IIOJIOKEHHOTI' O K 3amajy oOT o3epa BOCTOK, ABISICS HMPOTEPO3OMCKUM TOA-
BIDKHBIN Tosic ¢ Bo3pactoM 1.3—0.8 muipa set (pucyHok). Kpome toro, Be-
POSITHO, SPOJIUPOBATUCH METaMOP(PUUYECKUE KOMIUIEKCHI KpaTOHOB Pykep u
Moycon (pucyHok). UccnenoBanust J€TPUTOBBIX UPKOHOB MOATBEPKIAIOT
U YTOYHSIIOT BBIJENSIEMbIE MO T€O0()U3NYECKUM JIaHHBIM IPOBHHIIMU LICH-
TpalbHOM AHTapKTUBI.
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P. Lemenkova'

Scatterplot Matrices of the Geomorphic Structure of the
Mariana Trench at Four Tectonic Plates (Pacific, Philippine,
Mariana and Caroline): a Geostatistical Analysis by R pro-
gramming

Mariana Trench is one of the 37 known deep-water trenches of the
World Ocean, 28 of which located in the margin areas of the tectonic plates
of the Pacific Ocean [1]. It forms the peripheral framing, of which five are
located in the Atlantic [2] and four, in Indian Ocean [3]. Crossing four tec-
tonic plates — Mariana, Caroline, Pacific and Philippine, — Mariana Trench
creates a complex of the deeply interrelated factors and processes. Factors
affecting formation, geomorphic development and bathymetric patterns of
the Mariana Trench are diverse. The most important ones include geologi-
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cal, hydro-chemical, biological, geothermal, climatic, tectonic, bathymetric
and geomorphological determinants. For instance, the impact of lithosphere
is illustrated by a constant exchange of matter and energy between the sub-
marine volcanoes located nearby [4]. The hydrosphere influence on the
Mariana Trench is reflected by deep ocean currents bringing sediments to
the trench bottom and contributing towards accumulation of the sedimental
thickness layer [5].

The seafloor of the Mariana Trench is a background, on which all the
processes occurring in the Mariana Trench are reflected [6]. The main mor-
phostructure elements of the seafloor are the outskirts of the continents and
of the ocean bedrock. The structure of the Mariana Trench and the nature of
its relief are greatly complicated by the multiple secondary tectonic distur-
bances, i.e. by the occurrence of faults and displacements on grabens, horsts
and lateral geologic shifts [7]. Among other trenches, Mariana Trench is
distinct for its edge type associated with the marginal tectonic plate subduc-
tion processes [8]. Namely, Mariana Trench is formed in the process of the
subduction of one plate beneath another.

The main part of the seabed of the Mariana Trench is composed by the
oceanic crust forming rift zones of the mid-ocean ridges with a capacity of 5
to 10 km [9]. Since the system of the Mariana trench 1s complicated and
constituent of the interrelated factors forming its tectonic structure, there are
various attempt to answer the question of trench tectonics. Thus, it is dis-
covered [10] that deformations of the trench respond to the coupling be-
tween the upper and lower plates, that is, coupling itself relating to the con-
tinental slab age-buoyancy. Nevertheless, is has been found [11] that back-
arc deformation roughly correlate with upper continental tectonic plate ve-
locity. The trench migration rates are chiefly controlled by the lower conti-
nental tectonic plate velocity [12], which in turn depends on the tectonic
slab age buoyancy [13].

Choosing the right statistical methods for specific tasks of the ocean
floor modelling is a crucial step in planning research. Available data may
vary depending on the current research scope, be it structure of the sedimen-
tary cover of the ocean trench, geometric features of the deep horizons (an-
gle steepness), waves velocity characteristics as reflected by rock density,
submarine earthquakes, deep ocean currents etc. Methodological approach
require careful reflection of the data set and the goal of the statistical analy-
sis. Oceanographic measurements for marine geology supported by the R
programming prove an effective processing of the raw set of data on the to-
pography of the ocean floor and variable environmental layers of the under-
lying rocks. Such data available online as free GIS layers in vector and
raster formats have been used for the current research. Generally speaking,
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the ocean research methodology is based on application of various GIS with
specific tools for geospatial rater of vector data processing. Both commer-
cial ArcGIS and open-source GRASS GIS or QGIS are suited for special-
ized study of the seabed relief, processing attribute data of the biological and
geological resources of the hadal trenches, geophysical fields and tectonic
plates. The diversity of the scientific tasks and the need to study completely
different properties of the trench structure recorded as objects in the machine
system, led to the creation of the specialized geological and geophysical
methods, GIS and different equipment and tools.

Scatterplot matrices, also known as determinant for linear correlation be-
tween the multiple variables, are an efficient way to highlight the environ-
mental variables that might have similar correlations to the geomorphic
structure of the ocean trench. The scatterplot matrix is used to solve the
problem of selection of the crucial impact factors affecting the hadal forma-
tion. The application is supported by purely practical algorithms of data par-
tition that is, inspection of the possible determinants. The data with multiple
variables congregating a geo-system are particular suitable to be used for the
scatterplot matrix. The matrices correlation for four tectonic plates were exe-
cuted by called using {Ggally}, {data.table} and {ggplot2} libraries. In the
current research the following R programming script has been used to assess
correlation between factors affecting Mariana Trench geomorphology:

# step-1: read in data, create data frame, delete non-available values:

MDF4 <- read.csv("Morph-9-factors.csv", header=TRUE, sep =",")

MDF4 <- na.omit(MDF4)

row.has.na <- apply(MDF4, 1, function(x){any(is.na(x))})

sum(row.has.na)

# step-2. Indicate factor value:

MDF4$slope_class <- factor(MDF4$class)

# step-3. Create matrices of the scatter plots for four tectonic plates

sl<- ggpairs(MDF4 ,

title= "Mariana Trench \nScatterplot Correlation Matrix by Slope Angle
Class",
upper = list(continuous = wrap("density", alpha = 0.5, Ilwd = 0.3)),
lower = list(continuous = wrap("points", color = "red", alpha = 0.5),
combo = wrap("box", color = "orange", alpha = 0.6, Iwd = 0.3)),
diag = list(continuous = wrap("densityDiag", color = "blue", alpha =
0.5, lwd =0.3)))

# step-4. Add values for axis tscks (here: use small font)

pair<- sl + theme(axis.text.x = element_text(face = 3, color = "gray24",
size = 6, angle = 15),

axis.text.y = element _text(face = 3, color = "gray24", size = 6, angle = 15))
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# step-5. Visualize matrices of the scatter plots for four tectonic plates

Pair # plot the created matrix

The study revealed (Figure) distinct unevenness of various factors affect-
ing Mariana Trench geomorphic structure. The bathymetric determinant of
the four distinct groups of the cross section profiles cause certain variability
in the sedimental thickness of the basement, slope angle steepness degree,
angle aspect, depth at the basement, as well as depth values (means, median
and absolute minimum). Among other factors, a magmatism of the nearby
area 1s to be mention. The closeness of the igneous volcanic areas contribute
towards earthquake frequency across four tectonic plates — Mariana, Pacific,
Philippine Sea and Caroline. The results demonstrated that cross-section
profiles of the Mariana Trench can be divided into clusters according to their
properties, such as bathymetric (depth values), geographic (latitude and lon-
gitude), geological (width of the sedimental thickness layer), magmatism
(large igneous polygon areas) and tectonic (location of the tectonic plates
nearby). In the scope of current research, a functionality of R programming
language has been tested. It proved to be as an effective tool for studying
distribution of the environmental factors affecting the tectonic structure, as
well as geomorphic properties at the seafloor basement of the Mariana
Trench.
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Kpucramnnyeckue nporpy3uu Kak TUIOBAsI CTPYKTYPHO-
TEKTOHUYECKasA MOAe/Ib HHTPArPaHUTHBIX JIOBYLIEK Y B
U MecTopokaeHue besbii Turp (Boernam)

['maBHBIE yCHIIHS 110 TOMCKAaM MECTOPOXKAcHUN Y B HampaBieHbl Ha U3y-
YEHUE OCAJOYHBIX OTJIOKEHUN U CTPYKTYPHBIX JIOBYLIEK, IPUYPOUYEHHBIX K
YEXOJbHBIM KOMIUIEKCaM. [[paBOMEpHOCTh TaKOro MOAX0Ja COMHEHHIO HE
MOJIJIEKUT, OJTHAKO OH OTPAaHUYMBAET MOUCKH JIOBYIIEK Y B B mpeaenax kpu-
cTajuinueckoro GyHJIaMEeHTa, B YaCTHOCTH, B MpeJeiaX IPaHUTHBIX MaCCH-
BOB. YB B mopoaax ¢yHaaMeHTa yaiie BCEro 3a4uCiisId B HEAKOHOMUYE-
CKHH MOTEHIINA, UX pa3BeouHOe OypeHue ObLI0 MPEAOCTaBIECHO BOJIE CIIy-
yas (A. Cupkap), a uMeronmecs nprueMbl 1 METOJAMKUA TTOMCKOB, Pa3BEIKU U
pa3paboTtku 3anexeld YB orpaboTaHbl Ui 0Ca0YHOTO YeXJja M 3a4acTyio
HenpuMeHuMsbl 11t pynnamenta (O.A. [aum).

B nannoit pabote paccMoTpeHa mocTMarMaTuieckas TeKTOHUKA TpaHu-
TOB U €€ CBSA3b C (JOPMUPOBAHUEM HHTPArPAHUTHBIX 3aJICKEU YTIE€BOI0PO-
noB. bubanorpadguueckuii 0630p no npodieMe coaepkuTcs B [4], a mpume-
HUTEJIBHO K MecTopoxaeHuto benbiii Turp — B [3]. AHanu3 JaHHBIX 1O pas-
Melienntio YB B mopomax (yHmameHTa MO3BOJSIOT CHIENATh CICAYIOIINE
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