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Contribution of GIS to Hydromorphometric Characterization of the
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ABSTRACT

The Nkoup watershed (10°35°-10°47’E and 5°27°-5°42°N) is a volcanic zone situated in Nun Plain West Came-
roon. The high fertility of the soils makes it a strategic agropastoral area where water resources are heavily exploited
and used for several purposes. Due to human activities, soils and water resources are deteriorating, giving birth to wa-
ter pollution and hydromorphological hazards. This work aims to determine the hydromorphometric parameters of the
Nkoup watershed so that the data obtained help in the sustainable management of water resources and conservation of
soil. To achieve this aim, various data were collected from DEM dataset derived from SRTM and processed in specia-
lized software (QGIS and ArGIS). The simplified hydrological balance was calculated using the upstream approach.
The Nkoup watershed has: Axial length L,, = 25.8 km, Axial Width W,, = 11.1 km, Perimeter P = 132.6 km, Areca A =
173.7 km’, Average Altitude H, = 1726.3 m, Compactness Index Icomp = 2.8, Relief ratio Rr = 3.9 m/km, Circularity
ratio Re = 0.1, Elongation ratio R = 0.1, Drainage texture ratio Rt = 0.6, Drainage density D, = 0.5 km/km’. Stream
Frequency Fs = 0.4, Channel Sinuosity Index CSI = 0.8, Stream gradient Sg = 0.6 and global slope Index Ig = 6.8 m/
km. The specific height Difference Ds = 89.4 m shows moderate relief. The precipitation and evapotranspiration are
unevenly distributed. With P = 187.7 mm/an, ETP = 953.4 mm/an, Q =4.2 m’/s, R = 762.5 mm/an, ETR = 832.3 mm/
an and I = 282.9 mm/an. The Nkoup, 36.9 km long, has a sinuous aspect due to the low slope and the high CSI. The
piezometric levels vary according to the seasons and the groundwater flow follows the N-S direction as surface flow.
Keywords: Nkoup watershed; Water resources; Hydromorphometric parameters; Hydrological balance; Groundwater
flows direction

*CORRESPONDING AUTHOR:
Paul Bertrand Tsopkeng, Postgraduate School for Pure and Applied Sciences, The University of Douala, P.O.Box 2701, Douala, Cameroon;
Email: paultsopkeng@yahoo.fr

ARTICLE INFO
Received: 13 March 2023 | Revised: 28 April 2023 | Accepted: 5 May 2023 | Published Online: 8 June 2023
DOI: https://doi.org/10.30564/agger.v51i3.5534

CITATION
Tsopkeng, P.B., Kenfack, J.F., Nkouathio, D.G., et al., 2023. Contribution of GIS for Hydromorphometric Characterization of the Nkoup Watershed
(Nun Plain-Cameroon). Advances in Geological and Geotechnical Engineering Research. 5(3): 1-15. DOI: https://doi.org/10.30564/agger.v5i3.5534

COPYRIGHT
Copyright © 2023 by the author(s). Published by Bilingual Publishing Group. This is an open access article under the Creative Commons Attribu-
tion-NonCommercial 4.0 International (CC BY-NC 4.0) License. (https://creativecommons.org/licenses/by-nc/4.0/).


mailto:paultsopkeng@yahoo.fr
https://doi.org/10.30564/agger.v5i3.5534
https://doi.org/10.30564/agger.v5i3.5534
https://doi.org/10.30564/agger.v5i3.5534
https://doi.org/10.30564/agger.v5i3.5534

Advances in Geological and Geotechnical Engineering Research | Volume 05 | Issue 03 | July 2023

1. Introduction

The Nkoup watershed (173.7 km®) is located in
the South-East of the Nun Plain (West Region-Ca-
meroon), between longitudes 10°35’-10°47°E and
latitudes 5°27°-5°42°N. It is a volcanic zone that in-
cludes the localities of Foumbot, Baigom and a part
of Koutaba and Kouoptamo (Figure 1a). The high
fertility of the soils makes it a strategic agropastoral
area where water resources are heavily exploited and
used for several purposes. Due to human activities,
soils and water resources are deteriorating, giving

birth to water pollution "

and hydromorphological
hazards. Thus, it is important to determine the hy-
dromorphometric parameters of this watershed so
that the data obtained contribute to the prevention
of water pollution and help in the sustainable mana-
gement of water resources (water-related conflicts);
and conservation of soil in this area. A watershed is
a natural hydrological unit that generates surface ru-
noff from the rainfall which flows through channels,
streams, rivers, lakes or oceans **\. Prioritization of
watershed is a crucial part of watershed management
as it contains some sensitive information regar-
ding surface hydrology and is able to answer some
crucial questions such as where to construct check
dam, reservoir, embankment, etc., to minimize soil
erosion, flooding, bank erosion and maximize infil-
tration Y. Morphometric characteristics influence
watershed processes !>, describe geomorphology

and hydrogeology features '*""

and provide valuable
information on water resources potential assessment
and management "'”. The geomorphometric analysis
was distinguished for the first time by Horton "; it
was further reviewed by Evans "%, The traditional
approach in watershed prioritization from basin mor-
phometry is based on calculating compound parameter
values, as averages of individual parameter values .
In recent studies, Hamdan ' notes that geospatial
technology in earth science is an emerging tool by

which the hydrogeologist can assess the watershed

properties using Geographic Information System
(GIS), Remote Sensing (RS) and Global Positioning
System (GPS). Gis is ideal for morphometric analy-
sis because of its strength in visualizing, processing
and quantifying topographic attributes "', This study
is very important due to the fact that it permits to im-
plementation of some parameters of hydro-morpho-
metric characteristics of Nkoup watershed and brings
out the solutions to various hydrological problems
for Nkoup watershed management. Located on the
Cameroon volcanic line, it is marked by the follow-
ing geological formations: Alluviums, Rhyolites, Ba-
salts, Pyroclasts and migmatitic gneiss (Figure 1b).
The alluvial formations are made up of a mixture of
weathering products (mud and sand) and partly cover
the gneissic bedrock. Ryolites outcrop in the form
of domes and present a porphyritic texture made
up of an arrangement of K-feldspars (Ory,4), Na-
feldspars (Aby), quartz and Fe-Ti oxides """, Ba-
salts are present in two types: Old basalts or plateau
basalts that present a porphyritic microlitic texture
consisting of olivine and pyroxene phenocrists; and
recent basalt (vacuolar) with porphyritic microlitic
texture made up of olivine and pyroxene phenocrists.
Microscopically, the mineralogy of these basalts is
homogeneous: Olivine, clino-pyroxene, plagioclase,
Fe-Ti oxide and chromite. The geochemistry of these
lavas shows enrichment in SiO, (41.2-46.4%), Al,O,
(11.4-17.1%), Na,O (2.4-3.9%), K,O (1.0-1.9%) and
impoverishment in MgO (13.8-4.6%), CaO (11.9-
7.6%) " Pyroclastic formations composed of
Pumices, Slags, Lapillis and volcanic ashes occupy
about a third of the watershed with thicknesses
varying from 1 to more than 15 m. They have two
colors (red and black) and are strongly concentrated
around the craters forming cones. The bedrock
consists of strongly fractured migmatitic gneiss and
presents quartzo-feldspatic veins with N25°-40°E
orientation. It has a migmatitic texture made from
the following minerals: Quartz, Feldspars, Biotite,
Amphibole and Muscovite.
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Figure 1. (a) Localisation and (b) geological units of the Nkoup watershed.

2. Methodology

The Digital Elevation Model (DEM) is the ma-
jor dataset for various applications """, Hydrological
analysis in particular relies heavily on DEM data ****,
To achieve this aim, GIS data were collected from
DEM dataset derived from Shuttle Radar Topogra-
phy Mission (SRTM) with 30 m resolution and pro-
cessed in specialized software. Several types of data
were used: Cartographic data (Landsat ETM+ images
downloaded in April 2020 from the website www.
earthexplorer.usgs.gov); Radar SRTM images down-
loaded in April 2020 from the website www.ear-
thexplorer.usgs.gov; Google earth images; 1/200000
scale geological maps from National Institute of Car-
tography of Cameroon); Climatic data (precipitation
and temperature obtained in four meteorological sta-
tions (Foumbot, Kouoptamo, Koutaba and Baigom)
downloaded in April 2020 from the website www.
climate-data.org; Evapotranspiration (ETP and ETR)
calculated from the precipitation and temperature of
each station and piezometric data. These data were
stored and processed in specialized software (QGIS
and ArGIS 10.3). Geomorphometric information was
digitized and georeferenced with WGS84/UTM zone

32°N in order to produce thematic maps. Some of
the parameters were measured using ArGIS tools and
calculated using mathematical formulas developed
by several authors and vector models.

The simplified hydrological balance was calcu-
lated using the upstream approach. It was a ques-
tion of determining the numerical value of each
term of the following hydrological balance formula
(Equation (1)).

P=I+R+ETR (1)

In this formula, the hard-to-quantify real eva-
potranspiration was determined from the monthly
rainfall data and the potential evapotranspiration. It
is therefore necessary to calculate the ETP. Its ex-
pression is given by the Thornthwaite ! formula as
Equation (2):

ETP = 16 (10{)3)1 @)

with: a =6,75.10" F —7,71.10°F + 1,79.10+ 0,49239;
1514

1=32,@ and i=(3) " .

with: ETP = mensual potential evapotranspiration

for the fictitious month of 30 days and a theoretical

period of 12 hours sunshine; T = Monthly average

temperature in °C for the month considered; I = An-
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nual thermal Index; a is a function of thermal index
and A = Correction coefficient according to the lati-
tude and the month.

To determine ETR, Thorntwaite’s algorithm was
used. It is based on the easily usable reserve (RFU)
according to the following situations for i ranging
from 1 to 12 in Equations (3)-(7).

a) If P;11) = ETP(;41) hence ETR 41y = ETP(;41) 3)

b) If P(;1.1) = ETP(;1.1) hence ETR 11y = ETP(i1) = P(ary (4)
¢©) If P11y < ETP(;;1) hence:

- ETR(41) = RFU; + P(yqy if RFU; + Pyry < ETPGyry  (5)
-ETR(41y = ETPyyq if RFU; + P(yqy = ETP4y) 6)

-ETR(41) = Pi41) if RFU; + P(iyqy < ETP(y ) with RFU; = 0
(7
The easily usable reserve (RFU) is determined as
Equation (8):
RFU(11) = RFU; + P(41) — ETP(41); with 0 < RFU < 100
@®)
IfP > ETR, there is an excess P — ETR which is
assigned in priority to the RFU and if RFU = RFU-
max(100), this excess is rather assigned to the flow.
After the calculation of the RFU, any negative value
is reduced to zero while any value greater than 100
is reduced to 100.

Legend :
Locality

‘Whatershed limit;

1700 - 1940
1460 - 1700

1220 - 1460

980 - 1220

3. Results and interpretation

3.1 Relief of the Nkoup watershed

The relief of the Nkoup watershed is marked by
a vast plain surrounded by cones/summits at va-
rying altitudes, which the highest, Mount Mbapit
culminates at 1840 m. This relief is the result of an
important more or less recent volcanic activity. The
lower part covers about 85% of the watershed and is
made up of geomorphological units located between
980 and 1220 m (Figure 2a). The steep slopes are
encountered in the East and the far North where the
geomorphological units are the highest (Figure 2b).

3.2 Climate of the Nkoup watershed

The climate of the Nkoup watershed is tropical
sudano-guinean with two seasons **. The rainy sea-
son extends from mid-March to mid-November and
the dry season from mid-November to mid-March
(Figure 3a). The average annual rainfall is 156.5
mm with minimums in December and maximums in
August. It varies decreasingly according to the year
(between 2016 and 2020) with the rainy year 2016
and the least rainy year 2017 (Figure 3b).

10°36'36”K. 10°39°36"E 10°42'36"E 10°45°36" £
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Figure 2. Maps showing (a) the relief units; (b) the distribution of slopes in the Nkoup watershed.
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bot meteorological station >,

The cartographic interpolation of data from the
following meteorological stations: Foumbot, Kouop-
tamo, Koutaba and Baigom makes it possible to note
unequal distribution of rainfall and evapotranspi-
ration in the watershed. Rainfall is low in the Sou-
th-West and the East; and high in the West and far

North (Figure 4a). The ETR is low in the centre and
the North; and high in the extreme South-West of the
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watershed (Figure 4b).
The aridity index I, is calculated by De Martonne

[26]

formula:

I,=12P, /T, + 10 O
with P, and T, respectively the average monthly
rainfall and temperature. De Martonne defines the

following aridity index classes: I, < 20 (arid); 20 <
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Figure 4. Map showing the distribution of (a) precipitation, (b) ETR in the Nkoup watershed.
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I, <50 (semi-arid); 50 < I, (wet). It appears from
the results in Table 1 that December, January and
February are the arid months; November and March
are semi-arid months; and the months from April
to October are wet. Overall, with an average aridity
index of 58.39, the Nkoup watershed is located in a
wet zone.

3.3 Hydro-morpho-metric parametres of the
Nkoup watershed

Hydrography and hydrographic network densi-
ty of the Nkoup watershed

The Nkoup is the main river of the watershed and
Nchi, Tam Nchi and Ngouogouo are its important
tributaries. Lake Mfou, located on one of the peaks
of the Mbapit massif constitutes the most impor-
tant surface water plan. It is a crater lake that has
no (visible) outlet. It is noted the predominance of
seasonal streams and dry drains to the East of the
watershed and around Mount Mbapit. According to

the Schumm

classification, the Nkoup watershed
has an arborescent hydrographic network made up
of third-order rivers. The source of the river Nkoup
is located at an altitude of 1224 m (Didango) and its
outlet is situated at Mbatou, at an altitude of 980 m

(Figure 5).
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Figure 5. The main rivers map of the Nkoup system.

The stream frequency

The Stream Frequency (Fs) is the ratio between
the number of flow channels per unit area of the wa-
tershed "), It is expressed by Equation (10):

Fs = Ni/A (10)

Ni = Number of flow channels (Ni =71) and A =
Area of the watershed (173.7 km”®), the Stream Fre-
quency of Nkoup watershed is Fs = 0.41 km . This

value is related to the high relief of the zone ™",

Table 1. Aridity index of the Nkoup watershed.

Month P,, (mm) T,, (°C) 12P,, T,+10 1, Observations
January 0.6 22.58 7.2 32.58 0.22 Arid
February 30.74 23.28 368.88 33.28 11.08 Arid
March 113.66 23.52 1363.92 33.52 40.69 Semi-arid
April 146.26 22.98 1755.12 32.98 53.22 Wet

May 158.32 22.28 1899.84 32.28 58.86 Wet

June 210.34 21.34 2524.08 31.34 80.54 Wet

July 262.12 21.1 3145.44 31.1 101.14 Wet
August 317.48 21.04 3809.76 31.04 122.74 Wet
September 318.26 21.12 3819.12 31.12 122.72 Wet
October 243.56 21.46 2922.72 31.46 92.90 Wet
November 76.4 22.12 916.80 32.12 28.54 Semi-arid
December 00.00 22.34 00.00 32.34 00.00 Arid
Average 156.48 22.1 1877.76 32.1 59.39 Wet zone




Advances in Geological and Geotechnical Engineering Research | Volume 05 | Issue 03 | July 2023

Drainage density

The drainage density (D) is the ratio of the to-
tal stream lengths in the hydrographic network per
unit area of the watershed '"*. It is determined by
Equation (11):

D, ==t (11)

L, = Total Stream Lengths (3 L;= 83.376 km) and
A = Area of the watershed (173.7 km®), D, = 0.48
km/km’. The cartographic interpolation of the data
made it possible to obtain Figure 6.
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Figure 6. The drainage density map of the Nkoup system.

The constant of Channel Maintenance (C) is
the inverse of drainage density and corresponds to
the area required to maintain stable hydrological
conditions in a unit hydrographic vector of the
watershed **’|. Tt is determined by Equation (12):
C=1/Dd (12)
with D, = drainage density (0.48 km/km®), C = 2.083
km’/km.

Hypsometry of the Nkoup watershed

Figure 7 shows the delimitation of the Nkoup
watershed according to the contour lines. The Nkoup
watershed has: Axial length L,, = 25.83 km, Axial
width W, = 11.11 km, Perimeter P = 132.645 km
and an area A = 173.7 km’.
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Figure 7. Hypsometric map of the Nkoup watershed.

This distribution made it possible to obtain 10
intervals of 100 m equidistance. The partial and
cumulated areas of each slice are presented in Table 2.

The hypsometric curve in Figure 8 is established
by planimetry of the surfaces corresponding to the
definition of the ordinate for each of the contour
lines . This curve is a representation of “altitude
range as a function of areas and cumulated areas”.

The Nkoup watershed has an average altitude of
1726.31 m; Hy,, = 1473 m; Hyy,, = 1130 m and Hys,, =
1048 m (Figure 8). The average slope (S,) of the
stream was determined between points A and H by
Equation (13):
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Table 2. Distribution of the surface area of the Nkoup watershed by altitude range.

Altitude bands (m) Median altitude (H;)(m) Surzface area SiH‘3 Cumulated area
' m % (km’) km’ %
950-1050 1000 7.2 4.1 7.2 7.2 4.1
1050-1150 1100 93.7 53.9 103.0 100.9 58
1150-1250 1200 46.6 26.8 55.9 147.5 84.8
1250-1350 1300 7.8 4.5 10.1 155.3 89.3
1350-1450 1400 7.6 4.4 10.6 162.9 93.7
1450-1550 1500 6.6 3.8 9.8 169.5 97.5
1550-1650 1600 3.1 1.8 4.9 172.6 99.3
1650-1750 1700 0.9 0.5 1.5 173.5 99.8
1750-1850 1800 0.2 0.1 0.4 173.7 99.9
1850-1950 1900 0.1 0.1 0.2 173.8 100.0
Total 173.8 100 203.7 173.8 100
1950
1850
1750
Z 1650
§ 1550
2 101
1350
1250
1150
1050
s +Hbprmr-mpr-—-sr-—-sr—--Tb-—"T"T-""——"T— Areas
0% "10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110%
Figure 8. Hypsometric curve of the Nkoup watershed.
H = Y, AiH; (13) the variations in the sinuosity of the main stream,
a A the longitudinal profile of the Nkoup River was
with H;= median altitude of a slice delimited by two produced (Figure 9). The average S]Qpe of the
consecutive H, and H, level curves: H, = Ha ‘; Hb  stream (S,) was determined between points A and H

A, = Partial area of the slice between two consecu-
tive contour lines H, and H,; A = Total area of the
watershed. The Nkoup watershed has an average al-
titude H, = 1726.31 m.

The relief of the Nkoup watershed is the result
of the following products: Pyroclasts, basalts and
rhyolites. The Nkoup watershed is characterised by
high relief with steep slop resulting from significant
volcanic activities.

Stream gradient of the Nkoup River

By subdividing into 14 portions according to

of the longitudinal profile by Equation (14):
AH

So=7a1 (14) B

with AH = altitude difference between two chosen
points and AL = distance in meters between the two

chosen points.
1212-1045
NA: Sy =70 ——7—
== | 5400-33200 |

The maximum flow length of the Nkoup River is

=0.006 or 0.6%

L; = 36.93 km. Its average slope is very low (0.6%)
over the first 33 kilometers from the source and high
(18%) at the outlet due to the presence of the Mba-
tou waterfall. This low slope influences the flow of
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Average value 0.006
Average slope (%) 0.6
Figure 9. Longitudinal profile of the Nkoup River.
surface water, thus justifying a high sinuosity coeffi-  NA. Icomp = 0282x132645 _ 5 ¢
. o " V1737 )
cient (75%).
Equivalent rectangle

Channel sinuosity index

The Channel Sinuosity Index (CSI) *”' is the rela-

tionship between the length of the bird’s-eye stream
from source to outlet and the actual length of the
main stream. It is calculated by Equation (15):
CSI = Ld/Lf (15)
with L, = length of the bird’s-eye stream from source
to an outlet (27.7 km); L; = Actual length of the main
stream (36.93 km).

NA: CSI =27.7/36.9 = 0.75; or 75%

This high Channel Sinuosity Index CSI = 0.75 is

justified by the low slopes observed along the stream.
Gravelius compactness index

The Gravelius Compactness Index or Coefficient
of Form (Icomp) " is determined by Equation (16):

0.282x P
R 1)

P = watershed perimeter (132.645 km) and A = wa-
tershed area (173.7 km?).

Icomp =

The equivalent rectangle is a purely geometric
transformation in which the lines parallel to the
widths of the rectangle and the outlet are the short
side of the rectangle ', In a watershed, it is assumed
that the flow is almost the same as on a rectangle of
the same area under climatic, hypsometric, land co-
ver and drainage density conditions. The dimensions
of the equivalent rectangle for the Nkoup watershed
are determined as Equations (17) and (18):

- The equivalent rectangle Length:

e (o620

Leq =VA X ('1‘;%))(

(17)

NA:Leq =I73.7 X (J2) X |1+ (1—(%23“)2) = 62.7km

1128

- The equivalent rectangle Width:

Weq = VA X (ko) [1 - /<1 - (;;fnj)Z)]

(18)
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or Weq=é NA: Weq =v173.7X (%)[1— (1—(%)2)

=2.8km

Relief Ratio

The Relief Ratio (R,) of the Nkoup watershed is
given by Equation (19) *":

_ Amax

T ™ Leq

(19)
where A,,,, = Hmax —Hmin (A,,,, = maximum height
dif ference). Hmin = Minimum altitude (980 m),
Hmax = Maximum altitude (1224 m) and Leq =
Equivalent rectangle length (62.7 km).

_1224-980 _
T 627

The Relief Ratio R, = 3.9 shows that the area has
low slope that can not create high potential energy

NA: R, = 3.89 m/km

for transporting water and sediment down slope .

Global slope index

The Dubreuil "' global slope Index (Ig) of the
Nkoup watershed is calculated from the hypsometric
distribution using Equation (20):

” (20)
where D = H5% — H95% with Hy,, = Altitude having

5% of the watershed above (1473 m) and Hys,, = Alti-
tude having 95% of the watershed below (1130 m).

L

1473-1130

NA:Ig=—_~

= 6.78 m/km

Specific height Difference

The specific height Difference (Ds) is given by
Equation (21):
Ds =IgxVA 1)
With Ig = global slope Index and A = watershed
area. NA: DS =6.78 x /173.7 = 89.36 m.

Elongation ratio

The elongation ratio (R) is defined as the ratio of
the diameter of a circle of the same area as the wa-
tershed to the maximum watershed length . Its va-
lue varies from 0 (highly elongated shape) to 1 (round
shape).

10

The elongation ratio R = 0.1 shows that the wa-
tershed is a more elongated shape. So the Nkoup ri-
ver shows the a longer lag time and a low risk of soil

. . 11,34,35
erosion and flooding !"'"****,

Circularity ratio

) 1 is the ratio of the

The Circularity ratio (Re
watershed area to the area of a circle having the
same perimeter as the watershed. It is ranging from 0
to 1 and be calculated as follows:

__4TIA

4%3.14%173.7
= _Pz -

Re 132.6%

NA: Rc= =0.12

The Circularity ratio Re = 0.1 showing that the
Nkoup watershed is elongated in shape and may
have lower runoff potential resulting from the pre-

sence of highly permeable pyroclastic materials "’

Drainage texture ratio

Drainage texture ratio (Rt) " is the ratio between
the total length of stream segments of all orders and
the perimeter of the watershed. It is expressed by the
following formula:

_Li
P

Li = total length of stream segments of all orders;

Rt

and P = perimeter of the watershed.

_ 83.376

NA: Rt =0.63

The texture ratio is classified into four categories <
4 per km coarse, 4-10 per km intermediate, 10-15
per km fine and > 15 per km ultra fine **. The Drai-
nage texture ratio Rt = 0.6 indicating that the Nkoup
watershed falls in coarse category.

3.4 Simplified hydrological balance of the
Nkoup watershed

Table 3 presents the average values of the data
obtained from the meteorological stations of Foum-
bot, Kouoptamo, Koutaba and Baigom.

Table 3 shows that the Nkoup Watershed has
a precipitation of 1877.74 mm/year, a Potential
Evapotranspiration of 953.42 mm/year, for a Real
EvapoTranspiration of 832.31 mm/year. The outlet
is located in Batou with coordinates 5°30°31.20”N,
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Table 3. The different values of ETP, RFU and ETR.

Month P (mm) T (°C) i a A ETP (mm) RFU ETR (mm)
January 00.60 22.58 09.80 0.503 1.02 79.90 00.00 00.60
February 30.74 23.28 10.26 0.503 0.93 71.55 00.00 30.74
March 113.66 23.52 10.43 0.502 1.03 78.75 34.91 78.75

April 146.26 22.98 10.07 0.503 1.02 78.70 100.00 78.70

May 158.32 22.28 9.60 0.503 1.06 82.48 100.00 82.48

June 210.34 21.34 9.00 0.504 1.03 81.27 100.00 81.27

July 262.12 21.1 8.85 0.504 1.06 83.87 100.00 83.87
August 317.48 21.04 8.81 0.504 1.05 83.15 100.00 83.15
September 318.26 21.12 8.86 0.504 1.01 79.91 100.00 79.91
October 243.56 21.46 9.98 0.503 1.03 77.13 100.00 77.13
November 76.40 22.12 9.50 0.504 0.99 77.40 99.00 76.40
December 00.00 22.34 9.64 0.503 1.02 79.31 19.69 79.31

Total 1877.74 265.16 123.8 6.04 12.25 953.42 853.6 832.31
Average 156.48 22.10 10.32 0.503 01.02 79.45 71.13 69.36
10°37°52.7”E and 980 m. —I=P-(ETR+R) (24)

The runoff of a watershed is a function of the
following parameters: The flow rate of its main ri-
ver taken at the outlet, its area and the time of year
(Equation (22)).

R=(Qx t)yA (22)
with: Q = average annual flow in m’/s of the Nkoup;
t = time in seconds; A = Nkoup watershed area in m’.
The flow rate (Q) is a function of the speed (V) of the
current and its flow section (S). It is expressed mathe-
matically as follows: Q = VS. The flow calculation
takes into account the following situations: The speed
of the current at the surface is greater than the speed
of the deeper parts of the stream; The speed of the cur-
rent in the middle is greater than the speed at the edge
of the stream. Thus the value of the flow rate obtained
is corrected by a coefficient “B” such as 0.6 < B < 0.8;
thus the flow rate formula becomes Equation (23):

Q=BVS (23)

The Nkoup River has flow rates that vary accor-
ding to the seasons (1.0-8.6 m’/s) for an annual ave-
rage value of 4.2 m’/s. For Q =4.2 m’/s; t = 1 year =
31,536,000 s and A = 173.7 km® = 173,770,000 m’.
R = (4.2 x 31,536,000)/173,700,000 = 0.76253 m.
NA: R =762.53 mm.

The infiltration is calculated using the following
hydrological balance formula (Equation (24)):

P=1+ETR+R (1)
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NA: I1=1877.74 — (832.31 + 762.53)

I = 282.9 mm/year. Hydrologically, the Nkoup
Watershed has the following parameters: Total pre-
cipitation P = 1877.74 mm/year; Total potential
evapotranspiration ETP = 953.42 mm/year; Real
evapotranspiration, ETR = 832.31 mm/year, that is
44.3% of precipitation; Runoftf R = 762.53 mm/year,
that is 40.6% of precipitation; Infiltration I = 282.9
mm/year, that is 15.1% of precipitation.

The runoff parameters are very important because
water resources management decisions depend on the
timings of runoff characteristics of a watershed "%,
Rainfall and evapotranspiration are influenced by
Mount Mbapit and are unevenly distributed in the
watershed (Figure 4). The infiltration (15% of
precipitation) is partly linked to the very low slope
and the permeability of recent basaltic formations
in the lower zone which covers around 85% of the
watershed (Figure 2 and 7 and 8).

3.5 Groundwater flow

The piezometric levels vary according to the
seasons. They increase to 2 or 7 m depending on the
work. These variations have very little influence on
the direction of groundwater flow. The highest piezo-
metries are observed in the Northern part (Koutaba)
while the lowest piezometries are found in the South
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of the watershed. The underground flow follows a
North-South direction (Figure 10).

Groundwater recharge is very rapid with an
increase in the piezometric level to 2 to 7 m in
September. The direction of the groundwater flow
is North-South and is very weakly influenced by
seasonal variations in the piezometric level. The high
piezometries are observed in the high zone and the
shallow piezometries are located in the lower zone.

4. Conclusions

The Nkoup watershed has five geological for-
mations: The basement rock (migmatitic gneiss),
rhyolites, plateau basalt, recent basalt and pyroclasts,
which cover an area of 173.7 km’. These formations
are fractured in two major directions (N20°-50°E
and N50°-90°W). The Nkoup, 36.9 km long is the
main river. It takes its source at 1224 m altitude in
Didango and flows along a meandering stream with
an average slope of 0.6%, up to 980 m altitude at
its outlet at Mbatou. Its average annual flow rate is
4.2 m’/s and a particle that leaves the main source
will take 4 hours 57 minutes to reach the outlet. With
a total annual rainfall of 1877.74 mm, infiltration
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represents 15.1%, against 44.3% and 40.6%
respectively for the ETR and the Runoff. According
to the following parameters: Axial Length Lax =
25.8 km, Axial Width Wax = 11.1 km, Perimeter
P = 132.6 km, Area A = 173.7 km’, Average altitude
Ha = 1726.3 m, Compactness Index Icomp =
2.8, Relief ratio Rr = 3.9 m/km, Circularity ratio
Rc = 0.1, Elongation ratio R = 0.1, Drainage texture
ratio Rt = 0.6, Drainage density Dd = 0.5 km/km”.
Stream Frequency Fs = 0.4, Channel Sinuosity Index
CSI = 0.8, Stream gradient Sg = 0.6 and global slope
Index Ig = 6.8 m/km. The specific height Difference
Ds = 89.4 m; the Nkoup River shows a longer lag
time and low risk of soil erosion and flooding.
The relief of Nkoup watershed is characterised by
moderate slop resulting from significant volcanic
activities. That relief is the result of the following
products: Pyroclasts, basalts and rhyolites. The
watershed is more elongated in shape and may have
lower runoff potential resulting from the presence of
highly permeable pyroclastic materials. The Nkoup
watershed has an aquifer potential that should be
identified through the distribution of water structures
and in-depth studies of each geological formation.
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Figure 10. Piezometry and direction of groundwater flow in the Nkoup watershed (a) April and (b) September.
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Appendix
Appendix 1. Temperature in °C.
Month| .
Year Jan. Feb. March April May June July August September October November December Average
2016 23 23.4 23.6 23.1 22.4 214 21.1 21.2 21.3 21.6 22.3 22.5 22.24
2017 22.8 23.4 23.6 23 22.3 21.3 20.9 21 21.1 21.5 22.2 224 22.13
2018 22.5 23.1 23.3 22.8 22.1 21.2 20.8 20.9 20.8 21.2 21.9 22 21.88
2019 22.8 23.2 23.5 22.9 22.2 21.3 21.2 21.1 21.2 21.6 22.2 22.5 22.14
2020 21.8 23.3 23.6 23.1 22.4 21.5 21.5 21 21.2 21.4 22 22.3 22.09
Average 22.58 23.28 23.52 22.98 22.28 21.34 21.1 21.04 21.12 21.46 22.12 22.34 22.1
Appendix 2. Precipitation (rainfall) in mm.
Month .
Year Jan. Feb. March April May June July August September October November December Average
2016 0 30.2 127.8 204.8 160.7 123.9 253.7 392.1 284 312.6 163.3 0 171.09
2017 0 6.5 90.3 141.1 137.1 144 266.8 216.1 281.6 279 62.9 0 135.45
2018 0 0 106.5 74.8 149.5 318.1 271.4 266.3 285.3 198.5 333 0 141.98
2019 3 0 50.4 187.6 212.2 199.3 266.5 344.4 450.7 227 71.2 0 167.69
2020 0 117 193.3 123 132.1 266.4 252.2 368.5 289.7 200.7 51.3 0 166.18
Average 0.6 30.74 113.66 146.26  [158.32 (210.34 (262.12 [317.48 318.26 243.56 76.4 0 156.48
Appendix 3. Altitudes of points and length of different portions of the Nkoup stream.
Points S A B C D M F G H (0)
Altitudes (m) 1224 1212 1172 1134 1120 1081 1059 1046 1045 980
Cumulated lengths mesured in the field (km) 0 5.4 8.4 11.9 18.4 22.6 27.2 31.5 33.2 36.9
Portions of the Nkoup stream SA AB BC CD DM MF FG GH HO
Length mesured on the map (cm) 9.8 5.4 6.4 11.7 7.6 8.3 7.7 3.2 6.7
Length mesured in the field (km) 5.4 3.0 3.5 6.5 4.2 4.6 4.3 1.7 3.7
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ABSTRACT

An expeditionary study of the area of the alleged impact event that occurred on 3.08.1993 in the area of the Lower
Konkuli River (southeast of the Aldan Highlands, Lurikan Range, Russia) was carried out. According to the materials
of remote sensing, the places of collision with the earth of a cosmic body are determined. In the area of the impact of
the shock wave on the Earth’s surface, peat samples were selected, the micro probe analysis of which showed the pres-
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particular interest were the findings of specific Ni film micro structures that allow us to make an assumption about the
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even after many years of searching, a massive cosmic body cannot be found. This happened when studying the site
of the fall of the Tunguska cosmic body. In this case, it remains to be assumed that the cosmic body contained micro-
scopic dust particles. The structure and composition of such particles can only be studied using microscopic research
methods. When studying the Uchur cosmic body, the authors concluded that it could be of a cometary nature due to
the findings of specific particles—thin films of pure nickel on the surface of plant remains of terrestrial origin. This hy-
pothesis arose from the recent discovery of atomic nickel vapors in comets.
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1. Introduction

Among the various natural disasters to which
modern civilization is subject, a special place is oc-
cupied by the dangers associated with the fall of cos-
mic bodies to the Earth. On the one hand, there is no
evidence in the historical and archaeological scienc-
es that any cosmic processes had an impact on the
course of the historical process. On the other hand,
geologists and geophysicists involved in this topic
point to the existence of more than a dozen impact
craters that formed on the Earth’s surface during the
same period and too obvious traces of major climatic
anomalies and environmental downturns that have
no established connection with Earth processes ',
Thus, in previous studies ', traces of a catastrophe
of presumably impact origin 5000-5500 years ago
were found at different objects.

The largest space catastrophe of the 20th century
occurred in Russia and is known to the whole world
under the name of the Tunguska cosmic body, al-
though no large material traces of the cosmic body
that exploded over the Siberian taiga on June 30,
1908 have yet been found . Another major event
that also happened on the territory of Russia was
the fall of the Sikhote-Alin meteorite on February
12, 1947, which affected an area of about 48 square
km, where about 150 impact craters ranging in size
from 1 to 27 meters were later identified " In total,
about a dozen large fireball explosions and almost
200 falls of cosmic bodies weighing more than 1 kg
on Earth were recorded over the 20th century . The
last well-known event of this kind was the fall of the
Chelyabinsk meteorite on February 15, 2013. The
monograph Methods and means of information-an-
alytical assessment of asteroid and comet hazard "
summarizes information about this event and an-
alyzes the actions of the Ministry of Emergency
Situations to eliminate its consequences. The book
concludes that this event gave rise to an emergency
at the federal level, which required the concentration
of significant resources to eliminate its consequenc-
es. The Chelyabinsk event initiated the inclusion of
space (asteroid-comet) hazards in the official list of
natural hazards that need forecasting and planning
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for counteraction, protection and elimination of con-
sequences.

The issues of practical implementation of such
planning require, first of all, adequate risk assess-
ments arising from space threats. In turn, the basis
for such estimates are estimates of the probability of
falling cosmic bodies of one size or another to the
Earth. It is most important to obtain such estimates
for the current stage of geological history, i.e. for
the Holocene (the last 10-12 thousand years). The
existing estimates, which are used by the community
of astronomers and astrophysicists, are based mainly
on observations of comets and asteroids, as well as
analysis of craters on the Moon and other bodies of
the Solar System *”\. However, the most reliable data
on the probabilities of cosmic bodies falling to the
Earth can be obtained from an analysis of the actual
statistics of such falls, provided that ground tracks
are reliably recorded and there is reliable evidence of
their connection with cosmic bodies "'\

Practical adherence to this recommendation
encounters, first of all, the scarcity of information
about such falls even at the present stage (the last 50-
100 years). Falls of cosmic bodies capable of leav-
ing traces on the earth’s surface occur quite rarely,
while more than two-thirds of this surface is covered
with water. Despite the extensive development of
observational astronomy, means of communication
and mass communications, far from all cases of falls
and air explosions, even over land, become known
to scientists and specialists. Such a fall includes the
Uchur cosmic body, which fell in a remote area, in
the Khabarovsk Territory of Russia. The nature of
this fall is still unknown, and such cases are known
in history. Suffice it to recall that the fact of the
Tunguska explosion became known to the scientific
community almost 20 years after the event itself /.
The introduction into scientific circulation of each
potentially dangerous case of the interaction of cos-
mic bodies with the Earth is extremely important.
It requires careful and comprehensive study, since
it changes (always increasing) the estimates of the
probability of cosmic bodies falling to the Earth at
the present stage of its geological history. Awareness
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of the reality of space hazards requires the develop-
ment of a system of measures to protect against them
and reduce the consequences, based, among other
things, on obtaining reliable estimates of the expect-
ed frequency of falls "',

It should be noted that the least studied are the
collisions of the earth with objects like the “Tunguska
cosmic body”. Such space objects can have a very
significant impact on regional ecosystems. At the
same time, there are still no convincing conclusions
about their nature, since it is extremely difficult to
obtain data on their mineralogical composition and
even state of aggregation. Progress in their research
can be made possible by direct fixation and research
of the fall of such objects on the earth’s surface.
An example of such an event, witnessed by one of
the authors of this article (V.E. Kirillov), is an air
explosion and a possible collision with the Earth
of a rather large cosmic body that occurred in the
evening between 21 and 22 hours local time (10 and
11 hours UTC) 3 August 1993 in the basin of the
river. Lower Konkuli (Aldan Highlands, Lurikan
Ridge). The present work is devoted to the study of
such an event. The group of geologists working in
the river valley, which he headed, left the area of the
event a few days before it. During the event itself,
the detachment was located 15-20 km southeast of
the epicenter and was shielded from the effects of
the explosion by the Lurikan ridge with altitudes up
to 1800 m. In his book of memoirs, V.E. Kirillov
writes: “Suddenly, the soil shook violently; then two
fading shocks followed, accompanied by a distant
rumble to the north” ') According to sensations, the
intensity of the first most powerful shock was about
3 points. Sound phenomena in the form of a fading
rumble lasting 4-5 seconds followed a few seconds
after the seismic shocks.

After 2-3 days, the geologists again found them-
selves in the Lower Konkuli valley. The age-old
forest was so disfigured, as if an atomic bomb had
exploded here. Huge trees were “cut down” either at
the base or in the middle part, or sticking out in the
form of whips without branches. A high barricade
of chopped, chipped and broken trees with sharp
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broken branches sticking out in all directions was
formed below. The height of the barricades from the
shafts in the zone of severe destruction reached 4 m.
Later, even the heavy equipment of the Amur artel
explorers could not overcome these barricades. Wade
through such rubble, four hundred meters wide, was
a real torment. The length of the ellipse of destruc-
tion was about one and a half kilometers; at least that
follows from route observations. In one place we
came across a deer, littered with trunks and already
gnawed by a bear. Along the periphery of the ellipse
of destruction for several kilometers in the area,
some of the trees were uprooted and lay with their
tops in one direction—to the southwest "'

As shown by the results of modeling the damag-
ing effects of cosmic bodies with a diameter in the
range of 10-50 m and the study of the impact sites
of large meteorites (Tunguska, Chelyabinsk, Sikho-
te-Alin, etc.), in such cases, the bulk (95.0-99.9%)
of a space body entering the Earth’s atmosphere is
destroyed when moving in the upper layers of the
atmosphere due to the ablation process. The mass
reaching the lower dense layers of the atmosphere, as
a rule, breaks up into fragments ranging in size from
a few meters, which fall to the Earth’s surface, form-
ing impact craters, to micro particles tens to hundreds
of micrometers in size, which form a dust trail that
falls along the fall trajectory. At the same time, the
dust component contains magnetite micro spheres "*),
which are formed in large quantities as a result of ab-
lation, native iron, and, in a smaller amount, nickel (the
mechanism of their formation is considered . There-
fore, the areas of the fallout of the dust component of
a large meteorite turn out to be very large in area and
can many times exceed the scattering ellipse of indi-
vidual specimens of visible size (1-2 mm or more).
For example, the total area of scattering of fragments
of the Sikhote-Alin meteorite was an ellipse 10 x 2
km in size ", which is an order of magnitude larger
than the size of the crater field with the area of dam-
aged forest (about 1 km’) and the area of the fallout of
visible fragments (about 2.5 km®).

Micron-sized nickel particles found in the snow
cover near the flight path several tens of kilometers
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from the place of the alleged fall still remain the only
material evidence of the fall of the Vitim fireball in
2002 ", Magnetite and silicate micro spheres are
evidence of the fall of the Tunguska cosmic body in
1908 1,

Thus, in conditions of inaccessibility of the study
area, taking into account the limited time and small
size of the research group, the most effective is the
search for indicator micro particles in the surface
layers of the soil "', It is also important that such
a search in the field does not require expensive and
heavy equipment (deep metal detectors, georadar,
etc.). Cosmic particles are especially effectively ac-
cumulated and stored in peat deposits, so the main
goal of the expeditionary work was to take surface
samples of peat in the area of the supposed fall of
the Uchur cosmic body (UCB). Subsequently, the
samples were studied at the Geophysical Observato-
ry Borok, Branch of the Schmidt Institute of Physics
of the Earth, Russian Academy of Sciences, using a
technique combining the petromagnetic and micro
probe methods with micro mineralogical analysis.

2. Materials and methods

Investigation of the impact area of a meteor ex-
plosion. The expedition survey of the impact area of
the UCB was performed twice, in July-August 2016
and in August 2017. The detachments were led by an
employee of the IVMiMG SB RAS, Ph.D. Amelin
LI. (IVMiMG SB RAS), the detachments included
Amelin [.V. (geologist, artel of prospectors “Golden
Pole”) and Tynda L.B. (a chemical engineer from
Moscow). During the first trip, the group examined
the areas to the north and northwest of it and took
samples of peat. The length of the routes in the area
of the fall of the UCB (p. Lower Konkuli, Unga-Be-
reyakan, Ayakachan, Synnyar) was 25 km. The list
of objects inspected in 2016 is presented in Table 1
and Figure 1.

The second expedition carried out in August 2017
allowed us to increase the area of the studied area,
reach the area of forest fallout and slope stability vi-
olations, as well as to select additional peat samples.

Using medium-resolution satellite images of the
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Sentinel-2 spacecraft and the Landsat-8 spacecraft
(10 m/pixel and 20 m/pixel, respectively, [lv.eosda.
com]), a search was carried out for signs of modern
changes in forest vegetation and relief in the upper
reaches of the Lower Konkuli River. The most ex-
tensive violation of the forest cover was found near
the mouth of the stream. Using the revealed viola-
tions of the continuity of forest vegetation under the
influence of external factors and assuming that the
genesis of this area is due to the collision of frag-
ments of the UCB with the Earth, we will call it the
cosmogenic impact area. This area has a total area of
about 4-5 sq. km and is located in the valley of the
Lower Konkuli, between the Vershinny stream and
the channel of the river Lower Konkuli. It consists of
6 fragments, between which there are free-standing
trees, as well as areas of instability on the left slope
of the valley of the river Lower Konkuli. The area of
the fragments of the dump is 0.5-1.5 hectares. Under
the snow cover, the outlines of fallen tree trunks with
a diameter of at least 50 cm are visible. The forest
area in the valley of the Lower Konkuli River is rep-
resented by trees 25-30 m high and 0.6-1 m in diam-
eter at the base of the trunk (spruce, larch, poplar).
The mosaic of forest fallout in the valley of the river
Lower Konkuli at the Vershinny stream indicates the
fragmentation of the cosmic body before the colli-
sion with the Earth.

3. Results

To search for micro particles that were part of
the UCB and a possible ablative trace, an analysis of
the surface layers of peat in the area of the intended
impact was carried out. The micro mineralogical
analysis was carried out using a scanning electron
microscope “Tescan Vega II” with a prefix for ener-
gy dispersion analysis. To determine the background
concentration of cosmic matter in the region, the
study of the surface layer of peat outside the dust
trail of the expected impact event was carried out.
The sampling site is the valley of the Aldan River
1.5 km east of the village Chagda, a riding swamp
(Figure 1, Table 2). The upper 15 cm of the sample
was analyzed.
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To search for peat samples most enriched with
mineral (in this case cosmogenic) matter, we mea-
sured their residual saturation magnetization of the
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of Russia and the Far East region and the research site in the

Irs. This parameter is determined by the presence and
number of “large” (more than 0.1 microns) mineral
particles with residual magnetization. The size of the
separated and studied particles was 1-20 microns.
The results of the Irs measurements of the stud-
ied samples are shown in Figure 2. It can be seen
that the Irs of the surface layer of peat from the fall
area of the UCB significantly exceeds the residual
saturation magnetization of the underlying layers
(710> A/m versus 1.5-2 x107 A/m) both from the
fall area and the control sample of the Chagda (by
600-700%!). The assessment of the depth of the
“catastrophic layer” with UCB particles in peat was
carried out based on the fact that the expected impact
event occurred in 1993. The rate of peat formation in
this area (middle taiga) approximately coincides with
the area of the Tunguska event, for which this value
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is 0.5 mm/year "”. The upper 10 cm of the peat part
is quite sufficient for analysis (23 years have passed
from the moment of the expedition work to the ex-
pected impact event, that is, a “catastrophic layer”
can be expected at a depth of 1.2-1.3 cm), which is
confirmed by the results of the Irs study shown in
Figure 2.

In the second stage, the layers with the highest Irs
of the series and background samples were subjected
to micro probe analysis to determine the morpholo-
gy and chemical composition of micro particles .
The micro mineralogical analysis was carried out
using a scanning electron microscope “Tescan Vega
I with an EDS attachment. A micro probe study of
the particles of the surface layer of the sample from
the area of the fall of the UCB (“catastrophic” layer)
showed that its distinctive feature is the presence of
structures in it that could arise when hot UCB parti-

20 MKM

10 MKM

cles collide with organic material (peat). Structures
of this shape with no film have been found. (Figures
3a,b,c). Inside each structure, there is a charred
biogenic fragment. The energy dispersive spectrum
(Figure 3d) of the film shows that it consists of pure
nickel (100% Ni).

1) The site of the fall of the UCB on the map; 2)
research sites; 3) possible place of fall of fragments
of the UCB; 4) the direction of movement of the
UCB.

Comments for research sites: 1) felling of the
forest with a pronounced general direction of falling
trunks; 2) “burn” of elfin and soil; 3) depressions in
the upper reaches of the Unga-Bereyakan; 4) base
of the exploration team of the Amur artel, 5) “fresh”
signs of the impact of the shock wave on the boul-
ders of the slope; 6) the alleged place of the fall of
the UCB.

it consists of pure nickel.

d)
Figure 3. Microparticles from the site of the UCB fall: a) Ni tube (film) 0.5 % 6 x 35 microns with biogenic carbon residue inside; b)
Ni tube (film) 0.5 x 8 x100 microns; c¢) Ni tube (film) 0.2 x 6 x 40 microns; d) The energy dispersive spectrum of the film shows that
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Table 1. Coordinates, dimensions and location of objects in the area of the impact of the UCB found during search routes and remote

sensing decryption.

Coordinates of the center

Distance from the

The name of the object of the structure, northern  Absolute height, m Area, fall of the forest (1 in
. . hectare .
latitude, eastern longitude Figure 1), km

1. The fallout of the forest with the 56.93854°
general e.g. trunks 132.75706° 900-1000 20-30 10-11
2. Falling out of the forest Wlth.chaOtIC 56.95211° 132.85342° 200-900 100200 9-10
e.g. trunks on the Ayakachan River

« » . 56.91480°
3. Probable “burn” of the elfin and soil 132.81825° 1050 1-2 7.5
4. Traces of movement of boulders on  56.86249°
the slope (chipped outer surface) 132.85127° 930-1100 0.5-1 17
5. Epicenter of severe destruction 56.84773°
(fallen forest) 132.84257° 860-870 3-4 )

Table 2. Characteristics of the selected peat samples.

Location of the selec-

. . ern longitude;
tion coordinates g >

absolute height, m

Coordinates northern latitude, East-

Distance from the intended
epicenter, km

Geometric dimensions
(L-W-H), mm

56.92579°
Unga-Bereyakan 132.87410°; 850

Chagda 58.73823° 130.64098°; 197

150 x 60 x 280

150 x 200 x 300 248

4. Discussion

A key finding in the study of UCB was the de-
tection of thin films (0.1-0.2 microns thick) of me-
tallic nickel and iron on the surface of terrestrial
objects—plant residues. It was impossible to explain
the formation of such films by terrestrial process-
es. However, on 31.08.2019, an interstellar comet
passing through the Solar System (2I/Borisov) was
discovered. Analyzing the observations of comets
of the Solar System and the interstellar comet 21/
Borisov, obtained with a Very Large Telescope (VLT
drive). At the European Southern Observatory (ESO),
astronomers discovered the presence of nickel and
iron in their atmospheres, even in those that were far
from the Sun.

This was the first detection of heavy metals, usu-
ally associated with hot environments, in the gas
shells of cold ice wanderers. “It was a big surprise to
find iron and nickel atoms in the atmospheres of all
comets that we have observed over the past two de-
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cades—and there were about twenty of them,” notes
Jean Manfroid from the University of Liege (Bel-
gium) "*!. At temperatures exceeding 700 °K, comets
also emit metallic vapors, which are formed as a
result of the sublimation of metal-rich dust particles.
The authors reported spectroscopic observations of

atomic Ni vapors in the cold comet 2I/Borisov .

5. Conclusions

Usually, researchers in search of traces of impact
events focused on the search for massive objects.
However, no massive object was found during the
study of the UCB. Specific microstructures were
found in the form of thin films of pure nickel. Under
terrestrial conditions, the formation of such films is
impossible. A possible mechanism for the formation
of thin nickel films has become clear due to the re-
cent discovery of atomic nickel vapor in cometary
atmospheres """\, Tt is likely that atomic nickel va-
por from the comet’s atmosphere formed a thin film
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of nickel on them when it collided with terrestrial
objects.

The authors have shown the possibility of using
specific film microstructures to identify both UCB
and other cosmic bodies of presumably cometary or-
igin, to which we referred UCB.

Studying the trails of fallen comets is extremely
important, as they can carry traces of extraterrestrial
life, and could also destroy ancient civilizations.
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can migrate into the atmosphere. Data show that basaltic volcanoes in Greenland scan points can be the real channels
through which hydrogen migrates to the upper crustal horizons and further into the atmosphere. Active gas migration in
Arctic seepage areas can be an important factor in the global climate change processes.

Keywords: FR mobile technologies; Active hydrocarbon seepage; Greenland; Spitsbergen; Polar Arctic

*CORRESPONDING AUTHOR:
Valery Soloviev, Institute of Geophysics, NAS of Ukraine, Kyiv, 03680, Ukraine; Email: solvalera@ukr.net

ARTICLE INFO
Received: 19 June 2023 | Revised: 6 July 2023 | Accepted: 10 July 2023 | Published Online: 19 July 2023
DOI: https://doi.org/10.30564/agger.v513.5792

CITATION
Yakymchuk, M., Korchagin, L., Soloviev, V., 2023. Some Results of Direct FR Technology Applied to Study Methane Seepage Areas in the Arctic
Region. Advances in Geological and Geotechnical Engineering Research. 5(3): 25-38. DOI: https://doi.org/10.30564/agger.v5i3.5792

COPYRIGHT
Copyright © 2023 by the author(s). Published by Bilingual Publishing Group. This is an open access article under the Creative Commons Attribu-
tion-NonCommercial 4.0 International (CC BY-NC 4.0) License. (https://creativecommons.org/licenses/by-nc/4.0/).

25


mailto:solvalera@ukr.net
https://doi.org/10.30564/agger.v5i3.5792
https://doi.org/10.30564/agger.v5i3.5792
https://doi.org/10.30564/agger.v5i3.5792
https://doi.org/10.30564/agger.v5i3.5792

Advances in Geological and Geotechnical Engineering Research | Volume 05 | Issue 03 | July 2023

1. Introduction

The idea of the Earth’s deep zones degassing is
an important factor in the development and evolution
of our planet ", It allows us to reconsider the inter-
connected processes of global volcanism and the
intrusion of deep fluids, mud volcanism, and local
and long-lived gas seeps—zones of the anomalous
release of carbon dioxide, methane, hydrogen, heli-
um, nitrogen, and other gases.

These processes are realized due to the function-
ing of long-term active influence of localized flows
of hydrocarbon fluids (mantle degassing products)
on the rocks of deep and near-surface structures of
various ages and genesis through the “gas pipes”
(point channels) and deep linear fracture zones.

An important role in the inflow of deep fluids
into the upper horizons of the earth’s crust is played
by the presence of a developed network of faults, as
well as processes of tectonic activation, due to which
degassing and concentration of gas emissions in
emission centers occur.

New technologies for the interpretation of Earth
remote sensing data (ERS-data) significantly com-
plement the results of complex geological and geo-
physical research in hard-to-reach Polar marine areas
and shelf structures of the World Ocean . Special
attention to the identification and study of modern
methane-degassing sites in the Polar continental
margins is connected with their important impact on

the global climate change processes .

2. General principles and methods

Experimental studies were carried out using
modified methods of frequency-resonance (FR) pro-
cessing and decoding of satellite images and photo-
graphs, vertical scanning of the cross-section, and
the method of integral assessment of hydrocarbon
potential prospects areas ),

These methods use the principles of the “sub-
stance” paradigm of geophysical research, the es-
sence of which is to search for a specific substance

in the sections- oil, gas, gas condensate, water,

26

metals, hydrogen, etc. They are based on the experi-
mentally proven assumption that a large amount of a
homogeneous substance creates an electromagnetic
field characteristic of a given substance, the radiation
power of which is proportional to the concentration
of the substance °*,

A separate method of this technology allows
within the contours of detected anomalous zones
(at the resonance frequencies of gas) to estimate the
maximum value of the fluid pressure in the reser-
voirs at different intervals (depth including) of the
cross-section.

According to the new paradigm of conducting geo-
physical research, the focus is not on the selection of
certain structural elements in the section and the deter-
mination of their physical properties, but on the detec-
tion of the specific substances in the section ",

Databases of chemical elements, minerals, oil,
and condensate samples, as well as sedimentary, ig-
neous, and metamorphic rocks, are classified and di-
vided into separate types and groups, the resonance
frequencies of which are used in the processing sat-
ellite images and photographs, and became import-
ant components in the modifications of direct search
methods.

The developed methods are based on the analysis
of standing electric wave distribution, discovered
by Nikola Tesla in 1899 in the deep horizons of the
Earth. In modified versions of the methods of fre-
quency-resonance processing of satellite images and
photographs, as well as vertical sounding (scanning)
of the cross-section, existing databases (sets, col-
lections) of sedimentary, metamorphic, and igneous
rocks (http://rockref.vsegei.ru/petro/), minerals and
chemical elements are used. The peculiarities and
potentialities of the methods used, as well as the
technique of instrumental measurements, carried
out [2,5,6,8].

In the process of performing experimental studies
of a reconnaissance or detailed nature (carrying out
instrumental measurements!) within the blocks and
areas of the survey, the following sequence of proce-
dures (graphs) for processing an individual satellite
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image (or its local fragment) is used.

1) The procedure for fixing responses (signals)
from the surface at the frequencies of the following
set of substances: oil, condensate, gas, amber,
bacteria (methane-oxidizing bacteria), shale, gas
hydrates, ice, coal, anthracite, hydrogen, living (deep)
water, dead water, diamonds, potassium magnesium
salt, sodium chloride salt;

2) Graph of responses from the groups of
sedimentary, metamorphic, and igneous rocks in the
cross-section registration;

3) Procedure for determining the presence of the
deep channels (volcanoes) in a survey area that is
filled with various groups of rocks; assessment of
depths of the roots of volcanoes location;

5) Graph for determining groups of rocks (or
individual samples of groups), from which signals
are recorded at frequencies of oil, condensate, gas,
and water;

6) The procedure for recording responses of
oil, condensate, gas, and phosphorus at the surface
(depth) of 57 km—the boundary of the hydrocarbons

synthesis in deep channels (Volcanoes and Faults),
[6.

2

filled with certain groups of rocks

7) Graph of signals registration from water on
the surfaces of 11, 46, 57, and 68 km—the predicted
boundaries of water synthesis in volcanoes of a
certain type ;

8) The procedure for scanning a cross-section
with different steps from the surface up to 15 km
to determine the depth intervals, within which
responses are recorded at the resonant frequencies of
oil, condensate, and gas. Refinement of the depths
of the location of the most promising hydrocarbon
intervals of cross-section during additional scanning
with a finer step;

9) Graph for assessing the depth of the upper
boundary (edge) of basalts, as well as the depths of
the beginning of fixing responses at the resonant
frequencies of hydrogen and living (healing) water
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from basalts. It is implemented in case of fixing
responses from the 6-th group of igneous rocks
(basalts) in the surveyed area.

3. Results

Previously, examples of the developed direct
universal FR-sounding technologies used for solving
a wide range of geological and geophysical problems
were shown “>**1. They include: 1) determining
the composition and the main features of the deep
structure of the studied structures; 2) assessment of
the prospects of territories for the most important
types of minerals; 3) determination of the volcanic
structures composition and their formation depth;
4) detection and mapping of deep fluid migration
vertical channels; 5) identification of local areas of
gas emission into the atmosphere and assessment of
the sources of degassing processes depth.

The use of the universal “substance” paradigm
in the study of pockmarks, seeps, gas hydrates, and
mud volcanoes as a result of frequency-resonance
studies, makes it possible to obtain new and
independent data on their composition, formation
depths, and position in the section, to reveal the
presence of gas emissions from bottom structures.

The data obtained can be used to assess the
manifestation of degassing processes in local structures,
as well as to establish their possible connection with
deep accumulations of hydrocarbons.

Detection and mapping of gas hydrates in the
sections of sedimentary strata make it possible to
assess their origin and the degree of their participation
in the processes of migration of “greenhouse” gases
into the atmosphere. Special attention to the identifi-
cation and study of modern methane-degassing plac-
es is connected with the assessment of their impact
on the processes of global climate change .

Some results of the use of these technologies on
modern methane seepage sites in various structures
of the Polar margins are considered below (Figure 1).
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Figure 1. FR-scanning points (SP) position in the Polar Re-
gion, and their coordinates (1: 68°24.148 N, 55°43.383 W; 2:
69°12.762 N, 51°27.541 W; 3: 65°15° N, 51°50° W; 4: 71°36°00”
N, 21°10°00” E; 5: 71°26°25” N, 20°47°10” E; 6: 72°00.05

N, 14°43.5 E; 7: 75°09°20” N, 32°05°00” E; 8: 75°00°00” N,
28°00°00” E; 9: 78°20°00” N, 15°27°00” E; 10: 78°39°12” N,
09°25°48” E.

3.1 Seepage areas in the central West Greenland
margin

In the central part of the Western Greenland
margin (Disko Bay region), two FR scanning points
(PG2011-12 and PG2012-03), located within fields
of pockmarks and seeps were selected for research ",

Sounding point PG2011-12 (Ilulissat area) is
located at the south-western flank of the Nuussuaq
Basin, and near the mouth of the Isfjord (Figures
2A and 2B), at a depth of 433 m, inside the largest
pockmark, the width of which reaches 200 m, and
the depth is 23 m. No acoustic indications for hydro-
carbons within the Mesozoic strata have been report-
ed for this distal part of the Nuussuaq Basin .

Seismic data showed that the pockmarks resulted
due to expulsing fluids, neo-tectonic faulting, and
crustal uplift """, Active modern gas migration in
pockmarks was not observed, and it can be supposed
that the pockmarks are the result only of neo-tecton-
ic activity and gas hydrate was not involved in their
formation in this area .

Our FR-sounding data of the PG2011-12 satellite
image confirmed the modern active migration of
gas but there are no signals from gas hydrates. Salt
signals are recorded in the range of 435-882 meters.
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The joint signal of gas and salt is fixed in the interval
of 468-742 m. FR data fixed the salt volcano pres-
ence with the root at 99 km. A hydrocarbon synthesis
signal is recorded at a depth of 57 km.

Scanning point site PG2012-03 is located in the
deepest part of a pockmark-like structure with a
large diapir in the upper sediment unit where gas/flu-
id escape features lie close to the seabed . The seis-
mic data show that in an elongated depression (20 x
35 km large, 575 m deep) on the inner shelf west of
Disko Bay younger sediments (Figure 2C) cover the
Cretaceous-Paleocene strata with gas-hydrates and a
bottom simulating reflector (BSR) below seabed .

The presence of gas hydrates is significant for
future petroleum exploration offshore Greenland but
gas hydrates there are mainly in sectors with a thin
young sediment cover. The new geochemical data
point to methane migration from a deeper-lying pe-
troleum system .

These data are confirmed by the FR-sounding re-
sults at point PG 2012-03, where the signals of syn-
thesis of oil, gas condensate, and gas at a depth of
57 km are recorded, and there are no signals of gas
hydrates. It has been established that the signals at
the resonant frequencies of oil, condensate, and gas
are recorded only in areas, where the channels (vol-
canoes) are filled with certain groups of sedimentary
and igneous rocks. In the survey areas, the responses
from the Hydrocarbons are recorded at a boundary
of 57 km within the central parts of the channels
(volcanoes) of the deep fluid migration. Below this
boundary, the responses are recorded at the frequen-
cies of hydrogen and carbon, above that of oil, con-
densate, and gas.

The salt signal is fixed in the interval of 588-810
meters, and the joint signal of salt and gas is fixed in
the interval of 590-766 meters (Figure 2C). The sig-
nals of dolomites (0.81-1.3 km, 2.0-99 km) and the
ultramafic magma group (1.3-2.0 km, 99-470 km)
are recorded. A degassing process with gas migration
from the surface to the atmosphere is fixed though
no sign of present-day gas seepage was found in the
area .

These results support previous predictions that
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Figure 2. Seepage areas in central West Greenland continental margin (A); B: bottom relief in Nuussuaq Basin (Disko Bay) and PG

2011-12 scan point position off the mouth of Tlulissat Isfjord (ITF) ); C: high-resolution seismic profile structure across PG 2012-03

point. In (C) the light blue, dark blue, and green lines are the units in a 40 m thick sediment sequence; the orange lines are gas-fluid

escape features *'.

Mesozoic sedimentary basins in the central West
Greenland margins could hold high quantities of oil
and gas but the processes of mature source rocks in
the subsurface, their transformation, and the vertical
and lateral migration of hydrocarbons into traps are
enough debatable '*. We suppose that gas originated
not only from gas hydrates and the Cretaceous-Pa-
leocene sediments because our data showed the
possible realization of the abiotic hydrocarbon crust-
al-mantle generation mechanism in this as in other
Arctic areas.

3.2 Maniitsoq structure, central West Green-
land

The Maniitsoq structure in the North Atlantic
Craton of West Greenland (Figure 3) has been pro-
posed to host a ~3 Gyr old impact crater, allegedly
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the oldest on Earth but these interpretations have

been challenged """,

Figure 3. FR-scanning point in Maniitsoq structure position in
West Greenland (65°15° N, 51°50” W) and scanning area with
the possible process of hydrogen degassing position (red square).

Many geological features in the Maniitsoq region
associated with impacts (from microscopic structures
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at the mineral scale to macroscopic structures at the
terrane scale, as well as the age and geochemistry of
rocks) can be explained by endogenous (non-impact)
processes that are related to magmatism, metamor-
phism, and deformation associated with tectonomet-
amorphic reworking and stabilization of the North
Atlantic Craton in the late Archean .

During the processing using the FR methods of
satellite images within the Maniitsoq structure (scan-
ning point position in Figure 1), a volcanic complex
filled with ultramafic rocks was discovered with a
root at a depth of 723 km. It is an additional argu-
ment in favor of the endogenous nature of its origin.
A volcano with a root at a depth of 99 km and an
upper boundary at a depth of 15 m was discovered
in the surveyed hydrogen-degassing area located
to the East of the Maniitsoq structure (Figure 3,
red square). Responses at hydrogen frequencies are
recorded here from 25 m. The results of the study
of areas of active hydrogen degassing were found
according to the data of FR-scans in various regions
of the world ¥/,

Thus, the results of experimental studies using
the FR scanning method provide new independent
information indicating the endogenous (non-impact)
nature of this structure, which is confirmed by the
materials of modern geological and geochemical

studies ",

3.3 Barents Sea areas

We used the FR methods to study the nature and
determine the degassing processes’ sources origin,
and the depth of their formation in various structures
of the Barents Sea, including in areas where large
gas fields are located, and hydrocarbon fluids migrat-
ed from deep-seated reservoirs (Figure 1).

Southwestern Barents Sea, Hammerfest Basin

The SW Barents Sea is located between Norway
and the Svalbard archipelago. There are large seeps
and pockmarks areas, gas chimneys, and leaking
faults systems that show hydrocarbon leakage and
fluid migration in structures of this Region.

The known Snehvit and Albatross fields are locat-
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ed in the SW Barents Sea, in the Hammerfest Sedi-
mentary Basin (Figure 4).

FR methods were used in this area where the
sub-bottom hydrocarbon fluid-flow process and
leakage were discovered by seismic data that
included zones of chaotic low-amplitude seismic,
discontinuous reflections in the seismic records, ar-
eas of high amplitude anomalies, vertical fluid flow
features and shallow gas accumulations .

Active methane seepage in the study area may
be due to the thermogenic and abiogenic oil and gas
source, the negative effect of global warming on
the ice sheet, permafrost, and gas hydrate stability,
some mechanisms of the influence of deep faulting
tectonics and tectonic deformation system in the lith-
osphere-asthenosphere. Other factors such as neo-
tectonics, glaciation history, and deep and shallow
degassing processes from hydrocarbon reservoirs of
the petroleum system that includes multiple source
rocks from the Carboniferous to the Cretaceous are
the major factors too !'*,

The major deep-seated faults are the main hy-
drocarbon migration pathways from the deep source
rocks and the reservoirs; further leakage to the
seabed was through the smaller Paleocene to Early
Eocene faults. The major gas chimneys in the south-
western and northeastern parts of the field originated
from the Triassic source and reservoir rocks "'>'%,

As aresult of FR scanning at a point near 7121/4-
1 well (Snohvit Field) the gas signal is fixed in the
intervals: 362-496 m, 515-673 m, 769-879 m, 896-
1027 m.

Obtained data can confirm the fact that natural
shallow gas is discovered in some deep hydrocarbon
layers of reservoir rocks stacked vertically in
the scanning points and formed gas chimneys,
pockmarks, and fluid escape pipes in this area.

At the surface, a signal of degassing is recorded,
and their gas migrates to the atmosphere (Figure
4B).

FR scanning shows that gas signals of high inten-
sity are fixed up to 10 km. We think that the roots of
this petroleum system originated not only in source

rocks from the Carboniferous to the Cretaceous ¥
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but much deeper, at a depth where a hydrocarbon
synthesis signal is recorded **.

The Haakon Mosby mud volcano

Seafloor mud volcano Haakon Mosby (72°00.05
N, 14°43.5 E) with a diameter of 1.5 km is located
in SW Barents Sea at a depth of 1250 m in the area be-
tween the coast of Norway and Bear Island (Figure 1).

It was discovered in 1995. The main products of
its eruptions are mud and gases, of which more than
99% is methane. Under the mud volcano, there is a
1- to 2-km-wide disturbed zone with free gas which
extends to a depth of > 3 km "', Reconnaissance

B?OSE

Nc

scanning showed that oil and gas signals were found
in the section of the mud volcano, and the emission
of gases into the water column was also confirmed.

Northern Norwegian Barents Sea, Sentral-
banken high area

Methane fluxes from > 7000 seeps in the Arc-
tic significantly deplete seawater, but nevertheless,
reach the sea surface and may transfer to the atmo-

sphere (19.20]

. 4,137 acoustic ‘flares’ diagnostic of
bubble emission sites (seeps) were identified at the
Sentralbanken area with the highest gas flare density

in the central part of this structural high (Figure 5).
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Figure 5. Gas flares location (A) in the Sentralbanken high area *’; B: correlation of gas release and sub-cropping reservoir Kobbe
Formation and faults. a: seepage density, faults, and sub-cropping Kobbe Formation along transect A-A’; b: transect A-A’ location;
¢: bright spots distribution within the apex of Sentralbanken structural high *”. There is also a possible depth of gas signals by FR

scanning (B, a, c).
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The results of FR scanning in the Sentralbanken
area show that the signal of old granites is recorded
from 470 km. The signals of oil, gas, and gas con-
densate are recorded at a depth of 57 km. The gas
signal is fixed in depth intervals: 158-501 m, 864-
1158 m, 1458-1835 m, further probing was not
carried out. The gas signals are recorded in the depth
range of 1,835-10 km. The signal of gas hydrates
is fixed in the interval 0-400 m. The degassing
process from the water surface into the atmosphere
is recorded.

These obtained data indicate the existence of
additional sources and processes of deep degassing
that can explain the magnitude of the formation and
manifestation of seep and pockmark fields in various
structures of the Barents and other seas of the Arctic
region.

Norwegian Barents Sea

The first studies of pockmark fields in the Nor-
wegian part of the Barents Sea !""?'"! showed that
the main part of the round or oval pockmarks found
during the research had a diameter of 10 to 400 m
and a depth of 2 to 15 m, and was found in the form
of single structures, clusters, and extended chains.

10E 20E_ 30°E

stability limit

m Last Glacial

Maximum (LGM)

Water depth (m)

0
200 km

550

Figure 6. The sounding points in the degassing areas in the

[19,20] [26,28]

Barents Sea and Spitsbergen , and the modeling profile

position in the Norwegian part of the Barents Sea .

The formation of such accumulations of pock-
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marks could occur in various areas of the Barents
Sea as a result of seepage of gases of deep or biogen-
ic (in the case of thick sedimentary strata) origin *.

Gas flares (more than 600), consisting of 97%
methane and rising above the bottom to a height of
up to 200 m, as well as numerous pingos (heaving
mounds), the diameter of which reached 1100 m,
were found at the research site, and the height is 20 m.
Methane flares confirm the presence of modern degas-
sing processes in this region, caused, according to the
authors, by the decomposition of gas hydrates """,

From our point of view, the formation of such
gigantic (more than 1 km in diameter) pockmarks
requires the involvement of additional sources
of impulsive methane supply over a long period.
The mechanism of deep degassing by “gas pipes”
through accumulations of gas hydrates seems to be
more reliable in explaining the formation of these
large bottom structures. Such a mechanism was pro-
posed for one of the sites (Hornsund Fault Zone) in
the northwestern part of the Barents Sea >\

The results of FR-sounding (up to 8.0 km) in
the area of accumulation of giant pockmarks and
pingos (Figures 6 and 7) showed that signals from
hydrocarbons and the presence of gas accumulations
are recorded here at depths: 1.3-2.0 km, 2.29-
3.12 km, and 3.32-4.5 km. The intervals of these
distinguished depths of gas accumulations are close
to the depths of oil and gas—bearing Paleocene-
Eocene and Middle Triassic horizons containing
hydrocarbon source rocks enough for the formation
of oil and thermogenic gas “***. The presence of
a fault system (Figure 7) makes it possible for
deep gases to migrate to the upper horizons of
the sedimentary strata, which creates additional
conditions for the formation of pockmark and pingo
fields in this area.

3.4 Spitsbergen area
Seep area in the Greenland Sea

On the continental margin of Svalbard (Figure 1),
the field of seep accumulations was studied and the
main factors of the formation and evolution of the
gas hydrate stability zone were determined, as well
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Figure 7. Modeling profile BGR15-107. The position of faults, accumulations of hydrocarbons, and the boundaries of oil-saturated
(above the threshold value of 0.01%) sedimentary rocks are shown “*'. The position of gas accumulation zones according to FR-

sounding data in the southwestern part of the section is also shown. The position of the profile is in Figure 6.

as the patterns of distribution of sources of methane gas migrates into the sedimentary strata from deep

plumes in the section ***°, gas “pockets” ). The authors suggest that the “gas
The zone of stability of gas hydrates extends to  pipes” do not reach the bottom surface.

a depth of 370-410 m (Figure 8), and the availa- The mechanism of gas transfer has not been suf-

ble results of seismic studies show the presence in ficiently studied, since no extended, going to great

this area of a system of “gas pipes” through which depths, faults, which are considered to be the main

Flare “spines”
2 years

Q Flares (2009 survey)
Q© Flares (2012 survey)

3 v\ > TGHZ migration

T ———

-400 -350 -300 -250 -200
S 78°36 water depth m

Figure 8. Bathymetric map (A) of the continental margin of the Spitsbergen area with a field of seeps (A) and their three-dimension-
al image (B, C) in the study area *®. WSC, CC, and ESC are the dominant currents in this area (Western Spitsbergen; Coastal; East
Spitsbergen Current). Arrows indicate the migration of the gas hydrate stability zone (TGHZ) over the past 30 years from a depth of
370 m to 410 m *7,
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element of the influx of deep fluids into the sedimen-
tary strata, have been found in the study area.

Studies of seep fields identified along the con-
tinental margin to the west of Svalbard at depths
of 150-400 m showed that the released methane is
due to the dissociation of gas hydrates due to a 1 °C
increase in the temperature of the West Svalbard
Current over the past 30 years. The presence of
numerous additional flares at the shelf suggests that
this particular region west of Prins Kalrs Forland is
prone to hydrocarbon seepage and that gas seafloor
emission unaffected by gas hydrate dissociation is
common in the region .

It is assumed that such a relationship between the
formation of methane seep fields and the processes
of destruction of gas hydrates is also characteristic of
other regions of the polar Arctic.

Based on the results of FR sounding at a scanning
point in the central part of the seep field (Figure 8),
gas accumulations were identified that form methane
flares of this field, located in the upper part of the
earth’s crust.

Degassing processes occur from depths: 731-905
m, 1084-1141 m, and 1370-1471 m (deeper sounding
was not carried out). In addition, gases emission into
the water column and the atmosphere are recorded.

Spitsbergen, Isfjorden area

The Spitsbergen and its continental margins’ cold
seeps are the most studied by geophysical methods
in the Arctic. The degassing processes investigation
in this area contributed to a detailed study of the for-
mation and evolution of gas hydrate and free gas ac-
cumulations, as well as the nature of their sources ..
Particular emphasis in these works was placed on
the study of the dynamics of the dissociation of gas
hydrates and gas emissions associated with paleocli-
matic changes in the region. Their important result
was the identification of numerous fields of pock-
marks, as well as associated “degassing pipes” and
systems of tectonic faults extending to considerable
depths 7",

The distribution of pockmarks in Isfjorden has
% and their most actively ex-
pressed fields are spatially associated with known

a mosaic character
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active fault zones of the Svalbard fold-thrust belt and
other faults (Billefiorden, Isfiorden Fault Zones).
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Figure 9. Satellite image of the Isfjorden in Spitsbergen **! with

[29]

the scanning points position; A-B-C: seismic profile ™ position.

One of the scanning points of the satellite image
of the Svalbard archipelago (scanning point 1, SP1)
is located in the north of Isfjorden, in Nordfjorden,
in the central part of a large accumulation of pock-
marks (Figure 9), formed on the southeastern con-
tinuation of the Blomesletta fault.

More than 1300 pockmarks (diameter from 14 to
265 m, depth from 1 to 11 m, and frequency of dis-
tribution up to 20 per km®) were found in Isfjorden,
and 535 pockmarks—in Nordfjorden ",

Their genesis can be determined by the influx
of hydrocarbon fluids (of biogenic or thermogenic
origin), decomposition of gas hydrates, thawing of
permafrost, and a number of other factors operating
in polar latitudes. Geochemical analysis of hydrocar-
bon anomalies in the near-surface marine deposits
of the fjords in the west and around Svalbard indi-
cates a mixed (thermogenic and biogenic) nature of
gases %,

Detailed analysis of geophysical data in Nord-
fjorden showed the presence of gas flares only above
a part of the pockmark fields (Figure 10), which may
be due to the absence of modern degassing processes
and sufficient gas accumulations under them, as well
as to changes in the paths of deep fluid migration.

The complex filled with sedimentary rocks of
groups 1-7 and 10 were identified at site SP1 (Figure
10), with a root at a depth of 470 km. Signals from
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oil, gas, gas condensate, carbon dioxide, methane-
oxidizing bacteria, yellow phosphorus, oil shale, gas
hydrates, anthracite, nitrogen, oxygen, carbon, and

ice have been registered >,

0

10 20 30 40 50 60 70 km

Figure 10. Geological cross-section with GHSZ extents of
A-B-C profile ™. The location of the seismic transect across
Isfjorden is shown in Figure 9. Pockmarks and flares within
250 m of the transect have been projected onto the profile. BFZ:
Billefjorden Fault Zone. SP1 and SP2: FR scanning points.

Responses at the gas frequency were obtained
at depths: 1335-1932 m; 2459-3321 m; 3933-4467
m. The sounding in point (SP1) was carried out to
a depth of 4789 m. FR instrumental measurements
at this point confirmed the gas migration into the
atmosphere (Figure 10).

The degassing processes and gas migration into
the atmosphere at sounding point 2 (SP2) were fixed
too. The gas signals were fixed there in intervals:
290-615 m, 996-1159 m, and 1198-1314 m but deep-
er sounding was not carried out (Figure 10).

In the central part of Svalbard, the flow of
thermogenic gas along fault zones and large tectonic
lineaments may be the main geological factor in the
formation of seeps and pockmarks, and other factors
(the presence of free gas accumulations, filtration
processes, seismic activity, and etc.) may be also
important. It is also noted that faults and magmatic
sills play an important role in the formation of
channels for the flow of fluids into the pockmark fields
and the water column in many areas. The processes
of active gases entering the water column and the
atmosphere can change over time; they depend on
many parameters, including the thickness of the water

: 31
column, temperature, and wave dynamics """,

4. Discussion

At present, the formation of extensive fields of

35

seeps and pockmarks in the structures of the Po-
lar Regions is mainly explained by the processes
of decomposition of gas hydrates. In this case, the
presence of sub-hydrate gas in the section and the
inflow of deep gas fluids of various genesis is often
assumed, partially migrating to the upper horizons of
sedimentary strata along faults that disrupt the conti-
nuity of gas hydrates.

The study of the fields of methane seeps and
pockmarks showed that the intensity and dynamics
of their formation largely depend on the influx of gas
fluids, the sources of which are located in the deep
horizons of the crust and mantle.

The areas of degassing are located within the
zones of the existence of volcanic apparatuses with
a developed system of deep channels, along which
gases migrate, as well as deep oil and condensate.
The result of such migration is the formation of gas
seeps, as well as oil slicks on the water surface - in-
dicators of deep oil synthesis.

Our data confirm the significant but insufficiently
taken into account influence of crustal-mantle gas
fluids on the nature and features of degassing pro-
cesses in the structures of the continental margins of
various regions.

The obtained data show that in all the structures
studied, the influx of fluids formed in the deep hori-

zons of the lithosphere cannot be ignored "%,

5. Conclusions

The results of FR soundings of structures in the
polar Arctic Regions showed that gas hydrates could
be formed in various horizons of sedimentary and
crystalline rocks of the Earth’s crust due to degassing
products of the Earth’s deep geospheres.

The use of FR technology makes it possible to
quickly assess the contribution of various geological
sources of methane and other gases to the overall
balance of greenhouse gases in the places of their
greatest emission.

On the basis of the obtained results of using the
technologies of FR-sounding of satellite images and
photographs for the structures of the Polar regions,
a conclusion was made about the possibility of
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remotely determining the material composition,
structure, and probable depth of occurrence of
sources of deep geofluides migration in various
geospheres of the Earth.

The proposed volcanic degassing model for
hydrocarbon formation can explain many features of
both large-scale and local degassing processes on the
Earth.

We believe that modern FR technologies can sig-
nificantly speed up the processes of remote detection
and mapping of numerous new volcanic structures of
various types in the World Ocean, as well as similar
structures on the planets of the Solar system ',

The results of the research showed that the use
of reference frequencies for various types of known
rocks and minerals makes it possible to apply fre-
quency-resonance methods to study the deep struc-
ture of our planet and solve the problems of search-
ing for many types of minerals.
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ABSTRACT

This study discusses the possible relationship between potentially destructive seismic events, earthquake swarms,
and intense weather events occurring in the same epicentral zone at time intervals ranging from one day to a few
weeks. The objective of the present study is, therefore, to analyze the interaction between the lithosphere, atmosphere,
and ionosphere in order to propose, prospectively, a new hydro-climatic model to be applied not only in Italy, where
this research was carried out. The study concerns some of the most intense Italian earthquakes starting from 1920,
with the destructive event in Lunigiana, in North Western Apennines, until the recent earthquake swarm that hit the
Emilia-Romagna region followed, as in the cases analyzed in this research, by strong atmospheric disturbances. The
recurrence associating seismic events with atmospheric precipitation allows us to propose some hypotheses about the
triggering mechanism. In tectonically stressed areas, during pre-seismic and seismic phases, the release of gases from
the ground and electrical charges near active faults is known. It is hypothesized that water condensation nuclei are
carried by radon gas on atmospheric gases, also originating from cosmic rays in the upper atmosphere, generated by
air ionization.
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have affected various parts of the Planet makes it

1. Introduction : : ) o )
possible to consider various triggering mechanisms

The dramatic nature of hydro-climatic events that  according to a holistic principle "', that is, consid-
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ering both anthropogenic impact and geophysical
events, without excluding the influence of radiation
from the cosmos . This mode of investigation
is facilitated by technological advances, including
satellite data retrieval and the development of new
models and interpretation of natural processes by sci-
entific teams. Italian chronicles from the last century
and others around the world report the correspond-
ence between potentially destructive seismic events
and precipitation, such as rain or snow. Following
are some excerpts from news reports.

Earthquake May 6, 1976, Friuli, magnitude 6.5:
“After the disastrous telluric events of May 6, Sep-
tember 11 and 15, 1976, winter opened with a cold
and snow event of the rare kind for Friuli Venezia
Giulia. Here is the account experienced firsthand
by yours truly in Udine during that exciting two
days that brought over 15 cm of snow to the capital
of Friuli” (http://www.centrometeo.com). Earth-
quake April 6, 2009, L’Aquila, magnitude 6.3:
“After last night’s tremors that brought back fear
among the population of L’Aquila, since the first
light of dawn it has been raining continuously on
the whole area” (Abruzzo amid bad weather and
new tremors—La Stampa. https://www.lastampa.it/
cronaca/2009/04/21). Earthquakes of August 24 and
October 30, 2016, a magnitude of 6.5 and a swarm
of January 18, 2017, with a maximum magnitude
of 5.5 in central Italy: “Strong earthquake tremors
hit central Italy, already tested by the seismic events
of August and October and the copious snowfall in
recent days” (https://www.ilsole24ore.com). May
20, 2012 earthquake, magnitude 5.8 with epicentre
in Emilia: “May 20, 2012—as early as late morning
rain hit the towns affected by the quake and is not
expected to subside until at least Monday morning”
(https://www.ilfattoquotidiano.it 2012/05/20). “Ex-
acerbating the situation came violent rain that has
been falling since the early morning hours on the
earthquake-affected municipalities” (https://www.
gazzettadimodena.it). On a larger scale, examples of
this between minimum depression and potentially de-
structive earthquakes include the Islands of Greece,
or strong earthquakes, such as the Kumamoto earth-

40

quake in Japan in 2016. In this case, the main shock
was followed by other earthquakes associated with
intense precipitation, as Kazunori Miura (personal
communication) pointed out with the superposition
of seismic tail hypocenters with meteoric events *\.
Similar studies have been carried out by V. Stras-
er, where recurrences of the link between seismic
activity and baric variations, with even intense pre-
cipitation, two days before or two days after in the
epicentral zone of the earthquake have been shown.
The production of ions in seismically active zones ™"
and the release of gases into the atmosphere, which
can generate water condensation nuclei, and thus
create a link of the interaction between lithosphere
and atmosphere, have been discussed by both Sergey
Pulinets ), Sergey Pulinets and Kirill Boyarchuk """,
Indeed, studies conducted by Nigel Marsh and Henr-
ik Svensmark have shown that cosmic rays influence
Earth’s climate, through comparisons of changes in
cloud cover and the flux of cosmic rays reaching the
troposphere """, Tons are associated with nanoparti-
cles and filamentous structures of various origins,
caused by the combination of meteoric phenome-
na and ions in the air as reported by Marie-Agnés
Courty and Jean-Michel Martinez, which would un-

derlie hydro-climatic triggers '>".

2. Method, data, and limits of this
research

Data retrieval does not contemplate detailed in-
formation on bad weather or weather conditions, es-
pecially in years prior to 2010. In this case, the pres-
ence of rainfall, drought or frost is mentioned, with
no time reference. This has led to many problems in
finding weather data to be associated with seismic
data.

Meteorological data, to be superimposed on
seismic swarm data are highly variable, due to the
duration of the seismic swarm. So, if we want to in-
dicate unambiguous meteorological data, regarding a
swarm that lasts several months is, as we understand,
very difficult and scientifically invalid. In this regard,
it was decided to consider the weather data prior to
the triggering of the swarm, that is, the date of the
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beginning of the seismic tremors.

In some cases, the data did not cover weather
conditions, and the duration of weather phenomena
such as torrential rains, intense thunderstorms and
adverse weather phenomena are not available. It was
only possible to indicate when these occurred, where
possible, before the seismic shock or the onset of the
earthquake swarm.

When we talk about a seismic swarm, we must
mention a geographical area (GPS data), but it is
known that seismic swarms especially if they are
long-lasting can encompass very large areas ge-
ographically and here express themselves from a
seismic point of view. So, another limitation was
precisely to indicate a geographical point where the
seismic swarms occurred and there calculate the me-
teorological condition. The method used in this study
was to compare data found on the website.

2.1 Origin of pre-seismic electromagnetic
phenomena

Pre-seismic radio emissions (also called “Seismic
Electromagnetic Precursors” or SEPs) are a natural
phenomenon described for the first time in a scientific
publication in 1890 by British geologist John Milne ",
At present, the scientific community agrees that
these radio emissions are generated by the piezoe-
lectric effect caused by the accumulation of tectonic
stress on fault edges """’ (Figure 1). Laboratory ex-
periments conducted on rock fragments have found
that during the creation of fractures in rocks under
mechanical stress, they emit radio waves induced by
piezoelectricity. This phenomenon is observed when
crystals are applied on some of the mechanical stress
in certain crystallographic directions: the opposite
sides of the crystals were loaded instantly ">,

The creation of experimentally induced microf-
ractures in the rocks was demonstrated for the first
time through triaxial compression tests """,

The characteristics of the tectonic stress, the ge-
ometric characteristics of the fault (irregularities)
and the typology of minerals included in it determine
the creation of microfractures which has different

orientations: This determines the reaction of non-iso-
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Figure 1. Pre-seismic radiofrequency is generated through the
phenomenon of piezoelectricity. In the image above the geody-
namic mechanism responsible for the pre-seismic radiofrequency
emission has been represented. Credits: Gabriele Cataldi, Radio
Emissions Project.

Other studies have shown that the volume of
the earth’s crust involved in the creation of microf-
ractures is 24-520 times larger than the earthquake
preparation zone .

The amplitude of the electromagnetic signals
caused by the formation of microfractures of the
rocks subjected to tectonic stress in the earthquake
preparation area mainly depends on the density of
the microfractures and their size; the morphology of
the electromagnetic field depends on the orientation
of the microfractures; on the other hand, the period
of oscillation of the electromagnetic field (temporal
modulation) depends on the geological character-
istics of the fault and on the characteristics of the
tectonic stress that determine a growth of the microf-
ractures that does not proceed linearly *.

According to T. Lay and T. C. Wallace only
1-10% of the energy and seismic moment contained
in earthquake zones preparation is converted into
seismic waves and it is therefore conceivable that
the 90% (or more) of this energy, or part of it, can be
converted to radiofrequency. Taking as a reference
an earthquake of magnitude 5, this has an energy and
a seismic moment between 10'* and 10" Nm 7,
Considering that it is not possible to quantify the

energy losses of the system in terms of thermody-
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namic efficiency and the efficiency of energy con-
version tectonic in other forms of energy, we assume
that only 50% of the energy residual theorized by T.
Lay and T. C. Wallace can be converted to radiofre-

quency 7.

2.2 Radon as a seismic precursor

The Radon gas is a chemical element that has been
[28]

b

used for the first time as a seismic precursor in 1927
but the first real recording that has had an important
echo within the scientific community was realized fol-
lowing the Tashkent earthquake in 1966 *”. Although
the ICEF (International Commission on Earthquake
Forecasting) has stated that it is obviously no sig-
nificant correlation between the radon gas increases
and seismic events; in our case the monitoring of the
flow Rn,,, has provided guidelines that were deemed
correct, as confirmed by the RDF electromagnetic
monitoring.

Certainly, the opinion ICEF does not contemplate
the use of RDF technology confirming the creation
of fractures in the subsurface, and this confirms that
when using new media research, you can get unex-
pected results.

According to the authors, encouraging data about
the use of radon as an imminent seismic activity in-
dicator have been obtained, for example, against Ra-
don gas flow measured before the M7.2 earthquake
that was recorded in Kobe (Japan) on January 17,
1995 "' (Figure 2).

Allegri and his team
yarchuk " analyzed the flow of gas Radon in central
Italy between 1979 and 1980 in the sites of Rome
and Rieti experiencing between June and Novem-
ber 1980, an increase of +25% of the Radon flux
and +170% of the baseline level, which preceded the
M6.5 earthquake that was recorded in Irpinia (south-
ern [taly) November 23, 1980 (Figure 3).

B and Pulinets and Bo-

3. Results

A total of 36 events occurred in the last century
in Italy, that is, since 1920, were considered for the
present research. The data are summarized in Tables
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Figure 2. Radon gas concentration related to the M7.2 earth-
quake which was recorded in Kobe on January 17, 1995. In the
graph above it is possible to observe the variation of the Radon
gas concentration which preceded the M7.2 earthquake which
was recorded in Kobe in 1995. Credits: Air radon concentration
vs. time (by Kobe Pharmaceutical University) before the M = 7.2
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Figure 3. Radon gas concentration related to the M6.5 earth-
quake which was recorded in Irpinia (southern Italy) on Novem-
ber 23, 1980. In the graph above it is possible to observe the
variation of the Radon gas concentration that preceded the M6.5
earthquake which was recorded in Italy in 1980. The 1979-1980
series of the groundwater radon content at: a) Rieti station, b)
Rome station. The vertical bars in the bottom panel show the
seismic shocks. The length of the bars is proportional to the

magnitude (modified from Pulinets and Boyarchuk "”).

1 and 2 and are broken down into 17 earthquake
swarms and 19 earthquakes, of which 17 were de-

structive Table 1:

Below are the maps of the geographical areas



Advances in Geological and Geotechnical Engineering Research | Volume 05 | Issue 03 | July 2023

Table 1. Comparison of seismic swarms and intense weather events considered in Italy since 1927 and their respective occurrence
intervals.

Interval
between Duration of
Main shock earthquake .
Date of . meteorological
N. Lat. Long. magnitude  Area and
swarms start e el e events
Mw) precipitation (days)
(in days) in Y
the same area
1 1927-1928 44.538584  9.648097 5.30 Bedonia, Alta Valterno, Italy 0 0
2 18/01/1990  39.115505 16.853912 4.00 Calabria, Crotone, Italy 0 2
3 26/09/1997  42.819109 13.184194  5.70 Appennino Umbro- 0 0
Marchigiano, Italy
4 21/08/2000  44.889056  8.399895 4.90 Quattordio, Italy 0 0
5 18/11/2003  38.147984, 13.394317 5.60 Palermo, Italy 0 2
6 09/10/2004  39.904635 16.186023 4.20 Pollino, Italy 0 20
7 16/10/2008  42.387694 13.397661 4.60 L’Aquila, Italy 0 15
8 20/05/2012 44826673 11.212160 6.10 Emilia Romagna, Italy 0 15
9 24/08/2016  42.497640 13.408839 6.00 Appennino Centrale, Italy 0 90
10 18/01/2020  42.625285 13.287986 4.20 Amatrice, Italy 0 20
11 24/05/2020 37.748736  15.007888  4.60 Etna, Italy 0 0
12 18/01/2021  37.766478 15.011280 4.10 Etna, Italy 0 15
13 31/07/2021  44.061205 12.601903  2.20 Rimini, Italy 0 0
14 22/03/2022  43.291692 12.318422 4.30 Umbertide, Italy 0 0
15 18/03/2022  40.842690 14.138801 2.00 Campi Flegrei, Italy 0 2
16 09/11/2022  43.503222 13.320910 5.70 ﬁ;‘l‘;"“a’ Pesaro, Macerata, 15
17 28/05/2023 37.724041 15.118004 4.00 Milo, Italy 0 0

where the seismic swarms listed in Table 1 occurred.  chives of the INGV—National Institute of Geophys-
Of these maps, one of the seismic swarms that oc- ics and Volcanology, an archive where the data on
curred between 1927 and 1928 is missing, because the earthquakes in question have been extrapolated
this data, although witnessed, is not present in the ar-  (Figures 4-19).

43



Advances in Geological and Geotechnical Engineering Research | Volume 05 | Issue 03 | July 2023

T

Lat: 39.52 Lon: 15.21

Leaflet | © OpenStreetMap contributors

‘jﬂ )
b ﬂkﬁa&t m &E

Figure 5. Earthquake swarm of September 29, 1997.

Flgure 6. Earthquake swarm of August 21, 2000.
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Figure 7. Earthquake swarm of November 18, 2003.

. ; ; : g
= * ~F,
T \ c ” e - »
i £y . -
~ ‘). Y - : \?\"-, : v
: p i, XL
— - . N
i 3 5 -;'g\\ :
\’ 3 . LS S
S P
49 \ - a \n
e § * { i : L0 . = i [y
’ > % o 3 Mt J
5 o L i k
& ! S ' il e
<~ %} \ E g - _)'_\ i | /Q
» A e A e O /
i ' st cel (& 1% i
% 3 e N =
. - 1 o A ( Y. ™ W
H - . ~ - g} b
INGV |- A TR ? 3
v, 3\ g_.& } ’ | Lat: 40.60 Lon: 15.58
S % e e : A Ty | ]
5 mi F " Leaflet | © OpenStreetiiap contributors
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= o =
BN e o ;
A i 1 b, RO
e 1
3 er. 4
X ‘
: : ) S
’ B Xl .2 T, el ¥
> 2
P T » : - 3 e
Ao~ B { J Montofn g8 s :
” B . v Vomano i
% P
T il 4 :
| N * e
. - L
)' =l
. i
4 i ella £
. i
7 . Laga s o
= !‘_tj TP e \:__
Y ) 3 ~ s
< ¢ : » ; e
. 7. a : L (¥ S
) b & ik @ s ~ ~ ‘.
LuLLd B i 5, nd \ y Lat: 4279 Lon: 1251 |
km Y = M TR
i A Leaflet | © OpenStreetiap contributors

Figure 9. Earthquake swarm of October 16, 2008.
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Figure 10. Earthquake swarm of May 20, 2012.
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Figure 15. Earthquake swarm of July 31, 2021.
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Figure 18. Earthquake swarm of 9 November, 2022.
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Figure 19. Earthquake swarm of May 28, 2023.

Table 2. Comparison of destructive earthquakes that have occurred in Italy since 1920 the duration of meteoric events and their

respective intervals of occurrence.

Interval between

N. Swarms start Lat. Long. i\l/leclll( Zone (Italy) ;?Ztclil;liltlggz:nd xzzet(;r((:il;);g,:;al
M) (days)

1 08/09/1920 44.058 10.395 6.3 Molazzana 0 10
2 23/07/1930 40.980 25.341 6.6 Bisaccia Nuova 0 10
3 21/08/1962 41.175 15.009 6.2 Montecalvo Irpino 0 10
4 19/07/1963 43.343 08.153 6.3 San Lorenzo al Mare 0 10
5 19/07/1963 43.344 08.278 6.1 San Lorenzo al Mare 0 10
6 15/01/1968 37.745 12.997 6.0 Salaparuta 0 3
7 06/05/1976 46.356 13.275 6.5 Prato 0 10
8 17/06/1976 46.162 12.864 6.1 Lestans 0 10
9 15/09/1976 46.302 13.197 6 Isola 0 0
10 23/11/1980 40.914 15.366 6,9 Cairano 0 0
11 26/09/1997 43.084 12.812 6 Nocera Umbra 0 0
12 06/09/2002 38.381 13.701 6 Santa Flavia 0 1
13 06/04/2009 42.334 13.334 6.3 Sassa 2 1
14 20/05/2012 44.890 11.230 6 Massa Finalese 2 1
15 27/05/2012 44.814 11.115 6.3 Medolla 0 0
16  17/01/2016 41.558 14.603 7 Campobasso 0 1
17 24/08/2016 42.723 13.187 6.2 Accumuli 2 15
18 26/10/2016 42.956 13.066 6.1 Visso 0 1
19 30/10/2016 42.862 13.096 6.6 Preci 0 1
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In Figures 4-19, the extensions of seismic swar-
ms concerning the Italian territory can be observed.

4. Discussion

Italian chronicles from the past century, as well
as others around the world, report earthquake events
generally followed by various types of precipitation,
such as rain, snow, or hail, even with repeated oc-
currences for weeks, as shown in Tables 1 and 2.
Figures 20 and 21 display the association between
the two events; generally, on a time scale, physical
shaking occurs first and then precipitation occurs. At
least in the cases considered in Italy.

In the first case, seismic swarms were considered
(Table 1), and considering that swarms are charac-
terized by a succession of earthquakes of varying
magnitude without depending on an earthquake of
greater energy and lasting even months, as in the
case of the seismic crisis that affected the Northwest
Apennines, between 1927 and 1928 "*. In this con-
text, it is therefore very difficult to indicate the dura-
tion of the meteorological event and the time interval
between it and the seismic event since we are talking

about the succession of earthquakes lasting several
days and, in some cases, several months. Thus, we
referred to the date of onset as opposed to the total
duration of the earthquake swarm, which extended
up to a maximum time interval of 90 days. Within
these limits, the interaction between lithosphere and
atmosphere, discussed in this study was respected
for all earthquakes analyzed.

The second case examined destructive earthquakes
that occurred in the last century in Italy. The data are
summarized in Table 2 and report single earthquake
events of potentially destructive magnitude. In this
analysis, reference is made, to general weather
conditions, in which storms, rain, drought, cold/
freeze or stable conditions can be found, with
respect to the date of occurrence of the main quake.
The reference period is represented by the date of
the event itself and its geographical location. In
the discussion of the data (Figure 21), we have
considered the areal extent of weather events, as
their geographical extent sometimes extends beyond
the geographical limits of the epicentres of the
earthquake events examined.

Seismic Swarms and Severe Weather in Italy
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Figure 20. Comparison of seismic swarms and meteoric precipitation of various kinds that have occurred in Italy since 1927 (see

Table 1).
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Strong earthquakes and Weather Changes in Italy
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Figure 21. Meteoric events of various kinds and different intensities are associated with earthquakes of magnitude 6 or greater, except

for two cases of magnitude 5.8 and 4.3, which have occurred in Italy since 1920 (see Table 2).

The recurrence between geophysical and hydro-
climatic events, whether earthquake swarms or de-
structive earthquakes, allowed us to advance, at the
level of hypothesis, the potential link between the
two phenomena.

The first mechanism involves water condensation
nuclei. They are transported by both radon gas, re-
leased from the ground in the pre-seismic and seismic
phases on atmospheric gases, and cosmic rays in the
upper atmosphere, generated by air ionization P**7,
Radon gas, trapped in the lithosphere, is released in
pre-seismic phases and during the main shaking in
areas under tectonic stress. The release of the gas
into the atmosphere increases its ionizing effect in
the air, in agreement with the model proposed by
Pulinets et al. "

A second mechanism not yet fully understood in
the troposphere has been studied by Wu in recent
work, concerning “jet streams” . According
to the author, these atmospheric streams would
be influenced by the charges released from the
subsurface and intercept in the pre-seismic phases
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the area of the area of the future epicentre a few days

before the main shock %

5. Conclusions

The question we have tried to answer in this
paper is whether there can be a direct relationship
between earthquakes, precipitation, and extreme
weather events, and what common denominator con-
nects them. The answer is affirmative. The potential
candidate is tectonic stress with which is associated
the release of charges in fault zones close to rup-
ture, responsible for the formation of water cores.
Interdisciplinary studies may or may not confirm the
repetition of extreme hydro-climatic events in other
parts of the world to make long-term predictions. In
fact, today, thanks to modern instruments, the use of
satellites and interdisciplinary teamwork, the analysis
of hydro-climatic phenomena can be assessed with a
holistic approach, that is, considering anthropogenic
impact, geophysical events, and radiation from
space. The outcome of this study, which associates
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earthquakes and seismic swarms with even extreme
weather events and vice versa, can be considered
in agreement with those of other authors who have
analysed the interaction between the two physical
and geophysical phenomena in various seismically

active areas of the world ",
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cated in South-Eastern Parwan Province, has an ele-
vation of approx. 2,816 m above sea level. The region
of Qalay Abdul Ali Soil, Kabul, is to the west of our

. . . 1.2
area of investigation 2

with the sedimentary forma-
tion ranging from approximately 200-500 m above
the neighboring valleys and gorge bottoms. The
heights of the series of central plateaus start at about
1,800 m in the adjacent main basins to 2,200 m in
Paghman and Higher Kabul Sub-basins "’ From the
north and at the source in the Smaller Himalayas ¥,
noticeable seal terraces were accumulated, perhaps
throughout the late Pleistocene carved out . The
relief of stress creates an active balance between
current tectonics and other ongoing processes '°. The
sharp stress relief in conjunction with the uplift rates
in the upper Himalayas Regions reproduces pushing
over the mean-crustal slope quite a potion the iso-
static reaction to re-carving of the Tibetan Plateau
determined by late Cenozoic macroclimate altera-
tion, or late Miocene repetition of the key Dominant
Thrust. The kinetics of highland textures result from
the mixture of crustal distortion and loss, with the
two processes being perhaps joined . These pro-
cesses along with anthropogenic activities resulting
from years of regional conflict and growing popula-
tion necessitate a physicochemical assessment of this
region for safe and sustainable water resources.
Hence, one of the goals is to map out river ter-
races of the Kabul Province and assess the place
of diverse mineral deposits in the region of interest
for this investigation. For the present objective,
all samples from these terraces were collected and
carefully transported to the research laboratory for
analysis to account for different minerals. Further-
more, almost every basin in Afghanistan is from the
tertiary geological period (ioncene and oligocene),
since it is surrounded by mountains that were formed
around (20-45) million years ago and their residues
are formed by tertiary creation. The higher portion
of the Kabul Basins is also from this period "”. The
greater portion of these sediments is enclosed by ter-
races, and it becomes gradual at the lower quaternary
(Pleistocene). The value of these deposits is correlat-
ed to the neighboring peaks. The Kabul Province is
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a part of the structurally dynamic Kabul mass in the
transferred platter border section of the country "),
Afghanistan lies along a highly active plate region
that has formed the world’s highest peaks, viz. the
Himalayas, Karakoram, Pamir, and the Hindu Kush.
In Kabul, due to the tectonic movement of moun-
tains, different sections consist of composites of dis-
placed materials, viz. bottomless Gneiss Graben was
designed and occupied by hundreds of meters of river
sediments, sediments by gravity, and lake deposits "',
The greatest sediment thus Neogen is enclosed by
the medium quaternary and currently, a large portion
is soft, and these sediments are protected by the al-
luvial of the upper quaternary. A smaller portion of
these districts is positioned at the bottomless area
of Tangi Mahipar (800 m a.s.]) and the maximum
section of these areas is placed at the upper Kabul
Mountain Series (up from 4,522 m a.s.l). The gorges
of rivers form V and U shapes. Usually, the capi-
tal " involves gravel formations, and its width is
changed from region to region. Bagrami Hill, Ma-
ranjan Hill, Bibi Mahrow Hill, and Kalola Pushta
Hill are sited in the catchment, which is associated
with the tertiary geological time scale, and whole
remnants of dissimilar Kabul Basin regolith "'*"*.
The neighboring elevations are mainly composed of
Paleoproterozoic gneiss and Late Permian through
Late Triassic rocks. The inter-basin edges which are
collected of metamorphic core-complex rocks, are
Paleoproterozoic gneiss. Underground basements in
the Safi Mountains, to the east of the Kabul Basin,
are Paleoproterozoic gneiss and migmatite of the
Sherdarwaza Sequences and low-grade schist and
quartzite of the Walayati Series. The underground
is superimposed by the Permian to Jurassic shelf or
platform carbonate rocks of the Khengal Group. The
Khengal and basement rocks are overthrust by schist
mixture, which has been called the Cottagay Series,
in the northern Kohe Safi range, and they are under-
thrusted by concoction in the Kabul River valley !'®.
The quantity of the main streams flowing into the
Kabul Basin certainly contributes to the historical
importance of the Kabul Region. The headwaters of
the Kabul Waterway are west of the southwest angle
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of the study area and passes region from the south,
with currents due north about 21 km to the urban of
Kabul that formerly flew east "', leaving the reformed
valley in the Safi Highlands Peaks. The Paghman Wa-
tercourse flows eastward from the Paghman Uplands
and reaches the Kabul River in the city of Kabul close
to the point where the Kabul River originates to flow
east. The Logar River, a huge stream to the Kabul
River, reaches the study area from the south from side
to side with a sharp cut between mountains and runs
northward for about 28 km. The Logar River com-
bines with the Kabul River at the eastern edge of the
city of Kabul, around 17 km downstream of the entry

of the Paghman streams "**,

1.2 Geology of the Kabul Basins

Sediments are approved from Paghman, Aliabad,
Asmayie, Qurugh, and Logar mountains. These alti-
tudes are in the close regions of the Kabul Basin and
these deposits are transported by water at dissimilar
periods of time and form diverse thicknesses, the
upper and middle portions of the Kabul Basin terrace
sand there store some types of minerals, and these
minerals deposits related on the source rocks that
located at the immediate mounts are as of Kabul
Basin “**¥. For example, in Epidote, Kyanite, and
Granite we can find terraces of the Kabul River ba-
sin since these are all sections of Metamorphic rocks
(Crystalline), which are found in the mountains
near the Kabul Basin. Besides, some minerals such
as Rutile and Zircon also originate here because it
is also some of the Igneous rocks of the Paghman
Mountains strike “*. In addition, there are some
extra natural resources such as Muscovite and Bio-
tite, also part of metamorphic rocks which is in the
close mountains of the Kabul Basin, also Biotite and
Rutile reserves in the inside and lower porches of the
Paghman River fitting to Igneous Rocks of Paghman
Mountain variety and all dregs approved by water
and altogether further in terraces **\. All rivers of
the Kabul Basin are joined at reformed seats and all
of them, composed, stream from west to East, and
residues of this basin belong to Tertiary (Eocene and
Oligocene), and the period of such sediments, sur-
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rounded by the upper and middle portions of the Ka-
bul Basin is about (20-45) millions of years and are
named Tertiary growths “®. The upper part of these
deposits is surrounded by fresh sediments of lower
quaternary (Pleistocene) remains and it includes
these terraces, having different composite, raises,
and positions, for example, the upper part of the Ka-
bul river basin belongs to the quaternary and here we
can see more Stable and unstable gravels sediments,
but the middle part of Kabul River Basin belong to
Tertiary and there is certain unconsolidated sands,
Marls (gray, white, green and brown) colors, and
upper part of these sediments are covered by rivers
terraces ”. All mountains adjoining Kabul Province
are made by means of metamorphic rocks, except for
Paghman Mountains, which are shaped by metamor-
phic rocks, so it consists of igneous rocks also, other
all mountains made from metamorphic rocks, studies
using the Radiometry method. It was assessed that
the lifetime of these mountains is almost (928 + 8)
million years back (Figure 1). The elder mountain is
in the Khear Khana and the earlier one is in the Sha-
waky and Qurugh Mountains series **.

The Qalay Abdul Ali is part of the Paghman Dis-
trict and is positioned on the common banks of Ka-
bul-Kandahar Road. All sediments transported from
different points of surrounding mountains such as
the Paghman, and Chaltan Mountains are transported
by surface streams and gravity to this sedimentary
basin. The contribution of the accumulation of sedi-
ments by other means in this basin results in different
layers and profiles. The sedimentary layers of Qalay
Abdul Ali belong to the lower Quaternary (Pleisto-
cene) and have different thicknesses. The types of
sediments directly pertain to the surrounding moun-

tains’ main rocks %,

1.3 Geology of Qalay Abdul Ali

The adjacent mountains of Qalay Abdul Ali are
made from plutonic and metamorphic rocks (gneiss,
granite). The mountains that surround this basin are
Paghman Mountain ranges and they continue from
northeast to southwest. Analysis of gravels shows
that parent rocks are Gneiss and Granite, and it has
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Figure 1. Site plot of Kabul basins, Afghanistan.

different sizes of bigger gravel formations. In these
mountains, we found different structures such as
anticline, syncline, dyke, and sill, and there are dif-
ferent types of valleys such as longitudinal, diagonal,
transverse, synclinal, and anticlinal valleys in the
area ', Also, there are different types of alluvial
fans and alluvial aprons in the area (Figure 2).

1.4 The aim of research

The aim of this research is to analyze different
data of soil physicochemical parameters, for six pro-
files of Qalay Abdul Ali to find pH, electroconduc-
tivity (EC), soil color, soil fraction, and its effects on
water quality, soil quality and plants. One of the very
significant goals is to quantity different parameters
that impact water quality, soil quality and thereby
agriculture, and its potential impact on groundwa-
ter. These parameters along with the identification
of different toxic and nontoxic elements leaching
into the ground impact human health with different
health-related issues. Also, the amount of CaCO,,
found in some of these areas affects agricultural
lands and thereby the quality of produce, typical to
the area. Furthermore, we are also assessing different
types of soil structures for groundwater infiltration
rate, because the infiltration rate of such, generally
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platy, structures, is lower. However, in the prismatic,
and columnar structures, the rate is higher. The pH
indicates the amount of acidity and alkalinity of soil,
in these areas and is mostly neutral, which can be
used for both agricultural and drinking water. The
EC shows the amount of salinity in soil which affects
animals and plants. As we observe the amount of salt
is normal and can be used for different purposes of
agriculture and drinking water. The quality of soil
is good and we can use it for different purposes of
agriculture and drinking water. But in some places of
Kabul province such as Qalay Zaman Khan, Tayma-
ny, and around Kabul airport the amount of EC and
pH of soil are lower quality, and we cannot use them
for agricultural and drinking purposes.

2. Area under investigation

This study is carried out from different soil pro-
files at the Qalay Abdul Ali (Figure 2), which is in
the upper portion of the Kabul Province, on the Hin-
du Kush Mountain collection in the country. Kabul
River starts from 80 km west side of Kabul, at an
elevation of 4,522 m a.s.l in the Paghman elevation
series (Sanglakh mountains regions) as part of the
Hindu Kush elevation ranges in Afghanistan. The
river throughout its first pass flows at a precise high
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Figure 2. Scheme of the Qalay Abdul Ali basin, Kabul, Afghanistan.

speed with abundant carriage of residues from west
to east and passes from the higher part of Maidan
Share, Wardak Province. Afterwards, covering sev-
eral kilometers, it changes direction to the southwest
from Koha Qurugh and then it is called Kabul River.
It then watercourses from the southwest of Lalander
and arrives in Kabul City "'*?. Paghman River starts
from (3,500 m a.s.l.) Paghman Mountain Range, in
the first stage the river running a very steep level and
with very high velocity from north-south to Compa-
ny Bridge after this river variations the course from
Northwest to Northeast, and in the Gazarga area and
junctions the Kabul River at Chahar Dahai. Logar
River started from (4,600 m a.s.]) Daimirdad Moun-
tain (Wardak mountain range) belongs to Wardak
Province "***. In the first stage, this river currents
from west to east passes from Chack and Saidabad,
Wardak Districts, and then enters Loger Province
and Barakibarak Loger District which joins with the
Charkh River. After that, it enters Kabul Province
and joins with the Kabul River at the Sheena village
into the Bagrami District ">

3. Method and materials

In this investigation, we undertook a two-pronged

59

approach. The first is the site or field research, in
which we determine soil color by the Munsell color
scheme using wet and dry conditions. The second
approach is laboratory-based analysis in which we
determine different chemical and physical parameters
such as mechanical analysis of soil fraction, soil cal-
cium carbonates, electro-conductivities, and soil pH,
in the different locations in soil profiles at the Qalay
Abdul Ali, Kabul. For the assessment to conduct this
research we got 1 kg samples from every soil profile,
and caring to the laboratory and performed the siev-
ing analysis method for the determination of mixed
smaller sizes we obtained 1 mg sample for determi-
nation of mechanical analysis, calcium carbonates,
EC, and pH. Additionally, we study soil profiles, as
well, in the field.

4. Results

4.1 Study of soil

In this research, we studied six different Pedogen-
ic profiles which consist of profile 1, profile 2, profile
3, profile 4, profile 5, and profile 6. In these profiles,
we found different types of plant roots, gravels, some
caves of worms, and soil erosion, as well as in these
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profiles we can find different types of arrangements
such as crumbling, platy, and prismatic.

4.2 Munsell color chart

For this investigation, we assessed the soil color,
following the scheme by Munsell, who selected the
color for soil in 1999 at dry and wet conditions. For
determination, we compared soil at the two condi-
tions one is dry soil condition, and the second is the
wet condition on six profiles of Qalay Abdul Ali re-
gions, Kabul, Afghanistan (Figure 3).

i

Figure 3. Munsell color chart for soil color determination.

4.3 Soil color

Rendering to the Munsell Color chart, the color
of the soil in this profile 1 in the wet situation is
reddish gray (2.5 YR 5/1) but in the dry state is
yellowish brown (10 YR 5/6), profile 2 in the wet
form is very pale brown (10 YR 8/2) but at a dry
situation is reddish (10 YR 2.5/1), profile 3 at wet
state is strong brown (7.5 YR 5/6) but at the dry state
is reddish gray (2.5 YR 5/1), profile 4 at the wet
form pale brown (10 YR 8/2), but at the dry form is
strong brown (7.5 YR 5/6), profile 5 at the wet state
is pinkish white (7.5 YR 8/2), reddish (10 YR 2.5/1),
yellowish brown (10 YR 5/6), strong brown (7.5 YR
5/6) and at the dry state is pinkish white (7.5 YR 8/2)
and at profile 6 at the wet state soil color is reddish
(10 YR 2.5/1) and at the dry state is yellowish brown
(10 YR 5/6) "1,
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4.4 Laboratory approach

Comparative tools that we used in this investi-
gation at laboratory and field in this study we used
some laboratory devices such as a hydrometer,
Calcimeter, pH meter, and Munsell color chart and
we discovered the chemical and physical as well as
microscope and discovered features of soil and sedi-
ments and rock type in Qalay Abdul Ali sedimentary
basin.

4.5 Physical analysis

In this study, we conducted research laboratory
work, such as mechanical analysis by hydrometer. In
agreement with the hydrometer analysis, we estab-
lish the type of soil segment is silty loam and loam
(Figure 9).

4.6 Calcimeter analysis

In this study from chemical laboratory work, we
performed the determination of soil fractions by hy-
drometer analysis, CaCO, by Calcimeter, and pH and
EC by pH-meter (Figure 11).

Profile 1

In this profile, we discover different soil struc-
tures such as platy, crumbling, and prismatic, and
also found the roots of undergrowth at different
depths and some gravels. After the decomposition of
plants’ roots, we conducted a study of different sizes
of secondary pores for some live animals. During the
secondary pores, there are some primary pores also,
and they belong to the sizes of particles (Figure 4).
As well as there are some caves of worms and mac-
ro animals caves also. According to the hydrometer
analysis, the soil type from the A-horizon of this
profile is silty loam, and the amount of calcium car-
bonate, EC and pH are 0.437%, 961 ps/cm, and 6.5.

Profile 2

In profile 2, there are not the same types of struc-
tures such as platy but for the other types of struc-
tures we cannot find such structures because in this
profile, there is more gravel and the roots of plants
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is about 1 m depth, in this profile, we are able to dis-
covery dissimilar sizes of gravel such as cobble, peb-
bles, granules, sands, silts. Also, can find different
sizes of worm and animal caves (Figure 5). When
we get 1 kg soil sample of B-horizon generally the
soil type is silty loam, the CaCo, is 0.6%, EC is 920
us/cm, and pH is 7.87.

i

Figure 4. Soil horizon 1 at Qalay Abdul Ali Kabul.

24 - %

Figure 5. Soil horizon 2 at the Qalay Abdul Ali Kabul.

Profile 3

From the profile, we cannot find any gravel but
there is more clay and silt, in this profile can find
different types of topsoil arrangements such as platy,
and prismatic. In this, we can find different forms
of worms and animal caves. Also, there can under-
standing of altered soil erosions, the roots of plants
are 1.5 m in depth (Figure 6). From the 1 kg sample
of C-horizon of this profile, the soil type is loam, the
amount of CaO, is 0.32%, EC is 875 ps/cm, and pH
is 7.85.
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Soil erasion

Figure 6. Soil horizon 3 at the Qalay Abdul Ali Kabul.

Profile 4

In profile 4, it is able to discover altered kinds
of structures such as crumbling, and columnar. This
profile is also made of silt and clay. Besides, nowa-
days this profile can find different sizes of caves, and
roots, and there are changed soil erosion, and differ-
ent categories of cracks (Figure 7). When we get the
soil sample from A-horizon, the soil type is loam,
the amount of CaCO, is 0.35%, the EC is 849 ps/cm,
and the pH is 7.75.

Crumblifé strugture. -

Root zone’

Columnar _ Rifferent soil grosion

structures

Figure 7. Soil horizon 4 at the Qalay Abdul Ali Kabul.

Profile 5

From this profile, can find different soil structures
such as platy, crumbling or worm obstruct, and co-
lumnar structures. As well as in this profile we can
find different caves of worms, and roots, the depth
of roots is about 2 m (Figure 8). when we get 1 kg
sample from B-horizon and analyzed it in the labo-
ratory the soil type is loam, the amount of CaCO; is
0.46%, EC is 861 us/cm, and pH is 7.75.
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Profile 6

With this profile, we can find dissimilar worm
caves, crumbling, and platy structures, as well as we
can find different gravels, the depth of roots is about
I m (Figure 9). When we get 1 kg sample from the
C-horizon of this profile the soil type is silty loam,
the amount of CaCO; is 0.474%, EC is 870 ps/cm,
and pH is 7.75.

4.7 Textural triangle

In this research when we studied the sample via
hydrometer the percentage of soil fine materials or

fractions (sand, silt, and clay), we found by the trian-
gle, in this triangle for found soil type from 12 class-
es of soil between the triangles (Figure 10). In this

Figure 8. Soil horizon 5 at the Qalay Abdul Ali Kabul.
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research study, generally, the soil type is silty loam
and loam (Figure 12).

4.8 Hydrometer

In this research for soil fine materials, we used a
hydrometer, as shown in Figure 11, for hydrometer
analysis we get different samples from various ho-
rizons of profiles, and we find from the percentage
of fine materials (sand, silt, clay) the soil types, as
shown in Figure 12.

In this research for soil mechanical analysis, we
used the hydrometer, and at what time we analyzed
the soil sample by hydrometer the result, we found
the soil types of silty loam and loam, as shown in
Figure 12.
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Figure 9. Soil horizon 6 at Qalay Abdul Ali Kabul.
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Figure 10. Triangle and 12 classes for determination of soil name from soil friction percentage.
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Hydrometer
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Figure 11. Device (tool) of the hydrometer

for determination of soil mechanical analysis.
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Figure 12. Determination of soil

4.9 Calcimeter

We conducted these experiments to find CaCO,
in the soil profile. To do so, we used a Calcimeter,
for doing this method we get a 1 kg sample from
different horizons of profiles and it’s analyzed by the
sieving method, we mixed the fine sizes of sieves.
After we get Img sample from this and mix we clean
water and find the amount of CaCO; in soils of these
profiles (Figure 13).

In this research at the Qalay Abdul Ali region soil
profiles by using Calcimeter different amounts of
CaCQO;, and this amount belongs to the location and
type of soil. In these horizons of profiles, there are
different amounts of CaCO,: 0.437%, 0.6%, 0.32%,

mechanical analysis by hydrometer.

0.35%, 0.46%, and 0.474% (Figure 14).

Figure 13. Calcimeter device for determination of calcium car-

bonates in soils.
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Figure 14. Determination of calcium carbonates in soils by a Calcimeter device.

4.10 pH-meter

In this research for the selection of the amount
of EC and pH we used a pH meter (Figure 15), for
these, we transported from different horizons of
profiles. For determination we analyzed samples
by sieving method, and after the smaller sizes were
mixed after Img sample was analyzed by pH-meter
and we find the amount of EC and pH (Figures 16
and 17).

In this research by pH-meter we find the different
amounts of EC at the six different horizons of pro-
files, in this research generally the amount of EC is
961 ps/cm, 920 ps/cm, 875 ps/cm, 849 ps/cm, 861
us/cm, and 870 pus/cm (Figure 16).

For the determination pH of Qalay Abdul Ali, we
used the pH meter to assess the corresponding value
of pH at the different horizons of six profiles. In this
research, the pH around neutral consists of 6.5, 7.87,
7.85,7.75,7.75, and 7.75 (Figure 17).

Figure 15
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. pH-meter instrument for determination EC and pH in soils.
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Figure 17. Determination pH by pH-meter in soils.

5. Conclusions

This physio-chemical investigation is used on
six profiles to describe profiles of soil and chosen
diverse masses of sand types of soils transported via
surface stream discharges at the previous geological
periods in Qalay Abdul Ali regions, Kabul, Afghani-
stan. From physical and chemical analysis, we found
mechanical analysis, CaCO,, electroconductivity,
and pH of soils. For the determination, we conduct-
ed a mechanical analysis. We used a hydrometer
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on all the soil types—such as loam and silty loam.
For CaCO,; we used a Calcimeter and the amount of
CaCO, was 0.437%, 0.6%, 0.32%, 0.35%, 0.46%,
and 0.474%, for determination of EC and pH we
used a pH-meter, in this research the amount of EC
was 961 us/cm, 920 us/cm, 875 us/cm, 849 ps/cm,
861 ps/cm, 870 ps/cm, and the amount of pH were
6.5, 7.87, 7.85, 7.75, 7.75, 7.75, and the soil colors
are in the wet condition is reddish gray (2.5 YR 5/1)
and at the dry condition pale brown (10 YR 8/2),
strong brown (7.5 YR 5/6), pinkish white (7.5 YR
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8/2), reddish (10 YR 2.5/1), yellowish brown (10
YR 5/6). In this research, the pH, EC, and CaCO,
are according to national and international standards,
and it’s not desisted for plants growing in soils. Also,
there is no risk for surface and groundwater. The
outcomes proposed in this pedogenic investigation
be able to be used professionally in the further catch-
ments of the basin and further highland basins in
Afghanistan.
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