samples revealed a very close 
relationship between the sandstone units and the intrusive rocks outcropping in the NE sector of the 
study area, indicating very short transport distances. Paleocurrent measurements from one isolated outcrop 
suggest NNE-SSW transverse fluvial sediment dispersal (Figure 9), 
 
Unfortunately, the age of the succession is currently poorly constrained; as such sedimentation rates 
cannot be properly estimated. 

 
Figure 9.  Rose diagram of paleocurrent indicator from elongate organic debris (n=18) preserved within top section 

of FA1, suggesting NNE-SSW transverse fluvial sediment dispersal. 
 
 
The thick basal coal seam probably represents a relatively significant time span, considering the slow 
growth in the boreal realm. McCabe (1987) estimated peat accretion rates at 0.1mm/pa in arctic regions. 
Given that some un-drained peat deposits may contain over 90% water (Diessel, 1992), a peat 
compaction ratio of 10:1 is possible, and as such the un-compacted peats would have been characterized 
by significant thickness in places. In this context Michaelsen et al. (2000a) documented that clastic 
inter-seam deposits are proportional to the thickness of the underlying peat deposits, with the thickest 
deposits of channel fill (Facies 1) developed above the thickest accumulations of peat. 
 
The sulphur content is relatively low with an average of 0.51% from the 82 drill core samples. 
However, it is worthy of note that the vast majority of the samples were obtained from the basal seam, 
which probably developed in response to a major geotectonic induced regression where the shoreline 
might have significantly back-stepped basinwards and as such providing a window of opportunity for 
peat mire accumulation. It is noted that significant stratigraphic evolution occurred across the basal 
sequence boundary; from shallow marine sandstone dominated facies to coal-bearing. 
 
The drillhole record shows that the thickest seam is developed near the base of the coal measures, 
whereas the upper seams are relatively thin. The three upper master coal intervals intersected in DH2 
are made up of relatively thin coal seam couplets, with the thickest seam at the base. These seams are 
considered here to represent transgressive-regressive couplets (cf. Diessel, 1992). 
 
The rapid thickness variations and unstable nature of the coal seams suggest a syn-tectonic influence 
(i.e. active growth faults). Nonetheless, primary tectonic control of the eight high frequency coal-
bearing cyclothems seems unlikely. 
 
The rapid thickness change is illustrated in a relatively deep trench, shown in Figure 4, where the coal 
seam rapidly thickens over a few meters and is characterized by wedge-shape architecture. Another 
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example is provided by the shallow drill holes 9 and 9R (drilled only 10m apart – Figure 2), which 
intersected 12m and 19.75m of coal, respectively; a significant thickness increase over just 10m. 
 
Discussion and conclusions 
 
Epicontinental seaways have played an important role in terms of providing accommodation space 
and the depositional conditions for accumulation of significant economical deposits of coal and 
hydrocarbons. Although these seaways are virtually absent from Earth today, they are the dominant 
source of much of our information about marine biodiversity of the past (Harries, 2009). 
 
It is highlighted here that the pan global Permian coal measures are unique in the evolution of the 
Earth, not matched in any period before or since (Carey, 2000). Substantial global extensional tectonic 
events during the Permian created the necessary accommodation space for significant peat 
accumulations, and subsequent burial and preservation. In Mongolia, the Permian system is widely 
distributed, not least in the South Gobi Basin, where very significant coal resources have been 
preserved. Extensive field work in the South Gobi Basin since 2005 indicates that coal deposition and 
preservation were controlled by an interaction of orbital climatic forcing of the depositional processes, 
and somewhat complex syn-tectonic faulting. Faulting resulted in the development of relatively deep, 
fault bounded sub-basins that were the locus for substantial tracts of peat accumulation (e.g. Tavan 
Tolgoi coal field with potential 10Bt of coal). 
 
The Permian system is an important part of Mongolia’s geological evolution with the two marine basins 
(i.e. SMB and PMTB) and the controversial collision between the North China block and Mongolia. 
According to recent work by Eizenhöfer et al. (2014), from the Late Permian to Early Triassic double-
sided subduction led to the closure of the so-called Paleo-Asian Ocean, resulting in collision and 
forming the controversial Solonker Suture Zone. Intriguingly, the up to 1,000m thick Late Permian coal 
measures in the South Gobi Basin does not contain tuffs, Late Permian coals are developed proximal (c. 
25-30km) north of the postulated suture zone, and the Early-Middle Triassic deposits within the South 
Gobi Basin are characterized by very limited structural deformation. It is also noted that the coal-
bearing strata within the study area does not contain any tuffs. Detailed studies of the Late Permian 
Platypus Tuff Bed in the Bowen Basin by Michaelsen et al. (2001) showed that the tuff is well preserved 
over 100’s of kilometers of strike length. Unfortunately, such tuff marker beds are absent in the Late 
Permian deposits in Mongolia. 
 
Evidence of sea-level rise and fall is well displayed in Permian strata on a global scale (e.g. Ross and 
Ross, Hansen et al., 2000 and Michaelsen and Henderson, 2000a; Rampino et al., 2000, Isbell et al., 
2003, Shao et al., 2007 and Li et al., 2016). Interestingly, Haq et al. (1987) identified a total of 119 
Early Triassic to Quaternary sea-level cycles, however of these only 19 (15.9%) began with major 
sequence boundaries. In this context the base of the Late Permian coal measures in the study area (i.e. 
implied by the FA6 shellbed), might well represent a major regional extensive sequence boundary. 
 
The sedimentary record documented in this study strongly indicates that the Late Permian coal measures 
developed along the shores of a boreal seaway during frequent sea-level changes. These sea-level 
changes are also evident by the lithologs from three logged sections of the boreal seaway by 
Manankov (2004) and Manankov et al. (2006) (Figure 1). The Adatzag section (shown by the 
number 1 north of Mandalgobi on Figure 1) appears to contain a total of eight cyclothems with an average 
thickness of c. 100m, and spans over c. 7My from the Sakmarian to Artinskian. Each cyclothem thus 
represent a time span of c. 1My and as such might represent tectonic pulses. 
 
Observing that every seaway is unique, the general architecture of the PMTB is considered here to be 
somewhat comparable to the relatively narrow seaway developed along the western Norwegian 
seaboard during Early-Middle Jurassic times (cf. Martinus et al., 2014). However, these Jurassic 
seaways were interconnected and developed in a greenhouse world with elevated temperatures. In 
contrast, water circulation within the narrow and relatively shallow PMTB might have resulted in low 
oxygen levels in some parts, hence the relatively rare macrofossils observed within the study area. 
Alternatively, the high sedimentation rates might have prevented the Permian fauna to colonize the area. 
 
The two underlying stratigraphic units ( P 2  c n 1  a n d  P 2  c n 2 )  are characterized by a high 
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sandstone/mudstone ratio, dominated by marine sandstone. However, the drillhole record (DH2 and 
DH28) shows several horizons with common organic debris. This suggests that the peat-forming plants 
were around and colonized the area but did not have sufficient time to accumulate significant thickness. 
 
Marine macro fossils are rare in the sedimentary record, with only one horizon at the base of the coal-
bearing unit. However, bioturbation is very common in the Late Permian stratigraphic units both below 
and above the coal measures. 
 
The coal deposits within the study area are considered here to be time equivalent to the coal- bearing 
part of the Late Permian Tavan Tolgoi Group in the South Gobi Basin, and as such representing a 
peat mire ecosystem developed close to the Permo-Triassic boundary. Significantly, the vast majority 
(c. 95%) of peat-forming plants became extinct at this boundary (c.f. Michaelsen, 2002). Work is 
currently in progress to firmly document and establish the location of the Permo-Triassic boundary in the 
study area. 
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Abstract – The seismic sequence in Central Italy of August-November 2016 is a useful experiment in the natural 
laboratory suited to check the effectiveness of AE monitoring in order to diagnose the state of the crust that precedes 
an earthquake. The difference is shown between (i) a “once-in-a-while” earthquake, which is characterized by a main 
event - composed of one strong shock or at most of two shocks occurring during a reasonably short time delay 
(several hours or a few days) followed by aftershocks etc., and (ii) a sequence of destructive events of comparable 
magnitude that denotes a time-delayed release of potential energy. The Central Italy sequence is of the second kind, 
i.e. it is an intermediate case history, compared to the extreme occurrence which is non-destructive, i.e. a so-called 
“slow” or “silent” earthquake.  
     In the case of a sequence of destructive events, a reasonable concern is therefore about whether the total amount of 
the stored potential energy has been fully released. The very different role and responsibility has to be very clearly 
distinguished between geologists, seismologists, statisticians, applied mathematicians, and geophysicists, in order to 
approach problems according to logical rigor. Seismologists - by means of a statistical approach (pattern recognition) 
and of some intricate related algorithms - afford to give some objective and reliable information suited to make a 
concrete planning for preventive intervention on the territory. In addition, from the geophysicist viewpoint, it has been 
envisaged that seismic catastrophes can be operatively managed in terms of a 4-level approach. The focus of the 
present study deals with levels 2 and 3. No precise prediction is however possible, and this holds either by this or by 
any other method. However, a sound, and understating approach can reduce fatalities, damages and sufferance. The 
ultimate purpose is to focus on reliable diagnostic information suited for a realistic appraisal of hazard and risk and 
also of its evolution in both space and time.  
     However, also the geodynamic interpretation is to be considered. This item is discussed in a subsequent paper 
(“paper II”) in terms of an objective, unconventional, physical and non-paradigmatic approach. In addition, a 
subsequent “paper III” is concerned the physical meaning and heuristic perspective of seismic (and volcanic) 
“transmigration”, considered like a source of some indicative, and sometimes possibly significant, “hunch”. 
 
Keywords: seismic catastrophes and management, acoustic emission, crustal storms and substorms, the L’Aquila and 
the Amatrice-Norcia earthquakes, statistical “pattern recognition” approach, 4 level physical approach  
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1 - Introduction – The L’Aquila earthquake (6 April 2009, Mw = 6.3) 
 

n earthquake is a sporadic event that happens whenever some site is such that - at some given instant 
of time - it is unfortunately suited to operate as a “sensor” that detects a planetary paroxysm which is 

in progress. In reality, the phenomenon involves the entire Earth (e.g. see Persinger et al., 2012, or also 
Gregori, 2012). Therefore, a realistic approach is to focus primarily on the planetary phenomenon, 
independent of the occurrence - or not - of an earthquake at any given site or another. 
 
But, the planetary paroxysm is such that the whole Earth is unavoidably more or less intensely affected by 
a local stress, which apparently propagates through the crust. Hence, every local rigid crustal component 
must release some acoustic emission (AE). Therefore, when some AE are detected at a given site - and 
whenever they appear correlated with the seismic activity occurred somewhere else - the detected AE signal 
is originated by a local source, while it is not propagated from the earthquake epicenter. Note that 
conservative seismologists do not accept this fact.1  In contrast, however, it should be stressed that also an 
advanced and rigorous approach is reported - carried out by outstanding seismologists - that is consistent 
with this wider perspective. They address a non-local wide-range scenario that applies a pattern recognition 
analysis, by means of formal objective algorithms, based on all kinds of available diagnostic information 
referring to some large region (see below). 
 
Operatively, the main focus is therefore primarily on the planetary paroxysm. But, a severe drawback is 
that we can detect and measure only a very limited number of degrees of freedom of the natural system: 
this is the empirical constraint.  
 
Hence, no exact prediction in space and time is possible - much like it is impossible for a medical doctor to 
predict the exact time instant of the passing away of his patient. On the other hand, it is certainly possible to 
diagnose the spacetime distribution of the state of the crust, in order to assess where and when, within a 
suitable spacetime- and magnitude-range, some given site is eventually prone to be the epicenter of a 
possible seismic shock of some conspicuous magnitude. 
 
In this respect, much like a medical doctor has to diagnose a patient while he is alive, also a geophysicist 
does need to monitor the state of the crust before the occurrence of the earthquake - an earthquake is 
always per se an irreversible transformation that in mathematics is said a “catastrophe” of the system. 
 
In contrast, a geologist always tackles the problem starting from some event after its occurrence, unlike a 
geophysicist who has to tackle the event before its occurrence. Therefore, the geologist applies a “bottom-
up” approach, while the geophysicist applies a “top-down” approach (see Gregori, 2016). Similarly, note 
that a coroner analyzes a dead body after his passing away in order to assess time and cause of his death, 
while a medical doctor always studies an alive patient before his death.  
 
The seismologist approach applies a “bottom-up”, when he carries out either a time series analysis of 
events, suitably selected according to region etc., or when he investigates seismic transmigration (see paper 
III). In terms of strict logical rigor, these “bottom-up” investigations can only provide with “hunches”, 
never with “proofs” (see below). 
 
The seismologist approach, however, is formally rigorous and quite complicated when he searches for the 
assessment of the diagnostic information that was available – inside a given large region - during a suitable 
time lag before the occurrence of an earthquake of given magnitude. At present, a rigorous analysis in this 
sense is achieved by means of pattern recognition algorithms, as it has been systematically and very  
 

                                                           
1Whenever a scientist is biased by his paradigms, he gets blind and deaf to every scientific argument. For instance, 

according to our repeated experience, some claimed authoritative seismologists do not accept that an AE record can be 
correlated with some earthquake occurred far away from the AE recording site. Their mental bias– according to their 
one-sided feeling – requires that everything must be supposed to be originated at the epicenter and it must be propagated 
through a homogeneous elastic medium etc. This viewpoint is evidently naïve, unrealistic and unscientific. 

A 
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carefully exploited by Giuliano Panza, Antonella Peresan and coworkers.2 
 
Objectively, this approach is successful depending on the amount of the present available diagnostic 
information that can rely only on partial observations. Hence, at present, this rigorous analysis - as those 
authors strongly emphasize - can realistically afford to give only a “forecast”3 with some unavoidable and 
intrinsic physical limitation. They claim that they afford to forecast the maximum possible magnitude of an 
event that can hit some region - and also a comparative time hierarchy of the hazard referred to different 
areas. This can be useful, e.g., to plan preventive actions on the territory etc. 
 
In particular, according to this same rigorous logical approach, Panza, Peresan and co-workers - altogether 
with the Italian Space Agency - implemented the Pilot Project SISMA, “based on the available knowledge 
of the physical properties of the Earth structure and of seismic sources, on geodetic observations, as well 
as on the geophysical forward modeling”.4 That is, they combine also satellite records, and afford to give 
an algorithm that “allows for a time-dependent definition of the seismic input” (Panza et al., 2013a).  
 
In this respect, note that, in any case, every rigorous approach should afford to single out only – and strictly 
only - the entire objectively reliable information contained in the actual observational database. But it 
should avoid to give anything else, which is implicitly derived by assuming some “suitable” or 
“reasonable” (hence, subjective) approximation. 
 
In any case, mathematics and logics cannot obviate to any lack of physical observation. It is therefore 
nonsensical - and even irresponsible - to fill the observational gaps by speculation and by some “reasonable 
assumption” just in order to issue some tentative “prediction” with no real sound basis. 
 
This is not a criticism, rather it is an appreciation of the true logical meaning of an investigation, as a 
rigorous formal mathematical approach is a great prize and advantage.  
 
From a mere methodological concern, note however that this pattern recognition approach strictly relies on 
the viewpoint of classical statistical analysis, including confidence limits etc., i.e. on the assumptions 
required by the central limit theorem. In particular, the observational database has to be implicitly supposed 
to be composed of homogeneous elements etc. The argument is that, since there is no reason by which 
different case histories can be distinguished compared to others, we assume that their set is approximately 
homogeneous. On the other hand, seismic activity is never strictly repetitive, as in principle every event is 
always a different case history. Hence, in terms of logical rigor, this is a drawback that in general is shared 
by every kind of statistical analysis.  
 
Hence, a “top-down” approach is different. In fact, consider e.g. the statistical information that is provided 
by WHO (World Health Organization). This is certainly very useful. But, medical science must progress by 
means of research carried out on every single patient and with reference to every specific pathology and/or 
case history. That is, a rigorous statistical analysis is an important support for research, as it is an important 
confirmatory logical step. But, per se it can lead to no new understanding of concrete processes and 
mechanisms. They can be envisaged and exploited only through a “top-down” approach.  
 
Summarizing, in Earth sciences a progress of understanding requires a clear distinction between the 
different and complementary roles of the geologist, of the seismologist, of the applied mathematician, of 

                                                           
2 See Keĭlis-Borok and Soloviev (2002) and the reviews Peresan et al. (2005, 2014), or also Panza et al. (2009, 

2010, 2013), Morales-Esteban et al. (2010) and Kossobokov et al. (2015). See also Peresan et al. (2012), and for an 
application to Italy, Peresan and Panza (2012), Panza et al. (2014) and Peresan et al. (2016). 

3 According to Panza (private communication, 2016) who reports Volodya Kossobokov, the two words 
“prediction” and “forecast” are synonymous. Some seismologists distinguish “forecast” and call it “prediction” when 
it specifies a probability, or a confidence limit, etc. However, objectively, earthquake probability is very uncertain, 
i.e., actually, it is a subjective number from 0 to 1, and this distinction is uncertain. Hence, they propose to use the 
term “forecast/prediction”. When dealing with ionospheric investigations (Zolesi, private communication, 2016) 
“prediction” refers to a short time-range, reminding about the meaning of a usual meteorological prediction, while 
“forecast” refers to some long-range scenario, similarly to a climate model etc. 

4 The term “forward modeling” generally denotes a typical “top-down” model that starts from the known physical 
laws and computes the expected observations. 
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the statistician, and of the geophysicist. The completely different expertise and background must be 
emphasized that is required by their respective jobs, as their basic logical perspective is completely 
different. A scientist who has the expertise for one kind of approach cannot share any comparable expertise 
in any other job. It is very important that everybody exploits his role with his own responsibility, and that 
he avoids overlapping with others’ skill and competence. This misunderstanding and mixing of jobs is a 
serious bias that always raised nonsensical debates that unfortunately often had some very serious practical 
implication for an effective catastrophe management. 
 
Indeed, the implication of this drawback can be quite relevant. For instance, it happens that a tentative 
scheme - which is envisaged by geologists, or by seismologists, or by some applied mathematician - is 
often presented like a “proven” physical “model”. In reality, a “proof” requires a “top-down” approach, 
where all known physical laws ought to be taken into account. Then, the expected result is to be confirmed 
by observations. When a “model” lacks this logical structure and confirmatory stage, it is not a “model”, 
rather it is only a “working hypothesis”. 
 
Every conscience driven Earth’s scientist must certainly consider all possible working hypotheses. 
However, upon considering the causalities of a natural catastrophe, it is irresponsible to claim that a 
“working hypothesis” is a “proven model”. For instance, this drawback is shared by several proposed 
geodynamic “models” (see paper II).  
 
Therefore, for every geophysicist it is a deontological and top-priority obligation to contend every “model” 
that is physically untenable. He must be critical.5  The concern is not about being a partisan of either one 
“party” or another and about supporting or not friends or colleagues. It is an insult for every true scientist 
being defined “partisan” of either one working hypothesis or another. A professional scientist looks at 
objective natural phenomena, and all working hypotheses must be investigated and friendly and frankly 
debated.6  This is “science”. 
 
As far as possible, the geophysicist must rather attempt to envisage some truly physical interpretation that 
ought to lead to a “proof” and to a true “model”. “Fashionable” or “generally agreed” interpretations are the 
"Linus' blanket"7 for lazy or mediocre “scientists” who should rather make every effort in order “to read 
first the book of Nature, and only later on also the books written by men” (Leonardo). 
 
A crucial related well-known, often mentioned, and very common drawback is the instinctive and 
unconscious “self-defense” of everybody, by which his preconceived rationale and logical framework has 
to be maintained as much as possible, eventually by progressively adding a large set of ad hoc assumptions. 
Very often, it thus happens that, as a standard, every scientist promptly focuses on - and stresses - all what 
conforms to his expectation, while he very often does not even notice what disagrees with it. In particular, 
it often happens that one believes that it is reliable only what is pro, and unreliable all what is con his 
expectation.  
 
In contrast, on a strict deontological basis, every conscience-driven scientist should rather focus mostly on 
what is contrary to his expectation, or on what appears unexplained to him. "There are two possibilities: 
either the results confirm your hypotheses, then you performed a measurement, or the results are in 
contrast with your hypotheses, then you made a discovery" (Enrico Fermi).8  Therefore, every 
                                                           

5 It is frequently found in the literature a statement that emphasizes that Alfred Wegener’s continental drift was 
formerly contended because he had no explanation and energy supply for it. Later one everybody accepted it even 
though nobody can explain it and its energy supply. 

6 " . . . quia quaerendo, opponendo, disputando et solvendo ac diversas argumentationes et responsiones recitando 
melius veritas invenitur, et quod a pluribus quaeritur, facilius invenitur, . . . " [" . . . in fact, research, controversies, 
discussion and analysis, and the proposal of different arguments and replies, lead to a better knowledge of truth, and 
what is investigated by several people is more easily discovered . . . "] (William of Ockham; AD 1280 - 1347). The 
uncritical repetitiveness is disarming and depressing that is found in several papers on self-referring “high impact 
factor” journals, where the primary main concern seems to ban every criticism to the leading schools of thought. 

7 Or to the "Great Mother", according to the learned language of psychologists (see Neumann, 1949). Linus is a 
character of a famous comic strip written and illustrated by Charles M. Schulz. 

8 Reported by Ferrari (2002). 
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observational information must be considered, at least as long as somebody proves that it is wrong, due to 
some reason, i.e. either it was collected by some erroneous procedure, or other, etc. 
 
In any case, seismometric records are per se chronicle information of little use if they are not associated to 
diagnostic information measured and collected before the occurrence of every earthquake. In fact, the 
seismometric records, altogether with the diagnostic information, are the objective database needed for the 
aforementioned rigorous pattern recognition investigation.  
 
In contrast, the “top-down” investigation by the geophysicist is concerned with the diagnostic information 
alone, as he focuses on processes and mechanisms. That is, he investigated the natural system independent 
of whether an earthquake occurs or not. He considers all phenomena, including and eventual seismic shock.  
 
However, it should be stressed that, even independent of the geophysicist approach, a rigorous statistical 
analysis by pattern recognition – i.e. by means of seismic catalogues and diagnostic information - is a 
reliable preliminary approach useful for a concrete management of seismic catastrophes.  
 
Acoustic emission (AE) is an as yet unexploited though very effective tool that can provide with some 
heuristically relevant additional diagnostic information.9 According to the several applications that since 
several years we carried out, we concluded that: (a) simultaneous records of at least two different 
frequencies is fundamental and strictly necessary; (b) HF AE (∼180-200 kHz) result very well suited to 
monitor the ongoing instant stress that affects the physical system, independent of its performance and of 
its eventual catastrophe; and (c) LF AE (∼25 kHz) are rather suited to monitor the real stage of the natural 
system that evolves towards a forthcoming catastrophe. 
 
That is, a direct local monitoring of crustal stress propagation - such as given by AE recorders - allows for 
the exploitation of some substantially more detailed “top-down” model. But, in this respect, also the 
aforementioned statistical Pilot Project SISMA can be improved by adding this additional physical and 
direct observational information.  
 
A general strategy can thus be envisaged10 that relies on a 4-level approach.  
 
Level 1 relies on satellite monitoring of some suitable parameter (such as e.g. OLR, TEC, atmospheric 
humidity, etc.). Its physical significance is based on the comparatively recent, and presently unanimously 
assessed, evidence of a coupling between soil and high atmosphere, where atmospheric precursors, 
coseismic, and aftershock effects can be clearly monitored.11 In general, this level 1 can be likened – or in 
some respect is complementary - to the statistical approach applied by the aforementioned rigorous 
formulation of the Pilot Project SISMA. In fact, in either case the focus is on some wide-scale monitoring. 
Note that the detail – both in space and time – that these procedures can provide depends on the objective 
content and quality of the available observational database.  

                                                           
9It is impossible to repeat here the whole rationale and its algorithms, and certainly the synthesis here presented is 

definitely insufficient to give a feeling of the critical concern and logical evolution that occurred during a few decades. 
The interested reader ought to refer to a few of the most relevant past papers. Concerning methodology, referto Gregori 
et al. (2002), Paparo and Gregori (2003), and Gregori andPaparo (2004); for application to samples in the laboratory 
refer to Braccini et al. (2002), Guarniere(2003), Biancolini et al. (2006); for applications to volcanoes refer to Paparo et 
al. (2004 and 2004a), Gregoriand Paparo (2006), Ruzzante et al. (2005 and 2008); and for applications to seismicity 
refer to Lagios etal. (2004), Paparo et al. (2006), Poscolieri et al. (2006a), and Gregori et al. (2009 and 2010). 

10 See Gregori (2016), although this inference resulted from a several year discussion inside the IEVPC. 
11 The existence of a strong coupling between underground phenomena and the atmosphere - up to the ionosphere 

and magnetosphere - has been assessed following the results obtained by the satellite DEMETER that triggered a 
conspicuous amount of subsequent additional investigations. The primary physical driver is associated to a conspicuous 
soil exhalation that unexpectedly supplies large earth-air electric currents. Also according to evidence inferred (Quinn, 
2014) from an analysis of the measurements carried out by the magnetic satellite CHAMP, these currents are mainly 
located in regions of comparatively greater crustal fracturing, where soil exhalation is likely to be more intense. Owing 
to brevity purpose, it is impossible to report here the large literature and related discussion that was published during 
the last very few years. 
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Level 1 permits to single out some large regions where an escalation is in progress of crustal stress. 
Extensive investigations on these items are presently carried out by different groups in several countries. 
 
Level 2 ought rather to rely specifically on some sparse array of AE recording stations - displayed either 
over some wide region, or hopefully on the planetary scale. By this, it is possible to monitor “crustal 
storms”, i.e. periods of time of comparatively more intense AE signal (simultaneously both HF AE and LF 
AE) that cross through some monitored region. A “crustal storm” typically lasts a few years, followed by 
very quiet periods. Earthquakes can occur only during “crustal storm” time (figure 1), and never during 
quiet time (Gregori et al., 2010; Gregori, 2013).  
 

 
Figure 1 – Raw AE records at Orchi and Valsinni, showing the onset of the “crustal storm” that preceded the L'Aquila 
earthquake. Figure after Gregori et al. (2010). Orchi denotes a site at Capodacqua di Foligno, in central Italy, and 
Valsinni is a town in southern Italy (region Basilicata) almost close to the Ionian Sea coast. The large out-of-scale 
green vertical line close to 10 March 2009 is a “crustal impulse”, i.e. it is an anomalous large perturbation observed in 
the records. Upon a detailed analysis, it is found that it lasted ∼ 12 h and it preceded by∼32 days the l'Aquila 
earthquake. It displays a clear regular internal structure. Its interpretation is in terms of two MFEs (minor fracture 
events) that are per sealeatory events, and therefore cannot be considered specific and reliable seismic precursors. See 
text. 
 
 
The “crustal storm” phenomenon has been inferred on the basis of 8 year of AE records collected at the 
Raponi site at Orchi. The distinction, between “crustal storm”-time compared to quiet time (i.e. to no-
“crustal storm”-time) relies on a very large difference of the monitored AE signal intensity, with no 
possibility of any false identification. Sometimes, also during subsequent years we observed “crustal 
storms”, although no comparable regular long-term monitoring is available - as a long-term monitoring can 
be carried out only by a devoted service.  
 
According to all our available evidence, the Italian peninsula is found to be hit by earthquakes only - and 
strictly only - during a “crustal storm”. In any case, according to the physical rationale applied by a “top-
down” approach, it is certainly reasonable to infer that no earthquake is to be expected to occur when no 
“crustal storm” is in progress. In any case, note that the occurrence of a “crustal storm” is only a necessary, 
and not sufficient, prerequisite for the possible occurrence of a seismic event.  
 
“Crustal storms” seem to be consistent with a “domino effect” rationale, referring to the propagation of 
microcracks through the Earth’s crust at a typical speed of ∼10 cm/sec (Gregori, 2013a). Note that this is 
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only an empirical inference.12 It isnotthe result either of any modeling or of any a prioriphysical argument. 
Owing to the relevance of this result for the present discussion, Figure 2 is here shown that summarizes its 
supporting observations. 
 

 
Figure 2 –  Spacetime self-similarity of fracture phenomena. Typical periods of time which display a paroxysm - and 
can be called “storms” or “substorms” etc. - are referred to a physical system of a given scale size. The logarithm of 
the spatial scale size is plotted on abscissas, where every physical system is supposed to be characterized by some 
linear trend and corresponding extension. On the ordinate axis, the logarithm is plotted of the time duration of the 
“storm” or “substorm” or of the period of some approximately cyclic associated observed morphological feature. All 
measured physical systems are thus found to display a regular alignment (dotted light blue line), beginning from the 
physical system of the Earth’s crust on the continental scale, through a fault, through a viaduct, through a steel bar, 
etc. This remarkable space-time self-similarity of fracture phenomena of different physical systems - with different 
size and composition - envisages the realistic existence of a “domino effect” that, owing to the tilt of the interpolating 
line in this plot, seemingly propagates at a typical mean speed of the order of ∼10 cm/sec. This law can be used e.g. to 
infer the extension of the front of a landslide, or in principle - in the case of a monitoring with a time resolution of 1 
nanosec and if a sufficiently sensible acoustic transducer is eventually available - it ought to permit to detect micro-
flaws in a medium, beginning from a size equivalent to a few atoms. See text. After Gregori (2013a). 
 
 
Note that: (a) a “crustal storm”, which elapses a few years, is consistent with a linear extension of 
continental scale, (b) a “crustal substorm” is consistent with a linear extension of an active fault, (c) a 
landslide is consistent with a linear front of a few kilometers with a timing of the order of magnitude of 
tens of hours (observed), (d) a bridge of a few hundred meters length is consistent with a few minutes 
oscillation (observed), (e) a steel bar a few tens centimeter long is consistent with cyclic features of period 
of the order of one second (observed), …. 
 
If this “domino effect” inference is correct - and if a sufficiently sensitive acoustic transducer is available - 
                                                           

12 A mathematician or a statistician likes error bars, confidence limits, etc. and he dislikes what is mere empirical 
evidence. But, the progress of the “top-down” approach by a physicist is different. "I understand what an equation 
means if I have a way of figuring out the characteristics of its solution without actually solving it" (Paul Adrien 
Maurice Dirac, 1902-1984). "The physicist needs a facility in looking at problems from several points of view . . . . [A] 
physical understanding is a completely unmathematical, imprecise, and inexact thing, but absolutely necessary for a 
physicist" (Richard Phillips Feynman, 1918-1988). A similar concept was emphasized by Enrico Fermi and by other 
famous physicists.  
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in principle, a nanosecond AE recording ought to allow for a monitoring of microcracks starting from the 
size of a few atoms. See Gregori (2013a) for additional details.  
 
Note that the physical meaning of this “domino effect” implies that all crystalline bonds share a common 
order of magnitude that characterizes the definition of every kind of “solid” material. Therefore, when a 
bond yields, it transfers a stress to some contiguous molecules. This stress triggers the yielding of a new 
bond, etc. and this law seems to apply independent of the nature of the material. 
 
Summarizing, level 2 permits to single out some long (∼a few years) hazard periods of time, referring to a 
given area that is temporarily crossed by a “crustal storm”. Note that, concerning this kind of diagnostic 
information, the space resolution is defined by the area monitored by the AE array, because a “crustal 
storm” crosses through some whole large region, while the phenomenon involves the whole planet.  
 
Note that this level 2 finds a correspondence (Panza, private communication, 2016) with the definition of 
TIPs (time of increased probability) computed by the aforementioned pattern recognition approach that, 
however, also specifies some areas with a linear extension of the order of a few hundred kilometers size. 
Indeed, AE monitoring provides with an even more precise spatial detail at level 3. 
 
In fact, level 3 requires having first singled out some active fault that is supposed to be the possible, or the 
likely, source of a future earthquake. That is, the information provided by the geologist or by the 
seismologist – or even better by a specialist of crustal rheology - is essential in order to select every given 
specific hazard fault. Then, during the development of a “crustal storm”, a temporary array of AE stations 
ought to be displayed along every hazard active fault of concern. By this, it is possible to envisage a way to 
forecast - with say 1-2 days in advance - the time of an eventual (although never certain) earthquake that 
can be reasonably expected to occur along that fault (Gregori, 2013a). 
 
Note that one additional concern deals with an estimate of the magnitude of the possible forthcoming 
shock. This depends on the amount of stored potential energy inside the focal volume that is roughly 
located around the fault. Hence, it also depends on the length of the fault (see section 3 and also paper III 
on this item).  
 
More generally, this parameter depends on the local tectonism of the area, and also on the specific 
rheological features of the local crust. Therefore, there is need for an array of AE recording stations in order 
to localize the points along the fault that denote a comparatively larger stress. One AE records alone can be 
originated at any site. Hence, it can be of limited use. 
 
Similarly, only a local study can provide with some reliable information on the expected magnitude, based 
on the AE response monitored on the occasion of different seismic events even of small magnitude. That is, 
the AE information alone per se can give no thumb rule suited to forecast the maximum magnitude to be 
expected, because the rule is different at different sites. Every method must provide with real physical 
information, and no assumption can fill the gap of physics. The reliability of the results depends on the 
spatial detail and on the duration of the AE monitoring. Every attempt is nonsensical to infer details based 
on suitable assumptions or speculation. 
 
In addition, it should be stressed that, even if we suppose that we know the total amount of the stored 
potential energy, nobody knows whether that energy is going to be released by one main big destructive 
event, or through a sequence of several destructive events, or even through a “slow” or “silent” earthquake 
that can be even more violent that a standard earthquake although fully non-destructive.13  Note that a 
detailed AE monitoring in space and time along an active fault is certainly suited to recognize the different 
kind of evolution of the system towards either one kind of event or another. 
 
Moreover, the destructive power of an earthquake seems not to be directly related to its magnitude. Rather 
its dynamic spectrum has to be considered, and it should be considered altogether with the kind of 
buildings of the stricken area (see section 3).  
                                                           

13 Owing to brevity purpose, no papers are here quoted of this item that, however, since several years is well known. 
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As far as the aforementioned pattern recognition approach is concerned, it can specify - as far as possible 
according to the available information - also an estimate of the maximum magnitude to be realistically 
expected. But, it gets advantage of all multiparametric available information, analyzed by means of a 
rigorous statistical investigation. Hence, it takes into account also some general even unknown 
morphological features that characterize some given large area, where it is supposed that, in terms of 
analogy, some approximate expected magnitude can be envisaged.  
 
From the viewpoint of AE monitoring, the key focus of level 3 is therefore the capability to detect some 
short-range (both in space and time) precursor of a possible forthcoming earthquake, i.e. the concern is 
about the identification of a “crustal substorm”. For instance, a clear example is represented (Figure 3) by 
the L’Aquila earthquake. Note that, as already mentioned and according to the aforementioned “domino 
effect” rationale, a “crustal substorm” can be interpreted as a rupture that propagates along the fault at a 
speed of the order of magnitude of ∼10 cm/sec∼8.64 km/day. That is, according to the “domino effect” 
rationale expressed by Figure 2, the Paganica fault - which was responsible for the L’Aquila earthquake - 
ought to have a linear extension of the order of ∼15 day ×8.64 km/day ≅ 130 km.14 
 

 
Figure 3 – "Fractal dimension Dt of both HF AE and LF AE records carried out at Valsinni, at ∼ 354 km from the 
epicenter of the L'Aquila earthquake. The 'crustal stress substorm' at either HF AE or LF AE is denoted by a large 
ellipse. The l'Aquila earthquake occurred at the completion of the LF AE substorm   ..." at Julian time 2454927.56435 
(April 6th, 2009, at 01:32:40 UTC). Figure and captions after Gregori et al. (2010).  
 
 
However, according to Doglioni et al. (2015a) the magnitude of the L’Aquila event points towards a fault 
length of ∼30 km. Their rationale relies on the role of gravity.  
 
In fact, they define a new class of earthquakes that they call “graviquakes”. They consider an astute 
mechanism for the release of the store potential energy, by which they afford to estimate some order of 
magnitude of the size of the focal volume referred to every given earthquake. They illustrate their approach 
and claim that “earthquakes are dissipation of energy throughout elastic waves. Canonically it is the elastic 
energy accumulated during the interseismic period. However, in crustal extensional settings, gravity is the 
main energy source for hangingwall fault collapsing. Gravitational potential is ∼100 times larger than the 
observed magnitude, far more than enough to explain the earthquake. Therefore, normal faults have a 
different mechanism of energy accumulation and dissipation (graviquakes) with respect to other tectonic 
                                                           

14 Note that, up to our knowledge, the length of the Paganica fault has no other geological or geophysical 
confirmation. In fact, this is another case history of a morphological detail. 
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settings (strike-slip and contractional), where elastic energy allows motion even against gravity. The 
bigger the involved volume, the larger is their magnitude. The steeper the normal fault, the larger is the 
vertical displacement and the larger is the seismic energy released. Normal faults activate preferentially at 
∼60° but they can be shallower in low friction rocks. In low static friction rocks, the fault may partly creep 
dissipating gravitational energy without releasing great amount of seismic energy. The maximum volume 
involved by graviquakes is smaller than the other tectonic settings, being the activated fault at most about 
three times the hypocenter depth, explaining their higher b-value and the lower magnitude of the largest 
recorded events …” 
 
Note the factor 4 discrepancy between ∼130 km and ∼30 km. This depends on the respective basically very 
different physical rationale used for the two evaluations. However, the physics and the phenomenon are the 
same, while the two estimates refer to different physical quantities.  
 
Indeed, the graviquake approach refers to the bulk focal volume that, owing to its gravity collapse, releases 
the gravitational potential energy. In contrast, the “domino effect” rationale refers to the linear extension of 
the self-sustaining propagation of the microcrack that finally ends up into a trigger of the huge energy 
release of the graviquake.  
 
That is, the two data are certainly compatible with each other, as they refer to two different geometrical 
features of the system, as the linear extension of a fault is different from the location of the volume of the 
bulk matter that collapses due to the graviquake. In addition, their respective relative ratio displays some 
correct expected order of magnitude. This focal volume item is also shortly discussed in section 3 and in 
paper III. 
 
A related similar example (unpublished, in preparation) deals with a landslide that affects the main square 
in the village Savoia di Lucania in southern Italy. They built a retaining wall of the order of ∼100 m. 
According to AE monitoring carried out on a pillar of the wall, we estimated, by means of the “domino 
effect” rationale, a landslide front of a few kilometers, which is quite reasonable. 
 
The concern is therefore about how to recognize a “crustal substorm” as a precursor of a possible 
forthcoming shock. For such a purpose, upon a regular monitoring during a few months of AE records at 
Valsinni (see Gregori, 2013a), it was found that , roughly,  a “crustal substorm” normally starts once every 
week, originated somewhere through the Italian peninsula.  
 
However, in general, the evolution of the “crustal substorm” is found to stop before its full completion, due 
to some change of the stress which is applied to the Italian peninsula at its tectonic boundaries. That is, the 
Civil Protection – by means of a suitable national temporary array of AE stations - ought to monitor the 
occurrence of “crustal substorms” to be associated to some pre-chosen active fault. But, they ought to issue 
an alert only whenever a “crustal substorm” approaches its possible very final stage. That is, a public alert 
ought to be released only 1-2 days before a possible completion of an ongoing “crustal substorm”.  
 
But, in this respect, it must be emphasized that it is impossible - by means of a few figures alone (as 
reported in Gregori, 2013a) - to give to the reader the feeling that is clearly perceived while analyzing, 
regularly every day during several weeks, the trend of a recorded AE signal. Only by this regular and 
patient exercise one can recognize the regularity of phenomena that – when they are observed compressed 
on a several weeks plot – at a first sight appear badly scattered. Indeed, the phenomenon is not regular. It 
suffers by a steady change of the stress that is applied at its boundaries by the ongoing crustal stress 
propagation on the planetary scale.  In addition, the physical interpretation was progressively improved on 
the basis of a fruitful long-lasting thinking and comparison of AE recorded in the field, and AE measured in 
laboratory experiments: the two-fold information resulted fundamental for a mutual understanding of the 
respective records. Refer to the aforementioned references. 
 
An expressive analogy is to imagine and carry out a meteorological forecast by means of standard 
atmospheric records carried out either at one site or by an instrumental array displayed over some very 
limited area. As far as no information is available concerning the evolution of the regional, or continental, 
or planetary weather system, the records collected at the very limited monitored area unavoidably appear 
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badly scattered. Only a very patient day-by-day analysis can provide with some understanding of the 
phenomena that are in progress, although it is eventually difficult to understand their cause and drivers. 
 
In terms of this same analogy, suppose that only some sporadic, sparse, and irregular meteorological-
related information is available either on the regional, or on the continental scale. Suppose to carry out a 
pattern rigorous recognition analysis. It can certainly provide with some reliable indication about 
meteorological prediction, although its detail cannot be greater than the physical limitation imposed by the 
quality and kind of available observational information.  
 
This limitation applies also to the aforementioned approach to seismic activity, while AE records are a 
concrete and feasible tool suited to monitor the state of the stress thought the crust, hopefully on the 
planetary scale. Indeed, crustal stress - and its variation in space and time - is the direct primary way to 
monitor the relevant physical phenomenon that precedes an earthquake, much like a forecast/prediction of a 
river flood can be managed only by implementing a suitable detailed monitoring of its hydrologic regime. 
 
That is, in the case of seismic hazard, the phenomenon, when it is monitored only at one site alone, cannot 
physically envisage what fault is responsible for the detected signal. Indeed, there is need for monitoring 
every specific potentially active fault in order to assess what fault is the AE source.15 
 
The last step deals with level 4 that addresses, rather, the role of Earth’s tide in earthquake trigger. The 
correlation between tides and seismic activity has been studied by a large amount of investigations reported 
in the literature. But, in general, they find some vague and weak evidence. In fact, an earthquake occurs 
whenever the stress overwhelms some physical threshold for crustal rupture. This threshold is attained due 
to a sum of several concurrent causes, while only the very last cause - even when it is extremely feeble - is 
apparently responsible for the trigger. That is, every bivariate formal correlation between every given 
possible trigger and an earthquake unavoidably always gives some very feeble evidence, as sometimes that 
concurrent cause is found to be effective, while in general it is very often irrelevant. 
 
An investigation was reported by Kolvankar (2011) who claims having considered >5,000 earthquakes of 
magnitude M≥2 listed in the world catalogue NEIC-USGS. He shows several plots, everyone referring to a 
different region, where he plots some specific parameter, and every plotted point refers to one given 
earthquake. All plotted points display a very regular alignment, although he cannot explain the physical 
reason. By means of a very simple argument, Gregori (2015) showed that - if the Kolvankar’s plots are 
correct – every earthquake occurs (in 98% of all case histories) only at some time instant which is very 
close either to 06:00 LLT or to 18:00 LLT (Lunar Local Time).16 
 
The final result appears physically impressive, because, if it is correct, it implies that 98% of these >5,000 
earthquakes are triggered by the Earth’s tide.  
 
Some scientists privately express, therefore, some reasonable doubt on the reliability of this Kolvankar’s 
analysis. On the other hand, as stressed in section 1, one cannot rebut a datum only because it does not 
conform to his expectation. If these plots are correct, it would be a very great ethical responsibility to 
ignore them. The data analysis has therefore to be reconsidered in detail and repeated – and the concern is 
not about being a priori either pro or con. 
 
Therefore, there is urgent need to repeat the same Kolvankar’s analysis by means of other seismic 
catalogues. This is also necessary in order to assess the exact duration – that according to the 

                                                           
15 In addition, the Italian peninsula is crossed by some basically unknown pattern of deep faults that affect the acoustic 

continuity of the whole Italian crust. Acoustic continuity is such that every point over some wide region basically monitors an 
almost identical AE signal. These presently unknown structural features are to be suitably investigated by means of AE 
diagnostic that can be easily achieved only by means of some reasonably dense AE array. It is unfortunate that no other method 
can provide with any information of precision comparable to the AE records that therefore provide with unique and 
unprecedented precise information.  

16LLT is defined similarly to the solar local time (LT). But, the LT is defined by referring to the Sun, i.e. it is said that the 
12:00:00  LT  time-instant occurs when the Sun attains its highest local altitude (i.e. the highest height above the horizon). 
Similarly, the LLT is defined by claiming that 12:00:00  LLT is the time-instant when the Moon attains its highest local altitude. 
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aforementioned analysis ought to be always very short - of the two hazard-time intervals close to 06:00 
LLT or 18:00 LLT, referred to every given site and date.  
 
Thus, for the time being let us suppose that this additional check will suitably confirm this result. In this 
case, on the occasion of every 1-2 days alert released at level 3, level 4 can permit to release a public alert 
referred to every given site and for every given date, by specifying two very short time lags when an 
earthquake can eventually hit that location. 
 
This is not a strict earthquake “forecast/prediction”. However, the implementation of the aforementioned 4-
level approach (or in any case at least of its first three levels) is a concrete and effective, reliable way to 
manage the hazard by means of a feasible methodology based on a “top-down” physical argument. Note 
that AE monitoring plays a central and crucial role.  
 
In addition, in any case this methodology has to be suitably and realistically optimized while referring to 
the case history of every given active fault. In fact, according to the “domino rationale”, the duration of a 
“crustal substorm” depends on the physical length of the fault (see section 3 and paper III). 
 
The present study refers to the seismic crisis that hit Central Italy during the late summer/autumn 2016. 
This is one additional case-study suited to check the concrete applicability of AE monitoring and analysis 
for seismic precursors aimed to “forecast” possible periods of increased risk. 
 
Note, however, that a final relevant and closely related concern deals with the interpretation of the general 
geodynamics of phenomena that affect the evolution of crustal stress through the Italian peninsula. That is, 
a correct physical interpretation is essential in order to understand processes and mechanisms in the natural 
system with the target of the implementation of a true “model”. 
 
In contrast, on the basis of the present available diagnostic information - and at least as far as no reasonably 
extended AE array is available -  it is unfortunate that every kind of “top-down” approach can be 
implemented only by applying some unavoidable working hypothesis. This bias is unfortunate, because 
arbitrariness always generates debates, and only observations can settle disputes. This key item is discussed 
in paper II. 
 
For the time being, let us simply remind, e.g., about some the pro and con the present most fashionable 
geodynamic so-called “model”, i.e. plate tectonics. Note that it is a “bottom-up” working hypothesis that 
relies on some intuitive argument. In fact it was originally proposed like an ad hoc very clever tool 
envisaged by geologists in order to organize in some intuitive way their huge observational database. Their 
rationale was quite reasonable. But, it has been per se nonsensical to transform a simple working 
hypothesis into a scientific paradigm. In fact, a “simple” scheme is always ad hoc in order to conform to 
the need for “simplicity” by the human mind. Hence, a “simple” tool is always appealing, although per se it 
can eventually hardly match the intrinsic complication of natural reality. 
 
''Yet, after 20 years …. it [plate tectonics] seems in danger of loosing its simplicity and elegance. Violations 
of what the late Norman D. Watkins used to call the 'principle of minimum astonishment' are becoming 
quite common … [T]wo major issues foreshadow its ultimate limits as a theory: the apparent pulse-like 
behavior of at least some of the Earth’s internal processes, and the growing need for ad hoc hypotheses, a 
sign that the theory may not be able to keep its promise to be the new 'global' tectonics” [T. Van Andel 
(1985, p. 138 and 141); quoted by Storetvedt and Longhinos (2011)]. 
 
Differently stated, the availability of some even sparse array of AE stations appears to be a needed crucial 
facility in order to get rid of useless debates, and to achieve a substantial better objectiveness of our 
inferences and “models”, with obvious great improvement in our concrete capability to manage the 
challenge of dramatic seismic catastrophes.  
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2 - The Amatrice-Norcia sequence (August 24th – October 30th, 2016) 
 
During this period of seismic crisis the Italian peninsula was stricken by a sequence of 14 shocks with 
M≥4.5 (see Table 1, which contains17 also a 15th earthquake with deep hypocenter in the Southern 
Tyrrhenian Sea). Their epicenters are plotted in figure 4, where the capital letters denote the chronological 
order, as indicated also in Table 1. For future reference in paper III, note that a south-to-north trend is 
displayed. The bold character in Table 1 denotes the earthquakes that are specifically discussed in figures 7 
and 8, where the last considered record is at 2457381.8558912 Julian time = 25 December 2015, 08:32:29 
UTC. 
 

Table 1 –Sequence of earthquakes (M≥4.5) that stroke the Italian region  
in summer/autumn 2016 

Code Event ID 
 

Time Latitude Longitude Depth 
(km) 

Magnitude Location 
name 

A 7073641 
 

2016-08-24 
01:36:32.000000 

42.6983 13.2335 8.1 Mw=6.0 Rieti 
 

B 7073711 
 

2016-08-24 
01:37:26.580000 

42.7123 13.2533 9.0  ML=4.5 Rieti 

C 7076161 
 

2016-08-24 
02:33:28.890000 

42.7922 13.1507 8.0 Mw=5.4 Perugia 
 

D 7105011 
 

2016-08-24 
11:50:30.560000 

42.8197 13.1602 9.8 Mw=4.5 Perugia 

E 7224451 
 

2016-08-26 
04:28:25.910000 

42.6048 13.2915 8.7 Mw=4.8 Rieti 

F 8663031 
 

2016-10-26 
17:10:36.340000 

42.8802 13.1275 8.7 
 

Mw=5.4 Macerata 
 

G 8669321 
 

2016-10-26 
19:18:05.850000 

42.9087 13.1288 7.5 Mw=5.9 Macerata 
 

H 8676191 
 

2016-10-26 
21:42:01.940000 

42.8625 13.1205 9.9 Mw=4.5 Macerata 

I 8788671 
 

2016-10-28 
20:02:43.150000 

39.2672 13.5468 481.4 ML=5.7  Southern  
Tyrrhenian Sea 

J 8863681 
 

2016-10-30 
06:40:17.360000 

42.8322 13.1107 9.2 Mw=6.5 Perugia 
 

K 8863891 
 

2016-10-30 
06:44:30.670000 

42.8548 13.0853 8.3 ML=4.6 Perugia 

L 8865281 
 

2016-10-30 
07:13:05.210000 

42.6933 13.2255 10.6 ML=4.5 Rieti 

M 8882341 2016-10-30 
12:07:00.280000 

42.8445 13.0775 9.7 Mw=4.5 Perugia 

N 9033461 
 

2016-11-01 
07:56:39.600000 

42.9995 13.1583 9.9 Mw=4.8 Macerata 

O 9166761 
 

2016-11-03 
00:35:01.310000 

43.0285 13.049 8.4 Mw=4.7 Macerata 

 

                                                           
17 The source of Tables 1 and 2 and the related figures is the INGV web site. 
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Figure 4 – Epicenters of the 14 earthquakes with M≥4.5 that stroke Central Italy in summer/autumn 2016. Capital 
letters identify the events in chronological order as in Table 1. The location of the Raponi site at Orchi is indicated, 
where the AE station is operated. 
 
 
Since June 9th 2016, the Italian peninsula is manifestly experiencing a persisting “crustal storm”, and it 
appears that the natural system is still subjected to some violent externally applied stress. 
 
In fact, on November 29th, 2016 (at 16:14:02) an Mw=4.4 earthquake stroke close to L’Aquila (see Table 
2). But, mostly, on the next day an earthquake stroke an area close to Reggio Emilia, i.e.  close to (Figure 
5) the Emilia earthquakes of  May 20th, 2012 (M = 6.1) and of May 29th, 2012 (M = 5. 8). This new 
earthquake occurred on November 30th, Mw=3.5 (see Table 2). That is, unlike the Amatrice and Norcia 
earthquakes, this is a thrust earthquake. In addition, on January 2nd, 2017, an M=4.1 stroke slightly north of 
the town of Spoleto that is close to the Amatrice/Norcia event, although related to a new fault. Figure 6 is 
the same as Figure 4 although plotting all earthquakes with magnitude M ≥ 4.0 (no list is here given, 
analogous to Table 1, which should include 62 events). 
 

 
Figure 5 - ''Projections of the best fitting fault source for the 1570 Mw=5.8 earthquake ..., plus and minus the latitude 
and dip errors, on a modified geological section by Picotti and Pazzaglia (2008), which was updated by Picotti 
(2012) (SSW is on the left, NNE on the right). The nucleation depth was fixed to 10 km.''Figure and captions after 
Sirovich and Pettenati (2015).  
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Figure 6 – The same as figure 4 but referring to 62 earthquakes 
with M≥4.0 that stroke Central Italy during August 24th, 2016 
through January 2nd, 2017. Note the location of the M = 4.1 
event that on January 2nd, 2017 stroke slightly north of the town 
of Spoleto. It is close to the location of the Amatrice/Norcia 
events, although it occurred along a different fault. 

 
Table 2 and Figure 7 show a compilation of earthquakes in the Italian region between November 25th and 
January 2nd, 2017. The concern is not about the evolution in Central Italy, rather with the persisting strong 
push against the Italian peninsula that is activating the thrust as per Figure 5, while the earthquakes on the 
Croatian coast and on the Montenegro coast (perhaps) ought to be considered according to some 
transmigration (i.e. according to a tentative hunch mentioned in paper III). 
 

 
Table 2 –Sequence of earthquakes (M≥3.5) in the Italian region during November 25th through  

January 2nd, 2017 
 

Code Event ID 
 

Time Latitude Longitude Depth 
(km) 

Magnitude Location 
name 

a 12269701 2017-01-
02T03:36:13.510000 

42.8043 12.7523 8.2 SURVEY-
INGV ML 4.1 

Perugia 

b 12043621  2016-12-
26T19:56:44.440000 

42.9237 13.2033 8.3 SURVEY-
INGV ML 3.5  

Macerata 

c 11916741 2016-12-
23T23:39:22.570000 

42.4788 18.5358 5.1 SURVEY-
INGV ML 4.2 

Montenegro 
coast 

d 11535771 2016-12-
14T13:40:32.740000 

43.019 13.0602 9.8 SURVEY-
INGV ML 3.7 

Macerata 

e 11510961 2016-12-
14T03:54:00.280000 

42.6467 13.3052 7.4  SURVEY-
INGV ML 3.8 

Rieti 

f 11495471 2016-12-
13T21:47:59.890000 

42.987 13.0728 7.7  SURVEY-
INGV ML 3.5 

Macerata 

g 11382811 2016-12-
11T12:54:52.860000 

42.9 13.1132 8.3 SURVEY-
INGV ML 4.3 

Macerata 

h 11282341 2016-12-
09T12:56:59.780000 

43.425 16.3308 6.8 4.5 Southern 
Croatian coast 

i 11272441 2016-12-
09T07:21:50.170000 

44.3298 10.5002 7.6 4.0 Reggio Emilia 

j 11272151 2016-12-
09T07:14:29.840000 

43.0163 13.069 9.7 3.6 Macerata 

k 11251911 2016-12-
08T21:21:35.030000 

42.7348 13.5418 18.3 3.7 Teramo 

l 11109121 2016-12-
06T02:13:49.380000 

40.5433 15.8232 10.8 3.8 Potenza 

m 11041921 2016-12-
04T20:22:20.600000 

43.0437 13.0955 8.2 3.5 Macerata 

m 10951401 2016-12-
03T04:08:36.060000 

38.5667 14.2297 10.7 3.8 Aeolian Islands 
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o 10947481 2016-12-
03T02:42:38.370000 

42.9898 13.0793 10.1 3.8 Macerata 

p 10868531 2016-12-
01T16:57:18.750000 

43.0402 13.0688 9.4 3.5 Macerata 

q 10856611 2016-12-
01T11:30:53.310000 

43.0017 13.0777 9.2 3.9 Macerata 

r 10793661 2016-11-
30T05:52:55.560000 

44.7732 10.6738 25.6 3.5 Reggio Emilia 

s 10763951 2016-11-
29T16:14:02.690000 

42.5293 13.2803 11.1 4.4 L'Aquila 

t 10740261 2016-11-
29T03:35:34.280000 

42.7613 13.2408 10.3 3.6 Ascoli Piceno 

u 10721761 2016-11-
28T16:21:42.070000 

43.0193 13.0727 9.8 3.6 Macerata 

v 10704061 2016-11-
28T07:53:28.560000 

43.0168 13.0688 9.8 3.6 Macerata 

w 10674861 2016-11-
27T21:41:14.050000 

43.0187 13.0728 9.7 3.9 Macerata 

x 10667341 2016-11-
27T19:34:28.570000 

43.0153 13.0773 9.1 3.6 Macerata 

y 10665751 2016-11-
27T19:09:19.460000 

43.016 13.0817 9.8 3.5 Macerata 

z 10629851 2016-11-
27T03:57:07.320000 

42.8032 13.2117 9.1 3.5 Ascoli Piceno 

aa 10556581 2016-11-
25T21:09:12.520000 

39.1143 15.5512 255.4 3.5 Southern 
Tyrrhenian Sea 

 

 

 
 
 
 
 
 
 
Figure 7 - Epicenters of the 
earthquakes with M≥3.5 listed in 
Table 2 that struck the Italian 
region during November 25th 
through January 2nd, 2017. Detail 
of a map drawn by means of the 
INGV website facility. The red 
line indicates the boundary of the 
African plate. 
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Finally, as a curiosity, on December 2nd, 2016 (at ∼01-02 UTC) a seemingly outburst of endogenous heat 
occurred close to the northern tip of the Garda Lake. It caused the abrupt development of a cloud that 
during the following several hours extended into in an elongated pattern pointing SSE towards the Adriatic 
coast. This might be only a coincidence. But this pattern reminds very much about the morphology of the 
so-called earthquake clouds that, however, are generally much more intense phenomena.18  That is, this 
unusual and generally unnoticed feature appears to be an additional perplexing hunch of a persistent state 
of conspicuous stress being still applied to the whole Italian peninsula. 
 
Figure 8 shows the AE records at the Raponi site (“Orchi”) preceding the Amatrice event of August 24th, 
2016. The associated “crustal substorm” is clearly shown (indicated by two light-green ellipses). Its 
duration is ∼1.33 days in the HF AE substorm and (more significantly) ∼3.57 days in the LF AE substorm 
that, according to the “domino effect” rationale, correspond to a fault rupture along a fault, respectively, of 
∼11.5 km (HF AE) and ∼30.85 km (LF AE), to be compared with the Paganica fault that triggered the 
L’Aquila earthquake and that (according to the “domino effect” rationale) had a linear extension of ∼130 
km. 
 

 
Figure 8 – The August 24th, Mw=6 Amatrice event. The HF AE substorm and LF AE substorm are indicated by two 
light green ellipses. The light pink shadowing shows a series of incomplete “crustal substorms”. The step-wise 
discontinuity indicated by the light blue arrow denotes a minor fracture event (MFE). See text. 
 
 
In addition, note in Figure 8 - where this is denoted by light pink shadowing - the occurrence of a series of 
interrupted “crustal substorms” that, as mentioned above, preceded the specific very final complete 
substorm that ends up into the strong seismic shock. The light blue arrow indicates a discontinuity in the 
HF AE records that is associated with a MFE (minor fracture event; defined in section 3), i.e. with an 
abrupt fracture of some crustal structure associated to the development of the HF AE substorm. 
 

                                                           
18 Earthquake clouds are a particular case history of soil/atmosphere interaction, although their detection critically 

depends on the occurrence of suitable meteorological conditions in order that they can be manifested in a form detectable 
by meteorological satellites.  A large literature exists. For instance, see e.g. Harrington and Shou (2005), Guo and Wang 
(2008), Shou et al. (2010), Bapat et al. (2013), Choi (2014g) and references therein. 
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A reasonable warning is that a reader with no specific previous experience would hardly recognize the HF 
AE substorm and the LF AE substorm that in Figure 8 are indicated by light green ellipses. He also would 
not recognize that the apparent irregular scatter shown by the light pink shadowing in figure 8 is a sequence 
of interrupted substorms. But, in this same respect, refer to the analogy with metrological prediction by 
means of a point-like meteorological record with no information on the larger scale trend. It is impossible 
by a few statements and by a few figures alone to explain to that reader how reliable is the interpretation 
that is here given. Every skeptical reader could be certainly and immediately convinced whenever a 
continental scale AE monitoring will be eventually available. 
 
Note that the L’Aquila earthquake was a once-in-a–while event that, by its occurrence, implied the release 
of some very large fraction of the accumulated elastic energy. In contrast, this Central Italy sequence 
clearly shows a different character, as the energy release has progressed during several months, and 
(maybe) it is even possible that it has not yet exhausted any relevant fraction of its stored energy, thus 
envisaging possible future shocks (see also the vague “hunches” discussed in paper III). 
 
 
3 – Timing vs. fault length analysis 
 
Note that, in the Central Italy sequence, the start of the HF AE substorm preceded by ∼41.7 days the start of 
the LF AE substorm characterized – according to the “domino effect” rationale - by an active fault of 
estimated length ∼30.85 km. In the case of the L’Aquila earthquake the equivalent start time anticipated 
∼131.6 days and the length of the active fault was ∼130 km.  
 
Figure 9 shows the same as Figure 8, with the same symbols, but concerning the October 2016 events. 
The light blue arrows denote four MFEs (minor fracture events), where the first arrow denotes a double 
MFE.  
 
An MFE is to be interpreted as follows (Gregori et al., 2010). An AE sensor (transducer) monitors some 
rocky outcrop that is the terminal of some huge elongated rocky “natural probe” that crosses underground 
through some unknown extension. In reality, the AE detecting device is composed of the AE transducer 
including its associated electronics, plus altogether also this “natural probe”.  Whenever the “natural probe” 
eventually breaks, the AE detecting instrumental device is changed as the “natural probe” changed. Hence, 
the amplitude of the AE signal abruptly changes, but also its scatter (this is clearly shown in figure 9). In 
fact, owing to the variation of the extension of the “natural probe”, the amplification changes of the whole 
signal. However, whenever some water - or any other liquid - fills the gaps of the fracture, the acoustic 
continuity of the “natural probe” promptly recovers and the AE detecting device attains anew its former 
sensitivity.  
 
As a confirmation of this, as it had to be expected, we often observed MFEs, although only while carrying 
out field measurements, while we never recorded any MFE while carrying out a laboratory experiment. 
 

http://www.ncgt.org/
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Figure 9 – The October 2016 Norcia events. The symbols are identical as in Figure 8. The HF AE and LF AE 
substorms appear less clearly recognizable. They are the result of the superposition of several events during a period 
characterized by several comparatively strong seismic shocks. The three light blue arrows denote three MFEs. The 
first MFE in a double MFE, i.e. it is composed of two step-like discontinuities. See text.  
 
 
In Figure 9 note that several “crustal substorms” overlap one another in such a way that one cannot 
distinguish different substorms associated to different seismic events. Compared to the “regular” substorm 
observed either before the L’Aquila event (Figure 2) or before the Amatrice event (Figure 8), this is 
certainly a drawback. This fact denotes that the seismic events - of the October 2016 Norcia sequence – are 
indicative of a natural system that, by its first shock alone, released no large fraction of its stored energy. 
Rather, perhaps it is still releasing its energy in a sequence of small amounts – and maybe it is still evolving 
in this way. 
 
Owing to this overlapping of several events it is impossible in Figure 9 to estimate the time of the start 
either of the HF AE substorm or of the LF AE storm. That is, according to figure 8 we only know that: 
 
− the duration of the HF AE substorm was ∼1.33 days, corresponding to a fault rupture along a fault of 

∼11.5 km;  
− the duration of the LF AE substorm (with a better evaluation compared to HF AE) was  ∼3.57 days 

corresponding to a fault rupture along a fault of ∼30.85 km; 
− the start of the HF AE substorm preceded by ∼41.7 days the start of the LF AE substorm;  
− in the case of the L’Aquila earthquake (figure 2) this start time anticipated by ∼131.6 days being 

associated to an estimated active fault length (the Paganica fault) of ∼130 km, as it was estimated by 
means of the duration of the LF AE “crustal substorm” and by means of the “domino effect” rationale. 
 

Two case histories alone represent no significant statistics. In addition, consider that, owing to the scatter, it 
is difficult to get any precise estimate of the time instant either of the start - or of the end - of every 
substorm.  
 
However, nothing occurs by chance, and while waiting for some better statistics, we can just note that it 
appears that ∼41.7 days are associated to an active fault of ∼30.85 km i.e. , say, ∼40 km length, and  ∼131.6 
days are associated to an active fault of ∼130 km. That is, it seems that an active fault of an apparent length 
of ,say, ∼ n km, ought to imply an advance time of ∼ n days of the start of the HF AE “substorm” compared 
to the LF AE “substorm”.   
 

http://www.ncgt.org/
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Note that this delay - of the LF AE substorm compared to the HF AE substorm - depends (i) on the 
arbitrarily chosen frequencies (i.e., in the aforementioned case histories, 180 or 200 kHz for HF AE and 25 
kHz for LF AE) and also (ii) on the local rheological features of every given active fault. If either one of 
these parameters is changed, also these observed time lags are changed. 
 
A possible physical explanation for this fact can be tentatively guessed as follows.  
 
Consider that the mechanism of the AE release is a reaction chain (refer e.g. to Paparo and Gregori, 2003 
and references therein for all following items). Whenever - owing to some applied stress - a crystalline 
bond yields, it is more probable that it yields where the solid structure is comparably weaker, i.e. where 
other bonds already yielded. Hence, the probability of occurrence of a new yielding bond at a given 
location is proportional to the number of bonds that are yielding at the same instant of time and at the same 
location: this process is well known in mathematics to be typical of a lognormal distribution. 
 
It is also shown, in a straightforward way, that - in the case of random AE source distribution - the fractal 
dimension Dt is close to Dt∼ 1 of the time series (suitably filtered) of the AE recorded signals. This is the 
same as the mathematical definition of randomness. But, owing to this same reason, when the process 
becomes progressively less random, Dt progressively decreases. For instance, the final evolution of the 
system leads to the physical explanation of the rupture through a cleavage plane in a crystal.   
 
Through this process, smaller microcracks progressively coalesce into larger ones. The frequency of the AE 
signal which is released is correlated to the dimension of the microcrack. Therefore, it is possible to claim 
that some typical size of the microcrack, or “flaw domain”, is associated to every observed AE of a given 
frequency. We do not really know the size of this “flaw domain”, but we do know that it exists, and that 
comparatively smaller “flaw domains” are associated to higher frequencies. Thus, we expect to observe 
first an effect associated to some given and arbitrarily chosen HF AE and only later on also an analogous 
effect associated to every other lower frequency AE. In addition, a progressively increasing time-delay is 
expected with decreasing frequency. 
 
Note that (up to our knowledge) this is the unique existing method that provides with a real measurable 
internal clock that directly monitors what phenomena occur first and what second etc. This unique - and 
unavailable information with no AE record availability – has some very important logical implication.19 
The concept is explained in the cartoon of figure 10. When the frequency - which is progressively evolving 
in time towards lower values - reaches the typical frequency of a seismic wave (i.e. ∼0.5-1 sec period), the 
lognormal distribution has a well known meaning. In fact, during its initial stage when the AE signal 
increases, this lognormal distribution is associated to the foreshock sequence of an earthquake, while the 
aftershocks are represented by its tail. Note that this tail is identified with the well-known Omori-Utsu law, 
which is eventually modulated by the Earth’s tides.20 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 

 

                                                           
19 For instance, a few decades ago a vivid debate dealt with the so-called - and well-known at that time - VAN method 

that relied on geoelectric phenomena (spontaneous potentials in ground). After a huge research effort, involving as very 
large number of experimenters sponsored by EU, their conclusion was that it is impossible to distinguish foreshock and 
aftershock effects, due to the lack of any internal clock to the system. 

20 The Omori-Utsu law is a classical topic in every textbook on seismology, although nobody seems to be aware of 
the facts (i) that it represents the tail of a lognormal distribution, and (ii) that its (unnoticed) raising side is to be 
associated to the earthquake foreshocks or with the seismic precursor stage. 
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Figure 10 - Principle idea of multifrequency AE in 
solids through the modulation of the tail of the 
lognormal distribution by some external agent (tidal 
or other). This qualitative sketch refers to a tectonic 
application (EQ=earthquake). Crystalline bond 
rupture occurs through a chain-reaction process, 
with progressive coalescence of smaller into large 
flaws. Every AE frequency is associated to a “flaw 
domain” of its given typical size. This process is 
shown to lead, for every frequency, to a lognormal 
distribution. AE of progressively lower frequency 
are thus activated. When the typical earthquake 
frequency is reached, i.e. ∼0.5-1 sec period, the 
lognormal distribution is the physical explanation of 
the Omori-Utsu law. See text. After Paparo and 
Gregori (2003). 

 
 
Consider the fractal dimension of the AE signal, and how it evolves during the development of one given 
lognormal distribution that - as illustrated in figure 10 - is associated to some given pre-chosen frequency.21 
 
During the early stage of this trend, the few yielding bonds are still comparatively randomly distributed. 
Hence the fractal dimension (as mentioned above) must be close to Dt ∼ 1.  But, when the lognormal 
distribution reaches its maximum, the larger number of yielding bonds envisages that they are to be 
expected to be well organized in space. That is, the fractal dimension gets its minimum value. 
 
In fact, unlike in the case of a real seismic shock, at this stage no macroscopic rupture occurs. But the 
leading amount of “flaw domains” associated to that given AE frequency finally merges by coalescence 
into larger “flaw domains” associated to a lower AE frequency. But we can instrumentally measure only 
very few frequencies. Hence, this lower frequency, in general, is not monitored. However, the former 
recorded AE frequency will display in any case the beginning of its decrease, which is the start of its tail.  
 
Summarizing, it is concluded that the typical trend of every substorm, which is shown in figures 2, 8 and 9, 
approximately looks like a lognormal distribution plotted with reversed ordinate axis. Note, however, that 
in reality a lognormal distribution has an endless tail. However, owing to the scatter of the plotted points, 
we observe that, after a while, its tail can no more be recognized, hence we claim that the substorm has 
exhausted. 
 
Summarizing, let us finally consider the evolution of the process that precedes the final rupture of a solid 
structure that generates a destructive earthquake.  
 
At the beginning only small microcracks occur, hence small “flaw domains” are generated, and some AE 
are released of comparatively higher frequency. That is, at this stage the observed AE are mainly 
characterized by some given HF AE. 
 
But, as soon as the system evolves, the number of the small “flaw domains” progressively decreases while 
the number increases of some larger “flaw domains”. Therefore, the leading observed AE display a 
comparatively lower frequency.  
 
Thus, we infer that the observation of every AE of a given frequency must be preceded by the release of 
some AE of every comparably higher frequency. In this respect, note however that, in general and as 
already mentioned, we have no sensor suited to detect all AE of every frequency, as we monitor only very 
few AE frequencies by means of a few available acoustic transducers.  
 
                                                           

21 The following statements clearly derive in a straightforward way from the whole rationale for the analysis and 
interpretation of AE signals that - owing to brevity purpose - cannot be here repeated. Refer to the papers quoted in 
footnote no 7. 
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But, we do claim that some relevant amount of a given LF AE cannot be observed as long as the lognormal 
distribution is almost damped off of all AE of comparatively higher frequency. 
 
That is, a solid object cannot break if the sequence has not fully exhausted of all lognormal distributions 
associated to all frequencies that are higher than the final frequency of the yielding of the solid structure (in 
the case of the Earth’s crust, this final frequency is the typical frequency of an earthquake). 
 
Consider therefore one given frequency of the released AE. The duration of this AE release - hence some 
indicative width or duration of a lognormal distribution in figure 10 - depends on the total number of 
potentially braking crystalline bonds – associated to a “flaw domain of some given size - that are available 
inside some solid body around the active fault. That is, we have to consider some actual, physically well 
identified, crustal volume that is involved in the response to the stress that is applied to the physical system 
of concern.  
 
This concept is analogous to the volume that seismologists call “focal volume” and that they define by 
considering the space domain where - during some long preceding time - the elastic potential energy was 
physically stored and accumulated that is later more or less rapidly released during an earthquake.  
 
However, note that in the case of an AE release we can refer to no process comparable to any final 
structural rupture comparable to what occurs in an earthquake. On the other hand - for simplicity - let us 
call this volume the “generalized focal volume” (gfv) associated to the given active fault of concern and to 
its AE release process. 
 
It is reasonable to guess that this solid body around the active fault - or this gfv - is an elongated 
geometrical figure, say, with some approximately constant cross-section and with length equal to the total 
linear extension of the fault.22 
 
In addition, concerning both case histories that are here considered, i.e. the L’Aquila and the 
Amatrice/Norcia earthquakes, they refer to Central Italy. Therefore, it is very likely that the crustal 
rheological features are similar in both case histories. Hence, the aforementioned typical cross-section 
ought to be approximately the same of the elongated geometrical figure of the gfv.  
 
Summarizing, a far as the present two case histories are concerned, according to this simple physical 
argument the gfv is to be expected to be proportional to the linear extension of the fault. 
 
This argument, however, is only qualitative. On the other hand, it is impossible to exploit it quantitatively, 
as every case history is a different phenomenon. In any case, this general argument seems reasonable and 
consistent with our physical knowledge of the laws that apply to every general natural system. That is, our 
“top-down” seems credible and convincing. 
 
Consider that – as mentioned above – a given LF AE cannot be observed as long as the lognormal 
distribution was almost damped off, which is displayed by HF AE. That is, compared to the start of the HF 
AE substorm, some time lag ∆t must elapse before the start of the LF AE substorm. Thus, according to the 
aforementioned reasonable argument – and upon referring always to the same specific choices of the HF 
AE and LF AE used for monitoring - it has to be concluded that the aforementioned time lag ∆t is to be 
expected to be proportional to the focal volume, hence to the length of the active fault.  

                                                           
22 Note that this might be excessively approximated. In fact, as mentioned in section 1, the relevant amount of 

potential energy is stored inside a volume that - according to the graviquake rationale - in indicative of a linear extension 
which is of an order of magnitude shorter by a factor ∼4 than the linear extension envisaged by means of the “domino 
effect” rationale. For simplicity, for the time being let us consider the value derived from the “domino effect” rationale, 
and, at a second time, we shall consider that the actual linear length should be shortened almost by a factor ∼4 of some 
segment along the fault where the graviquake mechanism applies. But, a corresponding thickening of the cross section 
is to be considered along this segment, just in order to keep invariant the total volume of the gfv that is here computed 
by the “domino effect” rationale. 
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Indeed, this is just what we wanted to explain. The observed proportionality constant is just ∼1 day/km, or 
we can claim that the substorm effect apparently propagates at a speed that, roughly, is ∼1 km/day. The 
physical implication of this speed is going to be reconsidered in paper III.  
 
In any case, this is an empirical finding that appears to be an additional observational support for the 
aforementioned “domino effect”, which also shares the same feature of being empirically inferred.23 
 
This result is heuristically relevant because - whenever additional case histories will become available that 
are concerned with AE monitoring of earthquakes occurring inside other tectonic settings - it is likely that 
some substantially improved understanding will be possible with different crustal rheology etc. In fact, in 
this respect refer to the discussion given in paper III. 
 
But this result is mainly important for application purpose, as substorm monitoring is the key tool for the 
exploitation of the aforementioned level 3. In fact, there is need to know, inside every area, the typical 
duration of a substorm, and the time advance ∆t of an HF AE substorm compared to the LF AE substorm.  
 
For completeness sake, a seemingly relevant aspect of the seismic crisis in Central Italy is concerned with 
the apparently anomalous great destruction caused by these earthquakes. Upon considering their 
comparatively small magnitude, scientists are reported to have been generally surprised (see e.g. Abbott 
and Schiermeier, 2016, which is, however, only news information with no specific engineering report). 
Several old buildings were destroyed that in previous centuries survived after several strong shocks, 
originated along the same fault, including a great earthquake that caused the collapse of a few arcades of 
the Coliseum in Rome.  
 
This fact shows that, maybe, the characterization of the societal impact of an earthquake is likely not 
represented by its magnitude, i.e. by its released energy. For instance, the aforementioned “slow” or 
“silent” earthquakes are energetically even more violent, although they are not destructive. In contrast, the 
relevant parameter is the dynamic spectrum of the vibrations associated to an earthquake (Gregori, 2016). 
In fact, the structures are affected when they have oscillation frequencies that resonate with the earthquake. 
For instance, the Great Tangshan earthquake (July 28th, 1976, M = 8.2, several hundred thousand fatalities) 
hit a most important metallurgical center of China: all buildings were razed, while all chimneys remained 
standing. Several other analogous examples are reported.  
 
An engineering specific investigation is reported by Fasan et al. (2017) who, starting from NDSHA method 
(Panza et al., 2001, 2012),  “apply the Maximum Deterministic Seismic Input (MDSI) procedure to two of 
the most relevant sites in the epicentral area, comparing the results with the current Italian building code. 
After performing an expeditious engineering analysis, [they] interpret as a possible cause of the reported 
damages the high seismic vulnerability of the built environment, combined with the source and site effects 
characterizing the seismic input. Therefore, it is important to design and retrofit with appropriate spectral 
acceleration levels compatible with the possible future scenarios, like the ones provided by MDSI.” 
 
6 - Conclusion 
 

1) The August-November 2016 seismic crisis in Central Italy is an effective natural laboratory suited 
to carry out different tests. The final target is to manage and mitigate the seismic risk. AE records 
seem to be a very effective diagnostic tool suited to provide with some unprecedented and detailed 
monitoring of the natural system before the occurrence of a catastrophe, i.e. before the irreversible 
evolution of the crust. 

 
2) The management of seismic catastrophes, or the “prediction/forecast” concern, has to be 

considered only according to a pragmatic operative criterion, where the very first step is the clear 
distinction between the different competence, expertise, background and operative viewpoint of the 

                                                           
23 That is, as mentioned in a previous footnote, unlike in mathematics where the strict logical rigor is obligatory, a 

physicist should envisage the explanation of phenomena before affording to prove them. In the present case history, the 
“proof” can be achieved only when a suitable AE monitoring array will be eventually available.  

http://www.ncgt.org/


 
660                             New Concepts in Global Tectonics Journal, V. 4, No. 4, December 2016. www.ncgt.org 
 

 
 

geologist, of the seismologist, of the statistician, of the applied mathematician, and of the 
geophysicist. Nobody can share a viewpoint other than his own. Whenever the competence of 
either one scientist overlaps with others’ some unfortunate and generally nonsensical debate is 
raised, resulting in a severe bias on the progress of knowledge. 

 
        In this respect, the geologist and the seismologist apply a “bottom-up” viewpoint, as they start from 

the observation of seismic events after their occurrence, and try to infer information on their 
drivers and mechanism. Their information is useful to infer “hunches”, although a clear distinction 
ought to be made between a “working hypothesis” and a true “model” that cannot be said to be 
“proven” only because there is some “general agreement” on it. Some observational facts 
consistent with a “working hypothesis” do not imply that they are a “proof” of the “model” that 
must rather be supported by suitable critical analysis by considering the laws of physics etc. 

 
3) The seismologist applies a rigorous approach according to statistical analysis (patter recognition) 

relying both on seismic catalogues and also on all kinds of precursors that - more or less directly - 
can be associated to every respective earthquake. By means of intricate algorithms, they afford to 
issue some reliable information that – however - they very honestly specify is concerned with all 
what is objectively contained in the actual available observational data base. In addition, their great 
prize is that they avoid giving any information derived from “suitable” assumptions or 
approximations, which are per se always an arbitrary decision. Their information can be very 
useful to establish a hierarchy or priority of intervention on the territory, depending on the 
maximum magnitude that can be reasonably expected to occur sometimes in every given area. 

 
4) The applied mathematician with his great skill can compute some numerical model. However, a 

numerical model contains the physical information that is put in the approximation contained in its 
defining equations. That is, a so-called numerical model is a only check aimed to confirm whether 
the approximations of its equations can fit or not some observations. But, per se it can provide with 
no new physical insight. 

 
5) The geophysicist has the responsibility to envisage some truly “top-down” “model”, by which he 

starts from the known laws of physics and he ought to afford to explain how the natural system 
works. For him, the concurrence of an earthquake – or not – is only an accidental detail. He has the 
deontological obligation to contend every self-claiming “model” that is rather only a “working 
hypothesis”, which (as above) is incorrectly said to be “proven”.  

 
6) According to an objective discussion of the present state-of-the art, the seismic hazard can be 

operatively managed from a “top-down” viewpoint in terms of a 4-level approach. Level 1 gets 
advantage from ground-based planetary observatories and/or mainly from satellite monitoring. 
Level 2 and 3 rely on AE records to be collected either on the planetary scale (for level 2) or by 
temporary arrays located along some pre-chosen active faults of hazard concern (for level 3). Level 
4 – that, however, urgently requires a check for confirmation – if its check is positive, is aimed to 
specify, at every given site, two very short time intervals during every day when an earthquake can 
occur. 

 
7) The present study is focused on levels 2 and 3, and a discussion is given of the timing of the 

observed phenomena, related to the propagation speed of the crustal stress before its final rupture. 
 

8) It is concluded that the availability of a suitable array of AE stations is a strictly needed prerequisite 
in order to get some unprecedented objective inference, and to progress in order to get out of the 
need for speculations when attempting to construct some “top-down” interpretation and “model”. 

 
9) Differently stated, we do need for some concrete and unprecedented observational information is 

we want to manage the seismic hazard on a sound objective “top-down” basis. The AE records 
seem to be a feasible and very reasonable candidate for a substantial improvement of our operative 
capabilities.  
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10) In contrast, every “blind eye”, intuitive, “wavy-hands”, attempt to search for some “magic” and 
reliable “universal” precursor appears naïve and nonsensical. 
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“We do not have a simple event A causally connected with a simple event B, but the whole background of the system 
in which the events occur is included in the concept, and is a vital part of it”  

P.W. Bridgman, in: The Logic of Modern Physics, p. 83 
 
Synopsis 
The origin of sea water is viewed in the context of the model of a slowly degassing Earth – an Earth which is more 
than likely being far from having acquired thermo-chemical equilibrium. The internal reorganization of the Earth’s 
planetary mass has led to changes of its moment of inertia and thereby its rotation characteristics – giving rise to 
variations in spin rate as well as spatial redistribution of its mass (producing the dynamic phenomenon of true polar 
wander). These dynamical pulsations are seen as the engine behind the spasmodic behaviour of the principal global 
geological phenomena. In the continuing restructuring processes of the Earth’s interior, water has been added 
incessantly (but episodic) to the surface, while hydrous fluids have also played a central role in breaking down the 
original thick pan-global crust – progressively forming ever deeper ocean basins. Vertical uplifts and subsidence of 
the evolving deep sea crust, in association with continental transgression-regression cyclicity, are natural 
consequences of a slowly degassing Earth. Thus, the unceasing transformation of the felsic crust is intimately tied to 
the history of seawater – along with a multitude of first-order geological, geophysical, environmental and biological 
occurrences.   
 
Keywords: Origin of seawater, sea-level changes, dynamic drivers, geological history  
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Problem outline 
o a large extent, the history of the Earth’s dynamo-tectonic development is related to the origin of the 
oceanic water masses and their surface oscillations – characterized by the advances and retreats of 

epicontinental oceans. During major parts of post-Precambrian time, the present land surface was 
extensively covered by shallow seas, while today the continents are dryer than at any time during the last 
570 million years (Phanerozoic). During the late Mesozoic, the continental flooding was nearly as 
widespread as that of the Lower-Middle Palaeozoic, though the highest sea-level may not have been higher 
than 200-400 metres above the present shore line (cf. Miller et al., 2005). “Today, a similar rise would 
inundate less than half the area that was flooded in the Cretaceous, because our continents stand high above 
the sea, whereas the Mesozoic lands were low and flat” (van Andel, 1985). The same low and flat 
continents were apparently the norm during the Palaeozoic as well as in Precambrian time; the elevation of 
our continents and continental mountain chains, as well as the mid-ocean ridges, seems to have a quite 
recent origin – having basically occurred during the last 5 million years of Earth history (cf. Storetvedt, 
2015 for references and a compilation of evidence).      
 
Fluctuations in global sea-level result either from changes of the volume of sea water on the planet’s 
surface or of deep sea basins.  Today, the growth and decay of major continental ice fields are thought to be 
the most likely causal mechanism for sea-level changes, but vertical oscillations of the deep sea crust, 
caused by variable rates of hypothesized seafloor spreading, has also been proposed – but without real 
success. More recently, attempts have been made to relate sea-level changes to climatic control (Miller et 
al., 2005; Zhang, 2005), but none of these ideas seem to account satisfactorily for the large number of 
recorded sea-level changes – with time scales varying from long-term super-cycles over hundreds of 
millions of years to rapid changes in the order of tens of thousands of years or less. Modern compilations of 
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Phanerozoic sea-level trends have been given by a number of authors (e.g., Haq et al., 1987; Hardenbol et 
al., 1998; Haq and Shutter, 2008), but the description the overall sea-level pattern has not changed 
significantly since the early work of Sloss (1963) and Vail et al. (1977).                    
 
It is natural to think that seawater is intimately associated with the Earth’s internal chemical reconstitution 
and degassing, but when did the bulk of surface water accumulate? During Precambrian times, there is no 
factual evidence for the existence of deep sea basins, and the volume of surface water was apparently 
modest – but there is ample evidence of deposition in shallow marine waters within greenstone belts 
(Figure 1) along with indications of fluvial activity (cf. Windley, 1977). Perhaps an appropriate description 
of the surface conditions in the late Precambrian can be unveiled by the Grand Canyon sedimentary system 
– as described by Dunbar (1949, p. 93-94): 
 
“The Grand Canyon system is essentially unmetamorphosed, thus contrasting in the most striking manner 
with the underlying schists, which must be vastly older. The system begins with a basal conglomerate 
resting on a peneplaned surface of the Vishnu schists. Following this come limestone and then limy shale 
and sandy shale and quartzites. The limestones, and probably a larger part of the shales and quartzites, were 
deposited in shallow marine water, but parts of the sandy shale and sandstone are bright red and are so 
commonly mud cracked as to suggest deposition on a broad floodplain. The region was probably part of a 
great delta plain in which submarine and subaerial deposition alternated. And since these strata were 
formed near sea-level, the region obviously subsided slowly [...] while deposition was in progress.” 
 
The Archaean aeon, which was characterized by features such as the relative abundance of komatiite 
extrusions and a relative scarcity of redbeds and carbonates, was succeeded by the much more diversified 
geological record of the Proterozoic – progressively distinguished by large sedimentary basins with 
primitive living forms more abundantly recorded in surface carbonates. Contrasting strongly with the 
Proterozoic situation, the Cambrian experienced a general “transgression onto cratons, with a classic 
orthoquartzite-to-shale sequence resting unconformably on Precambrian and overlain by carbonates” 
(Hallam 1992). And suddenly, a diversity of complex life forms, dominated by trilobites and brachiopods, 
appear in abundance at the base of the Cambrian; this remarkable biological explosion was probably a 
direct consequence of the rapidly increasing volume of surface water. Thus began a major Lower-Middle 
Palaeozoic submergence of the apparently flat and low-lying continental masses that was accompanied by a 
rapid development of sea-living creatures. According to Dunbar (1949, p. 155), “the Early Cambrian 
oceans seem to have been somewhat openly connected, so that intermigration was easy and the leading 
types of life are much alike in various parts of the world”.  Thus, the Cambrian eustatic transgression 
probably represents the first major supply of water to the Earth’s surface – degassed from the interior of the 
Earth; the explosive prevalence of marine fauna at that time is likely to have been a consequence.    
 

 
Figure 1.  Depiction of a transect across a block of late Archaean greenstone belts – subsiding rift basins developing 
along one of the pre-existing orthogonal fracture systems, with associated volcanism and shallow water 
sedimentation. Diagram is based on Cloos (1939).    
 
For post-Precambrian time – ranging from 570 My to the Present, the stratigraphic record is generally well 
exposed due to the fact that epicontinental seas repeatedly covered substantial parts of the present land 
surface. Based on geological maps, depicting the distribution of shallow marine deposits, it is possible to 
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evaluate the fluctuations of sea level with time. However, compared with younger geological periods, 
Cambrian stratigraphy is poorly known so, for these early times, eustatic correlations of sea level are rarely 
possible (Hallam, 1992).  Nevertheless, since the late 19th century, a cogent picture has emerged that 
suggests that during post-Precambrian time, significant regions of the present continents have repeatedly 
been engulfed by longer term shallow seas, despite the fact that the present volume of marine surface water 
seemingly is larger now than ever before (cf. Storetvedt, 2003).  
 
Traditionally, it has been accepted that the major proportion of the Earth’s seawater is the product of an 
early stage internal differentiation and degassing while the planet was in a much hotter state than now – 
giving rise to the hypothesis that the Precambrian Earth was blanketed by a more or less pan-global ocean 
concealing a rather featureless granitic crust (Süss, 1893). However, Rubey (1951) argued that the greater 
part of the surface water is unlikely to have been exhaled through processes of primordial segregation, it 
being more likely to have accumulated through slow but progressive degassing via volcanic action. He 
argued that the widespread epicontinental seas of the past should not be confused with the aspect of 
seawater volume, because “if the ocean basins have been sinking relative to the continental blocks, then 
one must look largely to the ocean floor, rather than to the continents, for evidence of a growing volume of 
seawater”. In other words, Rubey was apparently adhering to the crustal oceanization model of Barrell 
(1927).   
 
Following Rubey’s reasoning, the formation of the world’s ocean basins by internal mechanisms would be 
associated with a major release of juvenile water. The fact that to some extent the Earth continues to be 
volcanically active leads to the conclusion that, unless there is a mechanism by which water can recirculate 
back into the mantle – for which there is hardly any evidence, the volume of surface water is larger now 
than ever before despite the fact that the present continental landmasses are significantly dryer now than 
during earlier Phanerozoic history.   
    
However, this long-term drying-up of the continents has been discontinuous. Thus, major eustatic 
inundations during the Lower-Middle Palaeozoic were followed by a sharp drop of the sea level in the late 
Permian, and then another major inundation resumed during the Mesozoic – culminating in the late 
Cretaceous. On top of this mega-scale sea-level trend, it was recognized early on that many shorter 
fluctuations of the shore line had been superimposed on the longer trends. This Pulse of the Earth – 
through its intimate association with the history of surface water and the record of oscillating sea-level 
changes – is the theme of this paper.   
 
The level of the sea will be lowered when a substantial volume of surface water is being stored in major ice 
fields, as during the Quaternary ice age of the Northern Hemisphere. But during post-Precambrian time, 
such global cold spells seems to have been rare and of too short duration and the ice fields of too limited an 
extent, to have had an appreciable effect on the longer term trend of the global sea level. In this context, 
van Andel (1985, p. 155) wrote: “The rate of sea-level change for glaciations and deglaciations is measured 
in metres per 1,000 years, much too fast [for explaining Phanerozoic sea-level variations], and we are quite 
certain that there were no ice ages during the Mesozoic. Clearly, non-glacial eustatic changes cannot be 
explained by changing the volume of water”.  The recorded inundations (transgressions) of the sea could be 
equated with either an increasing volume of seawater or sinking of the land, and sea-level retreats 
(regressions) with the reverse. However, the history of seawater and the pulsating eustatic sea-level stand 
seems to be closely associated with the rest of the Earth’s evolutionary pattern – including the episodicity 
of principal global tectonic events along with the associated diversity of geological and environmental 
phenomena. In other words, any sensible explanation of seawater and sea-level oscillations demands a 
realistic system understanding of Earth’s geological history.  
 
Historical snapshots 
Around the middle of the 19th century, it was commonly thought that the Earth had cooled and chemically 
differentiated from an original fluid magmatic state, and that seawater was a natural product of the planet’s 
primeval de-volatilization. In the view of the Austrian geologist Eduard Süss [1831-1914], the expelled 
water had originally spread across a fairly featureless crustal surface, but progressive cooling and planetary 
contraction had produced crustal warping and fracturing leading to redistribution of the surface water. 
Consistent with this view, Süss (1893) conceived of an early Precambrian Earth covered by a shallow pan-
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global ocean – an idea which Alfred Wegener later took for granted (Wegener, 1912 and 1924). In Süss’ 
opinion, continental and oceanic crust were compositionally similar and interchangeable; he opined that 
during the presumed planetary contraction, large areas of the surface had collapsed to become deep sea 
depressions into which water masses previously residing within the continental crust had drained. The 
volume of surface water was considered to be constant, but it was well known that the sea level relative to 
the continents had displayed rhythmic variations: the sea advancing over low-lying lands – transgressions, 
had alternated with sea-level retreats – regressions, forming a pulsating global shore line succession for 
which Eduard Süss coined the term eustatic. His dynamic driving force was the Earth’s cooling and 
contraction.  
 
In the Süssian tectonic system, the oceans had been growing for a long time (i.e. an increasing part of the 
global crust had been down-warped by the forces of thermal contraction) at the expense of upstanding 
continents, thereby accounting for the geological fact that the land masses – with their extensive cover of 
ancient marine sediments – had been subjected to an overall progressive drying-up during post-
Precambrian time. However, the common transgressive pulses were explained by a net reduction in storage 
capacity of the developing oceanic basins – attributed to the accumulation of transported terrigenous 
material from surrounding regions of the crust. Regressions, on the other hand, were ascribed to the 
increasing volume of the deep sea basins formed as a consequence of contraction. Thus, transgression and 
regressions were ascribed to different and seemingly independent causes – which therefore smacked of an 
ad hoc escape. Furthermore, the generally slow build-up of the transgressive phases, as compared to the 
much more rapid regressions, was an even greater problem for the Süssian theory.  
 
The distribution of land and sea in the Upper Palaeozoic, according to Eduard Süss, is shown in Figure 2.  
Süss postulated the Gondwana palaeo-continent – an ancient mega-continent that in the late Palaeozoic had 
united all southern land masses. When a major part of Gondwana subsequently subsided (by the presumed 
forces arising from planetary contraction), previous biological migration routes had been broken. In this 
way, the Süssian theory – representing vertical contraction-enforced oscillations of the crust – could 
explain biological similarities between continents now widely separated by oceanic barriers, for which the 
competing American contraction model of James Dana (1873 and 1881) offered no solution. Dana’s 
contraction hypothesis was strongly discrepant with that of Eduard Süss. According to Dana the overall 
physical state of the Earth had not changed significantly during most of its history: its internal state and 
surface structures were assumed to be static, including the configuration of continents and deep sea basins.  
 
The ultimate product of the American version of the contraction theory was a very slow- to-moderate 
episodic growth of the continents through accretion along their margins. A central theme in Dana’s model 
was the formation and episodic deformation of fold belts; in his view, incessant crustal contraction had 
produced recurrent down-warping, sedimentary accumulation, compression, and then uplift. But why were 
the Rocky Mountains located so far inland, and how had the intracontinental Alpine-Himalaya tectonic belt 
formed? With regard to the long-standing problems of the widespread marine deposits blanketing the 
continents, Dana suggested that the primeval oceans had been too shallow to accommodate the expelled 
primordial water masses, implying that the present lands, in their early history, had been submerged by 
epeiric seas which had then drained into the subsequently-formed deep sea basins. But this proposition did 
not readily fit such geological facts as that the Lower-Middle Palaeozoic marine deposits blanketed 
significant parts of North America, the extensive and long-lasting Tethyan Sea had been a characteristic 
feature across southern Eurasia for most of post-Precambrian time, and the late Cretaceous (‘Cenomanian’) 
transgression had apparently covered considerable parts of the continents (discussed later). It seemed, 
therefore, that the North American contraction-based evolutionary scheme was unable to account even for 
most prominent surface geological features.   
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Figure 2. A sketch of the suggested distribution of land (white) and sea (light blue) in the Upper Palaeozoic – 
according to the palaeogeographic model of Eduard Süss; in this synthesis, Gondwana was an Upper Palaeozoic 
southern land mass which, during subsequent contraction and vertical crustal down-warping, had been turned into the 
present ocean-continent arrangement.  Note also the extensive intracontinental seaway, running E-W across southern 
Eurasia and northern Africa, which Süss (1893) named Tethys.  
 
 
It became evident that the contraction theories did not provide satisfactory explanations for the uneven 
distribution and global tectonic interrelationships of the various tectonic belts. Thus, even more than a 
century ago, the time was ripe for re-thinking the basic concepts. Essential aspects like the origin of the 
oceanic water masses, eustatic sea-level fluctuations, along with their natural link-ups with other prominent 
geological phenomena, such as tectonic belt formation – a necessity for a functional global geological 
theory, had no ready explanation. In many ways, geology was, and still basically is, a fact-gathering 
enterprise without a realistic and functional global mechanism. With respect to the state-of-the-art at the 
end of the 19th century, the following short-list of principal problems may suffice to explain the lack of a 
satisfactory explanation for the geological facts as seen at that time (Storetvedt, 2003): 

 
# The extensive periodic flooding and subsequent long-term draining of the land masses in post-

Precambrian time, that left behind a blanket of shallow marine sediments, had no satisfactory explanation. 
# Recurrent, but variable, sea-level fluctuations were well established, but the origin of the internal 

processes that produced these transgression-regression cycles, and how these sea-level pulses tied to the 
overall long-term draining of the present continents, remained unknown. 

# Periods of transgression were much longer than the relatively short and distinct periods of regression. 
What was the cause of this discrepancy? 

# A genetic relationship between oceanic depressions and high-standing continents was likely, but how 
was this connection to be understood and explained? 

# The Earth’s hydrosphere had either formed during its early history or accumulated progressively, 
through internal degassing and volcanic action, since the birth of the planet. But if the Earth began as a red-
hot molten body, as was commonly taken for granted, would it not be reasonable to think that degassed 
light hydrogen and hot water vapour would largely have escaped into space? 

# In general, palaeo-biological problems were inexplicable within the context of the present-day 
continental configuration. Any functional global theory had to account for faunal and floral similarities 
between continents now separated by deep oceanic barriers, in addition to cases of endemism.  

# It was gradually realized that major mountain chains had formed in very recent geological time, 
regardless of the ages of underlying tectonic disturbances. So were the deformation of pre-existing 
sedimentary troughs (geosynclines) and their fairly recent topographic uplift really closely connected 
phenomena – as had been commonly assumed?  

# During post-Precambrian times, the climatic zones had had quite different orientations from those of 
today. In extreme cases, the present polar regions had been tropical and vice versa.  What dynamic 
mechanism could have caused this profound shift of the global climate system?  
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# If the shifts of climate belts were of global extent, the old speculation of changes of the Earth’s body 
relative to the Sun (a notion now called True Polar Wandering), originally discussed by the famous 
German philosopher Johann Gottfried von Herder (in 1785: see Schwarzbach 1963), would gain strong 
evidence in its favour. Furthermore, if spatial changes of the Earth’s mass were a reality, how would its 
ellipsoidal shape affect sea-level oscillations across the globe?             
       # The Caledonian, Hercynian and Alpine tectonic belts running across Eurasia form a southward 
progression with decreasing age – probably defining globe-encircling great-circle structures. What was the 
cause of this dynamo-tectonic shift, and how was it connected with the rest of Earth history – including 
aspects such as (1) the relatively short-lived geological cataclysms characterizing the principal geological 
time boundaries and (2) the predominant sea-level super-cycles, with their superimposed shorter period 
transgression-regression cyclicity?   
 
As a result of the multitude of unsolved problems, central European geophysicists began to explore new 
directions in global tectonics.  By integrating palaeo-climatology and geophysics, the old notion of True 
Polar Wandering was substantiated – notably by Kreichgauer (1902), while arguments in favour of 
continental mobility were expounded. Thus, Damian Kreichgauer argued for a westward rotation of the 
whole crust without altering the relative continental positions, and Wettstein (1880) followed Eduard Süss 
by suggesting that deep sea basins were sunken parts of former land masses. Kreichgauer was apparently 
the first to suggest a close dynamic link between tectono-magmatic belts and the Earth’s rotation; later, 
Wegener (1912, 1915 and 1929) gave Kreichgauer the credit for having discovered the pole-fleeing force 
(later named the Eøtvøs force). Wegener followed Kreichgauer by postulating the tectonic effect from the 
tidal torques from the Sun and Moon – the pole-fleeing force (Pohlflucht) and the Coriolis Effect as 
possible driving mechanisms; these forces are indeed directed westward and towards the time-equivalent 
equator. However, the vast global-extent invasion of epicontinental seas during a major part of the 
Palaeozoic and then again during the Upper Mesozoic remained a puzzle for both Wegener and other 
central European geophysicists.  
 
In his discussion of polar wandering and its possible consequences for sea-level changes, Wegener (1929, 
p. 159) wrote that “Many authors […] have already discussed the fact that internal axial shifts must be tied 
up with systematic transgression cycles; this is because the earth is ellipsoidal and because there is a time 
lag while it adjusts itself to the new position of the axis, whereas the sea follows at once. Since the ocean 
follows immediately any re-orientation of the equatorial bulge, but the earth does not, then in the quadrant 
in front of the wandering pole increasing regression or formation of dry land prevails; in the quadrant 
behind, increasing transgression or inundation [is the consequence]”.  
 
Thus, Wegener interpreted sea-level changes as being intimately tied to resettings of the equatorial bulge; 
however, in his scheme, transgressions and regressions did not affect all continents simultaneously – they 
were quadrant-dependent. This view markedly contradicted the stratigraphic observations which Eduard 
Süss and later workers regarded as evidence for eustatic (global) sea-level changes.  
 
During the following decades, a number of prominent geologists paid special attention to the chronological 
distribution of long-term changes of sea-level at variable scales (e.g., Barrell, 1917; Stille, 1924; Joly, 
1925; Bucher, 1933; Umbgrove, 1939). Thus, Umbgrove (1942) wrote that “a great number of major 
transgressions took place each being separated by periods of widespread emersion [sic] of the continents. 
There was a rhythmic advance and retreat of the sea. We can therefore only conclude that the 
transgressions and regressions on the continents must be ascribed solely to a world-embracing cause. Stille 
expressed the synchronism of the great trans- and regressions in his law of epeirogenic synchronism, which 
Bucher formulated as follows: – “In a large way the major movements of the strandline, positive and 
negative, have affected all continents in the same sense at the same time”.  
 
Though Umbgrove proposed that the eustatic movements were a major rhythmic phenomenon throughout 
post-Precambrian time, the cause of these oscillating motions were referred to unspecified vertical 
pulsation processes in the mantle. In addition to the global cyclicity and synchronicity, it had been known, 
since the time of Eduard Süss that superimposed on the ‘first order’ post-Precambrian eustatic changes 
there were regional-scale movements of the strandline. As we have seen above, Rubey (1951) took an 
unconventional look at this problem suggesting that the hydrosphere had been exhaled by episodic internal 
processes in connection with sub-crustal thinning of continental crust thus trending towards an oceanic 
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mode – an idea closely related to the oceanization model of Barrell (1927). However, sedimentation on the 
ocean floor has not been continuous; numerous Deep Sea Drilling Project (DSDP) cores show that 
sedimentation and erosion are typically episodic phenomena. Thus, Rona (1973) described hiatuses of up to 
tens of millions of years in the late Mesozoic to Middle Tertiary stratigraphic record of every principal 
ocean basin – expressed by intervals of non-deposition and/or erosion, which he tentatively associated with 
the transgression-regression cyclicity on shallow continental crust. Nevertheless, the ultimate question 
remains: which dynamo-tectonic mechanism stands behind the eustatic sea-level changes and the 
associated multitude of episodic surface geological phenomena?  
 
An intermittently degassing Earth  
Against the prevailing view of the 19th century – of an initially hot and molten planet, there was indeed 
considerable surface evidence for the presence of an assortment of discharged internal gases – discussed by 
authors like Reyer (1877), Guenther (1897) and Chamberlin (1897). The enormous gas blowouts of the 19th 
century – Mt. Tambura in 1815 and Krakatoa in 1883 – may have been reminders in this respect. 
Chamberlin (1897) – struggling with the many unsolved problems in global geology – took a completely 
new starting point by proposing that the terrestrial planets had formed by aggregation of rocky dust 
particles. He suggested that the early Earth probably began as a very cold body (with temperatures near 
0˚K) which subsequently, as a consequence of entrapped radioactive materials, gradually heated up. On this 
basis, the solid material of an initial cold Earth could well have maintained at least part of its primordial 
heterogeneity and, therefore, could still be in a state of internal differentiation with associated degassing.  
Adding to this untraditional view, Hixon (1920) suggested that tectonic processes were diapiric phenomena 
caused by the release of internal gases, and Ampferer (1944) discussed the possibility of subsurface gas 
pressure powering vertical tectonic processes. In addition, the closely related theory of Earth Pulsation 
(e.g., Stille, 1924; Bucher, 1933), implying distinct global and synchronous tectonic events alternating with 
much longer periods of tranquility, was reiterated by Umbgrove (1942 and 1947).            
 
Cosmo-chemist and planetologist Harold Urey (Urey, 1952) – the 1934 Nobel laureate in chemistry for the 
discovery of deuterium – restated the old view of Pierre-Simon Laplace and Immanuel Kant (late 1700s) 
that the planetary system had formed by aggregation of material from a flattened nebular disk surrounding 
the Sun, comprising a cold mix of predominantly hydrogen gas and particulate matter. On this basis, Urey 
argued that differentiation of the Earth, into a metallic core and silicate shells, could well be incomplete 
and therefore still in progress.  Consistent with this thinking, Turekian (1977) argued that the present 
volume of surface water is considerable less than what might be expected if all water had been driven off – 
that is, if the Earth at an early state had been a hot molten body.  Karl Turekian pointed out that, if the 
chemical composition of the original mantle was like that of average carbonaceous chondrites (and the 
early Earth in a hot molten state) – as is generally believed, the surface should contain at least 20 times 
more water than is presently the case. 
 
It can be envisaged that continuous planetary degassing and related reorganization of the Earth’s interior 
mass has modified both the internal and the outer regions of the Earth progressively since early Archaean 
time – transforming an initially thick proto-crust as well as progressively, and episodically, increasing the 
volume of surface water (cf. Storetvedt, 2003 and 2011). The gradual accumulation of fluids and gases in 
the upper mantle and lower crust must have led to a considerable increase in the confining pressure at these 
levels. At each depth level, rocks and fluids would naturally be subject to a common pressure – producing a 
kind of high pressure vessel situation – with fractures being kept open just like those in near-surface rocks 
at low pressures (Gold’s pore theory, see Hoyle, 1955; Gold, 1999). This principle is well demonstrated in 
the Kola and KTB (S. Germany) deep continental boreholes (which reached maximum depths of 12 and 9 
km, respectively) where open fractures filled with hydrous fluids were found throughout the entire sections 
drilled (e.g., Möller et al., 1997; Smithson et al., 2000); brines were seen to coexist with crustal rocks and, 
in the KTB site, the salinity of the formation water turned out to be about twice that of present-day normal 
sea water (Möller et al., 2005). In both drill sites, a variety of dissolved gases and fluids was found; 
primitive helium was observed at different depth levels indicating that the fluids were of deep interior 
origin (Smithson et al., 2000). As there is no observational evidence that deep oceanic depressions existed 
prior to the middle-late Mesozoic (see below), the bulk of present-day surface water must, in fact, have 
been exhaled from the deep interior during later stages of the Earth’s history. Nevertheless, there are 
reasons for believing that most of the planet’s water is still residing in the deep interior.   
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In view of the extremely limited information on the physical state of rocks even at shallow depths, modern 
studies of the Earth’s internal constitution must rely on geophysical inversion techniques, based primarily 
on seismological and geodetic observations, supplemented by high-temperature, high-pressure mineral 
physics and chemistry experiments. Nonetheless, inversion techniques have no unique solutions so 
inferences about the planet’s inner state and chemical constitution must necessarily be strongly model-
dependent – resting on hypothetical scenarios of primordial accretion, temperature development, and 
mass/energy transfer processes. Therefore, to a large extent, the picture of the Earth’s interior has changed 
according to the needs of whatever particular theories have been/are invoked to explain surface geological 
phenomena. Regrettably, purely speculative ideas from time to time have become immaculate facts in all 
the sciences, and so it has been with regard to the interior of the Earth. For example, in recent decades deep 
continental drilling (Kola and KTB, S. Germany) has demonstrated that the physico-chemical constitution 
and structural state at even near-surface levels differ markedly from long-held conventional views – albeit 
without having had any noticeable effect on currently ingrained and popular views (cf. Storetvedt, 2013). 
Or as expressed by Wilfred Trotter (Trotter, 1941): “a little self-examination tells us pretty easily how 
deeply rooted in the mind is the fear of the new”.            
 
If we accept that the Earth formed by aggregation of cold gases and rocky dust particles, the early planet 
must have been left in a relatively undifferentiated state. It follows that chemical elements must have 
experienced differentiation as the body evolved toward some lower-energy state. Within the gas-filled 
proto-planet, incremental coalescence of ferromagnetic planetesimals can be expected to have led to 
heavier concretions for which the gravitational influence outbalanced the centrifugal effect. Thus, the 
heavier Fe-rich masses settled inwards through the relatively less dense (presumably) gaseous mass – 
gradually building up a high-density central core (see Tunyi et al., 2001). As lighter elements like sulphur, 
carbon, silicon, hydrogen and oxygen easily dissolve in high-pressure metallic mixes (cf. Stephenson, 
1981; Hunt et al., 1992; Okuchi, 1997), such lighter constituents can be expected to have followed iron 
alloys into the core giving rise to the well-established density deficit of the central body. According to 
Gottfried (1990), the core must be the host of a significant amount of hydride-metal compounds while the 
present silicate-rich lower mantle must include an appreciable volume of silicides – notably, silicon 
carbide. According to Stevenson (1981) and many others, the core is not in equilibrium with the mantle, 
and the presence of an irregular ‘topography’ of the core-mantle boundary (CMB) region (cf. Morelli & 
Dziewonski, 1987) gives further evidence of a thermo-chemically active and heterogeneous zone. It 
follows that the CMB region may represent the fundamental trigger of endogenous energy – this eventually 
leading to the observed range of geodynamic and surface geological phenomena – including surface 
accumulation of water. 
 
Lighter elements, originally entrapped in the relatively cold (but slowly heating up) deep interior must have 
begun their upward voyage at an early stage – necessarily taking part in a number of phase changes en 
route. With the many lighter elements now regarded as possible constituents of the deep Earth (cf. 
Storetvedt, 2003 for references and discussion), it is of paramount importance to consider the geodynamic 
and geological consequences of buoyant volatiles – including a range of hydrocarbon compounds which 
may provide the most important mechanisms for internal mass transfer (Gold, 1979 and 1999). For a planet 
undergoing irregularly-distributed degassing (both temporally and spatially), one would expect lateral 
variations of density arising from temperature differences, irregular fracture distribution, and compositional 
heterogeneities. It is significant that sub-oceanic and sub-continental mantle sections display a relatively 
clear seismic difference – notably in the outer few hundred kilometres (e.g., Dziewonski 1984; Dziewonski 
and Woodhouse, 1987; Forte et al., 1995).   
 
An important observation in this respect is that, when projected onto the Earth’s surface, upstanding 
regions of the CMB correspond to deep oceanic basins. Figure 3 demonstrates this CMB-planetary surface 
relationship – suggesting that processes at the outer core release energy and buoyant masses that on the 
surface have led to the formation of deep sea basins (see Morelli and Dziewonski, 1987) as well as, 
apparently, the whole range of principal geodynamic and surface geological phenomena (Storetvedt, 2003). 
Ruditch (1990), studying the distribution of shallow water sediments in more than 400 deep sea drill holes 
in the Atlantic, Indian and Pacific oceans, submitted that, since the Jurassic, oceanic depressions have 
formed as a result of large-scale chemical transformation and subsidence of an initial thick continental 
crust; he argued that the world oceans had evolved from separate and initially isolated basins – like those 
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currently observed on the continents.  
 

 
Figure 3. The diagram illustrates the estimated topography of the core-mantle boundary region obtained by PcP and 
PKP residuals combined – simplified after Morelli & Dziewonski (1987).  Note that when projected onto the Earth’s 
surface, the upstanding regions of the core-mantle interphase (cf. coloured scale) correspond to deep oceanic 
depressions.   
 
 
The fact that deep oceanic depressions apparently did not exist prior to the late Mesozoic and that most 
seawater seems to have accumulated during late Phanerozoic time suggests that both planetary outgassing 
and the vertical transfer of internal mass have been extremely slow – albeit markedly accelerating during 
the Mesozoic. The irregular CMB topography, as outlined by Morelli and Dziewonski, suggests that the 
core-mantle boundary zone is a thermo-chemically active and heterogeneous region. Whatever buoyant 
phases arise from the CMB region, the implications of the broad regions of diapiric upwelling, aided by 
hydrocarbons and hydrous fluids, are crustal thinning – through eclogite formation and associated gravity-
driven delamination of the crust from its base upward. Hence, isostatic subsidence and development of 
surface depressions would ensue. Eclogitization commonly propagates along fractures and shear zones, and 
the metasomatic front often defines bands of eclogite trending along fractures – showing an abrupt 
transition from granulite to eclogite facies. Granted the availability of sufficient hydrous fluid, and with 
pressure conditions being satisfied, the reaction to eclogite will predictably proceed rapidly (Austrheim et 
al., 1996).  
 
It has been demonstrated that natural occurrences of the granulite-to-eclogite transition are strongly 
impeded when hydrous fluids are absent (e.g., Austrheim, 1987 and 1990; Walther, 1994; Leech, 2001; 
Austrheim et al., 1997). Thus, Austrheim (1998) argues that hydrous fluids are much more important than 
either temperature or pressure, and Leech (2001) concluded that gravity-driven sub-crustal delamination 
(through eclogite formation) is strongly controlled by the availability of water. According to Austrheim et 
al. (1997), the eclogitization process brings about material weakening which make eclogites deform more 
easily than their protoliths – the degree of deformability being further increased in the presence of water. 
Thus, the large density increase consequent upon eclogitization destabilizes the lower crust and makes it 
detach from the relatively unaffected crust above (Leech, 2001). Figure 4 gives an illustration of this sub-
crustal thinning process – advancing upward and eventually forming deep sea basins.  
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Figure 4. Geological interpretation of a N-S seismic profile across the North Pyrenean Fault Zone of the inner Bay of 
Biscay. Gravity-driven eclogitized lower crust delaminates from the lower crust and sinks into the upper mantle 
giving rise to the Parentis Basin. Illustration is a simplified version after Pinet et al. (1987). It is suggested that during 
Earth history a presumed thick proto-crust has been progressively thinned and chemically transformed – gradually 
implanting the present Moho interface.    
 
 
Throughout its history, the Earth must have lacked thermochemical equilibrium, so in the process of 
reaching internal stability, mass reorganization – aided by buoyant volatiles – seems to have been at work 
to produce a progressively evolutionary course of crustal thinning and intermittent geological activity along 
with episodic accumulation of the present volume of seawater (cf. Storetvedt, 2003). The discharge rate of 
juvenile water seems to have accelerated greatly in Cretaceous and Tertiary times. Though shallow seas 
may have existed in the Precambrian, Truswell and Eriksson (1975) have argued that their tidal amplitudes 
were only modest. 
   
As a consequence of the Earth’s degassing and associated internal mass reorganization, changes of its 
moment of inertia would be a natural consequence – producing secular changes of the globe’s rate of 
rotation as well as episodic, but generally progressive, changes of its spatial orientation (true polar wander). 
A method for studying the Earth’s spin rate (length of day, L.O.D.) for the geological past was introduced 
by Wells (1963 and 1970): by counting presumed growth increments in recent and fossil corals, he 
estimated the number of days per year back to the Lower Palaeozoic. A famous result from this study was 
that Middle Devonian corals gave some 400 daily growth lines per year – suggesting a pronounced slowing 
of the Earth’s spin rate over the past 380 million years. Subsequent studies of skeletal increments in marine 
fossils back to the Ordovician were generally consistent with a higher rotation rate also in the Lower 
Palaeozoic (Pannella et al., 1968). Creer (1975) and Whyte (1977) summarized the palaeontological length 
of day data available by the mid-1970. Figure 5 shows the graph of presumed number of days during post-
Precambrian time given by Creer. A subsequent compilatory L.O.D. study by Williams (1989) gave closely 
similar results – in addition to presenting fossil clock data for the Mesozoic. More recently, a study by 
Rosenberg (1997) concluded that at Grenville time (some 900 million years ago) the year had 440 days.  
 
From the zig-zag appearance of Figure 5, it is remarkable how closely the established break-points of the 
L.O.D. curve (numbered 1-4) – separating periods of deceleration from periods of acceleration – 
correspond to times of global tectonic events. These tectonic revolutions are: 1, the Alpine climax at around 
the Cretaceous-Tertiary boundary; 2, the Appalachian-Palatinian event near the Permian-Triassic 
boundary; 3, the late Devonian Acadian disturbance; and 4, the late Ordovician Taconian event. As will be 
outlined below, the inferred close relationship between changes in the Earth’s rotation and global tectonics 
is additionally associated intimately with prominent regressive sea-level events and biotic mass extinctions. 
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Phanerozoic sea-level changes
The volume of sea water in the late Precambrian has remained speculative, and relatively little is known 
about marine stratigraphy and eustasy in the early Cambrian. Nevertheless, a general Cambrian 
transgression onto progressively drowned cratons (Matthews and Cowie, 1979) begins with a classic 
orthoquartzite-to-shale succession followed by carbonites (cf. Hallam, 1992 and references therein). From 
the modest sea water incursion in the early Cambrian, the late Cambrian epicontinental coverage of North 
America had increased by some 75 %, while in the late Ordovician to Middle Silurian the shallow sea had 
enlarged to around 90 % or more (Dott and Batten, 1976; Dott and Prothero, 1994).  Thereafter, sea level 
fell gradually to even below its present level at around the Permian-Triassic boundary. Figure 6 shows the 
global distribution of the Lower Silurian epicontinental seas.  
 

 
 
Figure 5. Compilation of presumed days per month during the Phanerozoic – based on growth rings in fossil shells – 
simplified after Creer (1975). Numbers refer to break-points which in turn represent prominent tectonic events 
corresponding to the principal geological time boundaries. 
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Figure 6. A sketch map of the overall distribution of Lower Silurian epicontinental seas (blue) superposed on the 
current land masses. Note the relatively modest areal extent of dry land (green). Due to the low and fairly flat global 
surface, the overall shallow-water cosmopolitan faunas were widespread. The diagram is simplified after Boucot and 
Johnson (1973). At that time, the present oceanic domains are likely to have had thick continental crust so these 
regions too are likely to have been dominated by shallow epicontinental seas (cf. Storetvedt, 2003).    
 
 
Cambrian stratigraphy is poorly known, and so are eustatic sea-level variations during that era (cf. Hallam, 
1992), though a widely accepted transgression onto cratons is demonstrated by the Exxon sea level curve 
(see below, and Figure 7). Illuminating studies in North America (Bond et al., 1988) show consistent sea-
level changes for certain specific regions: in North America, an overall eustatic rise in the Cambrian-early 
Ordovician is followed by a marked sea-level fall in Ordovician-Silurian time. The progressive Cambrian 
flooding of the cratons probably represents the first major influx of water to the Earth’s surface (as a result 
of degassing from the interior) – the principal factor behind the explosion of marine life at that time. In 
addition, world maps of the maximum degree of shallow marine inundation (Strakhov, 1948; Termier and 
Termier, 1952) demonstrated a similar eustatic high sea-level during the Lower-Middle Palaeozoic.  
 
The more detailed sea-level curve of the Exxon group (Vail et al., 1977), based on onshore North American 
data, gave five asymmetric sea-level cycles – each representing a relatively slow transgression followed by 
a sharp basin deepening and a related regressive event. Figure 7, showing the Exxon sea-level curve for the 
Palaeozoic based on North American sequence stratigraphy, demonstrates an obvious oblique saw-tooth-
shaped sea-level variation from the Silurian onwards, and an overall regression culminates in a marked 
Permian low-stand. In an attempt to eliminate any regional tectonic effects, Hallam (1992) proposed a 
generalized eustatic sea-level curve as depicted in Figure 8. For the time range concerned, the two curves 
are remarkably similar. 
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Figure 7. The Palaeozoic section of the Exxon sea-
level curve – after Vail et al. (1977). Note the sharp 
regressive events compared with the preceding and 
slower transgressive periods, and the overall 
progressive continental draining after Silurian time.  
 

 
Figure 8. Generalized eustatic sea-level 
variations for the Phanerozoic – after Hallam 
(1992). Star symbols mark the six principal 
events of marine extinctions; note that these 
biotic catastrophes correspond to times of sea-
level minima (distinct regressive events). 
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On the basis of a progressively degassing Earth, the inferred reorganization of the internal mass would have 
dynamic implications – periodically altering the planet’s moment of inertia producing events of polar 
wander and variations in spin rate (Storetvedt, 1997, 2003 and 2011).  
 
These intermittent changes of planetary dynamics would naturally affect the inventory of gasses and 
volatiles accumulated at the outer levels of the Earth and trigger a range of tectono-magmatic and surface 
environmental processes – including crustal transformation and variations in the mass distribution of 
seawater. This interlinking of geological phenomena, influencing the Earth’s progressive, variegated and 
episodic history, is the cornerstone of my Global Wrench Tectonics theory. By postulating the proto-Earth 
as a relatively cold and, hence, rather undifferentiated planetary body (cf. Storetvedt, 2011), its early 
history could be expected to have encompassed slow volatilization that progressively would have added 
gases and fluids to the developing upper mantle and crust, as well as the hydrosphere and atmosphere – 
besides continuously changing the planet’s internal constitution. In this way, geological evolution as well 
as the Earth’s seawater history became intimately associated with intermittent changes in planetary rotation 
which, in the surface record, is expressed by stratigraphic upheavals seen between the major geological 
time boundaries.  
 
Volatiles have a high vapour pressure so, if they are incorporated into solid or liquid material during their 
transport outwards, they will have a tendency to escape, atom by atom, from their host compounds thereby 
increasing the local gas pressure: at near-surface levels, the gases contributing to the enhanced pressure 
may include methane and other alkanes, carbon dioxide, carbon monoxide, hydrogen sulphide, hydrogen, 
nitrogen, helium, and water – as vapour (see summaries by Gold, 1987 and 1999).  Thus, the continuing 
build-up of pressure from volatiles in the outer levels of the Earth can be predicted to have triggered 
eclogitization and associated gravity-driven sub-crustal attenuation, giving rise to isostatic subsidence and 
basin formation. This process naturally began as continental depocentres, but progressive delamination of 
the lower crust (accelerating during the Phanerozoic), along with degassing-related magmatic processes, 
eventually led to a thin and basaltic deep sea crust as well as accumulating surface water (cf. Storetvedt, 
1997 and 2003). Thus, the slow build-up of hydrostatic pressure beneath the evolving deep sea basins 
would naturally provide a lifting power for the attenuated and mechanically-weakened oceanic crust; this, 
in turn, would lead to accumulated seawater that would gradually transgress low-lying continental regions. 
Subsequently, associated sub-crustal eclogitization and delamination would lead to basin subsidence and 
eustatic regression – in addition to new supply of pristine water from the interior. As demonstrated by 
Figures 7 & 8, the long-term eustatic sea-level changes, caused by vertical motions of the evolving and 
progressively thinned oceanic crust, has been an ongoing process notably since Cambrian time. The 
important question is what dynamic mechanism led to the relatively rapid influx of surface water during the 
Palaeozoic? 
 
The long-term build-up of fluids and gases in the upper mantle and lower crust can be inferred to have led 
to a considerable increase in the confining pressure at these levels setting off a chain of related dynamo-
tectonic and environmental processes. Those parts of the upper mantle that received the greater amount of 
degassing volatiles – the oceanic regions to be – underwent long-term uplift, whereby the remaining 
continental blocks were affected by transgressive super-cycles along with superimposed events of higher 
frequency sea-level changes. In response, sub-crustal eclogitization and associated delamination caused 
broad regions to undergo overall progressive subsidence, while corresponding regressive events affected 
less attenuated (higher standing) crustal blocks. Dynamically, the episodic widespread inward loss of 
heavier eclogitized sub-crustal sections led to periodic planetary acceleration which, in turn, gave rise to 
events of inertia-driven torsion of the increasingly fragmented brittle shell. Hence, wrench tectonics 
processes were set in action.  
 
According to present geological and palaeomagnetic evidence, the late Proterozoic-early Cambrian equator 
is only exposed in two continental regions: (1) the Adelaide Geosyncline and Warburton-Georgina-
Bonaparte basins of Central Australia (Brown et al., 1969) – with the continent in its pre-late 
Cretaceous/early Tertiary orientation (see Storetvedt & Longhinos, 2014a & b; Storetvedt 2015b) and (2) 
the Arctic Canada-Baffin Bay-Davis Strait-Labrador Sea sector. The remaining part of the topmost 
Precambrian palaeoequator cuts across present-day oceanic regions (see Storetvedt, 2003 for discussion). 
Consistent with this palaeo-equatorial orientation, the Lower Cambrian Bradore Sandstone of northern 
Newfoundland and Labrador shows near-horizontal remanence inclinations – suggesting a palaeo-
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equatorial location (Rao & Deutsch, 1976). From a more extensive palaeomagnetic and geological 
database, it has been inferred that the North American craton resided at low palaeolatitudes throughout the 
Upper Proterozoic (e.g., Link et al., 1992; Storetvedt, 2003). Furthermore, palaeomagnetic data indicate a 
palaeo-equatorial setting for the late Precambrian of Australia (Embleton & Williams, 1986). The 
occurrence of redbeds at various horizons of the Adelaide Geosyncline and the widespread accumulation of 
carbonates, including stromatolitic reef sequences, provide further evidence that Australia, during the 
greater part of late Precambrian and Lower Palaeozoic times, experienced tropical to sub-tropical 
conditions. 
 
Palaeomagnetic data show that the Northern Appalachian foldbelt – of late early Lower-Middle Palaeozoic 
age, strikes across Newfoundland in a NE-SW direction and follows along the corresponding palaeo-
equatorial zone. Thus, in the Labrador Sea region, the two palaeo-equatorial zones (late Precambrian and 
Lower Palaeozoic, respectively) intersect each other at a fairly steep angle, signifying an important spatial 
resetting of the globe (an event of polar wander) in the early Palaeozoic. In the wrench tectonic system, the 
equivalent anti-podal palaeo-equatorial crossing corresponds to the Tasman-Adelaidean junction in the 
Australia region; in the pre-late Cretaceous setting of the continents, the Caledonian-Appalachian foldbelt 
formed a great-circle girdling the globe along which the Tasman-New England tectonic zone was located 
(see Storetvedt, 2003). Inferentially, the major event of polar wander in the early-middle Cambrian – 
resetting the palaeo-equatorial bulge and the corresponding polar flattening – must have caused a 
significant hydrostatic pressure increase affecting the gas- and fluid-rich upper mantle thereby triggering a 
number of geological processes – such as sub-crustal eclogitization and associated gravity-driven crustal 
loss to the upper mantle, as well as ‘beginning’ isostatic basin subsidence, surface volcanism driven by 
high-pressured volatiles, expulsion of a significant volume of endogenous hydrous fluids to the surface – 
along with gases including methane, hydrogen, helium, hydrogen sulphide, hydrogen, etc. (cf. Gold, 1999; 
McLaughlin-West et al., 1999; Lupton et al., 1999, and many others).           
 
According to Figure 8, marked eustatic regressions characterize principal geological time boundaries – 
which are thought to correspond to times of sub-crustal attenuation and isostatic basin subsidence, each 
event resulting in a distinct tectono-magmatic upheaval caused by changes in the Earth’s moment of inertia 
and thereby its rotation characteristics (Storetvedt, 1997 and 2003). The late Cambrian transgressive-
regressive event was followed by subsequent sea-level rises during the Palaeozoic – culminating in 
regressive occurrences at the Ordovician-Silurian, Silurian-Devonian, Devonian-Carboniferous and 
Permian-Triassic boundaries. Thus, during the Palaeozoic, the rudimentary sea basins of the late Cambrian 
were deepened and laterally extended; although juvenile water from the interior was periodically added to 
the surface, the overall global sea-level fell ending in a marked low-stand at around the Permian-Triassic 
boundary. Thus, during the Palaeozoic, due to dynamo-tectonic processes, a substantial volume of seawater 
was added, but at the same time the capacity of the developing oceanic basins had grown so that the much 
less affected continental block was significantly drained. In fact, the deep regression at the Permian-
Triassic boundary left more dry lands than existed prior to the major influx of seawater during the 
Cambrian; a rudimentary outline of the modern continents had thereby been established.  
 
A number of studies have demonstrated that during Phanerozoic time, there was a strong correlation 
between distinct regressive episodes and events of mass extinction – particularly of marine faunas (e.g., 
Bayer & McGhee, 1985; Jablonski, 1986; Raup and Sepkoski, 1982; Hallam, 1989; Hallam and Wignall, 
1999). Thus, Hallam and Wignall (1999) concluded that “Rapid high amplitude regressive-transgressive 
couplets are the most frequently observed eustatic changes at times of mass extinction, with the majority of 
extinctions occurring during the transgressive pulse when anoxic bottom waters often became extensive”.   
 
The six main events of marine mass extinction, corresponding to marked regressive events at principal 
geological time boundaries, are shown in Figure 8.  The sea-level high during most of the Palaeozoic – 
reaching its maximum in late Ordovician and Silurian times – was punctuated by a number of regressive 
events. The most distinct sea-level falls occur at principal geological time boundaries corresponding in turn 
to events of crustal loss to the upper mantle, progressive isostatic subsidence and cumulative development 
of oceanic basins, as well as a range of environmental events. In this way, eustatic sea-level variations are 
intimately tied to the range of first-order events in the Earth’s history. By the end of the Permian, the 
accumulated high volatile pressures in the upper mantle had eventually been ‘exhausted’. During the 
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Palaeozoic, the flooded land masses had been subjected to a number of distinct regressive events, each 
supposedly related to stages of the progressively evolving deep sea basins, but the deep late Permian 
regression exposed more dry land than since the Precambrian. By now the evolving oceanic basins were in 
a rather unfinished state, but the increasing eustatic transgression during the Mesozoic, reaching its peak in 
the Upper Cretaceous (Figure 9) and followed by a sharp regression at around the K/T boundary, 
eventually gave rise to the modern deep sea basins. During the predicted long-lasting crustal oceanization – 
that gradually and episodically turned the once global-extent thick continental crust into the present land-
deep sea mosaic – the volume of surface water must have increased exponentially, but the capacity of the 
deep sea containers had clearly expanded even more so that, today, we have more dry land than since the 
early Cambrian.  
 
At times of major volcano-tectonic upheavals, including mass extinctions of marine fauna, the anoxic 
conditions discussed by Hallam and Wignall (1999), may easily have entered the seawater column. For 
example, some authors have suggested that the combination of massive gas-driven volcanism, associated 
ocean anoxic events and bursts of methane release may be responsible for three major biological 
catastrophes – at 250, 200, and 65 million years respectively, while Max et al. (1999) considered methane 
gas blow-outs as the actual source of fuel for the global firestorm recorded by soot layers at the K/T 
boundary. For the end of the Permian mass extinction – corresponding to a deep regression and the loss of 
as much as 95 % of all species on Earth, Erwin (1994) and Benton and Twitchett (2003) considered 
widespread volcanic activity to be the most likely cause. They concluded: “The extinction model involves 
global warming by 6˚C and [a] huge input of light carbon into the ocean-atmosphere system from the 
eruptions, but especially from gas hydrates, leading to an ever-worsening positive-feedback loop, the 
‘runaway greenhouse’”.  A global carbon isotope excursion behind the catastrophic die-off of terrestrial 
vegetation at the Permian-Triassic boundary was noted and discussed by Ward et al. (2000), and 
Michaelsen (2002) - studying the peat-forming plants across the northern Bowin Basin, Australia - 
concluded that about 95% of the plants disappeared rapidly at that time.  
 

 
 
Figure 9. Part of the world map depicting the distribution of shallow seas across the present-day continents in the 
Upper Cretaceous. Diagram is based on Umbgrove (1942).  
 
 
Hesselbo et al. (2000) presented evidence that, in the early Jurassic, isotopically-light carbon dominated all 
the upper oceanic, biospheric and atmospheric carbon reservoirs. They suggested that the observed patterns 
were produced by voluminous release of methane from marine deposits of gas hydrates, which would be a 
natural consequence of the Earth’s internal degassing (cf. Gold, 1999; Storetvedt, 2003).  A similar 
dissociation of oceanic methane hydrate has been suggested for the isotope excursion at the Palaeocene-
Eocene boundary (Dickins et al., 1995; Katz et al., 1999).  Thus, throughout the post-Precambrian at least, 
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the emission of major amounts of mantle-derived methane is liable to have raised global atmospheric 
temperature, notably at times of rapid eustatic excursions. The occurrence of soot in and immediately 
above the K/T boundary and extinction zone has been associated with a global firestorm (Wohlbach et al., 
1988), an observation that Gilmour and Guenther (1988) referred to as “an incomplete combustion of 
methane” – a conclusion with which Max et al. (1999) also concurred.  
 
The Upper Cretaceous transgressive peak was interrupted by a number of shorter-period sea level 
oscillations – presumably interlinked with progressive sub-crustal attenuation, changes in planetary rotation 
rate, and gas-driven volcanic activity in many regions of the world. However, since then the seas have 
gradually retreated from the continents. In oceanic regions, this ‘multifarious’ global pulsation – often 
referred to as the Alpine tectonic revolution – is well imprinted into the geological record, either as 
horizons of erosion or non-deposition (formed by stages of uplift of the developing oceanic crust), and/or 
events of volcanic activity (cf. Storetvedt, 1985).  During the Upper Cretaceous, widespread distribution of 
thinly-crusted deep oceans appeared for the first time in Earth history.  The deep sea basins that had existed 
during the early-mid Mesozoic were only of limited extent, consisting of circular to oval-shaped 
depressions surrounded by a mosaic of sub-aerially exposed continental masses less affected by sub-crustal 
attenuation. Within the deep oceans, many fragments of former land can still be recognized by a multitude 
of submerged aseismic ridges and plateaus with anomalously thick crust. Thus, throughout most of the 
Mesozoic, there existed land connections between the remaining continental blocks, providing relatively 
free exchange of biota, though – due to the accelerated loss of eclogitized crust (to the upper mantle) by the 
end of the Cretaceous – the developing ‘asthenosphere’ had reached a more ‘mature’ stage: the irregular 
brittle crust had become mechanically weakened as well as more easily detachable from the underlying soft 
asthenosphere.  
 
A dynamical consequence of heavier (eclogitized) crust sinking into the deformable upper mantle was an 
increase in planetary spin rate and/or events of polar wander – triggering latitude-dependent wrench 
deformation of the inhomogeneous crust (Storetvedt, 2003). Thus, for the first time, the modern continental 
masses were separated by thin and deformable oceanic crust and, due to an increasing planetary rotation, 
the land masses became subjected to relative motions in situ. For the larger continental blocks, these 
inertial rotations were only minor. Figure 10 gives a sketch of the suggested overall Upper Cretaceous 
palaeogeography – immediately before the onset of the global wrench tectonic revolution at around the K/T 
boundary which moderately changed the azimuthal orientations of the major continents.   
 
An overall regressive sea-level trend prevailed during the Lower Tertiary, but by the beginning of the 
Miocene this tendency was put in reverse. It may be argued that the second eustatic sea-level super-cycle of 
the Phanerozoic, having been initiated in the early Triassic, eventually came to a close in the late Oligocene 
(cf. Figure 8); it had lasted for some 220 million years and had included many minor eustatic rises and falls 
in combination with tectono-magmatic pulses, some of them accompanied by pronounced biological and 
environmental consequences. Thus, a sharp event of polar wander took place at around the Eocene-
Oligocene boundary (ca. 35 million years ago), amounting to an angular shift of 35˚ of the equatorial bulge, 
bringing the Earth to approximately its present spatial orientation. Thus, for the first time in Phanerozoic 
history, the North Pole became positioned in the land-locked present-day Arctic Basin, and the South Pole 
was displaced a corresponding distance from its early Tertiary position in the South Atlantic, onto the 
Antarctic continent. This polar wander event marks the beginning of the well-established onset of the 
present Antarctica ice cap; in Europe, the major latitudinal shift is well demonstrated by palaeontological 
and palaeoclimatological evidence (cf. Pomerol, 1982) – associated with a drastic cooling (e.g. Buchardt, 
1978).  
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Figure 10. Sketch map of the suggested palaeogeography of the Earth by the end of the Cretaceous, prior to the 
subsequent wrench tectonic continental rotations which disrupted former trans-oceanic land ‘bridges’. In comparison 
with present-day geography, it may be noted that the wrench rotations of the Atlantic continents (their separation as 
well as their azimuthal orientation) were only minor. Dark blue colour indicates deep sea basins, while light blue 
represent ‘Cenomanian’ transgressive seas.  Diagram is based on Storetvedt (2003).  
 
 
In continental settings, the Eocene/Oligocene dynamic transition triggered the eruption of the Ethiopian 
flood basalts (36.9 ±0.9 My), and a number of volcanic gas blow-outs took place at that time – e. g., the 
Mistastin and Wanapitei Lake craters in Canada, and the Popigai crater in Russia. In an Ar/40-Ar/39 age 
study of the 100 km diameter Popigai structure, Bottomley et al. (1997) noted the close match between the 
obtained age (36.9 ±0.2 My) and that of the North American tektites which had been associated with the 85 
km diameter Chesapeake Bay crater off the eastern U.S. coast, with an age of 35.3 ±0.2 My (Poag et al., 
1994; Poag and Aubry, 1995).  Adding to the diversity of global geological phenomena occurring at this 
time, can be cited by the volcanic ashes in the Massignano stratigraphic section of Italy, dated at 35 ±0.4 
My, which contain a distinct Ir peak – in association with shocked quartz (Montanari et al., 1993). 
 
The significant spatial shift of the Earth some 35 million years ago must have led to considerable 
hydrostatic pressure increases in regions of the volatile-rich and irregular asthenosphere. In addition to 
events of continued crustal delamination, the overpressure within the topmost mantle would create 
tectonically fractured crustal ‘chimneys’ that served as a form of pressure valves which on the surface 
would give rise to volcanism and high-pressure blow-outs forming craters. In many ways, the major shift of 
the equatorial bulge at around the Eocene/Oligocene boundary may be seen as the terminal spasm of the 
Alpine tectonic revolution which can be related to the widespread tectono-magmatic activity at that time – 
notably in the oceans. In the Exxon eustatic curve, a regressive event characterizes the Eocene/Oligocene 
boundary, and the Lower Oligocene transgression terminates in a deep regression in the Middle Oligocene 
– serving as a marker horizon between the Rupelian and the Chattian epochs (Haq et al., 1987). 
 
In a study of the global distribution of late Lower Tertiary stratigraphic hiatuses in the sea floor record, 
Keller et al. (1987) found erosion events to have occurred at the Eocene/Oligocene and Oligocene/Miocene 
boundaries; this is consistent with the general observation of a close link between tectonics and distinct 
regressive-transgressive couplets linked with geological time boundaries. However, Keller et al. did not 
find an erosional horizon corresponding to the relatively sharp mid-Oligocene sea-level change in the 
Exxon curve which is well demonstrated by a DSDP drilling transect of the South Atlantic (see below). On 
the other hand, they found ‘corresponding’ erosional discordances in both the early and the late Oligocene. 
In this context, it should be remembered that any major shift of the equatorial bulge and polar flattening 
(such as that occurring around 35 million years ago) would have been liable to cause regional variations in 
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asthenospheric volatile pressures and related crustal effects, notably at low-to-intermediate palaeolatitudes, 
thereby masking the true eustatic sea-level variation in some regions.              
 
Overall, the Oligocene showed a regressive tendency indicating ongoing crustal loss to the mantle and 
related development of deep sea basins. This late stage reconstitution of the crust inevitably led to changes 
in the Earth’s moment of inertia, increasing the confining pressure within the lithospheric lenses as well as 
in the melt pockets at higher levels – paving the way for a new round of more forceful tectono-magmatic 
events. Thus, starting at around the Oligocene/Miocene boundary, ca. 22 million years ago and the sea 
encroached once more on the land, culminating in an overall high stand in the Lower-Middle Miocene. The 
Exxon proposal of the post-Oligocene (Neogene) sea-level variations (Haq et al., 1987) is shown in Figure 
11.  According to this scheme, for the Lower and Middle Miocene – spanning a period of about 15 million 
years – the global shore-line was raised by some 150 metres. This long-standing transgression was 
punctured by two short-lived regressive events, around 15 My ago, ending with a major sea-level drop 
some 8 My years ago – the latter defining the Miocene sea-level minimum. The Miocene Era was 
terminated by a distinct regressive phase at ca. 5 My ago (end of the Messinian). These sea-level low 
stands are most likely associated with events of planetary acceleration – being a dynamic response to 
inward loss of widespread eclogitized lower crustal segments.  
 
In the Atlantic region, the oscillating mid-Miocene regressions, with their related high-pressured volatile-
rich asthenosphere, is time-equivalent with the origin of the Columbia River basalts (dated at 16.2 ±1 My) 
and with the Steinheim and Ries craters in Germany (dated at ca. 15 My) – see Figure 11.  Miocene and 
younger elevations of the deep sea crust, giving rise to continental transgression, affected broader crustal 
regions of the world oceans. For example, in the islands of the Central Atlantic (Cape Verde Islands, 
Ascension Island, Madeira and the Azores), Lower-Middle Miocene and younger marine sedimentary 
horizons are found at heights ranging between 400 and 500 metres above present sea level (Mitchell-
Thomé,1976), while Miocene and younger volcanic activity shows widespread distribution in this part of 
the Atlantic (see Storetvedt, 1985).  The Neogene phases of regression are inferred to be related intimately 
to the youngest phases of oceanization – having transformed particular regions of continental crust into 
oceanic-type structures. For example, in the Mediterranean a number of isolated circular-to-oval shaped 
depressions formed during the Messinian – in association with a very thick succession of salt of variable 
chemistry degassed from the mantle. Wezel (1985), for example, argued that, in the late Miocene, the 
Tyrrhenian region was the site of an upstanding intra-Alpine continental crust that in Plio-Quaternary time 
underwent variable sub-crustal thinning and vertical collapse activated by upper mantle processes.      
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Figure 11. Diagram shows the Exxon eustatic sea-level curve for post-Oligocene (Neogene) time – after Haq et al. 
(1987).  
 
 
As we have argued above, periodic vertical motions of the sea floor – reflecting build-up and subsequent 
release of upper mantle volatile pressures – with related sedimentary discordances and magmatic activity, 
are likely to have been a persistent global feature and the ultimate cause of the principal events of eustatic 
sea-level changes. Thus, Figure 12a delineates the significant Miocene depositional break across the South 
Atlantic, at latitude 30˚S, which inferentially corresponds to the Lower-Middle Miocene transgressive 
phase shown in Figure 11.  The associated flooding of low-lying regions of South America is outlined in 
Figure 12b. In an extended sedimentary section at DSDP site 355 on the North Brazilian margin, 
sedimentary hiatuses were recorded in the topmost Cretaceous (Maastrichtian), at around the Eocene-
Oligocene boundary, and in the Middle Miocene – supporting the thesis of a close connection between 
major phases of oceanic crustal uplift and erosion with corresponding events of sea-level rise on low-lying 
continental regions. Compilation of cored Mesozoic sediments in sites of the western and eastern margins 
of the Central Atlantic (Arthur, 1979; Storetvedt, 1985) again shows a significant stratigraphic hiatus 
consistent with the major Upper Mesozoic eustatic transgression.    
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Figure 12. Diagram (a) shows the ‘Middle’ Miocene sedimentary break of the Deep Sea Drilling Project Leg 3 sites 
across the South Atlantic at 30˚S (simplified after Maxwell et al., 1970). This trans-oceanic depositional hiatus is 
regarded here as a segment of a widespread deep sea crustal uplift having produced the Lower-Middle Miocene 
eustatic sea-level rise. Diagram (b) exemplifies the resulting mid-Miocene sea-level (light blue) of South America 
(Webb, 1995).  
 
 
Concluding summary 
In this paper, the focus has been on the origin of Earth’s surface water and the cause of sea-level changes 
for which the crustal product is a continuing, albeit jerky, loss of eclogitized gravity-driven continental 
material to the mantle – eventually leading to formation of the present-day thin oceanic crust and deep sea 
basins. As a result of the actual degassing Earth model, today’s continents have, during the Phanerozoic, 
been repeatedly flooded by slowly rising seas which after sea-level high stands have subsequently retreated 
to form distinct sea-level lows. It is an observation of paramount importance, long noted by many authors, 
that the most marked regressive events occur at times of principal geological time boundaries – 
representing revolutionary episodes in Earth history – in terms of tectonic, magmatic, biological and 
environmental happenings. In this way, sea-level changes became intimately linked to the rest of the 
planet’s first-order geological manifestations.  
 
Central in this discussion is that recurrent sea-level low-stands eventually gave rise to ever-growing deep 
sea basins, and the transgressive-regressive couplets continuously added fresh surface water from the 
mantle. The first transgressive super-cycle commenced in the early Palaeozoic – being closely linked to the 
marine biological boom at that time, lasting till the late Palaeozoic. However, a deep sea-level regression at 
the Permian/Triassic boundary, adding a multitude of toxic gases and fluids to the sea and the atmosphere, 
led to mass extinction and the most severe crisis in the history of life (Raup, 1979). At this time, the 
evolving deep sea basins had evolved into a sizeable volume thus draining the continents – leaving more 
dry land than ever before in post-Precambrian history. But internal gases and fluids continued their upper 
mantle accumulation and accompanying pressure increase – giving rise to a Mesozoic uplift of the evolving 
oceanic basement, with an associated overall major sea-level rise that culminated in the Upper Cretaceous. 
The following regression and upper mantle gas exhaustion led to another major biotic and environmental 
crisis – at around the K/T boundary. By now the world oceans were nearing their present state and extent, 
but continued to demonstrate alternating cycles of sea-level changes, with stratigraphic control, suggesting 
that the deep sea basins are still under development. In addition, it is highly probable that the volume of sea 
water has increased continuously to this day, and the major part of the planet’s water may probably still be 
residing in the interior.     
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DIEGO GARCIA AND THE CHAGOS ARCHIPELAGO  
 

iego Garcia is the largest atoll in the Chagos Archipelago. It covers approximately 174 km2 of which 
only 27.19 km2 is dry land.  The continuous atoll rim stretches 64 kilometres with width from few 

hundreds of metres to 2.4 km. It encloses a lagoon 21 km long and up to 11 km wide. It has a 6 km pass 
opening at the north with three small islands located in the pass. The maximum elevation on some dunes on 
the ocean side of the rim is 9 metres. Fig. 1 is a map of 1980 (left, from 
https://en.wikipedia.org/wiki/Diego_Garcia#/media/File:CIA-DG-BIOT.jpg) and an aerial view of 2009 
(right, from http://www.zoa.com/2009b/sent3/02.jpg). Minor shoreline erosion on Barton Point is 
mentioned in https://en.wikipedia.org/wiki/Diego_Garcia to have followed the December 2004 tsunami 
generated near Indonesia. From the GPS monitoring of land velocities, 
http://sideshow.jpl.nasa.gov/post/links/DGAR.html, we know that the GPS dome of DGAR is relatively 
stable, with vertical velocities of 0.511 ± 0.324 mm yr-1 (uplift), but much largest movements in latitude 
and longitude of 32.908±0.071 mm yr-1 and 47.014±0.081 mm yr-1 respectively. Diego Garcia is one of the 
key sites for sea level rise. 

D 
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Fig. 1.  Left is a map of 1980 (from https://en.wikipedia.org/wiki/Diego_Garcia#/media/File:CIA-DG-BIOT.jpg). 
U.S. Central Intelligence Agency - Diego Garcia (British Indian Ocean Territory) (Political) 1980 from Perry-
Castañeda Library Map Collection: Indian Ocean Maps. Right is an aerial view of Diego Garcia of 2009 (from 
http://www.zoa.com/2009b/sent3/02.jpg). 
 
 
SEA-LEVEL RISE FOR DIEGO GARCIA 
 
Dunne, Barbosa & Woodworth (2012) analysed the data available for Diego Garcia, and they concluded 
the long term mean sea level in the Chagos Archipelago has been relatively stable over the ~ 20 year length 
of the available instrumental records. According to them, the tide-gauge data from Diego Garcia covering 
the periods 1988–2000 and 2003–2011 show no statistically significant long-term rise. Dunne, Barbosa & 
Woodworth (2012) indicate as a dominant feature the considerable inter-annual variability in mean sea 
level of up to ~ 10 cm. The Indian Ocean Dipole appears to exert an important influence on mean sea level 
in the area, with positive and negative dipole mode indices preceding periods of elevated or lowered sea 
levels respectively.  
 
Purkis, Gardiner, Johnston and Sheppard (2016) now make claim of sea-level rise in Diego Garcia without 
having the data needed, as in Diego Garcia there are no tide gauge data of enough quality and length to 
support a computation of sea-level rise, The sea levels are very well known to oscillate with many 
periodicities of hours, days, months, years, decades (Iyengar, 2009; Schlesinger and Ramankutty, 1994; 
Parker, 2013a). Therefore, it is a standard requirement of every reliable sea-level rise assessment to 
consider the monthly average mean sea levels collected over time windows of minimum 60-70 years 
without any quality issue such as change of tide gauge location, unrecorded shift of datum, damage to the 
instrument, missed data, changes of the hydrodynamic conditions or unassessed subsidence of the 
instrument (Parker, 2013b; Parker, Saad Saleem and Lawson, 2013; Parker and Ollier, 2015, 2016). In 
Diego Garcia there are only two scattered, short and incomplete records not aligned each other. 
 
According to Purkis, Gardiner, Johnston and Sheppard (2016) “the most recent estimates of present sea 
level come from the National Oceanographic Data Centre/University of Hawaii 
(http://ilikai.soest.hawaii.edu/uhslc/jasl/jaslget.html, Accessed Jan. 2016) and show sea-level rise for 
Diego Garcia of over 5 mm yr−1 over the last 30 years (Fig. 12)”. In the caption of the figure, the authors 
claim “Fig. 12. Sea level data (monthly means) taken from the tide gauge at Diego Garcia. (A) 1988–2000, 
(B) 2003–2014. Blue lines in color version are ‘research level data’. Red line in color version (B) is more 
recent raw data. Based on these measurements, the rate of relative sea-level rise (i.e. that rate experienced 
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by the atoll) is 5.44 mm yr−1 for the period 1988–2000 and 5.96 mm yr−1 for the period 2003–2014”.  The 
above statements are incorrect. The tide gauges time series may be used to infer the rate of rise of sea 
levels. However, because of the inter-annual, decadal and multi-decadal oscillations, the computation is 
reliable only if more than 60 years of data are recorded and there are no quality issues (Iyengar, 2009; 
Schlesinger & Ramankutty, 1994; Parker, 2013a,b; Parker, Saad Saleem and Lawson, 2013; Parker and 
Ollier, 2015 and 2016). 
 
THE DIEGO GARCIA-C AND DIEGO GARCIA-D TIDE GAUGES 
 
If we look now at the available data, there are two tide gauge time series to consider, DIEGO GARCIA-C 
and DIEGO GARCIA-D: 
• The DIEGO GARCIA-C tide gauge has time span of data 1988 – 2000 and completeness 72% 

(http://www.psmsl.org/data/obtaining/stations/1740.php, accessed April 14, 2016).  
• The DIEGO GARCIA-D tide gauge has time span of data 2003 – 2012 and completeness 71% 

(http://www.psmsl.org/data/obtaining/stations/2190.php, accessed April 14, 2016).  
 
The PSMSL RLR data set does not include the 2 years of data 2012 to 2014,  indicated also by Purkis, 
Gardiner, Johnston & Sheppard (2016)  as not “research level data’’, but more recent raw data. The above 
data do not permit to infer any reasonable trend, as they are too short and too incomplete.   
 
Even if it is claimed the sea-level rise for Diego Garcia has been over 5 mm yr−1 over the last 30 years, 
there is no time series spanning 30 years without quality issues (that would still be not enough) showing a 
relative rate of rise of over 5 mm yr−1.Rather, there are only two time series spanning only a little bit more 
than one decade each and having about 30% gaps.   
 
If we look at the data for DIEGO GARCIA-D, Fig.1.a, from 9-2003 to 3-2012, the trend line has slope 
+5.61 mm yr-1. However, the first 4 years are mostly empty. If we look at the data DIEGO GARCIA-D 
from 9-2006 to 3-2012, the trend line has now slope -13.14 mm yr-1. These two trends are both wrong 
estimations of the relative sea level rise in DIEGO GARCIA-D.  
 
If we look at the data for DIEGO GARCIA-C, Fig.2.b, from 3-1988 to 12-2000, the trend line has slope 
+4.35 mm yr-1. However, the last 6 years are now mostly empty. If we look at the data DIEGO GARCIA-
C from 3-1988 to 2-1994, the trend line has now slope +0.31 mm yr-1. These two trends are both wrong 
estimations of the relative sea level rise in DIEGO GARCIA-C.  
 

a 
Figure 2.  Continues to the next page. 
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b 
Fig. 2. Monthly average mean sea levels in DIEGO GARCIA-D (a) and DIEGO GARCIA-C (b). 

 
 
THE KO TAPHAO NOI TIDE GAUGE 
 
To understand how misleading are the short time windows even in case of minimal gaps, we may analyse 
the tide gauge of KO TAPHAO NOI (http://www.psmsl.org/data/obtaining/stations/446.php, accessed 
April 14, 2016), of time span of data 1940 to 2012 and completeness 96%, Fig. 3.a, b.  
 
The old tide gauge of Ko Taphao Noi was damaged by the tsunami of 2004. It has since been replaced by 
modern instrumentation. The likely long term relative rate of rise in KO TAPHAO NOI is possibly +1.21 
mm yr-1. With a 10 years’ time window, we could have claimed a latest relative rate of rise of +20 mm yr-1 
that is clearly wrong as this short term relative sea level rise is oscillating over the last few decades 
between the +20 mm yr-1 and the -20 mm yr-1.  
 
 

a 
Figure 3. Continued to the next page. 
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b 
Fig. 3.  Monthly average mean sea levels in KO TAPHAO NOI (a) and relative rates of rise computed with a 10 
years’ time window in KO TAPHAO NOI (b). 
 
 
CONCLUSIONS 
 
Claims of very high sea level rises playing with short records are everything but scientific. Unfortunately, 
this is the norm when they suggest much higher than legitimate rates of rise, with everything else then 
neglected. The short time windows are not considered when they suggest much lower than legitimate rates 
of rise. Purkis, Gardiner, Johnston and Sheppard (2016) should have acknowledged the fact that there are 
simply not enough data to infer any sea level rise in Diego Garcia. Unfortunately, only claims of very high 
rates of rise make news. 
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Australian temperature measurements disprove engineered products 
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ABSTRACT: Gergis, Neukom, Gallant and Karoly (2016) claim in the republished version of their 2012 retracted 
paper that the temperatures recorded in Australasia since 1950 were warmer than at any time in the past 1,000 years. 
In their proxy reconstruction, starting from the year 1000, the temperatures regularly oscillated for 950 years about a 
slightly reducing trend. Then, in 1950, global warming started to drive the temperatures up.  The doubt that the 
authors reverse-engineered their results to dramatize the warming in Australia, that was the reason for the criticism to 
the original paper, comes from the fairly stable individual temperature records “pre-adjustments” of the many rural 
stations of Australia unaffected by Urban Heat Island (UHI) or other biases from the end of the 1800s to the present 
time. 
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TEMPERATURE RECONSTRUCTION BY GERGIS, NEUKOM, GALLANT & KAROLY (2016) 
 

ergis, Neukom, Gallant & Karoly (2016) claim that since the year 1000 the temperatures regularly 
oscillated for 950 years about a slightly reducing trend. Then, in 1950, global warming started to drive 

the temperatures up.  As the paper was published first time in 2012, it received much criticism. Many 
accused the authors of having manufactured their temperature pattern to increase the perception of global 
warming.  
 
According to Gergis (2016), their work only suffered of “a typo in the methods section of the manuscript”, 
but the “bloggers” started “a concerted smear campaign aimed at discrediting our science” and “began to 
accuse us of conspiring to reverse-engineer our results to dramatise the warming in our region”.  Thus, the 
authors were forced to start for no reason a “mammoth process” of revision and peer-review that lasted 4 
years to the paper’s re-acceptance.  As Gergis concludes: “Finally, today, I publish our study again with 
virtually the same conclusion: the recent temperatures experienced over the past three decades in 
Australia, New Zealand and surrounding oceans are warmer than any other 30-year period over the past 
1,000 years.”  
 
Figure 1 below reproduces the “Comparison of Australasian temperature reconstructions” proposed in 
Gergis (2016). Their “evidence” is clear. Different proxy reconstructions and what is claimed to be the 
“observed instrumental temperatures” agree fairly well. There is however a problem. At least for the time 
thermometers have been around in Australia, they have been recorded a different story. 
 
The doubt that Gergis, Neukom, Gallant and Karoly (2016) reverse-engineered their results to dramatize 
the warming in Australia comes from the fairly stable individual temperature records “pre-adjustments” of 
the many rural stations unaffected by Urban Heat Island (UHI) or other biases (Mearns, 2015; Parker, 2013 
and 2015a, b, c; Parker and Ollier, 2015a, b). These records consistently show temperatures mostly 
oscillating since the end of the 1800s, when the measurements started, up to the present.  
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Figure 1.  Comparison of Australasian temperature reconstructions from Gergis (2016): “Red: original temperature 
reconstruction published in the May 2012 version of the study; green: more recent reconstruction published in Nature 
Geoscience in April 2013; black: newly published reconstruction; orange: observed instrumental temperatures. Grey 
shading shows 90% uncertainty estimates of the original 2012 reconstruction; purple shading shows considerably 
expanded uncertainty estimates of the revised 2016 version based on four statistical methods.” Image is from Gergis 
(2016). 
 
 
GHCN V2 TEMPERATURE MEASUREMENTS IN CENTRAL AUSTRALIA 
 
The Global Historical Climatology Network (GHCN) v2 temperature time series in Alice Spring and the 30 
other stations located in a circle of 1,000 km from Alice Spring (GISS Surface Temperature Analysis, 
2012) do not match the proxy reconstruction by Gergis, Neukom, Gallant & Karoly (2016), and what they 
call the “observed instrumental temperatures”. 
 
In this central area of Australia, a circle of 3,141,593 km2, little bit less than one half of the total land of 
Australia rated at about 7,692,000 km2, that is mostly underdeveloped, none of the stations supposed to 
support warming claims has a warming (Mearns, 2015). Figure 2 presents the area of concern (image from 
Mearns, 2015) and the individual temperature time series for the 37 stations within the 1,000 km circle 
(images from GISS Surface Temperature Analysis, 2012). The naïve averages are proposed in Mearns 
(2015).  
 
As noted in Mearns (2015), “In Alice Springs the raw record is flat and has no sign of warming”, “five 
other stations inside the 1,000 km ring have similarly long and similarly flat records – Boulia, Cloncurry, 
Farina, Burketown and Donors Hill”, “Six records show a significant mid-1970s cooling of about 3˚C 
(Alice Springs, Barrow Creek, Brunette Down, Cammooweal, Boulia and Windorah)”, and finally “The 
average raw temperature record for all 30 stations is completely flat from 1906 (no area weighting 
applied).”  The conclusion of Mearns (2015) is that “There has been no measurable warming across the 
greater part of Australia.” 
 
The temperatures of GISS Surface Temperature Analysis (2012) are only annual means. The details of all 
the monthly values, monthly mean maximum, mean minimum, highest, lowest maximum, highest 
minimum, and lowest, are still given in Bureau of Meteorology Climate Data Online section (Bureau of 
Meteorology, 2016). This other data set confirms the lack of warming in the average temperatures of every 
season as well as every month, over the last century in the same area.  As an example of the many, in 
Figure 3 I present the values of the monthly mean maximum and minimum temperatures measured in the 
Alice Spring Post Office and Airport locations. The two time-series are partially overlapping to permit the 
construction of a composite record without any issue of quality. It is however immediate to realize that 
there has been no warming. Same analysis can be done for all the other relevant stations, returning same 
conclusions of Figure 2 and Mearns (2015). 
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Figure 2. Continues to the next page. 
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Figure 2. Continues to the next page. 
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Figure 2.  Area of zero warming according to the data in the Global Historical Climatology Network (GHCN) v2 
temperature data set. Image from Mearns (2015) and individual temperature time series for the 37 stations within the 
1,000 km circle. Images from GISS Surface Temperature Analysis (2012). To be considered the different lengths of 
the records. 
 

a

 b 
Figure 3. Actual measurements by thermometers in Alice Spring, Post Office and Airport locations (data from Bureau 
of Meteorology, 2016). a) Monthly mean maximum temperatures, b) monthly mean minimum temperatures. 
 
 
CONCLUSIONS 
 
Apart from few exceptions, mostly in the more developed areas, where the thermometer readings may have been 
biased by UHI and other anthropogenic factors having nothing to do with the changed composition of the atmosphere, 
there has been not too much of warming in what has been measured by the thermometers. I must therefore conclude 
that the proxy reconstruction by Gergis, Neukom, Gallant and Karoly (2016) is doubtful, to say the least.  
 
As Gergis (2016) claims: “Our study now joins the vast body of evidence showing that our region, in line with the rest 
of the planet, has warmed rapidly since 1950, with all the impacts that climate change brings. So far in 2016 I have 
seen bushfires ravage Tasmania’s ancient World Heritage rainforests, while 93% of the Great Barrier Reef has 
suffered bleaching amid Australia’s hottest ever sea temperatures – an event made 175 times more likely by climate 
change. Worldwide, it has never been hotter in our recorded history”, the suspect the goal of the study is not to 
understand the temperature pattern of Australia over a millennial scale, but simply to prove global warming is 
threatening Australia, is strong.   
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Modeling statistics and kinetics of the natural aggregation structures and 
processes with the solution of generalized logistic equation 

 
Lev A. Maslov1   and Vladimir I. Chebotarev2  
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(Extracted from Physica A: Statistical Mechanics and its Application, vol. 468, 15 February 2017, p. 691-
697. http://dx.doi.org/10.1016/j.physa.2016.10.057with permission of the senior author)  
 
Abstract:  The generalized logistic equation is proposed to model kinetics and statistics of natural 
processes such as earthquakes, forest fires, floods, landslides, and many others. This equation has the form  
 

 
 
q>0q>0 and A>0A>0 is the size of an element of a structure, and α≥0α≥0. The equation contains two 
exponents αα and qq taking into account two important properties of elements of a system: their fractal 
geometry, and their ability to interact either to enhance or to damp the process of aggregation. The function 
N(A)N(A) can be understood as an approximation to the number of elements the size of which is less than 
AA. The function dN(A) /dAdN(A)/dA where N(A)N(A) is the general solution of this equation for 
qq=1 is a product of an increasing bounded function and power-law function with stretched exponential 
cut-off. The relation with Tsallis non-extensive statistics is demonstrated by solving the generalized logistic 
equation for q>0q>0. In the case 0<q<10<q<1 the equation models super-additive, and the case q>1q>1 
it models sub-additive structures. The Gutenberg–Richter (G–R) formula results from interpretation of 
empirical data as a straight line in the area of stretched exponent with small αα. The solution is applied for 
modeling distribution of foreshocks and aftershocks in the regions of Napa Valley 2014, and Sumatra 2004 
earthquakes fitting the observed data well, both qualitatively and quantitatively. 
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Multiparameter monitoring of short-term earthquake precursors and its 
physical basis. Implementation in the Kamchatka region 
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(Extracted from: E3S Web of Conferences, v. 11, 00019 (2016), Solar-Terrestrial Relations and Physics of 
Earthquakes Precursors. DOI: 10.105/e3sconf/20161100019. Permission granted by the senior author) 
 
Abstract:  We apply experimental approach of the multiparameter monitoring of short-term earthquake 
precursors whose reliability was confirmed by the Lithosphere-Atmosphere-Ionosphere Coupling (LAIC) 
model created recently. A key element of the model is the process of Ion induced Nucleation (IIN) and 
formation of cluster ions occurring as a result of the ionization of near surface air layer by radon emanating 
from the Earth's crust within the earthquake preparation zone. This process is similar to the formation of 
droplet’s embryos for cloud formation under action of galactic cosmic rays. The consequence of this process 
is the generation of a number of precursors that can be divided into two groups: a) thermal and 
meteorological, and b) electromagnetic and ionospheric. We demonstrate elements of prospective 
monitoring of some strong earthquakes in Kamchatka region and statistical results for the Chemical 
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potential correction parameter for more than 10 years of observations for earthquakes with M6.0+. As some 
experimental attempt, the data of Kamchatka volcanoes monitoring will be demonstrated. 
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Analysing the spatio-temporal link between earthquake occurrences and 
orbital perturbations induced by planetary configuration 

 
C. Jeganathan1, G. Gnanasekaran2 and Tanushree Sengupta3 

 
1Departmentof Remote Sensing, Birla Institute of Technology, Mesra, Ranchi, Jharkhand, India (jegan_iirs@yahoo.com). 

2Rishikesh Computers, Virudhunagar, Tamil Nadu, India. 
3Shaila Kunja Apartments, Ranchi, Jharkhand, India. 

 
ABSTRACT:  The study has analysed the spatio-temporal positions (helio-centric and geo-centric) and 
configurations of all the planets on every day basis over the whole year 2015.  Gravitational forces are 
invisible and undetectable, and hence it is very difficult to map the presence of these forces. The study 
has made a bold attempt in conceptualising indirect way of detecting spatial locations and 
understanding these gravity forces through earth quake events. The study has found that there are very 
clear evidences of planetary configuration creating hotspots of orbital perturbations which in-turn has 
some effect on Earth's orbital path which finally results in Earthquakes. The study analysed 10 
different planetary configurations. The study claims that there are local gravitational interactions 
amongst bigger planets (Jupiter, Saturn, Uranus, Neptune) which creates an invisible resultant gravity 
vectors (IRGV) which acts as imperceptible planetary force when an inner planet crosses them. The 
study has estimated the locations of those invisible forces and analysed their links with major 
earthquakes (>6.0 only). This study has revealed that whenever Earth crossed these IRGVs invariably 
there were major EQs, and other inner planetary crossings as well showed similar results. Mercury and 
Moon being the fastest moving objects in the sky they act as catalyst when there is other planetary 
perturbing configuration. Overall the explanation capabilities of each of possible configurations were 
critically cross checked and hope that the study will give a New Dimension in the field of Earthquake, 
Gravity anomalies and their prediction. Finally, the study predicted the sensitive days for the year 
2016 and researchers may validate our concepts and results based on actual ground shaking. 

 
******************* 

 

Some interesting blogs and youtubes 
 
Earthquakes: “Suspicious Observers” and “Earthquake forecasting break through/Report.” 
-  https://www.youtube.com/watch?v=c-bha57cv-A&t=50s   
-  http://www.QuakeWatch.net  
-  http://www.Suspicious0bservers.org  
-  http://quakewatch.net/wp-content/uploads/2016/12/Real-World-Advances-in-Forecasting-‘Significant’-  
Earthquakes-Part-1.pdf  
-  http://www.earthquake-research.com/NCGT_Reports.html  
-  http://www.earthquake-research.com/Breakthroughs.html  
 
Global climate: Many interesting articles can be found in Principia Scientific International (http://principia-
scientific.org).  Some of them are; 
 
-  New study: Solar & cosmic rays impact climate more than expected. Author: P. Dorian. 11 September 
      2016. http://principia-scientific.org/new-study-solar-cosmic-rays-impact-climate-expected/ 
-  New study: Antarctic sea ice increasing!  Written by J.C. Comiso, R.A., Gersten et al.  
     19 December 2016. http://principia-scientific.org/new-study-antarctic-sea-ice-increasing/ 
-  To the horror of global warming alarmists, global cooling is here. Written by Peter Ferrara. 3 July 2016. 
     http://principia-scientific.org/to-the-horror-of-global-warming-alarmists-global-cooling-is-here/ 
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ERRATUM   
Peter M. James book 

Deformation of the Earth’s crust: cause & effect 
 

In the last issue, regarding the publication of Deformation of the Earth's Crust, the last paragraphs should 
read:  "Copies available from the author @ AUD $35 plus postage ($5 Australia, $15 overseas). Payment 
either by personal cheque to P.M. James, PO Box 95, Dunalley, Tasmania 7177, or by electronic transfer to 
National Australia Bank, 308-322 Queen St Brisbane: BSB 084 004, A/c 57331 3223; SWIFT, 
NATAAU3303M. 
 
Copies also available from the publisher: John McRobert, Copyright Publishing, GPO Box 2927, Brisbane 
4001, email: info@copyright.net.au. 
______________________________________________________________________________________ 
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he NCGT Journal is an open online journal available freely to all individuals and organizations. This means we 
have to rely on voluntary donations from readers to cover the increasing running costs of the journal. We 

welcome your generous financial support. 
 
Due to very high printing cost in Australia, we have stopped producing hard copies in 2016. We ask readers to use 
downloaded electronic copies for producing personal hard copies.   
 
Payment methods:  
     If you have a PayPal account, please send the payment to the following account (PayPal accepts payment by credit 
     cards; Visa and MasterCard – we encourage everyone to use this method; http://www.paypal.com/cgi-bin/ 
     Account name: New Concepts in Global Tectonics  
     E-mail: ncgt@ozemail.com.au  (NOT editor@ncgt.org)  
 
If you pay by bank draft or personal cheque, make it payable to: New Concepts in Global Tectonics, and mail to:  
     6 Mann Place, Higgins, ACT 2615, Australia.  
 
Bank account details for those who send money through a bank:  
     Name of bank: Commonwealth Bank (Swift Code: CTBAAU2S), Belconnen Mall ACT Branch (BSB 06 2913).  
     Account no. 06 2913 10524718.  
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ABOUT THE NCGT JOURNAL  
The New Concepts in Global Tectonics Newsletter, the predecessor of the current NCGT Journal, was initiated on the 
basis of discussion at the symposium “Alternative Theories to Plate Tectonics” held at the 30th International 
Geological Congress in Beijing in August 1996. The name is taken from an earlier symposium held at Smithsonian 
Institution, Washington, in association with the 28th International Geological Congress in Washington, D. C. in 1989. 
The NCGT Newsletter changed its name to NCGT Journal in 2013.  
 
Aims include:  
1. Forming an organizational focus for creative ideas not fitting readily within the scope of Plate Tectonics.  
2. Forming the basis for the reproduction and publication of such work, especially where there has been censorship or 
discrimination.  
3. Forum for discussion of such ideas and work which has been inhibited in existing channels. This should cover a 
very wide scope from such aspects as the effect of the rotation of the Earth and planetary and galactic effects, major 
theories of development of the Earth, lineaments, interpretation and prediction of earthquakes, major times of tectonic 
and biological change, and so on.  
4. Organization of symposia, meetings and conferences.  
5. Tabulation and support in case of censorship, discrimination or victimization. 
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NEW BOOK 
UPHEAVAL! 

Why catastrophic earthquakes will soon strike the United State 
 

Written by John L. Casey. Co-authored by Dong Choi, Fumio Tsunoda and Ole Humlum 
 

Publisher: Trafford Publishing, USA.  Published: 13 December 2016. Pages: 332. 
Size: 21.59 x 2.29 x 21.59 cm (8.5 x 0.9 x 8.5 inches). ISBN: 978-49077-903-4 

 

 
 
A few of the amazing findings from this team of researchers are explained in this 332 page book, now available in 
paperback. They include: 
 
1. Why the ‘big one’ could in fact strike California with devastating losses of life and property in the near future. 
2. Why a portion of the Cascadia Subduction Zone may also rupture, where and when this may occur. 
3. Why another catastrophic series of M7.0 and M8.0 earthquakes may be coming to the central Mississippi valley 

states soon with calamitous losses in lives and property, with huge impacts on the US economy. 
4. Why the northeastern United States may be plunged into darkness and cold for months, possibly during mid-winter, 

because of the near total loss of gas and fuel now coming through pipelines in the central Mississippi valley. 
FEMA estimates there could be 450,000 breaks in these nation-critical energy pipelines because of the expected 
earthquakes in the region. 

5. Why the first record quakes could strike as early as 2017! 
6. What lifesaving and business saving measures can be taken to prepare for this new dangerous geophysical era. 
7. Why entire states and regions of the United States could be without power and essential water and food distribution 

services for weeks or months with no prospect for government assistance. 
8. Why there could be long term damage to the US economy with several states going into bankruptcy as a result of 

this geophysical turmoil. 
9. Why the damage from the expected earthquakes could top 600 billion dollars with death tolls in the tens of 

thousands of Americans. 
10. Why the worst threat could be multiple large earthquakes striking the entire US over a short period of time, a 

repeat of what happened two centuries ago, the last time this cycle of destruction took place. 
 
The book can be reviewed/and or purchased at:  
http://bookstore.trafford.com/Products/SKU-001120017/Upheaval.aspx.  
The book is also available from amazon.com. https://www.amazon.com/dp/1490779035?_encoding=UTF8&psc=1 
 
 
 
 
 
 
 
 

This book has been developed by a team of international 
scientists and has as its primary author, John L. Casey, a 
bestselling author and leading climate researcher. The text is 
co-authored by three PhD geologists: Dr. Dong Choi 
(Australia), Dr. Fumio Tsunoda (Japan) and Dr. Ole Humlum 
(Norway). 
 
“Upheaval!” explains why climate changes involving dramatic 
reductions in the Sun’s activity are intimately linked to our 
worst earthquakes and why a two century long earthquake and 
climate cycle has begun again. The authors conclude that the 
just started reduction in the Sun’s energy output called a “solar 
minimum” or “solar hibernation” has already initiated a new 
round of catastrophic earthquakes that will affect the 149 
million US citizens identified by the US government as “at 
risk” from earthquakes. 
 
 
 
 

http://www.ncgt.org/
http://bookstore.trafford.com/Products/SKU-001120017/Upheaval.aspx
https://www.amazon.com/dp/1490779035?_encoding=UTF8&psc=1
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