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From the Editor

This edition of the NCGT Journal continues from the previous issue with additional reports (3) on some of the
2021 earthquakes inferred to have been caused by space weather by our Italian researchers G and D Caltaldi
and V. Straser. V and L Gordienko propose a new hypothetical mechanism triggering crustal earthquakes
while Cliff Ollier has written a thought provoking paper about the significance of vertical dykes in earth
history, M.Shiva has written a comprehensive analysis of earthquake distribution in the Japanese archipelago,
concluding that the plate tectonics cannot have caused these earthquakes, and finally there is an overview of

hydrocarbon potential of a region in Pakistan.

Unannounced cancelling of personal web-blogs seems to be increasing with no advice or guidance given to
the blog owner(s); one web-blog particularly known to the editor was abruptly cancelled with no explanation
from the hosting platform. To this end I have made sure that all of the NCGT news and journal issues have

been safely archived in case the NCGT Journal’s website is cancelled for perceived scientific error.

Additionally I recently learnt of the discovery of a massive deeply buried biosphere that is interpreted to dwarf
the Earth’s surface biosphere but strangely work on this topic seems to have stopped during 2018. Perhaps it
was realized that the existence of such a large deeply buried (Skm +) biosphere would have supported the late
Tommy Gold’s hypothesis described in his controversial book The Deep Hot Biosphere in which he proposed
the abiotic theory of petroleum among other innovative explanations for coal deposits. And as this deep
biosphere is also a major emitter of CH4, one wonders whether this recent discovery had political

implications.

Louis Hissink M.Sc. MAIG(retired) MIEEE.

Letter to the Editor

Dear Mr. Hissink, Editor-in-Chief of the NCGT Journal and readers,

We, the Japanese readers, read the NCGT-J 8.3 "From the Editor" column published at the end of
last year (NCGTJ V8 N3) with great pleasure and gratitude to you.

We would like to thank you again for your generosity in publishing our comments on the proposal to
change the name of the NCGT Journal. We will continue to work for the further development of the

NCGT Journal with great confidence in you, Mr. Editor.

Sincerely yours,

NCGT Journal Japan Readers' Volunteers
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Space weather and geomagnetic activity related to Chilean M6.7 earthquake
recorded on February 3, 2021

Gabriele Cataldi!, Daniele Cataldi'%, Valentino Straser’

(1) Radio Emissions Project (I). Itpaobserverproject@gmail.com
(2) Fondazione Permanente G. Giuliani - Onlus (I). daniele77c@hotmail.it
(3) Department of Science and Environment UPKL Brussel (B). valentino.straser@gmail.com

Abstract

On February 3, 2021, at 05:23:44 UTC, an M6.7 earthquake was recorded off the west coast of Chile. The
monitoring of solar activity and terrestrial geomagnetic activity allowed the authors to highlight that the
Chilean seismic event was preceded by a solar wind proton density increase (Interplanetary Seismic Precuror)
and by an increase in terrestrial geomagnetic activity (Seismic Geomagnetic Precursor), confirming also this
time that all potentially destructive earthquakes that are recorded on a global scale are always preceded by an
increase in solar activity.

Keywords: proton density increase, seismic precursors, solar activity, geomagnetic activity, seismic prevision.
Introduction

Electromagnetic monitoring, intended as a scientific method capable of monitoring electromagnetic
phenomena of solar origin and those produced through the coupling function between the solar ion flux and
the terrestrial magnetosphere, has allowed the authors to establish that the M6+ seismic activity that is recorded
on our planet is always preceded by an increase in the solar ion flux [1] [4] [5] [6] [7] [8] [9] [10] [11] [12]
[13][14] [15][16][17][18][19][20][21][22][23]. This type of correlation has been scientifically ascertained
over a long period (from 1 January 2012 to date) thanks to the studies conducted by the authors in this research
area. This work will present the results of solar activity monitoring and terrestrial geomagnetic activity
monitoring related to the Chilean M6.7 earthquake recorded on February 3, 2021 at 05:23:44 UTC (Fig. 1).

Fig. 1 — Seismic epicenter of the Chilean earthquake recorded on February 3, 2021. The map above shows the seismic epicenter
of the Chilean earthquake recorded on February 3, 2021 off the west coast of Chile.
Credits: USGS, Radio Emissions Project.

Data analysis

Between January 30, 2021 at 00:00 UTC and February 6, 2021 at 04:30 UTC the DSCOVR Satellite (located
in Lagrangian orbit L1) detected a solar wind proton density increase whose maximum peak was recorded on
February 1 at 23:31 UTC (Fig. 2). 77 hours after the start of the proton increase (and 66 hours after the
maximum peak) the Chilean M6.7 earthquake was recorded. (Fig. 2).
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Fig. 2 — Variation in solar ion flux and Earth’s geomagnetic activity related to the M6.7 Chilean earthquake recorded on
February 3, 2021. The graph above shows the time marker of the Chilean M6.7 earthquake recorded on February 3, 2021 at 05:23
UTC (black vertical arrow). Analyzing the data in the graph it is evident that the Chilean earthquake was preceded by a solar wind

proton density increase (Interplanetary Seismic Precursor; black curve) and by an increase of Kp Index (Seismic Geomagnetic

Precursor; blue curve highlighted by the yellow area). The purple arrow indicates the start of solar wind proton density increase.

Credits: iISWA, USGS, Radio Emissions Project.

The authors have not yet been able to identify the related seismogenic mechanism at solar wind proton density
increase but it is known that when the solar ion flux is dense and/or fast has a significant impact on the
terrestrial magnetosphere causing one or more perturbations of the terrestrial geomagnetic field, also related
to seismic activity [2] [3] [5] [10] [12] [14] [17] [19] [23]. It is therefore conceivable that the seismogenic
mechanism could be represented by a form of electromagnetic interaction [19] [22] [23]. An example of the
impact that solar activity has on the Earth’s geomagnetic field can be observed through Fig. 3; that is through
what is defined as “Solar Wind Driven Magnetosphere-lonosphere System” (WINDMI). Analyzing the
WINDMI graph it is possible to observe the presence of an intense and vast geomagnetic perturbation (AL
Index) which reached 400nT in intensity: this perturbation was highlighted on February 2, 2021 at 00:00 UTC
and ended at 20:00 UTC. During this disturbance the DST Index reached -40nT indicating that a low degree
geomagnetic storm was in progress. But that is not all. On February 3, 2021 at 00:00 UTC the AL Index
suddenly began to increase again and during this second increase the Chilean M6.7 earthquake was recorded.
The increases in the solar ion flux and, subsequently, the perturbations of the geomagnetic field are in effect
electromagnetic seismic precursors closely linked to each other due to the coupling function between the solar
ion flux and the terrestrial magnetosphere: however, being closely related to seismic activity, the authors
defined the first as “Interplanetary seismic Precursors” or ISPs, the second as “Seismic Geomagnetic
Precursors” or SGPs as they precede the seismic activity [1-23].

Further confirmation of the correlation existing between solar activity and potentially destructive seismic
activity that is recorded on a global scale is highlighted through the graph relating to the modulation of the
Interplanetary Magnetic Field (IMF) (Fig. 4) and that relating to the speed of the solar wind (Fig. 5). The first
“electromagnetic anomaly” of Interplanetary Seismic Precursors (IMF) that the authors correlated to the M6+
global seismic activity was observed in 2011: the authors defined it as “Italic S as the variation curve related
to the anomaly resembled a Italic “S”. It was thanks to the studies conducted in 2011 on Interplanetary
Magnetic Field (IMF) that it was later possible to identify what the authors themselves define today as “the
most important known electromagnetic precursor”: that is, the solar wind proton density increase.
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Fig. 3 — Low-dimensional model of the energy transfer from the solar wind through the magnetosphere and into the
ionosphere (WINDMI). The picture shows the variation of the AL-Index (at top) and the DST-Index (at bottom) in the hours that
preceded the Chilean M6.7 earthquake recorded on February 3, 2021 (the time marker of the earthquake is indicated by a vertical
black line). The DST-Index is a direct measure of the Earth’s geomagnetic horizontal (H) component variation due to the equatorial
ring current, while the AL-Index (Auroral Lower) is at all times, the minimum value of the variation of the geomagnetic H
component of the geomagnetic field recorded by observers of reference and provides a quantitative measure of global Westward
Auroral Electroject (WEJ) produced by increased of ionospheric currents therein present. Model developed by the Institute for
Fusion Studies, Department of Physics, University of Texas at Austin. Credits: iSWA, USGS, Radio Emissions Project.
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Fig. 4 — Interplanetary Magnetic Field (IMF) related to Chilean M6.7 earthquake recorded on February 3, 2021. The graph
above shows a disturbance of Interplanetary Magnetic Field (IMF) which preceded the Chilean M6.7 earthquake recorded on
February 3, 2021 (black vertical arrow) by almost 36 hours. Credits: iSWA, USGS, Radio Emissions Project.
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Fig. 5 — Solar wind velocity related to Chilean M6.7 earthquake recorded on February 2, 2021. The graph above shows an
increase in solar wind speed that preceded the Chilean M6.7 earthquale recorded on February 3, 2021 (black vertical arrow) by
almost 42 hours. Credits: iISWA, USGS, Radio Emissions Project.

Conclusions

This work has once again highlighted the existence of a close and evident correlation between electromagnetic
phenomena of solar origin, terrestrial geomagnetic perturbations and M6+ global seismic activity. This type
of correlation was first observed by the authors in 2011 by analyzing the modulation of Interplanetary Magnetic
Field (IMF). The authors have already presented this important result to the international scientific community
but this has not been followed by a constructive debate capable of creating a new unanimously shared point of
view in the seismological field and above all in scientific research dedicated to the prediction of potentially
destructive earthquakes that are recorded on a global scale. The authors are convinced that this is a serious
mistake. The future of seismic prediction research is set to reconsider the old beliefs that many scientists and
researchers hold about electromagnetic seismic precursors.
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ON A HYPOTHETICAL MECHANISM TRIGGERING
CRUSTAL EARTHQUAKES IN ALPINE GEOSYNCLINES

Vadim Gordienko and Lyudmila Gordienko
Institute of Geophysics, National Academy of Sciences, Kiev, Ukraine
tectonos@igph.kiev.ua

Abstract: In Alpine geosynclines, the sedimentary layer consists of two portions. During the
period of recent activation, the upper portion underwent transformation at the level of dia- and
catagenesis. The lower portion experienced a stage of metamorphism, including granitization. At
the top, the increase in density was accompanied by an increase in the velocity of seismic
waves. But this process was less intensive than in the case of crystalline rocks. This is the reason
why, as the velocity approached 6 km/sec, the density of metapelites exceeded, by about 0.1 g/cm3,
the density of the underlying rocks which make up the upper portion of the “granitic” layer. A likely
upheaval of a four-km thick decompacted rock body did not exceed 10 to 12 km. The listed
parameters of the substance motion suggest that relevant earthquakes are fairly widespread in the
Alpides. For the sake of comparison, we also included the Laramides of Mexico and the Andes in
our review. The forecast earthquakes have been registered within all Alpides. In regions other than
those of Alpides, earthquakes at similar depths could be triggered by other mechanisms. One of
them might well be vertical motions of crustal blocks during recent activation.

Keywords: earthquakes, Alpides, dia- and catagenic rocks.

INTRODUCTION

It was suggested in an earlier publication (Gordienko, 2017b) that earthquakes could be triggered
within the upper crust of Alpine geosynclines at the stage of recent activation at interfaces between layers with
dissimilar extents of primary sedimentary rock transformation. Considerations supporting the validity of the
purported phenomenon are listed below.

In many Alpides, the young sedimentary layer with the age of folding ranging from 10 to 30 million
years is underlain by Hercynian (250-300 million years), Caledonian (500-600 million years), Baikalian (900
million years), or Gothian (1,200 million years) layers. The total thickness of the upper series of layers
reaches 10-15 km. The level of their transformation during recent activation (about 0-7 million years) is dia-
and catagenic. The lower series experienced the stage of metamorphism, including granitization, and became
part of the crystalline basement. There formed a zone of density (o) inversion. It may have triggered the
crustal material displacement and seismicity. Parameters of the zone were described, in particular, for the
Carpathians, and the relevant bibliography is available in the publication (Gordienko et al., 2011). No velocity
inversion of longitudinal seismic waves (V) could be recorded within the same depth range (approximately 6
to18 km). This can be accounted for by the fact that the types of relationship between o and Vare not the
same for the sedimentary layer and basement rocks. Density inversion zones are not widespread. They may
be totally absent beneath the entire region of folding or its larger areas in regions with intensive basification
(typical of Pacific areas).

It might be of interest to analyze displacements of the crustal material in greater detail and correlate
between predicted and observed events. However, some synchronous crustal seismicity of a different nature
may distort results of such a correlation. In the case of Alpine geosynclines that experienced recent activation,
there may also be, in addition to the aforementioned types of earthquakes, others, such as

1) Those associated with processes of folding during which the youngest series of rocks (at depths
between zero and 6 km) had slipped down basement uplifts;

2) Magmatic earthquakes (with major crustal foci occurring at depths of 25-30 km and on the path of
magma ascent to the site of eruption at 0-25 km);

3) Earthquakes triggered by movements of plunging eclogitized bodies in the lower crust and in the
mantle (below 25 km) (Gordienko, 2017b). However, an analysis of large amounts of evidence may reveal
concentrations of hypocenters at predicted depths. All the more so considering that we have at our disposal
the data on major vertical displacements of geosynclinal crustal blocks. Such displacements were observed in
the Carpathians (Gordienko et al., 2011; Danilovich, 1988) — down to 30 km, in the Alps (Alps..., 1978) —
down to 20 km, as well as in areas of UHP rock blocks — within a much larger depth range (Gordienko, 2018).

BLOCK DISPLACEMENT HARAMETERS
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As temperatures and pressures increase in the course of further sinking, this is accompanied by
catagenetic transformations that, at about 400°C, reach a metagenetic level (Fig.1).
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Fig. 1. Density variations in metapelites as a function of temperature and related changes in seismic wave velocities in
rocks:1- the data based on isolated rock samples; 2 - averaged data for groups of samples
An increase in density is accompanied by higher seismic wave velocities, although this process is less

intensive than in the case of crystalline rocks. This is the reason why, as the velocity approaches 6 km/sec, the
density of metapelites exceeds, by about 0.1 g/cm?, the density of the underlying rocks which make up the
upper portion of the “granitic” layer (Gordienko, 1999). A likely upheaval of a four-km thick decompacted
rock body is 10 - 12 km.
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Fig. 2. Patterns of distribution of temperatures (T), seismic wave velocities, and densities in crustal rocks of the
Carpathians.

Displacement is only possible when the strength of rock masses is overcome. The available estimates
of this parameter appear to be quite similar for various experimental data, and some of them are listed in Fig.
3.

Strirlgth, GPa 0.4__ Sfrengiiche ! Fig. 3. A - The strength of crustal rocks as a function of
06 \255'"" A 03l B f depth and temperature (Gordienko, 2017c¢); B
-y 1 i - The strength of andesite rocks versus density (Ladygin et

| s \ 02k ye 1060785 o al., 2004).
03 ""10\ -l ’ o, The pressure exerted by rock bodies with
-—_ 5\ 014 abnormal density is tens of times lower than the rock
0 strength (about 0.01hPa). Yet, earthquakes at such
depths in the Alpides are not uncommon. Evaluation

0" Ta00” Te00’c 1 2 3 of stresses associated with other potential sources does

not produce higher figures. Fluidization of rocks
sharply lowers their strength. The temperature distribution depicted in Fig. 2 refers to a margin of the
foredeep, whereas temperatures in the folded Carpathians are higher. At depths somewhat larger than 20 km,
there lies the top of the partially molten layer of rocks in the amphibolite facies. It is overlain by rocks
containing fluids formed in the process of melting. Their presence is confirmed by zones with abnormally

high electrical conductivity (Gordienko et al., 2011). Earthquakes are much less common in areas with the
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highest values of the parameter because high plasticity prevents stress accumulation (Kovachikova et al.,
2016) (Fig. 4).

Fig. 4. (1) Earthquake epicenters and (2) zones of
cumulative longitudinal electrical conductivity in S units in

: the Carpathians at depths from 7 to 13 km (Kovachikova et

/_ ] el al, 2016).
'—:-;-\\ This changes the very concept of strength as
- differential stress violating the integrity of a rock

mass. Studies of paleodislocations in crustal xenolytes
indicate that, within a geologically specific period of

487 - wn—a| time, displacements involving intergranual gliding,
[ef )1 - = = @] occur at relatively small stresses (0.1 to 0.05 GPa)
Mo | 2 - - . (Chen et al, 2006, 2007, Dimanov et al.,
[ ] - = 2005). Stresses released by earthquakes are even

2'2 2' A smaller: 0.001 to 0.01GPa (Yanovskaya, 2006).

According to the Stokes equation, the rock
substance flow velocity v = 1.5Ac-g'1*/m, where Ao is density anomaly, g — acceleration of gravity, r — half-
size of the moving body, and 1 — viscosity. Viscosity estimates for the situation in question, with the use of
various approaches, amount to 10>**!Pa-sec (Gordienko, 2017a). For specific dimensions, the rate will amount
to 0.1-1.0 cm per year. In other words, it may take about 2 million years for the density inversion process to
smooth out. Such events are most likely to occur in discrete periods. At any rate, this is how vertical
displacements of the surface manifest

A
v, em-year themselves (Study..., 2005) (Fig. 5).

02

017 Fig. 5. Rates of vertical motions in the folded Carpathins (1) and

in the Ciscarpathian trough (2)

0 r T ; r
18 16 14 i 12 The process will roll across the folded zone with
-0 o~ { the speed of the "Aubouin wave,” which for Kamchatka,
\“"'--,..______2___.-” \ ,' for example, can be estimated in terms of the age of
—o2. \ ; magmatic manifestations during the period of recent
]l ! activation (Koloskov et al., 2004) -- at about 10 cm per
v year.
-1
EXPERIMENTAL DATA

The listed parameters of the substance motion suggestthat relevant earthquakes are
fairly widespread in the Alpides. For the sake of comparison, we also included the Laramides of Mexico and
the Andes in our review (the age of folding is about 70 million years and the activation started 25 million years
ago). We proceeded from the age of hypocenter depths down to 40 km (International...,) over the period
between 2006 and 2018.

These data are by no means sufficient for a complete analysis of seismicity in each region. We
generally used the data for relatively small areas thereof. In some cases, we quoted evidence from already
available generalizations made by other authors for different periods of time (Gorshkov, 1987; Nazarevich,
2012; and others). In most cases, the selected interval for graphs showing distribution of hypocenters versus
depth amounted to 5 km. This was due to a potential error of at least 3 km (Shevchenko et al., 2019;
Seismological..., 2004, 2006, Tarakanov, 2006 and others). The number of earthquakes differs widely from
region to region. Therefore, the distributions were constructed in the form of values referred to the maximum

(Fig. 6).
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Geosynclines of Tethys
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Fig. 6. Earthquake depth distribution patterns for the Tethys and Pacific belts (International... and others). The
estimated depth range is shown in gray.

Region numbers: 1 — the Pyrenees, 2 — the Alps, 3 — the Apennines, 4 — the Carpathians, 5 — the Balkans, 6 — the Pontids,
7 - Dagestan, 8 - Elburs, 9 — Kopet-Dag, 10 - Zagros, 11 - Hindu Kush, 12 — the Himalayas, 13 - Burma, 14 - Sumatra,
15 - Kamchatka, 16 — the Kuriles, 17 - Hokkaido, 18 - Kyushu, 10 - New Zealand, 20 - Alaska, 21 — the Cordillera
Cascade Range, 22 — the Cordillera Coastal Range, 23 — the western Sierra Madre, 24 - the Andes of Colombia, 25 — the
Andes of central Chile, 26 — the Andes of southern Chile.

180 \"i
a

Fig. 7. The Tethys geosynclinal belt and the Pacific Rim.
Folded regions: 1) Alpides, 2) Laramides of the Pacific belt. The names of regions match the numbers in Fig. 6.

The forecast earthquakes have been registered within all Alpides. Seismic events at other depths have
been reported less frequently in 100 percent for the Tethys and in 70 percent for the Pacific belt or else they
were separated by depth intervals with smaller clusters of hypocenters. In the rest of cases, at other depths
(different causes, perhaps?), they are more widespread. They also include portions ofthe
Laramian Andes. This is not at variance with our forecast. The above hypothesis has been positively
verified. Notwithstanding the fact that in regions other than those of Alpides, earthquakes at similar depths
could be triggered by other mechanisms. One of them might well be vertical motions of crustal blocks with
cracking during recent activation. Relevant examples are illustrated in Fig. 8.
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CONCLUSION

The derived result corroborates the forecast partially based on a geological theory advanced by the
authors. Models of deep-seated processes within geosynclines and zones of recent activation have been
constructed in terms of our theory. However, we largely focused in our prediction on the data regarding the
effect of PT conditions on physical properties of rocks with dissimilar composition that formed as a result of
such processes. The said information has also been corroborated. Yet, we cannot claim that our version
is final and indisputable. Approaches based on other evaluations of possible parameters of the medium can
be worked out and the number of regions covered can be expanded.
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Abstract

On February 13, 2021 at 14:07:50 UTC, an M7.1 earthquake was recorded in Japan at a depth of 49.9 km.
The analysis of solar activity and terrestrial geomagnetic activity allowed the authors to verify that the M7.1
Japanese earthquake was preceded by an increase in solar activity which subsequently produced an increase
in terrestrial geomagnetic activity: phenomena of electromagnetic nature that the authors have related to the
M6+ global seismic activity since 2011.

Keywords: proton density increase, seismic precursors, solar activity, geomagnetic activity.
Introduction

Japan is located in a geographic area influenced, from a tectonic point of view, by North America plate,
Pacific plate, Philippine Sea plate, and Eurasia plate. This feature makes Japan one of the most seismically
active areas and the highest seismic risk on the planet. Between 2012 and 2020, the authors highlighted that
the seismic events recorded in Japan are closely related to solar activity and terrestrial geomagnetic activity
[1] [2] [5] [6] [7] [12] [ 13] [19] [20] [21] [23] confirming the results obtained between 2012 and 2021:
potentially destructive seismic events that are recorded on a global scale are always preceded by an increase
in the density of the solar ion flux (especially the proton density) and by a consequent increase in the Earth's
geomagnetic activity [1-24]. On February 13, 2021 at 14:07:50 UTC, an M7.1 earthquake was recorded in
Japan (Fig. 1) just during the terminal phase of an increase in the density of the solar ion flux which also
generated an increase in geomagnetic terrestrial activity.

\ 71 72 km ENE of Namie, Japan
’ 2021-02-13 14:07:50 (UTC) 49.9 km

i -
4 5

Fig. 1 — Epicenter of the M7.1 Japanese earthquake. The
image above shows the map of Japan and the epicenter of the
M7.1 earthquake recorded on 13 February 2021 at 14:07:50
UTC, at a depth 0f 49.9 km.
Credits: USGS, Radio Emissions Project.
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Data analysis

Thanks to the data provided by the DSCOVR Satellite located in the Lagrangian orbit L1, on February 10,
2021 at 20:30 UTC the authors started following the evolution of a solar wind proton density increase which
ended on February 14, 2021 at 02:00 UTC and whose maximum peak was reached on February 13, 2021 at
01:23 UTC. Four potentially destructive seismic events were recorded during this proton density increase
(Fig. 2):

M6.2 Loyalty Islands earthquake, recorded on February 10, 2021 at 21:24 UTC.
M6.0 Loyalty Islands earthquake, recorded on February 11, 2021 at 06:52 UTC.
M7.1 Japan earthquake, recorded on February 13, 2021 at 14:07 UTC.

M6.0 Papua New Guinea earthquake, recorded on February 13, 2021 at 15:33 UTC.

el

121 km S of Kandrian, Papua N...
2021-02-13 15:33:57 (UTC) 518km ||

6.0

72 km ENE of Namie, Japan
2021-02-13 14:07:50 (UTC) 49.9km

southeast of the Loyalty Islands
2021-02-11 06:52:28 (UTC) 10.0km

southeast of the Loyalty Islands
2021-02-10 21:24:00 (UTC) 120km

Fig. 2 — Potentially destructive seismic events related to the proton
increase of 10-14 February 2021. The image shows the epicenters of
potentially destructive earthquakes related to the proton increase recorded
between 10 and 14 February 2021. Credits: USGS, Radio Emissions
Project.

Analyzing the temporal data of the four seismic events with the space weather data provided by DSCOVR
Satellite between 10 and 14 February 2021, the authors were able to calculate the time intervals recorded
between the start of the proton increment (Interplanetary Seismic Precursor) and the four M6+ seismic
events:

M6.2 Loyalty Islands earthquake, recorded on February 10, 2021 at 21:24 UTC = 1 hour.
M6.0 Loyalty Islands earthquake, recorded on February 11, 2021 at 06:52 UTC = 10 hours.
M7.1 Japan earthquake, recorded on February 13, 2021 at 14:07 UTC = 66 hours.

M6.0 Papua New Guinea earthquake, recorded on February 13, 2021 at 15:33 UTC = 67 hours.

halb o e

The average time interval calculated by analyzing the seismic activity and the solar activity that occurred
between 1 January 2012 and 18 February 2021 is equal to 108.8 hours: the average was calculated by
analyzing 1192 M6+ seismic events that occurred in the same period. Among the four potentially destructive
seismic events related to the proton increase that occurred between 10 and 14 February 2021, the authors
focused their attention on the M7.1 Japanese earthquake as it is of greater magnitude than the others and
occurred immediately after an important geomagnetic increase (Seismic Geomagnetic Precursor) recorded
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between 12:00 UTC on February 12, 2021 and 20:00 UTC on February 13, 2021, an increase that was
associated with a weak geomagnetic storm (Seismic Geomagnetic Precursor) (Fig. 4).

Scientific Research Project For od Radio
Geomagnetic 1§ Emissions

c Precursors Monitoring Project -

Starting point of

Interplanetary Seismic
;elsm\[ Eeﬂmiggnel\(.
recursor recursBr

2021 —DSCOVRDSCOVR:
Proton Density(cm®)

— NOAA-KPNOAA-
KP: KF{ )

11Feb 12Feb 13Feb

6.2 = Loyalty Islands (21:24 UTC)

6.0 = Loyalty Islands (06:52 UTC)

7.1 = Japan (14:07 UTC)

6.0 = Papua New Guinea (15:33 UTC)

Data: iSWA, NOAA, ACE/DSCOVR Satellite, USGS, Radio Emissions Project

Fig. 3 — Interplanetary and Geomagnetic Seismic Precursors. The graph above shows the temporal markers (black arrows) of the
four related seismic events at solar wind proton density increase (Interplanetary Seismic Precursor) recorded between 10 and 24
February 2021. The proton increase produced two geomagnetic increases (Seismic Geomagnetic Precursors) which have been
highlighted within the yellow areas. Credits: USGS, Radio Emissions Project.
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Fig. 4 — Low-dimensional model of the energy transfer from the solar wind through the magnetosphere and into the
ionosphere (WINDMI). The picture shows the variation of the AL-Index (at top) and the DST-Index (at bottom) in the hours that
preceded the Japanese M7.1 earthquake occurred on February 13, 2021 (the time marker of the earthquake is indicated by a vertical
black line). The DST-Index is a direct measure of the Earth’s geomagnetic horizontal (H) component variation due to the equatorial

ring current, while the AL-Index (Auroral Lower) is at all times, the minimum value of the variation of the geomagnetic H

component of the geomagnetic field recorded by observers of reference and provides a quantitative measure of global Westward
Auroral Electroject (WEJ) produced by increased of ionospheric currents therein present. Model developed by the Institute for
Fusion Studies, Department of Physics, University of Texas at Austin. Credits: iSWA, USGS, Radio Emissions Project.
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To confirm the correlation found between solar activity and the M7.1 Japanese earthquake, the authors
identified a disturbance of the Interplanetary Magnetic Field (IMF) (Fig. 4) that preceded the seismic event
by about 18 hours. Furthermore, analyzing the data on the speed of the solar wind, the authors identified a
rapid increase in the speed of the solar ion flux that preceded the M7.1 Japanese earthquake by about 24
hours (Fig. 5). Both of these phenomena are manifestations of solar electromagnetic activity that have been
defined by the authors as “Interplanetary Seismic Precursors” or ISP, since they precede seismic events of
high magnitude that are recorded on a global scale.

iSWA Interactive Timeline - DSCOVR Magnetic Field

Interplanetary Magnetic Field (IMF)

18:00 11Feb 06:00 12:00 1800 12Feb 06:00 12:00 18:00 13Feb 06:00 12:00
22 Dec 23 Dec

Universal Time
Deep Space Climate Observatory Satellite .B'V .BZ .BX

Fig. 4 — Interplanetary Magnetic Field (IMF) related to M7.1 Japan earthquake. The graph
above shows a disturbance of Interplanetary Magnetic Field (IMF) which preceded the Japanese
M7.1 earthquake recorded on February 13, 2021 by almost 18 hours (black vertical arrow).
Credits: iISWA, USGS, Radio Emissions Project.

D Earthquake
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D

Japan

11Feb 06:00 1200 1800 12Feb 0600 1200 1800 13Feb 0600 12:00 18:00

Universal Time
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Fig. 5 — Solar wind velocity related to M7.1 Japan earthquake. The graph above shows a rapid
increase in the speed of the solar wind that preceded the Japanese M7.1 earthquake recorded on
February 13, 2021 (black vertical arrow).

Credits: iISWA, USGS, Radio Emissions Project.

Perturbations of Interplanetary Magnetic Field (IMF) and increases in the speed of the solar ion flow explain,
through the coupling function between solar activity and the terrestrial magnetosphere, why an increase in
AL Index and DST Index was recorded (Fig. 4). From a temporal point of view, solar activity and terrestrial
geomagnetic activity show a series of electromagnetic phenomena connected to each other up to the seismic
event related to them. By following this chain of electromagnetic events backwards, it was possible to
identify a first seismic precursor of the electromagnetic type responsible for the variations in the density of
the solar ion flux present in interplanetary space; the authors called this seismic precursor the “Solar Seismic
Precursor” or SSP. This term refers to electromagnetic phenomena visible on the photosphere, in the
chromosphere and in the solar corona that can also be monitored from the Earth:
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a) coronal hole and high speed solar wind (HSSW);
b) sunspots and magnetic loops;
c) solar flare and coronal mass ejections (CMEs);

Conclusions

The monitoring of solar activity combined with the monitoring of the Earth's geomagnetic activity continues
to provide important and evident indications about the close correlation that exists between electromagnetic
phenomena of solar origin and potentially destructive seismic events that are recorded on our planet [23]
[24]. The solar and geomagnetic data that the authors correlated to the Japanese M7.1 earthquake recorded
on February 13, 2021 provide a further indication of the potential (in terms of seismic prediction) that
monitoring of solar activity and terrestrial geomagnetic activity have. Although the first important studies on
this type of correlation were carried out between 1960 and 1970 [25] [26] [27] [28], we can certainly affirm
that the basis of a new and innovative seismic forecasting method based on the monitoring and analysis of
solar activity and terrestrial geomagnetic activity were built by the authors thanks to the studies conducted in
this research area from 2012 to today [24] and thanks to the development of technology dedicated to crustal
diagnosis [24].
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Abstract

On February 7, 2021 two M6+ seismic events were recorded on our planet (M6.0 Philippines earthquake,
recorded at 04:22:56 UTC; M6.3 Papua New Guinea earthquake, recorded at 05:45:52 UTC). The authors,
analyzing the characteristics of solar ion flux and terrestrial geomagnetic activity, verified that the two
potentially destructive seismic events were preceded by a solar wind proton density increase and by an increase
in terrestrial geomagnetic activity. This type of correlation is already known to the international scientific
community thanks to the studies conducted by the authors in this field of research since 2011.

Keywords: proton density increase, seismic precursors, solar activity, geomagnetic activity, solar ion flux.
Introduction

Every year on our planet are recorded on average 129 potentially destructive earthquakes (average calculated
on the period 2012-2020) which does not follow a random modulation distribution: the studies conducted by
the authors from 2011 to date [1] [4] [ 5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20]
[21][22] [23] made it possible to highlight that potentially destructive seismic events are always preceded by
an increase in solar activity, and precisely by an increase in the density of the solar ion flux (especially of the
proton type) which also influences the terrestrial geomagnetic activity [2] [3] [5] [10] [12] [14] [17] [19] [23].
This work will present some of the results obtained by the authors in this research area: attention will be
focused on potentially destructive seismic events recorded on February 7, 2021 (Fig. 1):

1. M6.0 Philippines earthquake, recorded on February 7, 2021 at 04:22 UTC;
2. M6.3 Papua New Guinea earthquake, recorded on February 7, 2021 at 05:45 UTC.
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Fig. 1 — Seismic epicenters of potentially destructive earthquakes recorded on February 7, 2021. The map above shows the
seismic epicenters of the two potentially destructive earthquakes recorded on February 7, 2021.
Credits: USGS, Radio Emissions Project.
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Data analysis

On February 6, 2021 at 04:40 UTC the DSCOVR Satellite, located in Lagrangian orbit L1, provided the first
data of a solar wind proton density increase which ended on February 8, 2021 at 12:00 UTC. The peak of this
increase was recorded on February 6, 2021 at 16:30 UTC after which two potentially destructive earthquakes
were recorded. (Fig. 1 and 2):

1. M®6.0 Philippines earthquake, recorded on February 7, 2021 at 04:22 UTC;
2. M&6.3 Papua New Guinea earthquake, recorded on February 7, 2021 at 05:45 UTC.
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Solar, htglplaqeta|1r And Geomagnetic \e Emissions
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06:00 12.00 18:00 00:00 06:00 12:00 18:00 0000 06:00
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6.0 = Philippines (04:22 UTC)
6.3 = Papua New Guinea (05:45 UTC)

Data: iSWA, NOAA, ACE/DSCOVR Satellite, USGS, Radio Emissions Project

Fig. 2 — Variation in solar ion flux and Earth’s geomagnetic activity related to potentially destructive seismic events recorded
on February 7, 2021. The graph above shows the time markers of the two M6+ earthquakes recorded on February 7, 2021 and which
are correlated to the variation of solar wind proton density (black curve) and a subsequent increase in the Earth’s geomagnetic
activity (blue curve highlighted by the yellow area). The purple arrow indicates the beginning of the solar wind proton density
increase. Credits: iSWA, USGS, Radio Emissions Project.

Analyzing the temporal data of the two seismic events with the space weather data provided by DSCOVR
Satellite between 6 and 8 February 2021, the authors were able to calculate the time intervals recorded between
the start of the proton increment (Interplanetary Seismic Precursor) and the two M6+ seismic events:

1. M6.0 Philippines earthquake, recorded on February 7, 2021 at 04:22 UTC = 25 hours
2. M6.3 Papua New Guinea earthquake, recorded on February 7, 2021 at 05:45 UTC = 26 hours

The average time interval calculated by analyzing the seismic activity and the solar activity that occurred
between January 1, 2012 and February 18, 2021 is equal to 108.8 hours: the average was calculated by
analyzing 1192 M6+ seismic events that occurred in the same period (the 100% of M6+ seismic events
recorded on a global scale).

Since the increases in solar ion flux also have a significant impact on the Earth’s magnetosphere following the
coupling function between solar activity and terrestrial geomagnetic activity, the two seismic events analyzed
in this work were preceded by an evident increase in the Kp Index which has reached the value of 5 (a level
very close to the first degree of geomagnetic storm: G1, Kp=6) (Fig. 2).

What has just been stated is evident by analyzing the data on solar wind driven Magnetosphere-lonosphere
system (WINDMI) (Fig. 3): the two M6+ seismic events recorded on February 7, 2021 occurred right behind
a strong increase in the H component of the Earth’s geomagnetic field which has reached 440nT (AL Index).
Furthermore, at the same time the DST Index showed that a weak geomagnetic storm was in progress. These
perturbations of the Earth’s geomagnetic field have been defined by the authors as “Seismic Geomagnetic
Precursors” or SGPs.
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Fig. 3 — Low-dimensional model of the energy transfer from the solar wind through the magnetosphere and into the
ionosphere (WINDMI). The picture shows the variation of the AL-Index (at top) and the DST-Index (at bottom) in the hours that
preceded the M6+ earthquakes recorded on February 7, 2021 (the time marker of the earthquakes is indicated by a vertical black
line). The DST-Index is a direct measure of the Earth’s geomagnetic horizontal (H) component variation due to the equatorial ring
current, while the AL-Index (Auroral Lower) is at all times, the minimum value of the variation of the geomagnetic H component of
the geomagnetic field recorded by observers of reference and provides a quantitative measure of global Westward Auroral
Electroject (WEJ) produced by increased of ionospheric currents therein present. Model developed by the Institute for Fusion
Studies, Department of Physics, University of Texas at Austin. Credits: iISWA, USGS, Radio Emissions Project.
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Fig. 4 — Interplanetary Magnetic Field (IMF) related to M6+ seismic events recorded on
February 7, 2021. The graph above shows a perturbation of Interplanetary Magnetic Field (IMF)
which preceded the two M6+ seismic events recorded on February 7, 2021 (black vertical arrows)
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This type of correlation confirms the clear and close relationship that solar activity and terrestrial geomagnetic
activity have with respect to the M6+ seismic activity that is recorded on our planet. From a predictive point
of view, it is possible to use this type of analysis to predict in advance when to expect a resumption of M6+
global seismic activity and to issue a state of general alert useful to all those countries that are located in
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seismically active areas with a high seismic risk to prepare for a possible high intensity earthquake. This is
possible thanks to the results that the authors have obtained from 2012 to today [19] [22] [23], that is, since
they ascertained that every potentially destructive seismic event that is recorded on our planet is always
preceded by an increase in solar ion flux density (Interplanetary Seismic Precursor or ISP). Over the last eight
years, the authors have had the opportunity to present these results several times to the international scientific
community but the discovery has not had the right media echo and the right scientific recognition which, it is
right to reiterate, is unprecedented in the history of scientific research dedicated to seismic prediction.

To confirm the correlation that the authors found between solar activity and the two potentially destructive
seismic events recorded on February 7, 2021, you can see the next two graphs (Fig. 4 and 5).
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Fig. 5 — Solar wind velocity related to M6+ seismic events recorded on February 7, 2021. The
graph above shows a rapid increase in the solar wind speed that preceded the two potentially
destructive seismic events recorded on February 7, 2021 (vertical black arrows).

Credits: iSWA, USGS, Radio Emissions Project.

The perturbation of the Interplanetary Magnetic Field (IMF) visible in Fig. 4 confirms that the Earth has been
reached by a dense solar ion flux; while Fig. 5 confirms that this flow had a high speed. In both cases, both the
perturbation of the Interplanetary Magnetic Field and the increase in the speed of the solar wind have been
defined by the authors as “Interplanetary Seismic Precursors” or ISPs. The “Interplanetary Seismic Precursors”
always precede the “Seismic Geomagnetic Precursors” (Fig. 3) [19] [22] [23]: in both cases it is always a direct
or indirect expression of solar activity, and is therefore we must turn our attention to the Sun if we want to
create an innovative seismic forecasting method.

Conclusions

The term “Seismic Prediction” has evolved so much over the decades that it has undergone a conceptual split
through the word “Forecast” and the word “Forecast”. When we talk about “Seismic Forecast” we refer to a
series of scientific methods through which it is possible to make seismic predictions by analyzing statistical
data (for example, historical seismometric data); otherwise, when we talk about “Seismic Prevision” we refer
to a scientific method through which it is possible to make seismic prediction using one or more physical
phenomena that precede the expected seismic event. Today, research on earthquake prediction is focused on
the term “Prevision” rather than the word “Forecast” and we can say it seems beyond doubt that the authors
have shown many times that have identified a physical phenomenon that allows us to understand (on average
well in advance ) when a resumption of M6+ seismic activity can occur on Earth [19] [22] [23].
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Abstract:

All over the world dykes in the crust of the Earth are vertical. This shows that the crust was never folded after
dyke intrusion. Yet dykes go back to the Proterozoic. Only piles of sedimentary strata are folded, and the best
explanation for that is gravity tectonics. Folded strata are never refolded after dyke intrusion. These
observations suggest that models of global tectonics need much revision.

Keywords: dykes, vertical, folding, gravity tectonics
Introduction

NCGT published my first paper on dykes (Ollier 2011) and a more extensive treatment was published a year
later (Ollier, 2012a). These papers were about the space-filling properties of dykes, which cause extension
such as the 6.8% extension in Arran, Scotland, and the extension of an 80 km wide strip in Iceland by 5 km
between 1975 and 1985. The story was elaborated in a book chapter (Ollier, 2020) but this time a new topic
was introduced:

Significance of Vertical Dykes: Most dykes and dyke swarms are nearly vertical, indicating that
the intruded rocks have not been folded since the dykes were intruded. The crust has remained
essentially stable, which rules out significant compression and folding the in area. And this is most
of the Earth’s surface. Dykes not only signify crustal extension but also the lack of compression.
Their very existence undermines many ideas of compression, folding and mountain building.

Dyke swarms occur all over the world and throughout Earth history. The remarkable fact, which has drawn
very little attention before, is that virtually all dyke swarms consist of dykes that are vertical or very near
vertical. This shows that wherever there is a dyke swarm the crust has not been folded after the dyke intrusion.

The present article expands on this topic.
The evidence

There are thousands of reports of vertical dykes, and several volumes of collected papers (e.g. Hanski et al.
2006; Srivastava et al. 2020) with abundant regional details, but virtually no comment on the significance of
the verticality. Here are few illustrative examples to show the range.

The largest dyke swarm on Earth is probably the Mackenzie dyke swarm in the Canadian Shield, which is
about 3,000 km long 500 km wide, and about 1270 Ma old. Ernst and Baragar (1992) report that the dykes are
vertical. “Our results indicate that magma was injected vertically” The Canadian Shield has not been folded
since Archaean times.

Many Proterozoic and Palacozoic dykes show the same (e.g., Macouin et al. 2003; Polyansky et al. 2017).

When we get to the Mesozoic, we find many more examples. For instance, Lopez de Luchia and Rapalinib
(2002) describe the role of Middle Jurassic volcanism in the evolution of Patagonia, Argentina. “Regional,
structural, and, to a certain extent, petrological evidence for the Middle Jurassic dyke swarms of the Sierra de
Mamil Choique point to an extensional intracontinental tectonic setting in which older structures controlled
the development of the volcanism”.
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Amato et al. (2003) describe Late Cretaceous dyke swarms on Seward Peninsula in northwestern Alaska, which
represent the youngest local manifestation of a 115-75 Ma magmatic event in the Bering Strait region. The
orientation of dykes and normal faults suggest that between 110 and 90 Ma extension was generally oriented
NS to NNW-SSE.

Velazquez et al. (2011) describe a Cretaceous dyke swarm in Paraguay associated with the Asuncion Rift. The
morphological features, the regional en-echelon distribution, and the NW-SE orientation pattern suggest that
the dykes were injected along fractures under a tensional tectonic regime. The pattern of orientation of dykes
is consistent, temporally and spatially, with the phases of regional deformation that occurred during the process
of the Atlantic Ocean opening.

Wingate and Giddings (2000) studied dykes intruding Archean and Proterozoic sedimentary rocks in the
Pilbara Craton, Western Australia, and note that all dykes observed during their study dip within 5° of vertical
and appear to be undeformed.

Dyke injection continues to the present time. Steinthorsson and Thoraninsson (1997) report dyke intrusion
between 1975 and 1985 in part of northern Iceland.

The extensive Harrat lava province of Arabia formed during the past 30 million years in response to Red Sea
rifting. Between April and June 2009 a swarm of more than 30,000 earthquakes struck in northwest Saudi
Arabia. Pallister et al. (2010) used geologic, geodetic and seismic data to show that the earthquakes resulted
from intrusion of a dyke about 10 km long.

The only exceptions seem to be when the rocks are so deeply buried that they undergo metamorphism and
deformation. For example some dykes are deformed in Dronning Maud Land, Antarctica, where dykes were
emplaced at ~900—1000 Ma and ‘folded’ at ~460—-530 Ma (Grantham et al. 2006). This action took place in
the plastic depths of the Earth, not in the crust.

The significance of verticality

Archaean dykes are vertical but are generally intruded into metamorphic rocks or granites so cannot be related
to any earlier folding. In Phanerozoic rocks dykes often intrude folded sedimentary rocks. So in the latter we
have a history of deposition > folding > dyke intrusion > no more folding. In plain words, in a place with folds
and dykes, the folds came first, and the dykes second, and there is never any further folding after dyke intrusion.

If the crust was folded after insertion of dykes, then some of the dykes must be inclined (Fig. 1), Suppose
dykes are intruded into horizontal strata. After folding, the limbs of the folds would have a dip. If a limb
dipped at 45° than the dykes would be tilted at 45°. If the limb had a dip of 30°, the dyke would dip at 60°.
This has never been observed anywhere in the world.
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Figure 1. Top. Vertical dykes. For simplicity they are intruded into horizontal strata. Bottom. After folding
the dykes would be inclined, as explained in the text.

Somehow the dykes seem to freeze or fix that part of the Earth’s crust so it is no longer capable of folding.
Perhaps more surprisingly, folding occurs only in rocks that have not previously been intruded by dykes. It
seems that we are not able to fold the crust of the Earth, but nevertheless some stratified rocks have been
folded. How?

The folding of stratified rocks

The common idea that folding occurs by compression of the Earth’s crust. If this were so it should apply to
both crust with dykes and crust without dykes. Yet thousands of examples show that folding has not occurred
since the crust was intruded by dykes. But how can this be?

The universal verticality of dykes invalidates arguments for folding rocks by compression, by plate tectonics
(described later) or any other mechanism (many are described in structural geology textbooks of pre-plate
tectonic times). So what mechanism remains that can fold stratified rocks?

The best possibility as I see it is gravity tectonics, which has been suggested repeatedly by many authors (Van
Bemmelen, 1955; De Jong and Scholten, 1973; De Sitter, 1952; Korn and Martin, 1959; Rubey and Hubbert,
1959). It is not possible to describe all the evidence here, but I can mention a few salient points.

Folded rocks are found to be underlain by an unfolded unconformity or glide plane, so the upper folded rocks
were folded independently. A classic example is the Jura Mountains. The Jura folds are often likened to the
folds that can be generated in a tablecloth when pushed across a table. The table doesn’t fold, but the tablecloth
does. This homely analogy is very misleading, for there is no geological equivalent of the moving hand that
does the pushing and it folds where the hand is, not at the other end of the table. It is simply not possible to
push a sheet of rocks sideways like a tablecloth. If the table were tilted and the cloth slid down into folds the
analogy is better, and works under gravity, and the folds are at the lower end of the table. Many examples are
known where vast sheets of sedimentary rock have been apparently pushed over a hundred kilometres over a
basement. In plate tectonics this is called thin-skinned tectonics.

Perhaps the finest example of gravity-slide tectonics is provided by the Naukluft Mountains in southwest
Africa, described in masterly fashion by Korn and Martin (1959). The basement bedrock of Precambrian rocks
is unfolded, but is overlain by a series of intensely folded rocks which evidently moved from northwest to
southeast. The intensity of deformation increases to the southeast, where imbricate structure are found. This
is the effect of breakers-at-the-nappe-front found in many Alpine fold regions.
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But there is an even more remarkable feature in the Naukluft. After the faulted and folded rocks were
emplaced, they were eroded to a plain, and then a new series of sedimentary rocks were deposited
unconformably on the lower, folded and faulted series. The upper series would have been nearly horizontal
originally, but this upper series later underwent another phase of folding and thrusting. It slid down the
unconformity and was intensely deformed without any effect on the underlying rocks.

The unconformity between the two sets of folded rocks is marked by a distinctive yellow dolomite only five
to ten metres thick which evidently provided the lubricated layer allowing decollement of the overlying mass.
Even so the lower part of the dolomite is virtually undisturbed, and the upper part becomes gradually deformed
towards the upper adjacent rocks. A slab of rocks several kilometres thick slid on a lubricated plane over a
dolomite layer only ten metres thick, and without disturbing any of the underlying rocks at all. There can be
no question of crustal shortening or subduction here. Everything points to gravity sliding on a huge scale.

Perhaps the best example of large-scale gravity sliding in action is seen in the Niger delta, which consists of
Tertiary marine and fluvial deposits. Structurally it has fold and thrust belts, sometimes separated from one
another by several kilometres of undeformed strata. The deformation of the Niger Delta is driven by
gravitational collapse of shelf sediments (Bilotti and Shaw, 2005). This style of gravitationally driven systems
is common in passive-margin deltas (Rowan et al., 2004), including the Gulf of Mexico basin (e.g., Peel et al.,
1995).

The Niger Delta is on the same scale as many ‘fold mountain’ belts and has many of the features of an Alpine
Fold Belt, but it has never been mountainous — indeed not above sea level. In many ancient settings the
thrusting at the front would be interpreted in plate tectonic terms as the results of subduction, but the Niger
Delta is on a passive margin and subduction is impossible. The major features are shown in Fig. 2.
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Fig. 2. The Niger Delta, showing many features of an orogen, with normal faulting at the back and thrusts at
the front, entirely due to gravity (after Evamy et al. 1979).

It is worth stressing some general aspects of gravity tectonics. Folding of rocks by gravity sliding has nothing
to do with compression of colliding plates or shrinking Earth ideas. Such folding, although commonly called
‘orogeny’, has nothing to do with mountain building, as explained in detail by Ollier and Pain (2000). It is not
possible to fold rocks by a lateral push, as suggested by ideas of folded tablecloths or squashed clay in a
squeeze-box. The compressive strength of rock is very much lower than the force needed to push a slab of
strata a few kilometres thick and hundreds of kilometres wide. If a force capable of moving such a slab were
somehow applied, the slab would not move but would simply be crushed where the force was applied. Gravity
applies a body force that acts on every grain, every molecule in the rock mass and affects the whole mass in a
way that an applied force cannot do.

Plate tectonics and dykes

In plate tectonics mountains are said to be caused by compression at Active Margins where plates collide. A
few quotes from the internet provide simple examples:

“Fold mountains are created where two or more of Earth’s tectonic plates are pushed together, often at regions
known as convergent plate boundaries and continental collision zones.”

“Fold mountains are formed when two plates move together (a compressional plate margin).”
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“Fold mountains form when two tectonic plates move towards each other at a convergent plate boundary.
When plates and the continents riding on them collide, the accumulated layers of rock may crumple and fold
like a tablecloth that is pushed across a table,” (Wikipedia).

Similar statements are to be found in many textbooks in explaining mountains at collision sites.

But many mountains are not on collision sites, so how are they formed? One explanation is offered by Owen
(2004): “These ‘ancient” mountain systems generally have little or no relationship to the present lithospheric
plate boundaries and may have begun to have formed many hundreds of millions of years ago.” In other words
they were formed like the young, active margin mountains but were formed further back in time. Unfortunately,
this is not found to be true when we determine the real age of mountain building (Ollier and Pain, 2000; 2020).

If mountains were formed in this way, any dykes present must have been tilted as explained earlier, and this is
not found. Colliding plates should be compressing crust regardless of the presence of old dykes. If the Pacific
Plate is subducted under South America then one might expect folding of the rocks in the coastal cordillera,
but this is not found.

For instance all along the Pacific margin of the Americas there are numerous accounts of dykes, and they are
all vertical. Furthermore, there are many other indications of extension in these allegedly compressed arecas
(Ollier, 2012b).

Conclusion

Vertical dykes indicate that in Earth history folding of the crust does not occur. Folding of sedimentary rocks
is found, but is best explained by gravity tectonics.

If this is so then many conventional ideas, including plate tectonics and the geological cycle, need great
revision.
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Characteristics of Earthquake Distribution in the Japanese Archipelago

—Plate tectonics has not caused earthquakes—
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Abstract. In this paper, I re-examine the occurrence of earthquakes based on the distribution of hypocenters in the
Japanese Archipelago. Analysis of hypocenters at different depths shows different distribution characteristics in some
depth ranges. The distribution of earthquakes deeper than 300 km is the lower part of the deep seismic surface, which
is quite different from the upper part. Earthquakes with a depth of 50 to 300 km show a distribution of hypocenters
that form the upper part of the deep seismic surface that dips from the trench to the island arc side, but this is not seen
in the Nankai Trough. Earthquakes of 20-50 km depth are rarely found beneath the spine of the island arc, suggesting
that the lower crust in this region may be melting. Earthquakes with depths of 0-20 km are distributed on the spine
of the island arc and the surrounding continental slope, with many occurring in the upper crust of the island arc. The
upper part of the deep seismic surface dips from the landward side of the trench to the island arc side, and is not
subducted from the trench axis. Most earthquakes occur at the boundary between sedimentary basins and their sur-
rounding mountains, not due to subduction of a plate, but due to uplift of island arcs by molten bodies in the lower
crust.

Keywords: earthquakes, hypocenters, deep seismic surface, uplift of island arcs, plate subduction.

Introduction

This year marks the tenth anniversary of the massive earthquake that devastated the northeastern part of the Ja-
panese Archipelago, the Tohoku-Pacific Coast Earthquake (The Great East Japan Earthquake). This earthquake oc-
curred at 14:46 on March 11, 2011, with its hypocenter at a depth of about 24 km off Sanriku on the Pacific coast.
The magnitude of the earthquake was M 9.0, which is the largest earthquake ever recorded in Japan and the fourth
largest earthquake in the world since 1900. This earthquake is considered a typical trench-type earthquake.

The total number of victims of this earthquake and the resulting tsunami was more than 20,000, including the
dead and missing. In addition,
thls ear!:hquake and the. resultlng 40 1997/1070ﬁﬂﬂt36:08.— L:l!ji]f/lll!/28_23:5§:32g;
tsunami caused a serious acci- Depth: 0 681 km
dent at the Fukushima Daiichi
Nuclear Power Plant, and the ra-
diation released continues to
cause enormous damage not
only in the Tohoku region but
also throughout Japan.

Fig. 1 shows the hypocenter
distribution of earthquakes with
magnitudes ranging from M 0.1
to M 9.0 that occurred in and
around the Japanese Archipel-
ago from October 1, 1997 to Au-
gust 28, 2011. The hypocenter
data was obtained from the
Japan Meteorological Agency's
hypocenter data, and the distri-
bution map was created using
Scat3D software provided by
Professor Takayuki Kawabe of
Yamagata University. The depth
of the hypocenter is indicated by
the color of the circle, and the ; »
magnitude is indicated by the | - W Index map
radius of the circle, but these ———"H+—+———"—————"————"———
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tion of the hypocenter. ber 1, 1997 to August 28, 2011. The Japanese Archipelago appears to be a nest of earth-
These data show that many quakes. Right map is the index map.
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trenches and island arcs around the Japanese Archi-
pelago, and the Japanese Archipelago appears to be a
nest of earthquakes. Seismologists have explained
that earthquakes around the Japanese Archipelago
are caused by plate subduction. But is it true? Where
are the earthquakes actually occurring? In this paper,
I will re-examine the occurrence of earthquakes
based on the actual hypocenter distribution of earth-
quakes.

As a result, when the hypocenters of these earth-
quakes are analyzed by their depths, different distri-
bution characteristics are observed in several depth
ranges. And it clearly shows that earthquakes are not
caused by the plate tectonics.

Characteristics of earthquake distribution due to
differences in hypocenter depth

Depth 300 km to the deepest (681 km)

The earthquakes occurring at this depth range
(Fig. 2) are composed of three sets. One is a linear
distribution of westward-dipping deep earthquakes
from north-northwest to south-east direction that
starts south of the Bonin Islands, passes through Ise
Bay and Wakasa Bay, and ends near the Yamato Bank
in the Sea of Japan. Secondly, there is a north-trend-
ing linear distribution in the east-northeast to west-
southwest direction extending from the northern part
of the Kuril Basin to the vicinity of Wakkanai in
Hokkaido. The remainder is distributed in the Japan
Basin between these two areas. The entire distribu-
tion of earthquakes at this depth appears to be orthog-
onal as shape of the letter "L" tilted upside down. The
hypocenter distribution in this depth range is the
lower part of the so-called deep seismic surface,
which is discontinuous with the upper part and shows
a completely different distribution.

Earthquakes at depths of 50 to 300 km

The earthquakes at this depth range (Fig. 3) show
the distribution of hypocenters that form the upper
part of the so-called deep seismic surface, which dips
from near the trench to the island arc side. Such deep
seismic surfaces are also observed along the Japan
Trench, the Kuril Trench, the Izu-Bonin Trench, and
the Ryukyu Trench. However, on the Pacific side
along the Nankai Trough, there is no equivalent to
this deep seismic surface. This may mean that there
is no plate boundary in the Nankai Trough that corre-
sponds to a deep seismic surface. In the Nankai
Trough area, however, small-scale epicenters are dis-
tributed in the Kii Peninsula, the Kumano-nada (the
southeast off the Kii Peninsula), and the southeast off
the coast of Shikoku.

Earthquakes at depths of 20 to S0 km
Earthquakes of this depth range (Fig. 4) are dis-
tributed on the continental slope on the Pacific side
of the island arc, and on the continental slope on the
Sea of Japan side in the Tohoku region and near
Wakkanai. There are few earthquakes of this depth in
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Fig. 2 Distribution of hypocenters in and around the Japanese Archi-
pelago from 300 to 681 km depth. This is the lower part of the
so-called deep seismic surface, which is discontinuous with the
upper part and shows a completely different distribution.
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Fig. 3 Distribution of hypocenters in and around the Japanese Archi-
pelago from 50 to 300 km depth. This forms the upper part of the
so-called deep seismic surface, which dips from the trench to the
island arc side, but is not seen along the Nankai Trough.
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the spine of the island arc, and many are not distrib-
uted on the Sea of Japan side in southwest Japan.
This depth range corresponds to the lower continen-
tal crust below the island arc. In the absence of these
earthquakes, there are many very low-frequency
earthquakes distributed under the volcanic belts. For
those in the lower part of this depth range, it is likely
that earthquakes at the top of the deep seismic sur-
face are also included. There are few earthquakes
south of the Bonin Islands, and they are concentrated
at depths of 25 to 40 km in the Kuril Arc.

Since earthquakes are caused by brittle failure, the
absence of earthquakes may indicate that the region
is composed of elastic or molten material. The distri-
bution of earthquakes at this depth range also
roughly coincides with the distribution of volcanic
belts and very low-frequency earthquakes. This sug-
gests the presence of molten magma in the spine of
the island arc at depths of 20 to 50 km.

Earthquakes at a depth of 0 to 20 km

Earthquakes of this depth range (Fig. 5) are dis-
tributed on the spine of the island arc and the sur-
rounding continental slopes. Those shallower than 10
km are concentrated on land and in some areas, while
those 10-20 km deep are distributed on the continen-
tal slope. In some areas along the coastline, there are
seismic gaps. There are few earthquakes at this depth
range in the south of the Bonin Islands, and there is a
gap between Hokkaido and the Kuril Arc, where
large earthquakes are distributed around 15 km
depth. The distribution of earthquakes shallower than
10 km in the land area of the island arc indicates that
earthquakes are occurring in the upper continental
crust below the island arc.

Trench-type earthquakes

Trench-type earthquakes are generally described
as earthquakes that occur beneath the landward slope
of an oceanic plate as it subducts in an oceanic
trench. This is believed to be caused by the accumu-
lation of strain on the landward plate, which is
pushed by the subducting oceanic plate, causing the
landward plate to spring up and generate an earth-
quake fault, which in turn causes an earthquake.
Therefore, earthquakes can occur anywhere along
the subduction zone of a plate.

In Japan, the area from the Enshu-nada (off the
coast of Hamamatsu) to Suruga Bay (off the coast of
Shizuoka) along the Nankai Trough has been threat-
ened by the possibility of large earthquakes due to
the subduction of the Philippine Sea Plate for the past
50 years (Fig. 6). This is because this area has never
had a major earthquake before, i.e., it was a blank
area, and therefore, the Tokai Earthquake or the
Nankai Trough Earthquake was assumed to occur.

In the case of the Nankai Trough Earthquake, the
plate boundary is traced onshore north of Suruga
Bay, but no major earthquakes have occurred on-
shore. If M 7.0 to M 8.0 (and sometimes up to M 9.0)
earthquakes can occur anywhere in the plate subduc-
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Fig. 4 Distribution of hypocenters in depths of 20 to 50 km in and
around the Japanese Archipelago. Light blue circles indicate
very low-frequency earthquakes. There are few earthquakes at
this depth in the spine of the island arc, and they are accompa-
nied by very low-frequency earthquakes.
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Fig. 5 Distribution of hypocenters from 0 to 20 km depth in and
around the Japanese Archipelago. They are distributed on the
spine of the island arc and the surrounding continental slopes.
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tion zone, why do they occur only in the ocean? The
plate boundary is extended on land, but why don't seis-
mologists assume the source region in the landward ex-
tension of the Nankai Trough? Also, if earthquakes oc-
cur in the subduction zone of a plate, they should occur
anywhere in the horizontal direction of the subduction
zone, so why is the hypocenter distribution concentrated
as the source region?

The Great East Japan Earthquake, which caused ex-
tensive damage to the Japanese Archipelago, is consid-
ered a typical trench-type earthquake, which is said to
occur at plate boundary. In this section, I will take a
closer look at this reality. Fig. 7 shows the east-west
cross section of the hypocenters of the earthquakes that
cut off Sanriku in the Tohoku region. Here, the deep
seismic surface has two rows of the upper and the lower
seismic surfaces (double deep seismic surface). The top
edge of the upper deep seismic surface is not in the
trench, but extends to the western margin of the deep-sea
terrace. The main shock of the Great East Japan Earth-
quake is distributed below the trench side than the up-
ward extension of the upper deep seismic surface (24 km
depth of a black inverted triangle in Fig. 7).

The top edge of the upper deep seismic surface is not
in the trench, but on the landward side, which is a fact
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42mmly

Philippine Sea Plate

Fig. 6 The source regions of the Nankai Trough Earthquake,

which are estimated to occur as a result of the subduction of
the Philippine Sea Plate. Squares the A to the C and the D to
the E indicate the estimated source regions of the Nankai
Earthquake and the Tokai earthquake, respectively. The F in-
dicates the source region of the Kanto Earthquake. Arrows
and numbers indicate the direction and speed of the Philip-
pine Sea Plate relative to Honshu (Koyama, 2008).

not only in the Northeast Japan Arc but also in the Izu-Bonin Arc and the Ryukyu Arc. If the top of the deep seismic
surface is not subducting from the trench, is the oceanic plate subducting from the trench? How can the mechanism
of the trench-type earthquakes be explained when the subduction zones of oceanic plates do not coincide with deep

seismic surfaces?

At the end of the 1960s, a seismologist and a marine geologist showed that the characteristics of the epicenter
distribution of the trench-type earthquakes are closely related to the distribution of the deep-sea terrace (forearc

basin).

Den (1968) showed the distribution of earthquakes of M 6.0 or greater occurring at depths of 60 km or shallower

Data Areaz (384807 | 1360317 }-(38491° | 146025 )-(3750%° | 1460237 )-(37498"  136.03%° ) HRODSR:NGSY E
A mkm S00km

from 1926 to 1965 and the distribution of the
deep-sea terraces, and pointed out that the
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Fig. 7 East-west cross section of the hypocenters of the earthquake that cut
off the Sanriku coast in the Tohoku region. The hypocenter of the main
shock of the Great East Japan Earthquake was located 24 km beneath at
a black inverted triangle, and the Japan Trench at a white inverted trian-
gle. If we assume that the deep seismic surface is a plate subduction
zone, then the plate is not subducting in the trench, but is subducting

from the landward side by more than 100 km.

LI epicenters are concentrated at the edge of the
. deep-sea terraces. Den's (1968) figure shows
5 that the Nankai Earthquakes and the East

Nankai Earthquake of the 1940s occurred on
the margins of the deep-sea terraces in the Kii
Channel and off the coast of the Kii Penin-
sula, respectively, and that no major earth-
quakes occurred in the Enshu-nada, which
has no wide deep-sea terrace.

Hoshino (1969), based on the relationship
between the development of the deep-sea ter-
races and the distribution of epicenters of ex-
tremely shallow earthquakes (shallower than
10 km), found that extremely shallow earth-
quakes occur frequently where only one level
of the deep-sea terrace is developed, and that
no extremely shallow earthquakes occur at all
where two levels of the deep-sea terrace are
distributed, as in Tosa Bay, or where several
narrow levels of the deep-sea terrace with dif-
ferent depths are distributed, as in the Enshu-
nada. It also states that extremely shallow
earthquakes occur where the margins of the

- =500km

Neogene sedimentary basins are isolated and develop into basins with strata thicker than 1,000 meters.
The distribution of the epicenters of the Great East Japan Earthquake and its aftershocks published by the web page
of the Japan Meteorological Agency is superimposed on the detailed distribution of deep-sea terraces off the Pacific
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coast of Tohoku (Iwabuchi, 1967), and
the main shock of the Great East Japan
Earthquake occurred at the eastern mar-
gin of one deep-sea terrace off Miyagi
(Fig. 8).

As mentioned earlier, the Nankai

Trough, where the Tokai Earthquake or 4

the Nankai Trough Earthquake are ex-
pected, does not have a deep seismic sur-
face (Fig. 3). The trench-type earth-
quakes are said to occur when oceanic
plates subduct, which means that they do
not occur in the Nankai Trough. How-
ever, all seismologists continue to shout
that huge earthquakes in the Nankai
Trough will occur in near future.

From the perspective of earthquakes
and sedimentary basins, the Tokai Earth-
quake is examined, although strata of the
Neogene and later periods are distributed
in the Enshu-nada, they are not distrib-

uted in a thick basin-like pattern, and the z5° N '

seafloor topography does not consist of a
single level of deep-sea terrace (Fig. 9).
This suggests that the seafloor of the En-
shu-nada may not be a place where
carthquakes occur. In other words, it
seems to be that this is one of the reasons
why the Tokai Earthquake, which was
supposed to occur in the Enshu-nada, did
not occur for 50 years.
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Fig. 8 The distribution of the epicenters of the Great East Japan Earth-
quake (the web page of the Japan Meteorological Agency) is superim-
posed on the distribution of the deep-sea terraces of Iwabuchi (1967).
Most of the epicenters are not in the deep-sea terraces, but are distrib-
uted at the periphery of them.
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Fig. 9 Sea floor topography from the Enshu-nada to the Kumano-nada (Red box in the index
map). In contrast to the Kumano-nada, where a deep-sea terrace (the Kumano Basin) de-
velops, the Enshu-nada has no wide deep-sea terrace.

severe damage mainly to the city of Kobe.
Direct inland earthquakes, such as the Southern Hyogo Prefecture Earthquake (M 7.3), occur near the boundary

Sedimentary basins and

earthquakes

Fig. 10 shows the distribu-
tion of the epicenters of the
Southern Hyogo Prefecture
Earthquake in 1995, super-
imposed on a map of the Os-
aka Plain from Awaji Island.
Osaka Bay-Osaka Plain is a
sedimentary basin that has
accumulated thick sediments
left over from the surround-
ing the Rokko and the Izumi
Mountains, which  were
rapidly uplifted by the
Rokko Movement as de-
scribed by Huzita (1990).
This earthquake occurred 16
km beneath the Akashi Strait
at the northwestern margin
of this basin, and strongly vi-
brated the northeast-south-
west belt from the northern
part of Awaji Island to the
southeastern boundary of the
Rokko Mountains, causing
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Fig. 10 Distribution of the epicenters of the main and after-
shocks of the Hyogo Prefecture Earthquake in the area
from Awaji Island to the Osaka Plain, superimposed on a
map of the Osaka Bay area (Red box in the index map). A
red circle indicates the location of the epicenter of the main
shock and a red square indicates the location of the epicen-
ter of the aftershocks. Most of the epicenters are distributed
along the boundary between the Rokko Mountains and Os-
aka Bay-Osaka Plain.
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between urbanized plains or basins and around rising
mountains. The magnitude of these earthquakes is not as
large as the trench-type one, but because the hypocenter
is directly under the city, they can cause significant dam-
age. Such earthquakes have often occurred in plains and
basins throughout Japan. For example, in the Shizuoka
Plain, the Shizuoka Earthquake (M 6.4) occurred in 1935
at the boundary between the southwestern part of the
Udo Hills and the Shizuoka Plain, and in the Shimizu
Plain, the Shizuoka Earthquake (M 6.1) occurred in 1965
at the boundary with the northern mountains. The 2009
Suruga Bay Earthquake (M 6.5) occurred in the northern
margin of the Senoumi Basin in Suruga Bay (Fig. 11).

If the size of the plain or basin is small, the magnitude
of the earthquake is small; if it is large, the magnitude of
the earthquake is large. Some people believe that such
earthquakes occur periodically in the same place in the
same basin, but according to Shimamura (2011), earth-
quakes do not have a periodicity. An earthquake similar
to the Southern Hyogo Prefecture Earthquake is known
as the Keicho-Fushimi Earthquake, which is said to have
occurred in 1596 on the Rokko-Awaji Island fault zone.
The interval between the two earthquakes is about 400
years, but the two earthquakes did not occur in the same
place.

If a trench-type earthquake occurs on a deep-sea ter-
race, i.e., at the margin of a forearc basin, the mechanism
of occurrence is the same as that of an earthquake occur-

ring at the margin of an inland basin, which is called a direct inland earthquake. What distinguishes them is the size
of the basin, which has nothing to do with plate subduction.

The topography reflects the geology and tectonic

movements of a place. Since erosion is not as pro-

2 1381 1382 133
2009/08/11/ 05:07:05. - .2009/08/13/ 23:41:43.

nounced in marine areas as it is on land, sedimen-
tary landforms such as deep-sea terrace are clear,
and landforms reflecting tectonic movements such
as earthquakes and faults are easily recognized. The
larger the size of the forearc basin or the inland
basins, the larger the earthquake is likely to be.
Therefore, more research on geomorphology and
geology should be incorporated into the future un-
derstanding of earthquake generation mechanisms.

Earthquakes in the Nankai Trough

Fig. 12 shows the distribution of epicenters
along the Nankai Trough at depths of 0 to 50 km, [«
and Fig. 13 shows the distribution of hypocenters at

- Shizuoka
- Suruga Bay

Makinohara

\ Senoumi
‘North Bank
Magnitude OJ-0 @ 4((d3] -2\ 1 g

Sagara Depth 0.2 4 6/8101214/16 182022 24 26 28 30.35

depths of 0 to 50 km in four north-south cross sec-

tions across the Nankai Trough. Fig. 13 shows that
there is no deep seismic surface, and the upper end
of the distribution of hypocenters at depths of 20 to
40 km is extended near the coastline and does not
coincide with the Nankai Trough axis.

Fig. 11 Distribution of the epicenter of the 2009 Suruga Bay Earth-
quake (Red box in the index map). The epicenters are limited to
the northeastern margin of the Senoumi Basin from Shizuoka to
the Senoumi North Bank.

In Fig. 12, there are seismic blank zones in the Akaishi Mountains and the Kii Mountains at a depth of 30 km or
less from Shizuoka to the Kii Peninsula, and earthquakes with a depth of 30-50 km are concentrated in the southern
part of those mountains. In that sea area, there is a blank zone of earthquakes with a depth of less than 30 km from
the Enshu-nada to the Kumano-nada, but the concentration of earthquakes with a depth of 30-50 km is in the southern
part of the Kumano-nada (beneath the outer margin of the Kumano Basin) and not in the Enshu-nada. In other words,
the concentration of earthquakes with a depth of 30-50 km in this region seems to be distributed along the southern
margin of the uplifted massif, including the Akaishi Mountains, the Kii Mountains, and the outer margin of the Ku-
mano Basin (Fig. 12). This suggests that earthquakes in this region are thought to be caused by pushing up the up-
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Fig. 13 Distribution of hypocenters from 0 to 50 km depth in four
north-south cross sections across the Nankai Trough. Coast is the
location of the coastline, and Trough is the location of the deepest
axis of the Nankai Trough. No deep seismic surface along the
trough is observed in any of the cross sections. In all sections,
earthquakes are concentrated below the coast and the landward
side. In addition to that, in the B section earthquakes are also con-
centrated below the landward side of the Nankai Trough (beneath
the outer edge of the Kumano Basin).

lifted land mass from below.

Fig. 14 Distribution of earthquakes beneath the Kumano
Basin. Most earthquakes do not occur on the top sur-
face of the ocean crust (the Philippine Sea Plate).
Black circles are hypocenters. In fact, the hypocen-
ters are much deeper, at depths of 20 to 50 km, and
the earthquakes occur independently of the upper
surface of the plate. The top of this figure is the geo-
logical cross section of the Nankai Trough from Saf-
fer et al. (2010).

The hypocenters of earthquakes concentrated in the southern part of the Kumano-nada are located at 30-50 km,
and there are almost no earthquakes at depths of 0-10 km, which is the subduction zone of the Philippine Sea Plate
(Fig. 14). In other words, there is no relationship between plate subduction zones and the occurrence of earthquakes.

Mountains are uplifted, while basins are relatively subsided. For example, the boundary between Osaka Bay-
Osaka Plain region and the rising the Rokko Mountains has been subject to continuous uplift and relative subsidence
(sea level rise) caused by the Rokko Movement. Similarly, the Akashi Mountains, the Kii Mountains, the outer ridge
of the landward side of the Nankai Trough that formed the deep-sea terrace (forearc basin), and the upper continental
slope of the landward side of the trench have been actively uplifted since the Quaternary. The mechanism of uplift
movement of mountainous and continental slopes relative to the basin seems to be closely related to the occurrence

of earthquakes.

The island arc-trench system is characterized by island arc uplift, volcanic activity, trenches, and earthquakes. The
island arc is thought to have been formed by uplift since the late Miocene, especially since about 430 Ka (Shiba,
2017a, 2017b, 2021), and volcanic and seismic activities are thought to be associated with this. Therefore, it is nec-
essary to study earthquakes in relation to the uplift movements and magmatic activities that formed the island arc,
rather than considering plate subduction alone as the cause of earthquakes.

Mechanism of earthquake occurrence

In conclusion, I believe that earthquakes are not caused by a simple mechanism of the plate tectonics, as is com-
monly believed, in which the landward side of a plate is pushed by a subducting oceanic plate, causing the landward
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side to spring up due to accumulated strain.

Hosoi (1996) argued that the "destruction” of individual parts of the crust can be considered when it progresses
gradually at a very low speed, but it is questionable what kind of "reality" of destruction exists in the crust where
there is no surrounding space when instantaneous energy is released, such as in an earthquake. He believes that the
fluid (water) itself, which can flow explosively, plays a major role in the occurrence of instantaneous ruptures such
as earthquakes.

As for the mechanism of earthquake occurrence, I believe that one of the most likely causes of earthquakes is the
shock proposed by Hosoi (1996), which is an explosive flow of high-pressure water from an anomalous high-pressure
block to the adjacent layer, breaking through a weak part of the fault wall. Especially in the case of earthquake swarm
occurring in hot spring areas, the increase in ground heat or steam pressure and the change in groundwater flow are
consider to be closely related to the occurrence of earthquake swarm. Therefore, the interrelationship between re-
gional uplift zones and basins, as well as the stress and heat increase and changes within the crustal interior and the
upper mantle that cause the uplift, are important in understanding the cause of earthquakes.

However, | am not able to predict where and when the next earthquake will occur. Even for earthquakes that have
occurred in the past, nobody is not possible to clearly explain the specific mechanism that caused them. However,
since most earthquakes occur at the boundary between uplift zone and basin, something must be causing the uplift of
the crust. The causes of earthquakes are probably closely related to changes in the low-velocity layers at the lower
crust, magmatic activity, and resulting changes in vapor pressure, such as heat and hydrothermal fluids in the crust or
strata.
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Abstract:

The Fuel and Energy Complex is an artery of socio-economic sector of one and another country. Pakistan
a traditional importer of oil is now importing Natural Liquid Gas to meet demand of Fuel and Energy
complex for industry complex and urban development. Therefore, Pakistan is hunting for indigenous
hydrocarbon deposits and utilization of sustainable energy resources. The present study is an attempt to
evaluate hydrocarbon potential of Sost aulacogen, a tectonic element of Northern Sedimentary Terrain,
Karakoram. The paleotectonic conditions of sedimentation of Mesozoic sequence of Alpides of Pakistan,
NW Himalayas and Karakoram indicates resemblance. Therefore, authors postulate probability of huge
hydrocarbon fuels deposits in Sost aulacogen. However, still detail petroleum system studies and modelling
of aulacogen is required for commercial activity.

Keywords: Hydrocarbons, Mesozoic Sequence, Sost Aulacogen, Paleotectonic Conditions,
Sources and Reservoirs.

Introduction:

If one follows the socio-economic sector development since stone stage, he will find that it was required to develop
invention energy resources considering system of economic relations. The evolutionary and revolutionary dynamics
of socio-economic sector development frames target of the Fuel and Energy Complex (FEC). Therefore, viable Fuel
and Energy Complex (FEC) is important for one or another country. While viability of FEC depends on availability
of hug indigenous hydrocarbon fuels and energy resources.

Pakistan is blessed with an enormous amount of renewable and natural energy resources. It has an excellent solar
insolation; an extremely good wind energy potential; massive hydroelectric resource, substantial reserves of natural
gas, 1054 KM long coastal line with a resource of tidal energy; large livestock population and agricultural waste to
generate bioenergy. In addition, Pakistan has one of the largest coal resources in the world amounting to 185 billion
tons of lignite located in Sindh province.

Despite massive renewable energy potential in the country, today only 70% of population has access to grid
electricity in Pakistan. In terms of access to natural gas network, about 25% of population has access to natural gas
network. This indicates that about two-third of population must rely on inefficient and unhealthy recourses such as
fuels wood, dung, and other biomass to meet their basic energy needs for cooking, space heating and water heating
etc. Certainly, the demand would continue to grow further as the population increases. According to Arkhipov et al.,
(2014) gas demand of fuel and energy complex will reach peak in 2040 in Pakistan. Moreover, emerging global
megaproject China — Pakistan Economic Corridor (CPEC), a locomotive of socio-economic sector of region will
also make relevant correction in targets of Fuel and Energy Complex of Pakistan. The above-mentioned future
scenario of FEC target will eventually enhance hefty import bills of Pakistan, a traditional importer of oil and now
is importing liquid natural gas (Brohi 2018).

The critical choice for affordable and reliable supply of hydrocarbon fuels and energy depend on exploration of
indigenous hydrocarbon fuels deposits and the effective utilization of energy resources. Therefore, Pakistan is
hunting for indigenous hydrocarbon fuels deposits and planning to enhance utilization of renewable energy sources
to make sustainable FEC in accordance with future target.
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The Oil and Gas Companies are targeting Palacozoic, Mesozoic, and Cenozoic sedimentary sequences in Pakistan
because clastic and carbonate rocks of above-mentioned Eras are hydrocarbon sources and reservoirs rocks in
onshore and offshore basins of Pakistan (Bender and Raza 1995, Craig et al., 2018, Carmichael et al., 2009, Oakley
2016, Qadri 1995, Voskresenskiy et al., 1971 and Wandrey et al., 2004).

Craig et al., (2018) and Oakley (2016) have studied petroleum system and hydrocarbon potential of NW Himalaya
of Pakistan and India and indicated Palaecozoic and Mesozoic sequences as sources and reservoir rocks in NW
Himalayas. Wadia (1931) has categorized NW Himalayas as NW Himalaya Syntaxis. While Burtman (2013) and
Khain (1979) have linked Trans Indus Range and Salt Range with NW Himalayas Syntaxis and termed as Pamir-
Punjab Syntaxis. Whereas Balasundaram and Ray have connected Karakoram Mesozoic geosyncline with Mesozoic
Himalaya geosyncline south of Tibet. Despite Karakoram Meganticlinorium (Khain 1979), an internal tectonic
element of Pamir-Punjab Syntaxis (Burtman 2013 Khain 2000) and comprises Palaecozoic and Mesozoic clastic and
carbonate rocks (Desio 1974, Gaetani 1997, Schneider 1957, 1960, Zanchi and Gaetani 1994, 201) is excluded from
petroleum system and hydrocarbon potentials studies of NW Himalayas Syntaxis (Craig et al., 2018, Oakley 2016).

However, Magsi (2018, 2019) has overviewed abiotic and biotic hydrocarbons potential of Northern Sedimentary
Terrain, Karakoram.

The object of present study is to examine petroleum system and hydrocarbon potentials of Mesozoic sequence
(Donnelly 2004 and Zanchi and Gaetani 1994, 2011) of Sost aulacogen, Northern Sedimentary, Northern Karakoram
Terrain (Fig.1) in accordance with correlation of paleotectonic conditions of sedimentation of Mesozoic sequence of
sources and reservoir rocks of NW Himalayas.

Figure 1 Tectonostratigraphic units of Sost Aulacogen (after Zanchi and Gaetani 1994 with Changes).
KAB - Karakoram Axial Batholithic.

Tectonic and Stratigraphic Context of Sost Aulacogen:

Schneider (1957,1960) delineated 5 zones of Karakoram meganticlinorium (Khain 1979, Belyayevskiy 1966) from
north (Northern Sedimentary Zone) to south (Gilgit zone). Gattinger (1961) assumed 7 zones of Karakoram
meganticlinorium. While Desio (1974) split Karakoram segment into 6 zones: Northern Sedimentary Zone also term
as Northern Sedimentary Terrain (Zanchi and Gaetani 2011); Axial Granite (Batholithic) Zone; Central Metamorphic
Zone or Southern Sedimentary Zone (Zanchi and Gaetani 2011); Chalt Green Schist Zone; Basic Intrusion Zone and
Gilgit Zone. However, Gaetani (1997), Gansser (1964), and Zanchi and Gaetani (2011) suggested three zones from
north (Northern Sedimentary Zones to south Southern metamorphic Zone) and defined Chalt Green Schist zone as
Karakoram - Kohistan suture, Basic Intrusion Zone and Gilgit Zone as part of Kohistan Arc. According proponent
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of plate tectonic (Gaetani 1997, Gansser 1964, Tahirkheli et al., 1990, and Zanchi and Gaetani 2011) Karakoram —
Kohistan Suture Zone serves as collision boundary between Kohistan Arc with Karakoram segment. Whereas
Balasundaram and Ray (1973) considered Karakoram- Kohistan Suture Zone as eugeosyncline that linked with
Mesozoic geosyncline south of Tibit. Belousov et al., (1979), Belyayevskiy (1966), Bolt and Choi (2005), Gattinger
(1961), Schneider (1957, 1960), Smoot (2007, 2018) also decline collision of Kohistan Arc and Karakoram Arc. The
fold and block model of Garhwal Himalaya dis not support traditional plate tectonic concepts (Rogozhin et al., 2020).

The Northern Sedimentary Terrain, Karakoram stretches between Northern fault also term as Kilik Fault (Zanchi
and Gaetani 2011) and Axial Batholithic Zone (Fig.1). Whereas Reshun — Upper Hunza Fault splits Northern
Sedimentary Terrain into Northern and Southern Units (Zanchi and Gaetani 2011), where the Sost unit and Guhjal
Unit are internal tectonostratigraphic elements of Northern Unit and Southern Units respectively (Fig.1). Zanchi and
Gaetani (2011) have elucidated morphological reactivation of Reshun- Upper Hunza Fault where segments of fault
change morphology as reverse, normal and strike slip faults. Belousov (1976) categorized morphological changing
structure faults as overthrust slashes. Belyayevskiy (1966) and Khain (1991) termed overthrust slashes as abyssal
faults which control geoblocks dynamics. The abyssal faults are present in Tien Shan and Caucasus mountains where
serve as boundaries between neotectonic uplifts and subsidences (Belousov 1980, Belyayevskiy 1966). Therefore,
Reshun — Upper Hunza Fault being abyssal fault influences on the Northern Sedimentary basin dynamics. The Upper
Hunza Fault and Northern Fault (Fig.1) are major thrusts plane stacking Guhjal block and Misgar Block on the Sost
Block respectively (Donnelly 2004, Zanchi and Gaetani 2011). Authors postulate that Upper Hunza Thrust Fault and
Northern Thrust Fault form Sost Aulacogen tectonic element (Fig.2).

Figure 2. Sost Aulacogen, Northern Karakoram Terrain

The Sost graben structure comprises of a thick pile of folded and thrusted sheets forming antiformal stack, where
strike slip faults with E-W strike disturb the structures (Donnelly 2004, Zanchi and Gaetani 2011).

The Northern Sedimentary Terrain, Karakoram is comprised of Paleozoic and Mesozoic clastic and carbonate rocks
(Gaetani 1997, Gaetani 1997, Zanchi and Gaetani 1994, 2011) where outcrop rocks ratio is: volcanic 0.5%, Plutonic
4-5%) Sedimentary 67% and Metamorphic 28% (Desio 1974). Whereas Sost graben consists of thick Permian and
Mesozoic clastic and carbonate sediment sequences, Gricha formation (Permian) outcrops as core of Sost anticline
(Zanchi and Gaetani 1994). The coals seams are present in Ashtigar and Yashkuk formations in Chapursan block of
Sost graben (Donnelly 2004). Guhjal horst characterises with anticline and syncline structures controlled with faults
(Fig.3). Gricha formation black slates and sandstone (Permian) overlain by massive carbonate (Permian — part of
undefined Mesozoic) of Guhjal Formation and well bedded Buattar Limestone, marl, and shaly sandstone (Permian)
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interbedded with Gricha and Guhjal formations (Zanchi and Gaetani 2011). Whereas dark slates, arkose sandstone,
quartzite, bioclastic limestone and strongly deformed Shaskar granitoid outcrops in Misgar horst.

b

Pasu Gricha Sost .

/A

Ghulmit

B Hunza Unit (Plutonic Rocks) B Ghujal Formation

B Cretaceous Limestone, Reshit Formation Gricha Foprmation
W Jurassic Sandstone Ashighar Formation, Yushkuk Formation Misghar Slates

B Lupghar Formation ® Source Rock

Figure 3. Geological Cross Section Guhjal Unit and Sost Unit.
Discussion and Conclusion:

The sustainable and prolonged subsidence of the earth's crust refers as basin. The basin dynamics frames
sedimentation trends and progressive lithogenesis that sedimentary rocks - the composition and the structure, whereas
the lithogenesis processes make favourable environment for the formation, accumulation, and preservation of
hydrocarbons (Galimov 1989).

Bender and Raza (1995), Carmichael et al., (2009), Craig et al., (2018) Oakley (2016), Qadri (1995), Voskresenskiy
et al., (1971) and Wandrey et al., (2004) examined petroleum system and hydrocarbon potentials of Alpides,
Pakistan, NW Himalayas and Offshore Indus Basin of Pakistan and delineated Alpides, NW Himalayas into Indus
basin, Balochistan Basin, Kohat- Potwar Basin, Peshawar Basin, Lesser Himalaya basin, Trans Indus Range, Salt
Ranges, Kashmir Basin, Indus Offshore Basin and Makran offshore Basin as prospective hydrocarbon producing
basins. According to Bender and Raza (1995), Carmichael et al., (2009), Craig et al., (2018) Oakley (2016), Qadri
(1995), Voskresenskiy et al., (1971) and Wandrey et al., (2004) Mesozoic clastic and carbonate rocks are
hydrocarbon source and reservoir rocks in Lesser and Sub Himalayas, Trans Indus, Range, Salt Range and NW
Himalayas of Pakistan. The Mianwali formation shale (Early Triassic) and Chichali formation shale (Jurassic — Early
Cretaceous) are sources rocks and Kingriali formation dolomite (Upper Triassic) and Datta formation sandstone and
Samansuk formation limestone are reservoir rocks in Lesser Himalaya, Sub-Himalaya, Trans Indus Range and Salt
Range, respectively (Craig et al., 2018, Oakley 2016 and Wandrey et al., 2004).

The correlation between clastic and carbonate (Triassic — Cretaceous) outcrops of Sost aulacogen (Donnelly, Zanchi
and Gaetani 2011) and Mesozoic sequences of NW Himalayas, Lesser and Sub Himalayas basin source and reservoir
rocks indicates resemblance of palaeotectonic environments of sedimentation of Mesozoic sequences (Fig.4.). While
Khain and Limonov (2004), Gaetani (2015), Gaetani (1997), Desio (1979), Voskresenskiy et al., (1971), and Zanchi
and Gaetani (2011) are of opinion that new stage of tectonic development history of Alpides, Alpine-Karakoram
(Desio 1979) started on the border of Palacozoic Era and Mesozoic Era. Khain and Limonov (2004), Gaetani (2015),
Gaetani (1997), Desio (1979), Voskresenskiy et al., (1971), and Zanchi and Gaetani (2011) categorized Permian-
Triassic complex as Cimmerian Folding system. The gradual transition is sediment deposition is documented from
Permian period to Triassic period in Kirthar -Sulaiman of Alpides (Voskresenskiy et al., 1971) and Sost aulacogen,
Northern Sedimentary Terrain (Gaetani 1997, and Zanchi and Gaetani 2011). The Early Triassic shale deposition
and limestone accumulation in second half of Triassic period occurred in all basin (Donnelly 2004, Voskresenskiy
et al., 1971 and Zanchi and Gaetani 2011).



Page 51 New Concepts in Global Tectonics Journal Vol. 9, No. 1, March, 2021

8| perods lesserHimalaya  (5) | (N} Sost Aulacogen, Karakorum
7 G -~ Legend
PNV LYV e =
‘*I’ATT"‘.(&WI = Darband Nodular Limestones,
—— Nmm2122;??3;333;;353 IICIHIIIIIHIIIIHIIIIIIII marls and conglomerates
B B
B Y I it
NN fﬁ‘q Myt Congomerat
Chichali & e
‘ _ ‘ ! ‘ Limestone
v :j‘m‘m‘@’ i e Dolomate
s ‘ ! =
N |
Ol Jumsse = :  Yashkuk RN ;;;g;g;;;; Sandstone
§ I s
RURRRRRR RN _
nba@runrRRRRRRR Ashtigar & i
puRRRRRRRRRRRRRR
" o = Black Limestone
Kingriali & Aghil & ;” and Mudstone
muuuuuunanary| (,:‘{ o
muNNNNN I Unconformaty
TRIASSIC 12222881 [P 111
Mianwalit & — @ Resenvor
IR S
Wirokhun &—————= & @ s

Figure 4 Correlation of Mesozoic sedimentary sequence of Lesser Himalayas and
Northern Sedimentary Terrain (after Craig et al., 2018, Donnelly 2004,
Zanchi and Gaetani 2011).

The paleotectonic environment of Triassic period indicates that Alpides of Pakistan, Karakoram, and Higher
Himalayas were connected with each other (Fig. 5). Balasundaram and Ray (1973) also elucidate link between
Mesozoic geosyncline south of Tibit with Karakoram Mesozoic geosyncline. While Khain (1979)) and Voskresensky
et al., (1971) have indicated that deposition of shale and carbonate (Lower Triassic) occurred during start of new
tectonic development stage base on weak Henrician Orogeny in Karakoram and NW Himalayas which covered
Alpides of Pakistan. The present petroleum system and hydrocarbon potentials studies base on the evaluation of
paleotectonic conditions sedimentation of Mesozoic sequence in Alpides of Pakistan, NW Himalayas, and
Karakoram. It is observed that deposition conditions of Mesozoic sequence in all above-mentioned basins are
approximately similar. Since Mesozoic sequence of Sost aulacogen, Norther Sedimentary Terrain, Karakoram and
other tectonic elements of Alpine-Himalaya Belt of Pakistan is same, so authors postulate Sost aulacogen can be
hydrocarbon rich structure. The Sukkur aulacogen structure of Indus basin is one of main gas producing structure in
Pakistan (Voskresenskiy et al., 1971, Wandrey et al., 2004).

In authors opinion Wirokhun formation black shale (Early Triassic) and Jurassic Ashtigar Formation shale and marl

interbedded with coal seams and Yashkuk formation sandstone and siltstone along with coal seams (Donnelly 2004,
Zanchi and Gaetani 2011) can be prospective hydrocarbon sources rocks. While limestone and dolomite of Aghil
formation (Triassic), Guhjal Formation (Permian -? Mesozoic) and Jurassic — Cretaceous limestones can be
reservoirs of hydrocarbon in Sost aulacogen. The Jurassic — Cretaceous limestones is may be reservoir in Sost
aulacogen. However, further studies of petroleum system and modelling of Sost Aulacogen can clarify hydrocarbon
potentials.
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Figure 5: Triassic Palacotectonic Map of Pak-Indian Platform (Khain 1979 with changes).
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